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Introduction
Background
The Port River waterways consist of the Port River, North Arm, North Arm
Creek, Angas Inlet and Barker Inlet. The waterways are areas of major
ecological, commercial and recreational importance.
Due to pollution and development there has been a decline in ecosystem
health, in particular in the large-scale loss of intertidal and subtidal
seagrasses, mangrove decline and the occurrence of algal blooms, including
toxic species.
A number of studies into the environmental status of the waterways indicate
the current situation. State and local government agencies—including the
Torrens and the Northern Adelaide & Barossa catchment water management
boards and the Barker Inlet Port Estuary Committee—have been very active
in recent years in addressing these issues.
Recently, as part of the Coastal Catchments Initiative (CCI), the
Commonwealth Department of the Environment and Heritage has identified
coastal water quality hotspots, including the Port Adelaide River and its
environs. The Federal Government, along with state and local governments
and community and environmental groups, is investing in the development of
water quality improvement plans that are consistent with the Framework for
Marine and Estuarine Water Quality Protection1. The framework builds upon
key elements of the National Water Quality Management Strategy (NWQMS)
and the national Principles for the Provision of Water for Ecosystems2.
The Port waterways water quality improvement plan (WQIP) is limited in
scope to the nutrients nitrogen and phosphorus. The WQIP has been
undertaken in response to the CCI and in accordance with the study brief.
This report addresses the Stage 1 requirement to develop a draft WQIP,
which will be finalised during Stage 2.
The Environment Protection Authority (EPA) has several parallel projects
that are of significance to the development of this WQIP:
•

water quality monitoring of the Port River Estuary since 1995

•

developing a Code of Practice for Wharf Handling

•

developing a Code of Practice for Marina Activities, Mooring and
Boating

•

modelling water and pollutant transport in the Port environs

•

developing a load-based licensing structure

1

Environment Australia 2002; www.deh.gov.au/coasts/pollution/cci/framework/index.html

2

Sustainable Land and Water Resources Committee Subcommittee on Water Resources
Occasional paper No. 3, ARMCANZ and ANZECC, July 1996;
www.deh.gov.au/pcepd/anzecc/ecosystems.html
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Study area
The study area includes the Port waterways and the Torrens (northern
extended area), Dry Creek, Helps Road Drain, Smith Creek and the Little
Para catchment areas (see Figure 2).
•

undertaking a feasibility study and possible development of a
nutrient offset trading scheme

•

monitoring nutrient loads from catchments.

Study requirements
The study has been divided into two stages in accordance with the NWQMS
Marine and Estuarine Water Quality Protection Framework. The Stage 1
requirement is to develop a draft WQIP, which as a minimum:
•

delineates the marine and estuarine waters and catchments relevant
to the plan

•

identifies the environmental values of the marine and estuarine
waters

•

sets out the water quality issues, pollutants of concern, and water
quality objectives for the waterways

•

estimates the maximum allowable pollutant loads to achieve and
maintain the water quality objectives, and how this differs from the
current estimated pollutant loads (assumptions used for the basis of
these estimates shall be detailed)

•

estimates the constituent point and diffuse source allocations of the
total maximum pollutant loads (including from marine activities such
as aquaculture)

•

estimates the point source allocations to each licensed point source,
and the allocations to non-point sources of contaminants, including
atmospheric deposition or natural background sources

•

determines the margins of safety used in establishing the total
maximum pollutant load, including for estimating pollutant loads,
water quality monitoring, ecosystem processes and modelling

•

indicates how decision support systems will be developed and
applied to appraise the success of the plan, and the reductions in
pollutant loads, including provision for future growth (e.g. approved
industrial point sources, urban expansion)

•

establishes seasonal variations in pollutant load inputs to ensure that
the water quality objectives are met year round

•

sets the river flow objectives with regard for ecological and
geomorphic processes relating to, but not limited to:
– protecting natural low flows
– protecting important rises in water levels
– maintaining wetland and floodplain inundation
– maintaining natural flow variation
– maintaining or rehabilitating estuarine processes and habitats.

Stage 2 requirements are to:
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•

estimate the time span required to attain and maintain water
quality and river flow objectives, and establish a basis for the
estimates

Figure 1:

Evolution of the water quality improvement plan
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Figure 2

Study area
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•

describe the control actions and/or management measures that
ensure that discharges of pollutants to coastal waters are less than
the total maximum pollutant loads for all sources, regardless of
category or land use activity

•

establish environmental flow provisions to achieve the identified
river flow objectives

•

establish a timeline, with interim targets and milestones, for
implementing the control actions and achieving water quality and
river flow objectives, and a schedule for revising the regulatory and
management arrangements

•

identify accountabilities for implementing the various control
measures, as well as strategies for the maintenance of effort over
time

•

identify strategies for adaptive environmental management,
recognising the implications for environmental monitoring programs
of management interventions over time

•

set out the processes for:
– monitoring and/or modelling
– reporting on the effectiveness of control actions and
management measures, and on whether pollutant loads and
environmental water provisions are being met

•

provide time lines and costs for plan implementation

•

identify opportunities for market-based approaches to implement
the plan

•

provide for the periodic review of water quality objectives, total
maximum pollutant loads, river flow objectives and environmental
water provisions

•

set out the means for public involvement and public reporting

•

identify the processes and timing for revising the plan.

An appendix to the final WQIP will also contain:
•

legal advices stating and describing the jurisdiction’s statutory
capacity to implement the plan and commitments for legislative
reform

•

the programs and funding committed by the jurisdiction to
implementing the plan

•

a ‘reasonable assurance’—that is, a high degree of confidence—that
projected reductions in the total pollutant load and attainment of
environmental water provisions will be achieved. The grounds for
the ‘reasonable assurance’ should be substantiated.

Draft WQIP water quality objectives
The initial nutrient load objective for this draft WQIP is to halve the nitrogen
and phosphorus 2002–03 discharges by 2006–07.
As more information becomes available, in particular from the modelling
study being undertaken by the EPA, the longer-term nutrient reduction
requirements for Stage 2 will be defined.

5
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Environmental Values and Current Status
Environmental values
Applicable ANZECC environmental values
The national approach to recognise the particular environmental values of
waterbodies is 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 Port waterways are of considerable ecological, recreational, commercial
and scientific interest. There has been considerable clearance and
degradation of the waterways over past decades. This is particularly true for
saltmarsh, much of which has been ‘reclaimed’ for industrial development.
However, despite the proximity of the waterways to Adelaide and Port
Adelaide, the area has retained significant areas of natural vegetation and
associated fauna including seagrass, algal communities, mangroves and
saltmarsh.
The past hundred years have seen major changes to the drainage and flow
patterns of the estuary:
•

The Torrens River, which flows from the Mt Lofty Range across the
Adelaide Plains, has been diverted from the estuary and now flows
directly to the gulf at Henley Beach.

•

Angas Inlet has been separated from the Port Adelaide River to
ensure that warm thermal effluent from the Torrens Island power
station does not contaminate cooling intake waters.

•

A small channel into the St Kilda beach has been dredged and made
permanent by the erection of a breakwater.

The environmental values of the Port waterways, recognised in the National
Guidelines, are:
•

aquatic ecosystems

•

primary industries—in this case aquaculture and human consumption
of aquatic foods

•

recreation and aesthetics

•

industrial water—in this case cooling water

•

cultural and spiritual values.

Being estuarine and marine waters, the environmental values that are not
applicable are drinking water and the primary industry uses for agriculture
(irrigation, stock water).

Environmental values of the waterways
Despite these disturbances, the estuary remains of fundamental significance
to the ecological health of Gulf St Vincent.
Segments or zones have been identified within the waterways to reflect the
diverse environmental values in the area. The segments of the waterways
have been initially defined as follows:
6

Port waterways water quality improvement plan

Northern Segment, north of St Kilda and Torrens Island
A high conservational/ecological value system that has been severely
affected by nutrients. The highest level of protection is considered
appropriate to protect the remaining ecosystem and to encourage system
recovery.
Central Segment, south of St Kilda in Barker Inlet, Angas Inlet, North Arm
and North Arm Creek
A slightly to moderately disturbed system. Although there have been impacts
due to poor water quality and development, much of the natural ecosystem
remains. This classification allows for ecosystem recovery, but there is a
limit to what can be achieved in returning to pristine conditions.
Inner Harbour Segment
This segment of the Port River is now residential, and amenity and
recreation are important to the community. Little remains of the natural
ecosystem, but fishing and the consumption of harvested food (fish and
shellfish) are also important.
Port River Segment
Due to development by Port facilities, this is a degraded area. Although it
has a lower ecological value than the northern or central Barker Inlet
segments, it has important recreational value, such as boating, amenity,
fishing, etc. A reasonably high standard is still required to maintain these
uses.
Outer Harbor
This segment in the main shipping terminal is defined as a moderately
disturbed area.
The estuary contains the largest area of mangrove forest, shallow seagrasses
and mudflats in Gulf St Vincent. These are prime contributors to the ecology
of the gulf through detrital pathways and as major nursery habitats for
juveniles species of commercial fish and crustaceans. Due to the sheltered
conditions and good light penetration in the shallow waters, levels of plant
and animal production are very high. Johnson and Jones (1986) highlighted
the importance of mangrove and seagrass communities as nursery areas for
fish and crustacean species, particularly juvenile Western king prawns
(Penaeus latisulcatus) and King George whiting (Sillaginodes punctatus).
The region is also an important bird habitat for diverse avifauna. The tidal
mudflats are likely to provide significant habitat for wading birds covered
under the ‘Japan-Australia Migratory Bird Agreement’ (JAMBA) and ‘ChinaAustralia Migratory Bird Agreement’ (CAMBA). The mangrove areas on
Torrens Island provide one of the few breeding areas for the little egret and
rufous night heron in South Australia.
The area is home to a population of bottlenose dolphins, Tursiops truncatis.
The State Government is currently establishing a dolphin sanctuary in the
area.
According to BIPEC (2004) there are a number of important habitat types
within the Barker Inlet and Port Estuary environs, including low-lying dunes
7
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and chenier ridges, supratidal samphire flats, intertidal mangrove
woodlands, intertidal mud and sand flats, tidal channels and sub-tidal
seagrass meadows. Protected areas have been established to help preserve
some of these important habitats, including the Torrens Island and Port
Gawler Conservation Parks (National Parks and Wildlife Act 1972), and
Barker Inlet/St Kilda and St Kilda/Chapman Creek Aquatic Reserves
(Fisheries Act 1982). A number of other important areas have also been
given some protection by their landowners, including Mutton Cove, Buckland
Park, Penrice Saltfields, Barker Inlet Wetlands and Greenfields Wetlands.

Current status of the Port waterways
There are currently no management plans in place for the Torrens Island
Conservation Park, Port Gawler Conservation Park, Barker Inlet Aquatic
Reserve or St Kilda/Chapman Creek Aquatic Reserve. There is no overall plan
of management or coordinated management of the existing reserves.
Significant areas of coastal wetlands remain unprotected and with no formal
reservation status or conservation management regimes in place, including
coastal wetlands associated with Torrens Island, Garden Island, Port Gawler,
Middle Beach, Port Prime and the Light River Delta.
Since 1974, approximately 25% of mangrove, 80% of tidal saltmarshes
(dominated by Halosarcia spp. and Sarcocornia spp.) and 100% of saltwater
tea tree (Melaluca spp.), along with reed beds (Phragmites australis) and
native grasses, have been lost in the metropolitan region of Gulf St Vincent
(Kinhill Stearns, 1985).
The Light River Delta is a seasonal wetland that is very rich in bird life and
plant species. It has a closely linked salt and freshwater wetland ecology,
recognised as unique in the region. The ecological values of the area are
currently afforded no formal protection or reservation status and are
potentially threatened by possible expansion of the commercial saltfields in
the region. A conservation park for the Light River Delta has been proposed
by the Northern Adelaide Coastal Wetlands Steering Committee.
Ecologically and commercially important fish species in the area include King
George whiting (Sillaginodes punctatus), western king prawn (Penaeus
latisulcatus), yellow-fin whiting (Sillago schomburgkii), southern sea garfish
(Hyporhampus melanochir), bream (Acanthopagrus butcheri), jumping
mullet (Liza argentea), yellow-eye mullet (Aldrichetta fosteri), blue
swimming crab (Portunus pelagicus) (Jones, 1984).
Important bird species include white-bellied sea-eagle, Haliaeetus
leucogaster (Sv), Cape Barren goose, Cereopsis novaehollandiae (Sv),
freckled duck, Stictonetta naevosa (Sv), musk duck, Biziura lobata (Sv),
slender-billed thornbill, Acanthiza iredalei rosinae (Sv), Australasian
shoveler, Anas rhynchotis (Sr), Baillon’s crake, Porzana pusilla (Sr) and
spotless crake, Porzana tabuensis (Sr) (Edyvane, 2000).
Important subtidal seagrass meadow species include tapeweed (Posidonia
sp.), eelgrass (Zostera Muelleri) and garweed (Heterozostera tasmanica).
Previous studies have indicated that between 1949 and 1993 the total cover
of Posidonia sp. decreased from 26.3% to 6.2% adjacent to the Bolivar
sewage treatment works (Kinhill, Metcalf, Eddy Inc., 1995)>
8
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Important plant species include Apium annum, Hemichroa pentandra,
Samolus repens, Wilsonia humilis, Centrolepsis cephalophormis and
Halosarcia flabelliformis.
Some of the main features of the area are shown in Figure 3.

Summary of key water quality issues
Studies indicate that the Barker Inlet–Port River system demonstrates clear
signs of serious environmental stress and ecosystem decline. While there is a
range of water quality issues and contaminants, previous studies have
identified nutrients as the most significant problem (PPK, 1992, KinhillDelfin, 1991, Edyvane, 1991a, Connolly, 1989, Stephenson et al, 1989).
The principle water quality issues are:
•

nutrient enrichment and the proliferation of undesirable algal
growth

•

toxic algal blooms, the largest stretching some 30 km north from the
inlet

•

microbiological contamination, which may compromise recreational
use

•

contamination in some areas of waters and sediments by a range of
toxicants.

As a consequence there are issues with:
•

the potential for sublethal or lethal effects on biota

•

the potential for bioconcentration, bioaccumulation and
biomagnification

•

the safety of fish and shellfish used for human consumption

•

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

•

occasionally very high loads of suspended solids as a result of storm
events, which have direct impacts on biota as well as interacting
with other pollutants.

In addition, water quality issues are also associated with:
•

construction activities

•

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

•

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

•

ballast water discharges

•

occasional spillages, particularly of oils

•

illegal dumping of rubbish and wastes.

The impacts of nutrient enrichment and algal growth include the following
(see Figure 4):
•

There is large-scale loss of intertidal and subtidal seagrass meadows
as a result of epiphytic algal growth, particularly Ulva, and
increased turbidity in the water column (including the effects of
9
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phytoplankton). The loss of seagrasses also has effects on associated
fauna, biodiversity and fisheries.
•

Ulva is a significant factor in the decline in mangroves, with effects
on associated fauna. It causes stress in adults and prevents
propagule settlement. The immediate cause of death of adult trees
is anoxic conditions and erosion.

•

The extensive occurrence of Ulva results in conditions which are
unsightly, and produces offensive odours when decaying. These
odours are largely due to releases of hydrogen sulphide (bad egg
smell), which are also toxic to biota.

•

Nutrients are a factor in the occurrence of nuisance insect problems.

•

Nutrients are a significant factor in the occurrence of low oxygen
conditions, a major water quality issue resulting in occasional fish
kills and conditions conducive to the remobilisation of pollutants
(such as heavy metals and nutrients) from sediments.

•

A significant concern is the potential spread of the introduced
Caulerpa taxifolia, as a result of an ample nutrient supply.

The impacts of toxic algal blooms include the following:

10

•

Toxic microalgae can cause public health problems by contaminating
edible marine organisms, particularly shellfish. A common genus of
dinoflagellates in the Port Adelaide River, Alexandrium, produces a
toxin that accumulates in shellfish and can cause respiratory failure
and death (paralytic shellfish poisoning) in humans who ingest
contaminated shellfish (Cannon 1991).

•

Algal blooms can also result in major ecological problems.
Microalgae can reach population densities of nine hundred million
cells per litre, resulting at times in severe oxygen depletion in the
water column and consequent death of fish and invertebrate fauna
(Cannon 1991). Other ecological effects include clogging of gills of
fish and reduction in light available for aquatic plants.

•

Algal blooms can also result in aesthetic problems through unsightly
discolouration of the water and unpleasant odours.

•

The range of toxicants contaminating some waterway areas includes:
– heavy metals
– organic materials (such as PCBs, organochlorine pesticides)
– antifouling agents (TBT)
– ammonia.

Port waterways water quality improvement plan

Figure 3

Main features and segments for water quality
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Figure 4
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Ulva proliferation, dinoflagellate blooms and Caulerpa taxifolia
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Figure 5

Water quality classification
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Figure 6
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Sediment classification
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Current water quality status
In order to put the impact of nutrients in proper perspective it is important
to summarise the overall water quality status and the effects of other
pollutants.
From 1996 to 2000, the EPA ambient water quality monitoring program
collected a range of water quality data. 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 (Escherichia coli, total faecal coliforms,
enterococci).

The indicators for heavy metals, water clarity, nutrients and chlorophyll-a
were used to define status in relation to ecosystem protection. The
microbiological (bacteria) indicator was used in relation to suitability for
recreational activities such as swimming.
The EPA classification (see Figure 5) has been revised to define water quality
status for the ANZECC environmental values:
•

ecosystem protection

•

the harvesting of fish and shellfish for human consumption

•

recreation, including primary contact (such as swimming) and
secondary contact (such as boating, aesthetic enjoyment).

The ANZECC (1992) guidelines were a key reference in the EPA (2002)
classification, while the revised EPA classification draws upon the more
recent ANZECC (2000) guidelines. The ANZECC trigger values are adopted for
the levels of protection considered appropriate for the defined area
segments.
Notes on tables 1-5:
Tables 1, 2, 3 and 4 below summarise nutrient data from the EPA ambient
monitoring program.
Tables 5 summarises the default trigger values for nutrients, chlorophyll a,
dissolved oxygen and pH for marine and estuarine waters. ANZECC (2000)
also has a trigger value of 5-10 NTU for turbidity.
Table 3: Most data that is available for the estuarine and marine waters in
the study area is for nutrients, heavy metals (total inorganic), suspended
solids and turbidity. However, there are other physico-chemical parameters
which are also important indicators. Some data for these is available from a
number of specific studies undertaken in the area, including Harbison (1986)
and Fargher-Maunsell (1985), covering light attenuation, dissolved oxygen,
redox, pH and conductivity. Some data is also available on the effects of the
Torrens Island Power Station cooling water discharge on temperature. This
15
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earlier data was mostly collected as part of specific investigations, and
consequently much of the information is spatially and temporally
fragmentary. The EPA also includes pH and conductivity as part of its
ambient water quality monitoring program. Samples have been collected
monthly since 1995.

Table 1

Statistical summary of ammonia (nitrogen) at nine sites in the Port River 19952000 (Source EPA, 2002)

Site

Mean
(mg/L)

1
2
3
4
5
6
7
8
9

0.78
0.47
0.17
0.60
0.52
0.52
0.38
0.27
1.01

(a)

Median
(mg/L)

10th
percentile
(mg/L)

90th
percentile
(mg/L)

Number
of
samples

0.44
0.30
0.14
0.44
0.28
0.29
0.25
0.45
0.50

0.75
0.42
0.13
0.51
0.50
0.47
0.31
0.12
0.95

0.26
0.10
0.04
0.18
0.11
0.21
0.10
0.04
0.47

1.39
0.79
0.33
1.03
0.91
0.87
0.72
0.50
1.65

54
54
54
54
54
54
54
52
46

Water
quality
classification
Poor
Poor
Moderate
Poor
Poor
Poor
Poor
Moderate
Poor

Statistical summary of oxidised nitrogen at nine sites in the Port River 1995-2000
(Source EPA, 2002)

Site

Mean
(mg/L)

1
2
3
4
5
6
7
8
9

0.60
0.35
0.12
0.60
0.64
0.59
0.46
0.21
0.55

16

Standard
deviation
(mg/L)

Water quality classification is based on 90th percentile as follows: good = < 0.05 mg/L;
moderate = 0.05-0.5 mg/L; poor = > 0.5 mg/L.

Table 2

(a)

95%
confidence
interval
(mg/L)
0.66–0.90
0.39–0.55
0.13–0.21
0.48–0.72
0.44–0.59
0.44–0.60
0.32–0.45
0.14–0.39
0.86–1.16

95%
confidence
interval
(mg/L)
0.52-0.67
0.29-0.42
0.08-0.15
0.51-0.70
0.55-0.74
0.50-0.68
0.36-0.56
0.14-0.28
0.46-0.63

Standard
deviation
(mg/L)

Median
(mg/L)

10th
percentile
(mg/L)

90th
percentile
(mg/L)

Number
of
samples

0.21
0.18
0.10
0.27
0.27
0.26
0.29
0.21
0.24

0.56
0.32
0.09
0.57
0.65
0.56
0.46
0.14
0.49

0.36
0.12
0.02
0.27
0.34
0.25
0.10
0.01
0.30

0.83
0.54
0.23
0.93
0.95
0.85
0.77
0.51
0.81

34
34
34
34
34
34
34
34
34

Water
quality
classificationa
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate

Water quality classification is based on 90th percentile as follows: good = < 0.1mg/L; moderate = 0.1–1.0 mg/L;
poor = > 1.0 mg/L.
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Table 3

Statistical summary of TKN at nine sites in the Port River 1995-2000
(Source EPA, 2002)

Site

Mean
(mg/L)

1
2
3
4
5
6
7
8
9

1.15
0.79
0.55
1.02
0.86
0.87
0.81
0.61
1.48

(a)

Standard
deviation
(mg/L)

Median
(mg/L)

10th
percentile
(mg/L)

90th
percentile
(mg/L)

Number
of
samples

0.50
0.46
0.92
0.69
0.38
0.39
0.38
0.51
0.57

1.10
0.72
0.35
0.87
0.81
0.84
0.71
0.42
1.45

0.69
0.34
0.20
0.50
0.50
0.49
0.50
0.23
0.85

1.68
1.25
0.79
1.47
1.27
1.37
1.28
1.14
2.06

53
54
54
54
54
54
54
53
45

Water
quality
classificationa
Moderate
Moderate
Good
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate

Water quality classification is based on 90th percentile as follows: good + < 1.0 mg/L;
moderate = 1.0-10.0 mg/L; poor = > 10.0 mg/L.

Table 4

Statistical summary of total phosphorus at nine sites in the Port River
1995-2000 (Source EPA, 2002)

Site

Mean
(mg/L)

1
2
3
4
5
6
7
8
9

0.12
0.06
0.06
0.09
0.09
0.10
0.09
0.06
0.17

(a)

95%
confidence
interval
(mg/L)
1.02-1.29
0.66-0.91
0.30-0.80
0.83-1.21
0.75-0.96
0.77-0.98
0.70-0.91
0.47-0.75
1.31-1.65

95%
confidence
interval
(mg/L)
0.10-0.15
0.05-0.08
0.03-0.08
0.07-0.12
0.07-0.12
0.07-0.14
0.07-0.11
0.04-0.08
0.14-0.20

Standard
deviation
(mg/L)

Median
(mg/L)

10th
percentile
(mg/L)

90th
percentile
(mg/L)

Number
of
samples

0.10
0.06
0.08
0.08
0.10
0.13
0.09
0.06
0.10

0.09
0.04
0.03
0.07
0.07
0.07
0.07
0.04
0.16

0.06
0.02
0.02
0.05
0.04
0.05
0.04
0.02
0.04

0.25
0.10
0.09
0.13
0.10
0.12
0.11
0.11
0.30

54
54
54
54
54
54
54
53
46

Water
quality
classificationa
Moderate
Moderate
Good
Moderate
Good
Moderate
Moderate
Moderate
Moderate

Water quality classification is based on 90th percentile as follows: good = <0.1mg/L;
moderate = 0.1-1.0 mg/L; poor = >1.0 mg/L.

Trigger values are used to assess the risk of adverse effects due to nutrients,
biodegradable organic matter and pH in various ecosystem types. Data was
derived from trigger values supplied by South Australia. In the table below,
Chl a = chlorophyll-a, TP = total phosphorus, FRP = filterable reactive
phosphate, TN = total nitrogen, NOx = oxides of nitrogen, NH4 = ammonium,
DO = dissolved oxygen (Source ANZECC, 2000)
Table 5

Default trigger values for physical and chemical stressors for south central
Australia (low rainfall areas) for slightly disturbed ecosystems.

Ecosystem Chl a
TP
FRP
TN
Nox
NH4+
type
(µg L-1) (µg PL-1) (µg PL-1) (µg NL-1) (µg NL-1) (µg NL-1)
Estuaries
Marine

5
1

100
100

10
10

1000
1000

100
50

50
50

DO
(% saturation)
Lower Upper
limit
limit
90
ND

ND
ND

pH
Lower
limit

Upper
limit

6.5
8.0

9.0
8.5

ND – trigger values not provided in ANZECC 2000
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Other factors that affect water quality:
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•

Oxygen concentrations
The Southern Barker Inlet, North Arm and North Arm Creek often
have oxygen concentrations well below recommended levels. During
dodge tides, very low oxygen conditions occur in some areas for 1-2
days (Maunsell 1985; Harbison 1986). Apart from the direct adverse
impact this can have on aquatic fauna, it also produces conditions
conducive to the remobilisation of contaminants (e.g. heavy metals,
nutrients) from sediments.

•

Monitoring variations
The ambient water quality monitoring data, based on sampling at
regular time intervals, may not capture all of the effects of episodic
events. For example, a large storm can result in extensive but
transitory impacts on water quality. This would include high
suspended solids concentrations and, frequently, relatively high
concentrations of pollutants associated with particulate matter, such
as heavy metals. Much of this material ends up in the estuarine
sediments.

•

Other pollutants
There is little or no data for a wide range of other potential
pollutants, including hydrocarbons (oils and grease), detergents,
PAHs (polycyclic aromatic hydrocarbons), phenols, pesticides, and
tributyltin (TBT), a highly toxic antifouling agent used on boats.
However, the EPA has tested for a range of these contaminants in
sediments (see ‘Sediment quality status’ below). Stormwater runoff
from urban areas with industrial activities commonly contains a wide
range of contaminants. Industrial discharges are usually complex
effluents. Chlorinated cooling waters and effluents usually contain
some halogenated hydrocarbons—particularly sewage effluents,
which typically have relatively high concentrations of ammonia.
Ammonia is toxic to aquatic species, which are dependent on the undissociated form (NH3). Some of the organic compounds and organic
forms of metals are genetically active materials (GAM)—that is, they
have mutagenic, teratogenic or carcinogenic properties.

•

Data examination
In examining the water quality data for individual toxicants,
reference is made to the individual guideline values or criteria. Many
of these, such as heavy metals, have additive or synergistic effects.
The effects of toxicants can also be exacerbated by low oxygen
conditions. Heavy metals such as copper and zinc affect the gills of
fish, reducing respiratory efficiency. Prolonged periods of low
oxygen and high suspended solids can lead to mortality. The extent
to which toxicity may have affected the marine communities is
unknown. Edyvane (1999) reported that neogastropods in the area
were affected by TBT. However, the full range of potential
contaminants has not been examined. The southern area, which
receives the bulk of stormwater and industrial discharges, has the
lowest apparent species diversity for the benthic infauna.
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•

Contaminant levels
The levels of contaminants such as heavy metals, PCBs and
pesticides in species inhabiting the area are generally unknown. The
use of selected species as biomonitors is a valuable strategy in
monitoring ecosystem health. It is also important in areas subject to
contamination which are also sources of food for human
consumption.
PPK (1992) reported that the SA Health Commission has undertaken
tests on fish in North Arm, finding that levels were within acceptable
criteria. However, Edyvane (1999) reported that blue crabs from the
area have been found to have levels of PCBs which exceed national
health standards.
More recently, following reports of high PCB and mercury levels in a
dolphin found shot in the Port River, the EPA undertook monitoring
of heavy metals and PCB levels in sediment samples from 26 sites
around the area, including estuary sediments and various drains. This
work was coupled with a survey of mercury, cadmium and PCB levels
in dolphins found dead in different areas of South Australia. Mercury,
cadmium and lead levels in the muscle of black bream and yelloweye mullet, collected from the upper Port River, were also examined
to determine suitability for human consumption.
It was concluded that PCB (Arochlor 1260) levels in blubber in
samples taken from dolphins found in the vicinity of the Port River
were substantially higher than from dolphins at other sites around
the state. The levels in the Port River dolphins were, however, well
below most levels reported in the scientific literature over the last
10 years on dolphins found elsewhere in the world, and about 80
times less than the maximum value reported.
Mercury levels found in the liver samples from Port River dolphins
were not unusual compared to those found in dolphins elsewhere
around the state. There was no significant correlation between the
locality in which dolphins were found and mercury levels in the liver.
Cadmium levels in kidney samples from the Port River dolphins were
generally lower than in dolphins found elsewhere around South
Australia.
Testing of the fish (muscle) caught in the Port River for mercury,
cadmium and lead found that they met food standards and were safe
to eat. Levels were comparable with levels found in similar fish
caught elsewhere in South Australia.
Water and sediment exposure can result in increased tissue levels of
pollutants in many species. To determine suitability as a human food
source, it is appropriate to examine the muscle of the fish. However,
as muscle is a poor indicator, this does not indicate the absence of
any effects of exposure to cumulative toxicants on the fish. Levels
are often elevated in visceral organs (liver, kidney etc.), but not in
skeletal muscle tissue. At present there is very little information on
the toxic effects of contaminants in the area, either chronic or
acute.
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•

Red tides
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

•

Water quality classification
The water quality classification (see Figure 6) is based on some
physico-chemical parameters, and amenity value is also an important
measure. In addition to colour and turbidity, floating debris such as
cartons and bottles has a major impact. The extensive growth of
cabbage weed, (see Figure 4), apart from the impact on ecosystems,
is unsightly and frequently a source of offensive odours.

In relation to nutrients, Table 6 covers:
•

for each defined segment, the desirable environmental values, based
on ANZECC (2000) definition and input from the community

•

whether the environmental values are being achieved

•

the key water quality issues as they relate to nutrients

•

nutrient pollutant indicators

•

appropriate ambient water quality objectives for nutrients for each
segment. These objectives use the ANZECC (2000) trigger values. At
this stage, no distinction is made between different segments in
defining estuaries or marine waters. However, as the modelling work
is undertaken during Stage 2 this may change, particularly for the
northern segment.

Table 7 summarises the environmental values decided by the community at
the community discussion meeting (15 March 2004) and the social and/or
economic trade-offs that would be required in order to achieve the values.
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Table 6

Environmental values, water quality issues and water quality objectives
(nutrients)
Environmental values

Segment

Desirable
environmental
values
aquatic
ecosystem
protection

Are values
being
achieved?
no

recreation
—contact
—passive

no
no

harvesting of
fish and shellfish
for human
consumption

no

aquatic
ecosystem
protection

no

Inner Harbor

recreation
—contact
—passive

no
no

Port River

Central
Barker Inlet

harvesting of
fish and shellfish
for human
consumption

no

aquatic
ecosystem
protection

no

recreation
—contact
—passive
harvesting of
fish and shellfish
for human
consumption
aquatic
ecosystem
protection

Northern

recreation
—contact
—passive
harvesting of
fish and shellfish
for human
consumption

yes
partially

yes

no

yes
yes

Water quality
objectives for
nutrients

Water quality
issues

Nutrient pollutant
indicators

algal blooms
(occasionally
toxic)
occasional fish
kills
discolouration
odours from
decaying algae
potential
remobilisation of
pollutants from
sediments
accumulation of
toxins in shellfish

high nutrient
concentrations
high chlorophyll
levels or algal
numbers
low oxygen
conditions
high colour,
suspended solids
and turbidity

chlorophyll-a 5 g/L
phosphorus
total 100 g/L
FRP 10 g/L
nitrogen
total N 1000 g/L
nitrate and
nitrite N 100 g/L
ammonia N 50 g/L

algal blooms
(occasionally
toxic)
occasional fish
kills
ammonia toxicity
discolouration
odours from
decaying algae
potential
remobilisation of
pollutants from
sediments
accumulation of
toxins in shellfish

high nutrient
concentrations
high chlorophyll
levels or algal
numbers
low oxygen
conditions
high colour.
suspended solids
and turbidity
high ammonia
levels

chlorophyll-a 5 g/l
phosphorus
total 100 g/L
FRP 10 g/L
nitrogen
total N 1000 g/L
nitrate and
nitrite N 100 g/L
ammonia N 50 g/L

high nutrient
Ulva proliferation
concentrations
occasional fish
extent of Ulva
kills
growth
loss of mangroves
continuing
odours from
mangrove seagrass
decaying algae
loss
potential
low oxygen
remobilisation of
conditions
pollutants from
sediments

chlorophyll-a 5 g/L
phosphorus
total 100 g/L
FRP 10 g/L
nitrogen
total N 1000 g/L
nitrate and
nitrate N 100 g/L
ammonia N 50 g/L

extent of Ulva
growth
continuing
mangrove seagrass
loss
high nutrient
concentrations

chlorophyll-a 5 g/L
phosphorus
total 100 g/L
FRP 10 g/L
nitrogen
total N 1000 g/L
nitrate and
nitrate N 100 g/L
ammonia N 50 g/L

loss of seagrass
communities
loss of mangroves

yes
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Table 7

Summary of environmental values from community consultation
Segment

Environmental values

Inner Harbor

safe swimming
successful dolphin breeding
lack of odour—no smells of hydrogen
sulphide
fishing and recreational boating (equal
priority)

Middle/Outer Harbor
(Port River Segment in
Table 6)

Barker Inlet end
(Central Barker Inlet
and Northern Segments
in Table 6)

dolphin habitat and sea lions
healthy mangrove system
eco-tourism
industry and commercial shipping (equal
priority)
successful fish breeding habitat and
healthy mangroves (equal priority)
dolphin breeding
lack of odour

Social and/or economic
trade offs
investment to reduce stormwater
and pollutant inputs
investment to dredge or immobilise
contaminated sediments
investment to maintain good
through flow from west lakes.
investment in tighter pollution
controls
some potential conflict between
industry/shipping and eco-tourism
that needs further dialogue for
resolution
investment to achieve reduction
and removal of nutrients from the
eco-system is critical
this segment more appropriate for
eco-tourism

Sediment quality status
Fine-grained sediments rich in organic matter in the estuary act as sinks for
pollutants, such as heavy metals and many organic compounds. This is due to
the surface area available for adsorption and the formation of complexes
with organic matter. Nutrients can have a significant effect on the
conditions that influence remobilisation and the depositional pattern within
the estuary. Sediment quality is also an essential factor in the overall
description of water quality status due to:
•

the chemical remobilisation of pollutants, or disturbance of
contaminated sediments through activities such as construction,
dredging, ship movement/boating (propeller cavitation)

•

the exposure of benthic infauna to pollutants, with possible
sublethal or lethal effects

•

the effects on individual species, and on food for human
consumption such as fish and shellfish

•

the potential for bioconcentration, bioaccumulation or
biomagnification.

The recent sampling and analysis of sediments by the EPA (1997) has
covered:
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•

organochlorine pesticides (including Chlordane, DDT, Dieldrin,
Heptachlor, Lindane, Aldrin)

•

polychlorinated biphenyls (PCBs)

•

herbicides (Atrazine)

•

heavy metals (lead, zinc, copper, mercury, cadmium and arsenic)

•

organotins (tributyltin, dibutyltin and monobutyltin).
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Interim sediment quality guidelines
The EPA has produced a classification based on effect ranges (low (ERL) and
median (ERM), based on Long et al (1995). Interim sediment quality
guidelines (ISQG) have now been defined in ANZECC (2000). The EPA
classification has been revised using the ISQG (see Figure 6). For each
parameter, the classification is based on whether one or more of the
determinants examined exceeds the ISQG values.
Figure 6 also provides selected data from earlier studies of heavy metals in
sediments by Harbison (1986) and the results of sediment analysis for some
heavy metals and PCBs undertaken as part of the investigation of tissue
levels in Port River dolphins and fish (EPA 2000). This data has also been
classified using the ANZECC (2000) ISQG.
The ISQG are presented as trigger levels in ANZECC (2000), and are not
intended to definitively indicate that a problem exists. Nevertheless, the
higher the concentrations the greater the potential risk of ecological impact,
particularly from man-made chemicals. Chemical speciation also affects
impact. Most analyses use total concentration, not all of which is
bioavailable. Harbison (1986) used a weak acid leach to extract metals from
sediments, which is consistent with the approach now recommended in
ANZECC (2000). This is more likely to be representative of the fraction that
is easily remobilised from sediments and is bioavailable.
The fine-grained sediments are rich in organic matter and consequently
provide a large surface area available for adsorption of contaminants and
the formation of metal ion complexes with organic matter. The earlier work
of Harbison (1986) indicated that the southern part of the system is acting as
a sink, with higher concentrations found in the bare mudflats and within the
mangroves, compared with sediments further north near St Kilda. Harbison
(1986) also found higher concentrations of metals in mangrove mud,
compared with adjacent bare mud flats, attributed to the finer grain size
and higher organic content of mangrove mud.

Ambient sediment quality classification
The EPA (1997) ambient sediment quality classification has been revised.
Site 1 has copper concentrations classified as poor, showing concentrations
that could cause frequent adverse effects in marine organisms. It also has
concentrations of zinc, lead and cadmium, classified as moderate, that
could occasionally cause adverse effects. Concentrations at all other sites
are low.
Metals occur naturally. There are instances when some sediments may
apparently contain high concentrations relative to guideline values, but this
may be due to localised natural sources rather than contamination.
However, because of the relative proximity of the sites, the higher
concentrations at Site 1 do suggest a degree of contamination. This may be
due to differences between sites in grain size and organic content, but was
not reported in the EPA survey.
Site 3 has mercury concentrations high enough to cause frequent adverse
effects in marine organisms exposed to the sediment. At all other locations
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concentrations are below laboratory reporting detection limits. The ANZECC
ISQG values are below these detection limits.
Site 1 is classified as severely affected by tributylin (TBT), Site 8 is slightly
affected and all other sites moderately affected by herbicides and PCBs. At
all sites the laboratory reporting limits are above the ISQG. Site 1 was
classified as severely affected by organochlorine pesticides because of the
presence of chlordane. At all other sites, the ISQG values are all below the
laboratory detection limits.

Dolphin study
The dolphin study (EPA 2000) examined heavy metals and PCBs in sediment
at eight locations near to potential pollution sources. Therefore, they are
not indicative of general conditions. In summary:
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•

The majority of the sites are within the Port River, North Arm and
North Arm Creek. All of these sites had elevated concentrations of
most metals tested, which may have adverse effects on fauna
exposed to the sediments.

•

At all locations, except D9 located in North Arm Creek, PCBs were
below limits of detection. However, they were found in some drains
leading to the waterways.

•

There is contamination of sediments in the southern area, the Port
River, North Arm and North Arm Creek. Further north, in Barker
Inlet, concentrations decrease.

Port waterways water quality improvement plan

Table 8
E1
E2
E3
E4
E5
E6
E7
E8
E9
Note:

Note:

Cu
S
G
G

Pb
M
G
G

Zn
M
G
G

Hg
DT
DT
M

Cd
M
G
G

As
G
G
G

TBT
S
M
M

PCBs
DT
DT
DT

Herbicide
DT
DT
DT

OC
S
DT
DT

G
G
G
G
G

G
G
G
G
G

G
G
G
G
G

DT
DT
DT
DT
DT

G
G
G
G
G

G
G
G
G
G

M
M
M
M
SL

DT
DT
DT
DT
DT

DT
DT
DT
DT
DT

DT
DT
DT
DT
DT

DT indicates below laboratory reporting detection limit
Hg detection limit is 0.6 mg/kg, ISQC (low) is 0.15 mg/kg
PCB detection limit is 1.0 mg/kg, ISQC (low) is 0.023 mg/kg
no SQG for herbicide (Atrazine), but all results were below level of detection
EPA classification: G = good, M = moderate, S = poor or severe

Table 9
D9
D19
D20
D21
D23
D25
D26
D18

Ambient sediment site classification

Dolphin study—Sediment site classification
Hg

Cd

Pb

Zn

Cu

Cr

PCB

S
S
M
S
M
S
DT
DT

M
M
G
G
G
G
G
G

S
S
S
S
M
S
G
G

S
S
S
S
M
S
G
G

M
S
S
S
G
S
G
G

M
M
G
G
G
G
G
G

S
DT
DT
DT
DT
DT
DT
DT

DT indicates below laboratory reporting detection limit
Hg detection limit is 0.6 mg/kg, ISQC (low) is 0.15 mg/kg
PCB detection limit is 1.0 mg/kg, ISQC (low) is 0.023 mg/kg
EPA classification: G = good, M = moderate, S = poor or severe
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Nutrients and the Protection and Maintenance of Marine
Ecosystems
There has been a serious and continuing decline in the marine ecosystems in
the region, notably in the loss of seagrasses and mangroves.
Nutrients, particularly nitrogen, are considered to be the principal factor in
the ecosystem decline. There is a strong and proven relationship between
nutrients and the loss of seagrass and mangroves, Ulva sp. proliferation, and
also phytoplankton blooms. Development is also a factor in changes in the
distribution of biological communities in the waterways.

Loss of marine communities by development
There have been considerable changes in the distribution of the mangrove
and samphire communities. Some small areas near Port Gawler are
increasing in area and, with the removal of the old seawall in the southern
Barker Inlet, there has been a significant re-colonisation (see Figure 7). The
original seawall was breached by Penrice (then ICI), allowing mangrove recolonisation after the saltfields were developed. Mangroves are also
recovering south of the ETSA transmission line causeway, following the
reinstatement of tidal flows by the construction of a culvert in 1993.
Since 1954 it is estimated that approximately 25% of mangroves and 80% of
samphires have been lost due to development (Kinhill Stearns, 1985). Areas
of mangrove and samphire have been lost since 1967 due to landfill on
Lefevre Peninsula, Garden Island and at Wingfield, the construction of the
Torrens Island Power Station and the ETSA transmission line causeway.
The loss of freshwater and saline wetlands has also been extensive. This
includes the wetlands that formerly occurred in the area now occupied by
West Lakes. There has been 100% loss of the saltwater tea tree (Melaleuca
spp), along with reed beds (Phragmites australis) and native grasses
(Edyvane 2000). All have provided important habitat and acted as efficient
biological filters for stormflows. Constructed wetlands, which are
recommended as a water quality management strategy for urban stormwater
runoff, do provide some filtering.
Before urban development, the runoff from the Torrens River catchment
flowed to the Port River via extensive wetlands, and occasionally to the
Patawalonga (Environmental Consulting Australia 1991). The loss of these
mangrove and wetland communities has largely been in the southern part of
the region in the vicinity of Port Adelaide, North Arm and North Arm Creek
areas.
The southern part of the study area adjacent to the Gillman-Dry Creek area
consists of bare, unvegetated mudflats devoid of seagrass. This area has
been grossly affected by human activities over the past 100 years, but it is
not known which, if any, of the changes have resulted in seagrass loss. These
changes include altered flow regimes (for example, the building of a
causeway across Angas Inlet), thermal effluent from Torrens Island Power
Station, and pollutants and increased turbidity from creeks and stormwater
outlets draining into the estuary. The unvegetated mudflats have fewer
invertebrates and fewer numbers and types of fish than seagrass areas.
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Figure 7

Ecosystem decline—condition of mangroves, seagrass and saltmarsh
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The samphires are directly affected to a lesser extent by nutrients. The
important chenopod samphires in this area include Sarcocornia sp. and
Sueada australis. They are an important part of the detrital cycle. They
probably functioned as a buffer between land based sources and the marine
communities regulating salinity, decreasing sediment load and reducing
velocities of stormwater inflows.

Seagrass
Ecological role
The shallow intertidal mudflats support meadows of eelgrass, a short fineleaved seagrass that form a lawn-like covering. These flats are sheltered,
with little wave action, resulting in the deposition of fine sediments.
Consequently, eelgrass meadows are typically found in very soft silts and
clay.
Below the low water line the larger, more robust tapeweed (Posidonia
australis) grows in beds contiguous with the vast tapeweed meadows
covering much of the sea bed of Gulf St Vincent.
Seagrasses are ecologically important because:
•

they provide much of the plant production (or primary production) in
the estuary, as well as in Gulf St Vincent generally

•

seagrass leaves offer a substrate upon which other organisms can
grow

•

seagrass meadows in Barker Inlet support a diverse and abundant
fish fauna. The estuary is now well documented as a nursery habitat
for juveniles of many commercially important species, most notably
the King George whiting (Sillaginodes punctata), the most valuable
species for both recreational and commercial fishers. The seagrass
meadows are also habitat for three large invertebrate species eaten
by humans—western king prawns (Penaeus latisulcatus), blue
swimmer crabs (Portunus pelagicus), and the bivalve razor shell
(Pinna bicolour), all of which are very common in the estuary.

•

the seagrass canopy offers protection from predators such as larger
fish

•

the flats are an important feeding habitat for birds

•

the seagrass meadows assist in stabilizing sediments, reducing
coastal erosion

•

they dissipate wave energy.

Loss of seagrass meadows
There has been an extensive loss of seagrasses in the northern part of the
study area. It has been estimated that, since 1954, approximately 36.4% of
the subtidal seagrasses have been lost of the total area inside a line drawn
from Outer Harbor revetment to Port Gawler. The degraded eelgrass area
also represents 25% of the original coverage in Barker Inlet to Port Gawler.
The scale of denudation is much greater than that expected from natural
changes.
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The decline in seagrass is likely to degrade the fish nurseries of the
waterways. The collapse of several fisheries in Westernport Bay, Victoria,
since 1979 has been attributed to the near total loss of Heterozostera.
One effect of nutrient-induced epiphytes is reduced light reaching the leaves
of subtidal seagrass, causing them to decline. In shallower waters this effect
is combined with greater wave energy and the weight of the epiphytes (and
silt trapped in algal turf species), adding significantly to the damage
(Steffensen pers comm.). At Bolivar, the leaves support dense growths of
large epiphytes such as Ulva sp., Laurencia sp. and Rhodymenia sp. In the
northern areas, closer to the outfall, the leaves support turf-forming species
such as Enteromorpha sp., Polysiphonia sp. and Microcoeleus sp.
Subsequently, mobile sand, liberated from denuded intertidal areas, has
drifted under prevailing current and wave action and covered beds of
Posidonia over a wider area (Steffensen, unpublished data).
The effluent outfall has been identified as responsible for the decline in the
intertidal eelgrass along a nine-kilometre section of coastline (Connolly
1986). Figure 7 shows that the extent of seagrass denudation apparently
extends north of Port Gawler.
With nutrient enrichment, the initial epiphytic growth acts as a nutrient
sink. As the seagrasses and attached epiphytes are lost, the effect spreads
out in an arc until the effects of dilution by seawater exchange with gulf
waters reduces nutrient availability for algal growth. With the prevailing
southerly onshore winds there is a northern dispersion along the coast and
further losses may continue to occur until land-based nutrient loads are
reduced.
Studies in Western Australia at Albany Harbour and Cockburn Sound
described a picture similar to that for this study area. At Albany Harbour
(EPA W.A. 1990), it was indicated that there was a continuing decline.
Connolly (1986) mapped the distribution and density of Ulva sp., which
illustrates the pattern. It was considered by Connolly that there was a strong
correlation with the distribution and density of Ulva with the Bolivar WWTW
effluent. The St Kilda area of Barker Inlet was also identified as an area
where large surface floating mats of Ulva were found and Ferguson (1986),
Kinhill Stearns (1985) and Edyvane (1991) describe intertidal prolific growths
of this alga in Barker Inlet, covering mangrove areas and the intertidal mud
and seagrass flats.

Mangroves
Ecological role
In the Barker Inlet-Port Adelaide River estuary a 2140 ha monospecific stand
of the mangrove (Avicennia marina var. resinifera) occupies the upper–mid
intertidal zone.
Mangrove systems have been globally recognised for their ecological
diversity.
•

Mangroves are a major primary producer of the intertidal area.

•

Many of the fish species of seagrass beds, including juveniles of
commercially important species and invertebrate species using
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seagrass meadows adjacent to mangroves, move into adjacent
mangrove forests at high tide.
•

The mangroves provide shelter and nesting sites for waterbirds and
terrestrial birds.

•

Mangroves are a major player in the balance between erosion and
deposition of sediments along the coast. They colonise newly formed
mudflats, enhance sediment deposition and retard erosion in stormy
weather.

•

The trunks and pneumatophores of mangroves provide a firm
substrate for intertidal snails and barnacles that cannot live on mud

•

Wading birds such as the white-faced heron (Ardea novaehollandiae)
feed amongst the mangroves on small fish and invertebrates, and
water birds such as the Nankeen night heron (Nycticorax
caledonicus) roost in the tree canopy. Numerous other birds can be
observed feeding on the insects of the mangrove canopy.

•

Mangroves ‘floc’ the freshwater reaching the sea, producing clearer
water necessary for seagrass beds to grow.

Mangrove decline
Monitoring has indicated that Ulva is resulting in significantly greater death
rates of young mangrove seedlings than occurs naturally (Edyvane 1991a). In
the area between Gawler Creek and Barker Inlet, death rates of 67% have
been found. The lack of seedling recruitment at St Kilda is of great concern
(see Figure 7).
In areas where Ulva drift levels are consistently low or negligible, mortality
rates of 5-6% were observed and are probably more indicative of natural
mortality levels (Edyvane 1991a).
It is believed the death rate occurs both by smothering of the young plants
and smothering of breathing tubes (pneumatophores), preventing essential
gas exchange. Connolly (1986) observed that the air-breathing
pneumatophores were bent or twisted in areas that had been covered with
Ulva drifts. Some mortality also occurs due to sediment accumulation
following high energy events; anaerobia and erosion are also causative
factors.

Saltmarsh
Ecological role
Despite the clearing of large areas of saltmarsh for industrial development,
significant areas of saltmarsh still exist. Recognition of the ecological value
of saltmarshes has lagged behind that of mangroves and seagrasses, and
little scientific work has been done in South Australian saltmarshes. Areas
such as the Gillman-Dry Creek site have been severely degraded through
modifications to drainage and tidal flows, and the intrusion of exotic ‘weed’
plants.
Saltmarshes occupy the highest zone of the intertidal flats within the Barker
Inlet-Port Adelaide River estuary. The lower parts of the swamp merge with
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the smaller mangrove trees on the margins of the mangrove zone, and are
regularly inundated by the sea.
In a strip just to the landward side of the mangroves, the saltmarsh is
inundated frequently, and an almost turf-like samphire called beaded
glasswort (Sarcocornia quinqueflora) carpets the mud in a dense mat. This
zone of saltmarsh is reasonably well conserved in South Australia in many
areas.
Marsh areas further inland are inundated only on the very highest tides.
Some marsh areas of the Gillman-Dry Creek site separated from the sea by
levees are never inundated, but are wet with a mixture of saline
groundwater and freshwater draining from higher land. The dominant
vegetation type is the group known as samphires, which range from small
turf-like plants to woody bushes over one metre high. Samphires are
virtually leafless, instead having fleshy, succulent stems for photosynthesis.
Most of the saltmarsh not separated from the sea by levees, or otherwise
degraded, supports a low heath dominated by shrubby glasswort
(Sclerostegia arbuscula). Other samphires such as grey samphire (Halosarcia
halocnemoides) and beaded glasswort (Sarcocornia quinqueflora) are also
common. Most of these plants are common in South Australia and are
protected in conservation parks. The samphire Halosarcia flabelliformis,
which has a national conservation status of vulnerable, occurs on claypans
on Torrens Island and St. Kilda.
In summary, the role of saltmarshes as part of the intertidal estuarine region
is as follows:
•

Detritus from the sea, mangrove forests and seagrass beds washes
into the saltmarsh as particulate matter. This material is broken
down through further biological activity and is then exported as
dissolved elements.

•

In saltmarshes the major producers are not the samphires but
microscopic algae living on the damp mud. A number of species of
small fish, including juveniles of the commercially important
yelloweye mullet (Aldrichetta forsteri), and shrimps occur in the
small creeks draining the saltmarsh.

•

At low tide the most conspicuous fauna of the lower parts of the
saltmarsh are marine invertebrates, snails grazing on algae living on
the mud, and small predatory crabs. When covered with water,
small fish feed in the shallow water, mostly on very small snails,
bivalve shells, crustaceans, larvae of midges, insects and spiders
that blow into the water.

•

Fauna in higher parts of the saltmarsh that are inundated less
frequently are dominated by terrestrial organisms. The mammal
fauna of the saltmarsh in this area are dominated by introduced
species, and the habitat is considered poor for native mammals
because feral animals have easy access to the area. No native
ground-dwelling mammals have been recorded from the area,
although the native water rat (Hydromys chrysogaster) probably
occurs on Torrens Island and has been observed in the saltfield
siphons (P. Coleman pers comm.). Several species of native bats
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frequent the saltmarsh and the nearby mangroves, and can be heard
in the evening as they fly in search of insects.
•

A great variety of birds, both waders and bush birds, live and feed
on the saltmarsh. Most of the bush birds on the saltmarshes can also
be found in other habitats, but the samphire thornbill (Acanthiza
iredalei) found around Barker Inlet is restricted to samphire heath,
and has a conservation status of vulnerable.

Loss of saltmarshes
The lack of recognition of the ecological value of saltmarshes has resulted in
80% of this habitat being lost in the Barker Inlet-Port Adelaide River region.
Saltmarshes have been considered useless for urban purposes and have
therefore been ‘reclaimed’ by creating levees and filling with rubble.
Mangrove colonisation on the landward side occurs at the expense of
samphire habitat, and in many parts of the study area compensatory
migration of samphires to higher levels cannot occur because of levees. This
problem is likely to become worse should sea levels rise as a result of
greenhouse warming.

Toxic algal blooms
Phytoplankton blooms, or ‘red tides’, are a common occurrence in the Port
River estuary.
As well as presenting a possible health risk, the blooms can also result in
major ecological problems. Microalgae can reach population densities of
nine hundred million (9 x 108) cells per litre, resulting at times in severe
oxygen depletion in the water column and consequent death of fish and
invertebrate fauna (Cannon 1991). Other ecological effects include clogging
of gills of fish and reduction in light available for aquatic plants.
The large quantities of bioavailable nutrients support the development of
the bloom and the algal growth continues until the nutrient supply is
depleted.
Most phytoplankton blooms involve diatoms, raphidophytes such as
Heterosigma and non-cyst forming dinoflagellates such as Gymnodinium,
Kanguineum and various Prorocentrum species.
The area of the Port River with regular algal blooms is shown in Figure 4.
Flagellate blooms have dominated in the Port River because of stratification
and high nutrient levels.

Ammonia as a toxicant
A fraction of the total ammonia present in the water column will be present
as the unionised form (NH3), which is dependant on pH, salinity and
temperature. This form can have toxic effects (chronic or acute) on marine
organisms such as fish, invertebrates, algae and plants.
ANZECC (2000) provides a trigger value for ammonia as a toxicant for marine
waters of 0.5 mg/L for the 99% level of protection and 0.910 mg/L for the
95% level of protection. In recognition of the modified nature of the Port
River, the 95% value would be appropriate, with the 99% value in the Barker
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Inlet because of its importance. However, the EPA now uses the ANZECC
(2000) guideline level of 0.05 mg/L. This is the more conservative, and
relates to the action of NH3/NH4+ as a nutrient and not as a toxicant, which
is more applicable in the WQIP.
EPA (2002) has classified sites 1, 2, 4, 5, 6, 7, and 9 as poor, with sites 3 and
8 as moderate, (see Figure 5). Sites 1 and 9, located within the Port River,
had significantly higher concentrations than the other locations, with the
90th percentile being 1.390 and 1.650 mg/L respectively.
There is concern about ammonia levels in the Port River, which receives the
Port Adelaide WWTP and Penrice (Osborne) discharges. Sites 4, 5, 6, 7 and 8
also exceed the 90th percentile ANZECC trigger values for potential toxicity.
It was noted in EPA (2000) that most of the ammonia is present as non-toxic
NH4. However, because of the relatively high pH and temperature of the
Penrice discharge, there may be some localised toxic effects.

Interaction with other contaminants/parameters
In addition to the prolific epiphytic algal growth on seagrass and their
effects on mangrove seedlings and pneumatophores, nutrients also
contribute to impacts on aquatic communities in a number of other ways.
Excessive growth of both phytoplankton and macro-algae can reduce oxygen
levels in the water column, particularly at night as a result of respiration.
This exacerbates the effects of an oxygen demand in any discharges. The
decay of the dead algal mass can also result in more prolonged oxygen
depletion in shallows and sheltered areas, particularly during neap tides
where there is little water movement. Large areas have anoxic sediments
that naturally exert an oxygen demand. A large algal biomass can add
significantly to this oxygen demand. Prolonged oxygen depletion, over
several days, has been reported in Harbison (1986), Fargher-Maunsell (1985)
and Kinhill Stearns (1985). The effects can include:
•

occasional fish kills and adverse effects on invertebrates

•

smothering of benthic infauna

•

increased rates of remobilisation from the sediments of heavy
metals, with potential toxic effects

•

increased rates of nutrient remobilisation from sediments

•

development of noxious odours due to hydrogen sulphide production.

Suspended solids or turbidity levels can be high at times in the Port RiverNorth Arm following major storm events when there are large catchment
inflows. The loss of seagrass cover destabilises sediments, with potential
smothering effects on adjacent benthic communities.
The thermal effluent from the Torrens Island Power Station into Angas Inlet
has direct effects on aquatic ecosystems. The higher temperatures
accelerate the uptake of bioavailable nutrients in the water, resulting in
increased rates of algal growth.
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Nutrients and the potential spread of Caulerpa taxifolia
The introduction of the tropical algal species Caulerpa taxifolia into West
Lakes is a major environmental concern. It readily smothers other
macrophytes and is unpalatable to grazing organisms. If it became
established in the Barker Inlet and gulf waters, there would be a significant
loss of fauna and flora, with serious impacts on commercial and recreational
fisheries. The current status (December 2003) is shown in Figure 4.
Although the State Government is attempting to eradicate this species,
there remains a risk that it could spread. The presence of large quantities of
bioavailable nutrients in the water column encourages more rapid growth of
this species.
Other introduced species in the Port waterways include Sabella and possibly
Zoobotryon, which is spreading. The latter looks like seaweed, but is an
animal, and bites swimmers who make contact. It dies off in anaerobic
conditions, producing a strong, unpleasant odour.

Nuisance insects
Insects such as mosquitoes are a natural part of the biota of coastal wetland
ecosystems. They can become a nuisance when present in large numbers,
particularly in urban areas. This usually occurs where there is inadequate
predation to control numbers. Within the waterways, nutrients are
contributing to problems in some areas near Globe Derby Park. At high spring
tides organic debris (cabbage weed) is carried into the samphire areas and
left in the stranded pools on the receding tide. The decaying algae produce
anoxic conditions which prevent predation, allowing larger numbers of
mosquitoes to develop (P. Coleman pers. comm.).

Potential for impacts on ecosystem recovery following spills
Oil spills are fortunately a rare occurrence, but they remain a risk.
Mangroves are susceptible to oil contamination and there are many examples
in the literature of death occurring as a result of oil spills. Following an oil
spill, the presence of large quantities of algae as a result of nutrient
enrichment has an impact on seedling recruitment and therefore on longer
term recovery.
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Nutrients and Recreation
Nutrients have a major impact on recreational use and potential.

Ecosystem-based recreation
Most recreational activities, and supporting commercial activities, are
ecosystem based, including:
•

fishing, crabbing

•

bird watching

•

boating, including kayaking and canoeing

•

tourism

•

educational activities (including St. Kilda Mangrove Boardwalk).

The decline of marine ecosystems and the occurrence of toxic algal blooms
directly affect these activities.

Amenity and aesthetic enjoyment
At times, huge quantities of the alga Ulva (sea lettuce or cabbage weed)
cover the intertidal flats and encroach into the mangroves. This is unsightly
and during decomposition produces offensive odours (hydrogen sulphide,
recognised by the ‘bad egg’ smell). Other species found in the Ulva mats and
in offensive beach litter include Giffordia sp., Feldmannia sp., Gracilaria,
Spyridia, Hypnea and Polysiphonia.
This has been a major problem in locations such as the beach and surrounds
at St Kilda, which have high recreational use. It also affects the use of the
mangrove boardwalk, where there are often large accumulations of algae.
The unsightly nature of the accumulations also detracts from activities such
as fishing, boating and kayaking. The occurrence of phytoplankton blooms
would contribute to a poor image of the area for a period after the bloom
has declined.
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Nutrient Sources, Current Load Reduction and Planning
Initiatives
The ecosystem decline has been the result of development and pollution
over many years without much understanding of water pollution or
ecological issues. In recent years, a number of significant initiatives have
been taken which will result in major reductions in pollutant loads,
including:
•

environmental improvement programs (EIPs) for industry

•

EIPs for the SA Water wastewater treatment plants and the Virginia
Horticultural Area Reuse Scheme

•

catchment water 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.

Some of these activities have already resulted in reduced pollutant load
discharges to the waterways. Figure 8 shows the locations of major
activities.
Changes are continuing to occur in the region. There are several large
industries in the area that have closed down or relocated, including:
•

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 residential development plans for the Le Fevre Peninsula
and proposals are being prepared for industrial development in the Gillman
area. Additional development need not result in increased pollutant loads.
New standards for development can result in a reduction in existing
pollutant loads—for example, stormwater treatment.
The water quality status has been based on ambient water quality data.
However, nutrients, particularly the bioavailable forms, are rapidly removed
from the water column. Removal occurs as a result of uptake by plants,
which can be quite rapid, particularly in the spring-summer period. There is
also some loss to the atmosphere of nitrogen and to sediments of both
nitrogen and phosphorus. Bioavailable nutrients in the water column are a
direct cause of algal growth. Not all nutrients discharged into the waterways
are bioavailable, but they can become bioavailable through various physicochemical and biological processes.
As ambient concentrations are an inadequate measure of ecosystem health,
the aim is to reduce nutrient loads discharged to the waterways, rather than
aim for particular nutrient levels. For example, offshore from the Bolivar
WWTP discharge, nutrient enrichment is a principal cause of seagrass loss as
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a result of prolific epiphyte growth. The plant material acts as a nutrient
sink. Ambient monitoring may detect elevated nutrients, particularly in
close proximity to the discharge, but may not detect significantly elevated
nutrients in other areas where damage to ecosystems is occurring.

Sources of nutrients
Nutrient inputs into the water column are derived from diffuse sources,
from:
•

rivers and streams of the Northern Adelaide and Barossa region,
including:
– Dry Creek and tributary Cobbler Creek
– Little Para River
– Northern Adelaide Plains—Smith Creek and Helps Road drain
– Gawler River (although not included within the defined study
area, it flows into the northern section of the Barker Inlet area)

•

Gillman drains, flowing to the Barker Inlet Wetland, including:
– North Arm East (NAE) drain
– Hindmarsh Enfield Prospect (HEP) drain
– Northern Arm West (NAW) drain (or South Road drain)
– Dunstan Road drain

•

Gillman drains flowing to the Magazine Creek Wetland, including:
– Eastern Parade drain
– Jenkins Road drain

•

Gillman drains flowing to the Range Wetland, including:
– Hanson Road drain
– North Arm Road drain

•

local stormwater drains along the Port River and eastern Lefevre
Peninsula

•

regional groundwater discharge to the waterways, including leachate
from local sources such as:
– landfills (such as Wingfield and Garden Island)
– septic effluent from unsewered areas

•

West Lakes output into the Port River

•

point sources, including:
– wastewater treatment plant discharges at Bolivar WWTP and Port
Adelaide WWTP
– industrial, including Penrice-Osborne Soda plant, bulk handling
(wharfs), fertiliser companies
– landfills (surface water runoff), including Garden Island and
Wingfield landfills

•

internal sources, including:
– sediments, which act as both sinks and sources
– decaying algal debris, resulting from nutrient enrichment and
accumulating in large quantities in mangrove areas

•

periodic activities, such as:
– maintenance dredging that results in some nutrient release and
redistribution from the disturbed sediments. The effects of
shipping should also be considered (resulting from cavitation and
sediment disturbance)
– recreation, including waste from boats
– atmospheric fallout
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–

nutrient input from tidal exchange with Gulf St Vincent.

The available information on the annual average loads from each of the
main sources is summarised in Table 10. The relative importance of each of
these sources is not only a function of amount, but also other factors
including location and season of discharge.
Table 10

Main sources of nutrients to the Port waterways
Annual load nitrogen (tonnes
pa)

Source

Annual load phosphorus
(tonnes pa)

Original
(1994–1995)

Current
(2002–2003)

Original
(1994–1995)

Current
(2002–2003)

33

7

9

3

ND

ND

ND

ND

Torrens catchment1
Northern Adelaide Barossa
catchment2
Dry Creek/Little Para
Smith Creek
Catchment
Local stormwater3

2

2

<0.2

<0.2

Regional groundwater4

22

22

0.5

0.5

3

30
(18–41)

37
(23–52)

3
(3)

8
(5–11)

1265

383

215

127

West Lakes

Bolivar WWTP5
5

Port Adelaide WWTP

Penrice Soda Products

6

511

161

105

52

1300

1100

3

3

2

2

>0.2

>0.2

Bulk handling
Fertiliser industry7

2

2

<1

<1

Recreation3

10

10

2

2

Wingfield Waste Management
Centre8,3

2

2

<1

<1

Garden Island landfill3

1

1

<1

<1

Internal sources9

-

830

-

25

-

10

Atmospheric fallout

10

Gulf St Vincent tidal input11

32
56

-

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); refer Appendix 1

5

Data obtained form SA Water

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, in the order of 20 t/a N and 10 t/a P, before
rediverting to wetlands and with improvements in on-site practices.

8

Information from Groundwater and Surface Water Monitoring 2002-2003, WWMC

9

Data obtained from EPA (Jenkins 2004)

10 Data obtained from EPA; refer Appendix 2
11 Estimate based on volume of exchange with gulf (Land et al 1994), and gulf nutrient concentrations (Rochford 1979).
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Figure 8

Location of major activities and discharges
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SA Water wastewater treatment plant EIPs
Bolivar Wastewater Treatment Plant
Bolivar is the largest wastewater treatment plant in South Australia, treating
around 50% of Adelaide’s wastewater. It was commissioned between 1964
and 1969 and treats between 110 and 130 million litres of wastewater daily.
The majority of flow from Bolivar WWTP is discharged into Gulf St Vincent
south of the Port Gawler Conservation Park.
An environmental improvement program (EIP) was commissioned for the
Bolivar WWTP in response to the decline of seagrasses along Adelaide’s
coastline. The EIP required the construction of an activated sludge plant
together with the covering of odorous areas and treatment of foul odour.
The completed EIP had the primary aim of reducing the impact of nutrients
on the marine environment.
To enable reclaimed water from the WWTP to be used to support the
horticulture industry, a dissolved air flotation and filtration plant (DAFF) was
constructed. The DAFF plant and use of reclaimed water resulted in a
reduction of the nutrients discharged to the marine environment,
particularly during summer when reclaimed water is required.
The $30m DAFF plant commenced construction in March 1998. Stage 1 of the
plant was commissioned in November 1998; Stage 2 of the plant was
commissioned in April 1999 and formally opened in October 1999, following
the completion of the Virginia Pipeline Scheme (VPS), (SA Water 1998,
2002). Water Reticulation Systems (Virginia) Pty Ltd (WRSV) operates the
pipeline and sells reclaimed water to the growers.
In 2002-2003, approximately 12,750 ML of wastewater was reused from
Bolivar WWTP by the growers (Sickerdick 2003). In addition, it is expected
that the reuse flows from Bolivar WWTP will increase towards the target of
22,500 ML per year. This can significantly reduce the nutrient loads to the
marine environment. The actual amount of reuse depends on uptake by
growers, who are influenced by a range of local, regional and market
factors.

Port Adelaide Waste Water Treatment Plant
The proposal to redirect the saline Port Adelaide wastewater to Bolivar for
treatment at a new BNR plant was accepted by cabinet in 2002 and
construction started in March 2003. Construction was completed during 2004
(SA Water, 2000). This project has resulted in the total cessation of treated
effluent discharges into the upper Port River.

EPA-licensed industry activities
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
are within catchment board areas. Within the areas not covered by the
catchment boards, there are activities that have licence conditions for
discharges to marine or inland waters, including:
•
40
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•

dredging

•

earthworks drainage

•

tanneries.

Penrice
Penrice Soda Products, Osborne, is a major industry contributor to nutrient
loading (ammonia nitrogen) in the Port River (Penrice, 2001, 2002a). Penrice
produces sodium carbonate using the Solvay process; ammonia is used as a
catalyst in the reaction. Most of the ammonia is recovered, but a proportion
is discharged in the waste stream into the Port River.
Penrice Soda discharges some 70,000 kL of wastewater per day into the Port
River. The wastewater discharge has a weekly average concentration of
57 mg/L (minimum 22 mg/L and maximum 177 mg/L) of ammonia (Port
Estuary Ambient Water Quality Monitoring, EPA 2002).
As part of their licence conditions, Penrice Soda has EIPs for site
management and ammonia reduction. The ammonia reduction EIP is valid
from December 2002 until December 2006. Also, an annual environmental
impact assessment is undertaken by SEAS, which covers the impacts of
nutrients and suspended solids.
The ammonia reduction EIP had the target of reducing the ammonia loss to
the Port River to 1000 tonnes per annum by 30 December 2004. In order to
ensure compliance with the target, Penrice (Penrice, 2002b) is implementing
a two-phase strategy:
•

Phase 1: Implementing a cleaner production philosophy and
maintenance program (ongoing for the life of the EIP)

•

Phase 2: Undertaking a feasibility study to determine the most
economically and environmentally sustainable method of reducing
ammonia from the effluent stream, while incorporating operational
flexibility and ensuring other environmental impacts are not
compromised.

Penrice committed $1 million to reduce the ammonia lost in the discharge
stream by the end of 2004, using cleaner production techniques. There are
three stages to the cleaner production techniques:
•

Stage 1—operational improvements, including:
– process changes
– containment of ammonia
– increased focus on ammonia management at an operational
level.

•

Stage 2—An accelerated tower tube replacement program will
involve upgrading the tower tubes that have been identified as a
source of ammonia loss due to metal corrosion. The tubes will be
replaced until all towers can be maintained under a typical
maintenance regime.

•

Stage 3—A monitoring program in three tiers:
– measuring
– monitoring
– further identifying and pinpointing sources of ammonia loss by
mass and heat balance.
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Phase 2 of the EIP compliance will consist of a feasibility study into the
reduction and recovery of ammonia. The study will be commissioned for an
external facility to determine the most effective method of reducing
ammonia from the effluent stream and will incorporate any in-plant trials to
determine the effectiveness of any proposed equipment installations.

Flinders Ports
In 2001, Flinders Ports became the private operator of the previously stateoperated South Australian Ports Corporation. As part of the handover,
Flinders Ports acquired a 99-year land lease and port-operating licence for
the Port of Adelaide.
The various bulk handling and shipping activities in the Port contribute to
the nutrient load in the waterways, although the actual load is unquantified.
In order to minimise environmental impacts, the EPA is developing a Code of
Practice for Wharf Handling in conjunction with Flinders Ports and with input
from the stevedore companies.
Flinders Ports has an environmental management system (EMS) certified to
ISO 14001. The EMS 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 encourages its tenants and the stevedores to adopt
environmentally sensitive work practices and adhere to the principles of the
Environment Protection (Water Quality) Policy 2003 (Water Quality Policy).
It also undertakes a bi-annual audit of its Port Adelaide facilities.
The berths where fertiliser and livestock are loaded are the main source of
nutrients from Flinders Ports operations. At Dock 2, berths 18-20 are used
for steel and fertiliser shipping. The spillage of fertiliser, caused by the use
of older grabs, poses the greatest nutrient risk to the Port River. The
spillage occurs both directly into the river between the berth and ship, and
onto the berth apron. To minimise the spillage, Flinders Ports has placed
curtains in the gap to catch and redirect the spillage away from the river.
Although the direct spillage on berth aprons is swept up, some fertiliser is
caught in the apron paving and can enter the river when it rains.
No information is currently available on the frequency, size or nature of the
materials spilled. Flinders Ports have also invested in new stormwater
infrastructure in order to catch and retain flows. However, it is still
ultimately discharged into the Port River. Further stormwater treatment
options are being investigated to reduce the amount of fertiliser entering
the river.
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Berth 1 on the Lefevre Peninsula is the current location for loading livestock.
The impact of livestock movement is minimised by closing stormwater drains
during operations and applying sand along the travel routes used by
livestock. Once the loading is complete, this is disposed of on Flinders Ports
land.
The nutrient load contributed through wharf handling spills is not quantified.
Over the last two to three years, three or four spills have been reported by
the stevedores. Flinders Ports believes that this is unlikely to be a true
reflection of the actual number of spills. Given the nitrogen and phosphorus
based fertilisers and other agricultural products that are transferred, there
is certain to be some impact.
Flinders Ports also undertakes dredging of the shipping channels and is
licensed by the EPA for this activity. Maintenance dredging commenced
about five years ago. Before this time there had not been any significant
maintenance dredging for 10 years or more.
Dredging quantities have generally been small. The largest was
approximately 25,000 cubic metres in 2003-2004. The average over the last
five years would be less than 10,000 cubic metres per annum.
All dredged material in recent times has been disposed of at designated land
disposal sites. In Port Adelaide there are disposal ponds located at Snowdens
Beach, 20 Berth, adjacent to Outer Harbor No. 7 Berth, on the northern
revetment mound at Outer Harbor. Another pond is currently under
construction at 29 Berth.

Fertiliser companies
There are several 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 both nitrogen and phosphorus fertilisers, both of
which can enter the Port waterways either in stormwater runoff from the
company sites, during bulk handling losses or during transport.
Previously, stormwater from the fertiliser sites was discharged into the Port
River and to the Torrens Road Drainage Authority (TRDA) basin. At present,
the fertiliser industries do not contain stormwater generated on their sites,
but discharge into the Magazine Creek Wetland.
In future, the discharges from the fertiliser industries will be controlled by
the Water Quality Policy, and will be required to comply with discharge
quality levels (at present the stormwater generated on these sites exceeds
the Water Quality Policy levels for nutrients).
Incitec Pivot has developed an EIP for their operations to comply with the
Water Quality Policy. All other fertiliser companies are aware of the policy
and the need to change work practices. 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 Berth
27 in the inner port. At present the stormwater generated on site is retained
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in basins on site, allowed to settle and is then discharged into the Port.
Settling allows the bulk of solids to be removed from the stormwater,
although some fines and grain husks are discharged. Ausbulk uses phosphine
gas to treat the grain, but does not use any other insecticides.
It is not known whether grain loading causes nutrient loads, although they
will be reduced with the introduction of the proposed Code of Practice for
Wharf Handling. The future development of Ausbulk is discussed later in this
section.

Power generation—thermal effluent
Three power generation companies in the Port area 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

•

TXU (South Australia) Pty Ltd. (Torrens Island).

TXU has an EIP as part of its licence conditions and is required to undertake
a monitoring program in relation to its discharges, particularly with respect
to thermal load.

Dredging
Four organisations have licences for dredging the Port area:
•

York Civil Pty Ltd

•

Penrice Soda Products Pty Ltd

•

Minister for Transport

•

Flinders Ports Pty Ltd.

There are no EIP conditions for dredging. These short-term activities are
issued with licences that require strict compliance with relevant water
quality criteria.

Earthworks drainage
Three companies have licences for earthworks drainage:
•

York Civil Pty Ltd (licence has not yet been issued)

•

Penrice Soda Products Pty Ltd

•

Flinders Ports Pty Ltd.

There are no EIP conditions.

Tanneries and/or fellmongery
Four companies have licences for tannery operations:
•

Gary Polygerinos

•

Crompton Group Holdings

•

Vacel Leather Pty Ltd

•

T&R Pastoral Pty Ltd (licence not yet issued).

No EIPs are required as part of the licences.
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Municipal landfills
Wingfield Waste Management Centre (WWMC)
The Wingfield Waste Management Centre (WWMC) was established in 1956
on the swampy land adjacent 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 1974
was also used for liquid waste disposal.
Until 1986, the Commonwealth leased the site to Adelaide City Council,
when the council purchased the site from the Commonwealth. Under the
Adelaide City Council the landfill operations have progressed towards
environmentally sound principles, operating within EPA legislation and the
Waste Management Act 1990 (since the mid 1990s).
The landfill is at the end of its life and post-closure plans are being
developed under the Wingfield Waste Depot Closure Act, which stipulated
that operations must cease by 31 December 2004 (subject to the preparation
of a suitable landfill environmental management plan (LEMP)). The LEMP
was adopted in May 2000, and is currently being implemented.
WWMC undertakes groundwater and surface water monitoring and evaluation
as part of its obligation to the EPA. The most recent surface water
monitoring results indicated that levels of heavy metals (arsenic, copper,
lead, nickel and zinc) were above the SA EPA marine discharge guidelines
(Groundwater and Surface Water Monitoring 2002-2003, Wingfield Waste
Management Centre, URS 2003). However, there are three stormwater
retention areas designed to trap stormwater within the boundaries of the
landfill site and it was considered that the guidelines were not directly
applicable. The monitoring results indicated that ammonia levels in the
retained stormwater had nearly doubled in the last two years.
The stormwater retention basins have been created on the western, southeastern and north-eastern boundaries of the site, and on-site surface water
drainage is directed towards these basins. They are lined with clay and
provide adequate storage for 1-in-100-year, 24-hour storm events.

Garden Island
At present there is no land management plan for the now closed Garden
Island landfill. However, there are plans for the LMC to develop a
rehabilitation strategy to minimise the impacts of stormwater and
groundwater on the Port environment. The rehabilitation strategy
commenced in 2005 with an eight-year life. It is likely to include capping
and revegetating the landfill site to reduce stormwater run-off and
infiltration, thus reducing the hydraulic gradient of groundwater and
potential leachate infiltration. The rehabilitation strategy may also include
increasing the mangrove and samphire stands.

Catchment water management plans
The Torrens Catchment Water Management Board (TCWMB) and the Northern
Adelaide & Barossa Catchment Water Management Board (NABCWMB) have
detailed catchment management plans: the Torrens Catchment Water
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Management Plan 2002-2007 and the Northern Adelaide Barossa Catchment
Water Management Plan 2001-2006.
These plans provide a framework for responsible water resources
management in the catchment and take into account environmental water
requirements. The management frameworks are formulated through a
number of detailed strategies and actions to achieve certain goals.

Torrens Catchment Water Management Board (TCWMB)
The TCWMB Catchment Plan (Tonkin Engineering and Science 2004) has a
total of 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 (there are three actions
towards implementing this strategy)

•

Strategy 1.3: Develop and maintain constructed wetlands (there are
five actions towards implementing this strategy)

•

Strategy 1.4: Eliminate waste water discharges to watercourses and
receiving waters (there are four actions towards implementing this
strategy)

•

Strategy 1.5: Control excessive erosion of watercourses (there are
two actions towards implementing this strategy)

•

Strategy 1.6: Install gross pollutant traps (there are five actions
towards implementing this strategy)

•

Strategy 1.7: Create rural riparian buffer zones (there are two
actions towards implementing this strategy).

Over 2002-2003 TCWMB has been involved in the following projects relating
to the Port waterways:
•
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‘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 six
project officers to the three councils. These officers visit small
business and industry to encourage best practice environmental
management—for example, onsite pollution prevention, cleaner
production, water and wastewater minimisation, and waste
management.
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•

The Grange Golf Club Wetlands and Aquifer Storage & Recovery
Scheme
A feasibility study of the scheme has been undertaken. The scheme
would see approximately 70% of the adjacent catchment being
diverted from the stormwater system into wetlands and then stored
using ASR for golf course irrigation requirements. This scheme aims
to reduce the stormwater pollution entering West Lakes, thus
improving the water quality 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 several constructed wetlands in the Port area including the Range,
Magazine and Barker Inlet Wetlands. The Range and Magazine Wetlands are
located within the Gillman area, while the Barker Inlet Wetlands are located
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.
Developed before the Torrens Catchment Water Management Plan, the
Barker Inlet, Magazine Creek and The Range Wetlands were constructed to
improve 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. These
wetlands are now an integral part of the water management strategy for the
northern extended area of the TCWMB area.
The Barker Inlet site was a degraded site used for stormwater drainage and
waste disposal, and incorporated salt crystallisation ponds prior to its
redevelopment. The Barker Inlet Wetlands were constructed in 1996, at a
cost of $10 million funded by the Commonwealth Government (PAR, Port
Adelaide Enfield 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 million
and handed over to the Port Adelaide Enfield Council in 1999. The Magazine
Wetland discharges into the TRDA basin behind the levee bank. From there it
discharges into the North Arm Creek via a gated structure at the levee wall
during low tide. 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 a levee bank.

Northern Adelaide & Barossa Catchment Water Management Board
(NABCWMB)
The NABCWMB Catchment Plan has a total of eight goals aimed at achieving
its vision:
A community working in partnership for clean waterways,
sustainable water use and a biologically diverse catchment
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Goal 1 is 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 (there are two actions
towards implementing this strategy)

•

Strategy 1.3: Control erosion and minimise sediment inputs to
streams (there are three actions towards implementing this
strategy).

Over 2002-2003 NABCWMB was involved in the following projects relevant to
the Port waterways:
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•

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 Two

•

the funding of 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.
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Port Adelaide Enfield Council (PAEC) activities
In addition to the ‘Street Smart River Clean’ project, PAEC is involved in a
range of activities aimed at assessing and improving water quality, including:
•

the Environmental Strategic Plan 2003-2006, which provides details
of the plans to develop a council urban stormwater master plan (to
inform and guide management planning and programs for flood and
water quality protection)

•

a coastal and wetlands strategy and management plan (to ensure
best practice management and monitoring of the council’s coastal
assets)

•

the development of a database of the major stormwater pollutants
generated from commercial business in the council area.
Approximately 1400 high-priority businesses (out of a possible 4000)
have been collected

•

as part of the `Street Wise, Water Smart’ program, the Port
Adelaide Enfield Council, with support from the catchment boards, is
undertaking interviews with unlicensed businesses to assess the type
and approximate quantity of stormwater generated and discharged
to the Port waterways (through the unsewered stormwater system).
The program educates businesses about their contribution to the
stormwater and wastewater systems and provides education to
reduce the impact of their current practices.

Proposed development
Northern Lefevre Peninsula
The Office of Infrastructure and Development has undertaken an
investigation of the headworks required to develop the Northern Lefevre
Peninsula. The Northern Lefevre Peninsula Headworks Local Structure Plan
(URS 2003) provides details of the expected development, and discusses
existing and required headworks. Although this report provides an insight
into the potential development and required headworks over the next ten
years, it does not provide in-depth details of likely environmental impacts.
The development of the peninsula would see the Outer Harbor area become
a more centralised industrial zone. Existing inner harbour industrial and
wharfing activities would be relocated, transforming the inner harbour into a
predominantly riverfront residential area and recreation/tourism zone.
Flinders Ports, Ausbulk, Hardy Wine Company, defence related industries
and LMC have been included as industries expected to have operations on
the peninsula.
Development in the Lefevre Peninsula will be required to include
appropriate stormwater control measures, adopting the management
measures addressed in the Port Adelaide Enfield Development Plan and the
Planning SA Guideline for Urban Stormwater Management. Ultimately a
stormwater master plan for the area will be developed. Three options for
stormwater management are discussed in the Headworks Report:

49

Port waterways water quality improvement plan

Option 1: piecemeal site development of on-site retention facilities
Option 2: off-site disposal and wetlands
Option 3: wetland system with aquifer storage and recovery scheme.
Wastewater from any new development could not be discharged to the SA
Water sewers during the peak capacity morning and afternoon periods. The
use of septic tank systems is not recommended by the Port Adelaide Enfield
Council or the Torrens Catchment Board due to the potential for
environmental harm. The Headworks Report outlines three options for
wastewater management:
Option 1: traditional sewer and augmentation
Option 2: traditional sewer and demand management
Option 3: individual on-site treatment.
The EPA will require any discharge from individual on-site treatment to
comply with the Water Quality Policy, which precludes Option 3 in most
cases.
Activities would be required to adhere to best practice, under the codes of
practice for wharfing activities, marine planning initiatives and stricter EPA,
local council and development regulations. Operations that currently
contribute to nutrient loads in the Port environment would be expected to
employ more advanced pollution control technology.

Flinders Ports redevelopment
Flinders Ports is looking to develop the northern Lefevre Peninsula in line
with the Office for Infrastructure and Development plans.
The current inner port, including Dock 2 as far as the proposed location of
the Port Expressway Port River bridge, will remain in use for around 50-60
years. Some of the existing loading operations will remain in the inner port.
It is expected that the livestock trade will remain at berth 1, although there
may be an opportunity to relocate these activities to the Osborne berths.
This would minimise disturbances (predominantly noise) to the residents
near the existing site.
The northern peninsula is currently being expanded for the wine industry,
car exports and CSX. Four storage and distribution sheds are planned for the
wine handling site. Stormwater approval has been obtained for the first
shed, but the volume of stormwater generated from the other sheds is likely
to be an issue. Stormwater management for these developments will be
addressed through the whole-of-site stormwater management planning.
Flinders Ports is committed to the construction of Berth 8 on the northern
Lefevre Peninsula, which will be the new grain terminal. Berth 8 is due for
completion in 2005 and will involve dredging to deepen the channel from 9.3
m LAT to 12.2 m LAT, and to deepen the berth pocket to 14.2 m LAT.
Flinders Ports are also proposing to dredge the entrance channel to the Port
River to 14.2 m LAT.
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Figure 9

Overview of industrial uses within the port area

Figures 10–15 display the likely layout of future port industry (sourced from
the Port of Adelaide Master Plan, prepared for the OFID by Parsons
Brinkerhoff).
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Figure 10

Future land use—Outer Harbor precinct

Figure 11

Future land use—naval precinct
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Figure 12

Future land use—Osborne precinct

Figure 13

Future land use—Snowden Beach precinct
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Figure 14

Future land use—Elder Road precinct

Figure 15

Future land use—Gillman West precinct
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Ausbulk redevelopment
Ausbulk are planning a grain storage and handling facility on the Northern
Lefevre Peninsula. A development application is currently being considered
and it is expected that this new facility will be completed in 2006. The new
facility will replace some of the existing Ausbulk operations in the inner
port, while smaller grain handling operations (Australian-bound loads and
niche grains) will continue in the existing facility.
The new facility will use modern technology to minimise environmental
impacts, in order to meet the stricter development and EPA regulations. The
impact of the new facility should be minimal in terms of nutrient loads to
the waterways.

Land Management Corporation
Port Front Redevelopment
The LMC Port Front Redevelopment is currently under assessment by the
Development Board. The development will include constructing eight
residential/commercial precincts within the inner harbour, providing
waterfront residential housing for around 4000 people, to occur over a 15year timeframe.
The development involves the relocation of existing polluting businesses,
and replacement by an environmentally managed residential/commercial
site. The development should see an overall reduction in pollutants entering
the Port waterways and an improvement in water quality in the inner
harbour.

Figure 16

Concept plan for the Port Front Redevelopment
(from www.lmc.sa.gov.au)

To enable the development, government endorsement is being sought to
relocate the Jenkins Street boat builders, tugboats, Raptis, prawn fleet and
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other smaller businesses in the area. This should improve the water quality
of the inner harbour by removing unknown quantities of pollutants, including
heavy metals and hydrocarbons.
The development will use using total environmental management. Land and
groundwater remediation will be undertaken and signed-off by the Victorian
EPA auditor.
The development will produce increased volumes of stormwater and
wastewater that will require management. The stormwater and wastewater
management will adhere to the relevant legislation, and ecologically
sustainable development (ESD) initiatives will be included within the site.
Details of the initiatives are not yet available, but they will be provided on a
precinct-by-precinct basis as the development proceeds.
Gillman
The Gillman area had been zoned for redevelopment for both urban and
industrial purposes as part of the now defunct Multifunction Polis (MFP)
project. It is now proposed to develop the Gillman/Dry Creek area into an
eco-industrial precinct, including a facility for regional integrated waste and
reuse management. Current zoning does not support this kind of land use.
Several planning and capability studies post-MFP have been undertaken for
the area including:
•

Gillman and Lefevre Peninsula Land Capability Study

•

Initial Concept Plan—The proposed Gillman/Dry Creek Eco-Industrial
Precinct

•

Draft Metropolitan Adelaide Waste to Resources Plan—Infrastructure
and Kerbside Services

•

Gillman/Dry Creek Environmental Industrial Precinct Infrastructure
and Planning Study

•

Office of Economic Development study on the viability of
establishing an eco-industrial precinct.

The Port Adelaide Enfield Council supports the rezoning for the area and in
late 2003 submitted a draft PAR to rezone sufficient land within the area to
accommodate waste management/resource recovery activities. The PAR will
undergo community consultation and a second PAR will be required to
address planning policy framework for the wider Gillman/Dry Creek area.

Port Expressway
An environmental report (Brown and Root 2001) and a supplement report for
the Port River Expressway was prepared by Transport SA and provided for
public comment. The report provided the following details relating to the
Port environs:
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•

Surface water in the project area is drained northwards to North
Arm and North Arm Creek

•

All existing drainage systems will be retained and will channel
stormwater under the Port River Expressway. In addition, the drains
provided on either side of the carriageways and in the median strip
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of the expressway in the Gillman area will channel water into
existing drains to the north of the corridor.
•

The stormwater volumes flowing from the Port River Expressway into
the existing drains will represent a tiny fraction of the volumes
currently flowing from the drainage catchment. The total surface
area of the paved portions of the Port River Expressway will be
approximately 0.2 km2 (including hard shoulders, and pedestrian and
bicycle paths). The total catchment area that drains through the
Gillman area is approximately 60 km2. While runoff from paved areas
is greater than from unpaved areas, the paved area of the Port River
Expressway represents 0.3% of the total catchment area.

•

The water quality of runoff from the Port River Expressway is
expected to be similar to that of the Southern Expressway, which
was measured in a recent study. Runoff from the Southern
Expressway shows traces of contaminants such as fuel and worn road
surface materials, but is generally of a similar quality to urban
runoff

•

Port River Expressway runoff water will join runoff water from a
largely industrial catchment as it enters the wetlands. The quality of
the water currently entering the wetlands is poor, with high heavy
metal and nutrient loads.

•

In short, runoff from the Port River Expressway will not affect the
operation of the wetlands.

The expressway construction will be governed by an EMP and the
construction contractors will be required to develop an environmental
management implementation plan (EMIP). There will also be an EMP for the
bridge construction.

Marine planning for Gulf St Vincent
There are several important initiatives for the gulf including:
•

the Gulf St Vincent Marine Plan

•

Adelaide Coastal Waters Study

•

Dolphin Sanctuary

•

Barker Inlet Port Estuary Committee.

The Gulf St Vincent Marine Plan
The SA Department for Environment and Heritage is developing a South
Australian marine planning framework based on the principles of ‘ecosystembased management’ and ‘ecologically sustainable development’ (Boxall et
al. 2003). The marine plan will provide an additional strategic layer for the
development and use of the Port and contribute to a sustainably functioning
area.
This project is a whole-of-government approach to guide the management of
current and future activities with the assimilative capability of the
ecosystem. The plans are being developed for all of the state’s marine
environments and group areas according to their ecological importance to
the functioning of the whole system. Each group (or zone) is defined and
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specific goals, objectives (based on habitat maintenance targets) and
strategies are developed.
Although the Gulf St Vincent marine plan is currently under way, ecological
zoning is not yet complete. Given the complex nature of the Port
waterways, coordination is needed between marine planning, EPA
initiatives, strategies and management of the Port and overall Port planning.

Adelaide Coastal Waters Study (ACWS)
The ACWS was established in early 2001 by the EPA, in response to on-going
concern about the decline in coastal water quality and the loss of sub-tidal
seagrass along the metropolitan coast.
The initial focus of the study is the quantification of nutrient inputs from
terrestrial, atmospheric and groundwater sources, which will be included in
a physical model to describe water movement along the coastal strip and
predict how and where contaminants are being dispersed.
The study is being undertaken in three stages:
Stage 1 (completed in early 2002) included a preliminary literature review,
scoping exercises, stakeholder consultation and design of an integrated and
fully costed research program
Stage 2 includes six research studies
Stage 3 will involve the synthesis of the results.
The study focuses on the area of Gulf St Vincent from Port Gawler to Sellicks
beach, extending approximately 20 km offshore. The Port River and estuary
are not a primary focus of the study, although the input of nutrients and
other contaminants from these sources to the coastal strip will be
investigated.

Dolphin Sanctuary
The draft bill for the Adelaide Dolphin Sanctuary Act is currently before
Parliament. The bill aims to offer the strongest possible protection to the
dolphins that live in the Port River and Barker Inlet areas and to establish
principles of ecologically sustainable development for the use and
management of the area. The targets of the bill include:
•

maintaining, protecting and restoring key habitat features to
enhance ecological processes

•

improving water quality to sustain ecological processes,
environmental values and productive capacity

•

recognising indigenous, cultural and historical community
relationships with the Port River and Barker Inlet area

•

ensuring appropriate public participation in management processes

•

recognising the importance of a healthy estuary and inlet to the
economic, social and cultural prosperities of the local and general
communities.

There are five main strategies to achieve the goals and targets:
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•

amending regulatory Acts relating to the sanctuary area to require
the Acts to adopt the objectives of the sanctuary legislation

•

giving the sanctuary minister power to develop a management plan
(proposed on a seven-year basis) outlining the actions necessary to
integrate and focus government agency actions administered under
the relevant Acts. The management plan will be supported by an
implementation program that will form part of the minister’s annual
report to Parliament.

•

providing a skills-based advisory board, composed of experts from
the community, to support the minister

•

developing, encouraging and undertaking community programs

•

establishing a duty of care as a safety net to catch any activities
harmful to the dolphins and their habitat that may not be covered by
existing regulatory Acts.

The sanctuary will not affect land tenures, but will provide extra protection
for the dolphins and their habitat.

Barker Inlet Port Estuary Committee (BIPEC)
BIPEC released a draft integrated management framework and action plan
for the Barker Inlet and Port Estuary Environs, (BIPEC 2004). The report
provides a detailed management framework and strategies and actions for
major management goals. BIPEC have the following vision for the Barker
Inlet and Port Estuary environs:
A healthy habitat protecting natural biodiversity and cultural heritage
integrated with ecologically sustainable recreational and commercial uses
The BIPEC report outlines seven fundamental goals: `Goal 1—Improving the
water quality within the Barker Inlet and Port Estuary environs’ is the most
relevant to this section of the report. The strategies under Goal 1 are:
•

Strategy 1.1: Identify and address land based sources of pollution
impacting on water quality within the Barker Inlet and Port estuary
environs (there are thirty seven actions towards implementing this
strategy)

•

Strategy 1.2: Identify and address aquatic sources of pollution
impacting on water quality within the Barker Inlet and Port estuary
environs (there are two actions towards implementing this strategy)

•

Strategy 1.3: Monitor, evaluate and report on water quality trends
over time to assess progress against Goal 1 (there are eight actions
towards implementing this strategy, including the development of a
Water Quality Improvement Plan for the Port waterways – Action
1.3.2).
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Nutrient Load Reduction
Nutrient load reduction projections
The three major discharge sources of nutrients in the waterways are:
•

Bolivar WWTP discharge

•

Port Adelaide WWTP discharge

•

Penrice discharge.

The nutrient loads for 1995–1996, 2002-2003, 2006-2007 and 2010 are shown
on figures 17 and 18.
There are a number of other sources that remain constant:
•

internal sources

•

Gulf St Vincent tidal exchange

•

groundwater infiltration

•

atmospheric fallout

•

recreational boating.

Internal sources
Internal sources consist of:
•

sediments
Data provided by the EPA (Jenkins 2004) indicates a total annual
yield from the sediments of approximately 830 tonnes of nitrogen
and 25 tonnes of phosphorus. The samples collected and tested from
sites throughout the study area showed a great deal of variation in
the data. Although the estimates should be used with caution, they
do provide an initial indication of the relative scale of this source.
The extent to which nutrient yields are above those expected in the
natural environment is not known. The rate of yield reduction, as
nutrient enrichment or loads from discharges are reduced, is also
unknown.

•

algal debris
In parts of Barker Inlet there are large and as yet unquantified
accumulations of algal debris. As these decay they will be a
significant source of nutrients in the short term.

Internal sources may produce a lag in reducing nutrient availability following
the reduction of nutrients in discharges. This should be examined as part of
a longer term monitoring program.

Gulf St Vincent tidal exchange
A previous estimate of Kinhill (1989) estimated the input of nutrients from
the Gulf as > 500 t/annum of nitrogen and > 45 t/annum of phosphorus. This
is based on data from Beacon 5 (0.364 mg/L of nitrogen) and the Port River
at Snapper Point (0.576 mg/L). Kinhill also provided an estimate of
18,000 ML/day for tidal exchange.
The study of Lord et al (1996) estimated that 16,520 ML within the estuary is
replaced on average each 12 hours, and that the entire volume of the
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estuary, estimated at 108,450 ML, could be replaced on average each
3.5 days. Rochford (1979) also indicated that the background concentration
for the Gulf for total nitrogen is approximately 5 µg/L and total phosphorus
is 1 µg/L, which is consistent with Neverauskas (1987). Based on the tidal
exchange volume of Lord et al (1996) and the concentrations of Rochford
(1979), the tidal exchange with the open waters of the gulf is estimated to
bring approximately 56 t/annum of nitrogen and 10 t/annum of phosphorus
into the waterways. The modelling that is currently being undertaken by the
EPA will provide more accurate data on nutrient exchange, including output
to the gulf and the influence of larger scale circulation.

Groundwater infiltration
Australian Groundwater Technologies Pty Ltd (AGT) estimate that there are
approximately 22 tonnes of nitrogen and 0.5 tonnes of phosphorus per
annum that flow from regional groundwater into the Port waterways. (See
the AGT report in Appendix 1).

Atmospheric fallout
Initial crude estimates of the total load of nitrogen from atmospheric
deposition to the Port waterways have been provided by EPA (P. Christy) and
drawn from published studies. For the purpose of constructing a nutrient
budget and to identify the relevant contribution from all known sources, a
loading of 32 tonnes of nitrogen (a N) is used. An improved estimate of
atmospheric loading may be obtained from modelling to be undertaken in
the near future. (See Appendix 2 for details of the EPA investigation).

Recreational boating in the Port region
Recreational boating in the Port River region, including Outer Harbour,
Barker Inlet and North Arm Creek, is a very popular pastime. The region
offers sheltered waters, good trailer boat launching sites and significant
recreational boat mooring facilities.
Good public trailer boat facilities that provide access to the region exist at
North Haven, Outer Harbour, Snowden Beach, Garden Island and St Kilda.
Recreational mooring facilities exist at North Haven at the Cruising Yacht
Club of South Australia (CYCSA), Gulf Point Marina, the Royal South
Australian Yacht Squadron (RSAYS), Port Adelaide Sailing Club (PASC) and
associated Jenkins Street moorings, Number One Dock moorings, Small Boats
Club of South Australia (SBCSA) and Garden Island Yacht Club (GIYC). Trailer
boats are also launched at the North Arm Speed Boat Club. Small dinghies,
canoes and other small craft are launched at many other sites with public
vehicular access to the waterway.
The largest volume of recreational boating traffic is associated with fine
weather, day fishing and crabbing. The next most popular activity is
probably cruising. Canoeing or kayaking is also popular, particularly in
Barker Inlet where several shallow mangrove creeks make for interesting and
sheltered exploration. Night time and inclement weather boating is probably
confined to the more ardent fishers who take their pastime seriously and for
whom comfort is secondary.
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The main sources of nutrients from recreational boating activities are likely
to be the disposal of unused bait overboard, the use of fishing burley,
viscera from cleaned fish and disposal of human urine overboard. The
incidence of direct human faecal pollution is considered to be quite low,
even from boats equipped with marine toilets. Boat clubs have good land
facilities for ablutions and in most cases boaters have indicated that they
prefer to use land based facilities.
Bait, burley and viscera are rapidly consumed by fish, crabs and other
organisms adding to the biomass and food chain of the regional water body.
This is offset by the harvesting of biomass from the water body by fishermen
and crabbers. The net effect of these actions on the nutrient status of the
water body is of a significantly lower order than some of the nutrient
discharges identified. However, there is insufficient evidence to state this
with absolute confidence.
The contribution of nutrients from urinating in the water is estimated to be
70 gm of nitrogen and 15 gm of phosphorus per person visit. This is based on
the typical human production of urine being 1350 gm over a 24-hour period,
a visit being of eight hours duration and the concentration of nitrogen and
phosphorus in urine being typically 15-20 per cent and 3-5 per cent
respectively. (Source: Metcalf & Eddy, Wastewater Engineering, McGraw-Hill
1979). Assuming 1000 person visits per week on average, the nutrient loads
contributed over a year amounts to about 10 tonnes of nitrogen and two
tonnes of phosphorus. This estimate is considered to be reasonable, although
there is insufficient evidence to state this with absolute confidence.
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Figure 17 Sources of annual nitrogen loads (tonnes per year: 1995–6, 2002–3, 2006–7,
2010–11)
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Figure 18 Sources of annual phosphorus loads (tonnes per year: 1995–6, 2002–3, 2006–7,
2010–11)
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Nutrient load reduction with current initiatives
There are a number of current initiatives that will improve water quality to
varying degrees. Some of these initiatives are well under way, while others
are yet to be implemented and achieve their objectives. In some cases, the
lack of monitoring data prevents an accurate assessment of improvements.
For the major discharge sources, the WWTPs and Penrice, quantitative data
and reasonably accurate projections are available.

SA Water WWTP discharges
Port Adelaide WWTP
The redirection of the Queensbury pumping line from Port Adelaide WWTP to
Bolivar resulted in a decrease in the load of nutrients (around 64 per cent
and 35 per cent reduction of total N and total P respectively) discharged
from the Port Adelaide WWTP into the Port River. Figures 19 and 20 present
a comparison of the annual total nitrogen and phosphorus discharge loads
from 1994 to 2003.
The completion of the transfer of Port Adelaide WWTP to Bolivar will reduce
the nutrient discharges from the plant into the Port River to zero. Figures 21
and 22 display these trends on an average monthly basis; table 11 presents
the percentage reduction of nutrient loads discharged from Port Adelaide
WWTP.

Table 11
Year
2002-2003
2006-2007
2010-2011

Percentage nutrient reduction from Port Adelaide WWTP
Reduction total N*
64%
100%
100%

Reduction total P*
35%
100%
100%

*Reduction from 1994 discharge loads
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Figure 19

Comparison of annual loads—total N (Pt Adelaide WWTP)

Figure 20 Comparison of annual loads—Total P (Port Adelaide WWTP)

66

Port waterways water quality improvement plan

Figure 21

Discharge trends from Port Adelaide WWTP—Total N

Figure 22

Discharge trends from Port Adelaide WWTP—Total P
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Bolivar WWTP
The DAFF plant at Bolivar WWTP and the Virginia Pipeline Reuse Scheme
have both had a significant impact on the nutrient load entering the gulf
from the Bolivar WWTP. Figures 23 and 24 present a comparison of the
annual total nitrogen and phosphorus discharge loads from 1994 to 2003.
Figures 23 and 24 show that the combined effect of commissioning of the
DAFF plant in 1999 and the commencement of the VPS shows a reduction of
approximately 77 per cent per annum in total nitrogen loads, and
approximately 51 per cent in phosphorus.
The current and predicted effect of the DAFF and VPS on the nutrient load
discharged from the Bolivar WWTP is further demonstrated in Figures 25 and
26, which display the monthly total nitrogen and phosphorus load discharge
trends from the Bolivar WWTP from 1994 to 2011.
Table 12 Percentage nutrient reduction from Bolivar WWTP
Year
2002–2003
2006–2007
2010–2011

Reduction total N*
70%
63%
75%

*Reduction from 1994 discharge loads
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Reduction total P*
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33%
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Figure 23

Comparison of annual loads—Total N Bolivar WWTP

Figure 24

Comparison of annual loads—Total P Bolivar WWTP
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Figure 25 Discharge trends from Bolivar WWTP—Total N

Figure 26 Discharge trends from Bolivar WWTP—Total P
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Combined effect of WWTP load reductions
The closure of Port Adelaide WWTP will result in an additional load being
discharged through the Bolivar WWTP.

Figure 27

Predicted annual loads of total N—Bolivar WWTP

Figure 27 shows that after the Port Adelaide WWTP is taken off-line there
will be around a 20 per cent increase in the load of total nitrogen discharged
from Bolivar in 2004-2005 compared to 2003-2004. The predicted nitrogen
loads from 2006-2007 take into account additional participation in the VPS of
around 30 per cent over ten years.
It has not assumed the use of an aquifer storage and recovery (ASR) scheme,
which would further reduce effluent discharged to the gulf. ASR has been
extensively investigated and is being considered as an option.
Table 13

Overall nutrient load reduction from WWTP

2002-2003
2006-2007
2010-2011

Total N reduction
from 1994 loads
70%
74%
82%

Total P reduction
from 1994 loads
44%
55%
62%

Penrice
The implementation of the ammonia reduction EIP at Penrice Soda Products
has resulted in an eight per cent reduction in the discharge of ammonia. The
EIP Ammonia Reduction Program will result in a total reduction of ammonia
discharges of approximately 18 percent from 2002 to 2004.
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Figure 28 presents the current and predicted discharge trends for total
nitrogen load from Penrice Soda Products. The predicted future loads of
total nitrogen are expected loads only and are not EPA approved targets.
The actual future loads of total nitrogen will depend on the outcomes of
feasibility studies that are mandated by their EPA licence. Note that the
total phosphorus load is expected to remain constant at around three tonnes
per annum.

Figure 28

Discharge trends from Penrice Soda Products—Total N

Table 14

Overall nutrient load reduction from WWTP

2003–2004
2006–2007*
2010–2011*

Total N reduction
from 2002 loads
18%
35%
40%

Total P reduction
from 2002 loads
Negligible
Negligible
Negligible

*Predicted reductions

Fertiliser industries
The discharge (redirection) of stormwater from the fertiliser company sites
into drainage entering the Magazine Creek Wetland has resulted in a
reduction in the nutrient load entering the waterways. As these companies
develop on-site stormwater containment and treatment and adopt the Water
Quality Policy guidelines, their impact will continue to decrease. The
performance of the wetland will need to be monitored to ensure that it is
maintained appropriately and not being overloaded.
Incitec Pivot (case study)
Incitec Pivot has recently developed an EIP to reduce the impact of its
stormwater discharges. Prior to the EIP the concentrations of nitrogen and
phosphorus varied significantly.
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Table 15

Incitec Pivot stormwater discharges

Main drain
Ammoniacal nitrogen
Reactive phosphorus
West drain
Ammoniacal nitrogen
Reactive phosphorus
Results from AQWC*
TKN as N
Total P

Minimum recorded
concentration (mg/L)
0.02
0.02

Maximum recorded
concentration (mg/L)
278
206

Minimum recorded
concentration (mg/L)
0.72
0.73
Minimum recorded
concentration (mg/L)
7.8
7

Maximum recorded
concentration (mg/L)
89
56
Maximum recorded
concentration (mg/L)
199
98

*It is not known where these samples were collected.

Data on the volume of stormwater is not available and therefore the loads of
nutrients cannot be calculated. However, from the above concentration
ranges it can be seen that the discharge to the wetland could be significant.

Port Adelaide Enfield Council program
The Council’s Strategic Environmental Plan and involvement in the Street
Wise Water Smart campaign have seen some reductions in the nutrient load
entering the waterways. At this stage, a quantitative assessment of the
impact of these programs is not possible. The stormwater education of local
industries and business has had positive impacts that may be limited to the
reduction of heavy metal loads rather than nutrients. The development of
the Master Stormwater Plan will lead a more definitive reduction of local
stormwater impacts.

Torrens Catchment Water Management Plan
Gillman Wetlands
A study of the Barker Inlet Wetland (EMS 1999) determined the performance
of the system in reducing pollutant loads. The average modelled nutrient
input to the wetland the four-year period (1995-1998) of the study was:
•

total nitrogen—approximately 12.4 tonnes/year

•

total phosphorus—approximately 2.2 tonnes/year.

Previous estimates by Lord et al (1996) were:
•

total nitrogen—approximately 23.6 tonnes/year

•

total phosphorus—approximately 5.5 tonnes/year.

For the purpose of this study, the modelled data will be used for Barker
Inlet. For the Magazine Creek and The Range Wetland catchments, the
estimates of Lord et al (1996) were:
•

total nitrogen—approximately 8.5 tonnes/year

•

total phosphorus—approximately 5.2 tonnes/year.

Collectively this would produce a total for the Gillman Wetlands of:
•

total nitrogen—approximately 21 tonnes/year

•

total phosphorus—approximately 7.7 tonnes/year.
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It is important to note that the Magazine Creek Wetland now receives the
stormwater runoff from Incitec Pivot, which may add a significant loading.
Some monitoring of Eastern Parade Drain was undertaken as part of the EMS
(1999) study. This indicated relatively high concentrations of nutrients
entering the Magazine Creek Wetland. Based on this data the total loading
estimate to the Gillman Wetlands has been revised to:
•

total nitrogen—approximately 33 tonnes/year

•

total phosphorus—approximately 9 tonnes/year.

Although limited, the early results from monitoring of the Magazine Creek
Wetland indicate a good performance with low concentration of nitrogen in
outflows.
Each of the three wetlands was designed to achieve the same water quality
performance. The design performance for nutrients was approximately 80
per cent for nitrogen and 60-65 per cent for phosphorus for the average
year, which would result in approximately seven tonnes per year in outflows
of nitrogen and three tonnes per year of phosphorus.
Although the monitoring of the Barker Inlet Wetland, 1995-1998, was during
a period when the wetland was still developing, the initial objectives were
exceeded. For example:
•

suspended solids—reduced by 85-87 per cent (target 80 per cent)

•

heavy metals (Zn, Pb, Cu, Cd, Al, Ni)—reduced by 72-91 per cent
(target 80 per cent)

•

nutrients (e.g. phosphorus)—reduced by 65-74 per cent (target 60-65
per cent).

Large flow events (up to 1-in-50 average return interval (ARI)) were also
monitored and indicated a 50 per cent retention of pollutants (indicated by
suspended solids). Wetlands are usually designed to provide a nominated
period for a particular storm event, commonly 10 days for the 1-in-1 year
ARI event. The degree to which larger events would resuspend pollutants,
remove them from the wetlands, and undermine their long term
performance is uncertain. The information gathered suggests this does not
occur.
The 50-year ARI event occurred in 1997. In that year, the wetland still
achieved its overall target performance, even though it is estimated that 30
per cent of the annual pollutant export from the catchment occurred in that
one event.
Minor stormwater drains
The council’s Strategic Environmental Plan and involvement in the Street
Wise Water Smart campaign will have the greatest impact on improving local
minor stormwater drainage into the Port environment. It is not possible to
quantify or estimate accurately the impact of these programs on the water
quality of stormwater entering the Port River. Although the stormwater
education of local industries and business undoubtedly has some positive
impact, this may be limited to the reduction of heavy metal loads rather
than nutrients.
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The development and implementation of the council’s Master Stormwater
Plan and the encouragement of best practice will see improved local
stormwater management, leading to reduced nutrient loads entering the
Port via stormwater. The nutrient loads entering the Port environs due to
local stormwater are predicted to remain constant over the next six to eight
years at approximately four t/yr nitrogen.

Northern Adelaide and Barossa Catchment Plan
Dry Creek-Little Para
The estimates for the nutrient loads entering the Port Waterways from the
Dry Creek and Little Para catchments from the TCWMB Catchment Water
Management Plan 2003-2007 are 40 tonnes of nitrogen and 10 tonnes of
phosphorus.
The NABCWMB has a focus on site works, including the construction of
wetlands by the City of Salisbury, which will see an improvement in water
quality. Monitoring to determine water quality improvement by the EPA and
NABCWMB is scheduled to commence in 2004.
Helps Road drain
At present there is no water quality data available for the Helps Road and
Smith Creek drains, to indicate the impacts of the site improvement works.
The NABCWMB focus on improving channel stability should see a reduction in
suspended solids and some reduction in nutrients. The Virginia Horticultural
Area makes this a difficult catchment to assess in terms of land use and
water quality relationships. The Virginia Horticultural Area uses Bolivar
reclaimed water and is subject to stringent controls.
During the course of this project, the NABCWMB and EPA have coordinated
plans to install a composite water quality sampler in the Helps Road and
Smith Creek drain. As data is collected it will be possible to accurately
assess the load contribution of this drain.

Cumulative nutrient reduction
Table 16 presents the total nitrogen load allocation for each source
contributing to nutrients in the Port waterways.
Table 17 present the total phosphorus load allocation for each source
contributing to nutrients in the Port waterways.
These loads are presented graphically in Figures 29 and 30. Due to the
significant difference between the contributions of major and minor sources,
the scale of these figures prevent an easy comparison of the contribution of
all loads. An alternative graphic presentation of the load contributions is
presented in Appendix 3.
Table 18 presents the overall nutrient load reduction trends based on the
percentage reduction from 1996-1997 loads for all sources.
No information is available on the time it takes for nutrient accumulation in
sediments to dissipate. There is a lack of data from a reference site that
would indicate the normal background levels of sediments, and also for
potential changes in atmospheric fallout and tidal exchange loads. Given
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this, the overall nutrient reductions for natural and non-natural sources are
considered separately.
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Table 16 Pollutant load allocations – Total nitrogen

Pollutant source

1995-1996 load
(t/yr)1

2002-2003
load
(t/yr)1

2006-2007 load
allocation
(t/yr)2

2010-2011
load allocation
(t/yr)2

464

403

Point sources
Bolivar WWTP

1265

383

Port Adelaide WWTP

511

161

0

0

Penrice Soda Products
Bulk handling
(wharves)
Fertiliser companies
Wingfield Waste
Management Centre
(surface runoff)
Garden Island Landfill
(surface runoff)
Sub-total point sources

1400
No data available

1200
No data available

1000
No data available

800
No data available

20
2

2
2

2
2

2
2

1

1

1

1

3199

1749

1469

1208

Diffuse sources
Northern Adelaide
Barossa Catchment
- Dry Creek/Little Para
- Helps Road Drain
Torrens Catchment
Local stormwater
(multiple inputs)
Local stormwater
(Lefevre Peninsula)
West Lakes
Regional groundwater
(total)3
Torrens Island4
Garden Island5
Septic effluent6
Recreation
Maintenance dredging7
Sub-total diffuse
sources

No data available

No data available

No data available

No data available

33
4

7
4

7
4

7
4

2

2

2

2

30
12

37
12

35
12

34
12

6
3.7
No data available
10
No data available
100.7

6
3.7
No data available
10
No data available
81.7

6
3.7
No data available
9
No data available
78.7

6
3.7
No data available
9
No data available
77.7

Natural sources
Atmospheric fallout
Tidal exchange
Internal loading8
Sub-total natural
sources
Margin of safety9

32
56
830
918

32
56
830
918

32
56
830
918

32
56
830
918

N/A

+/- 5%

+/- 10%

+/- 15%

Total maximum load

4217.7

2748.7

2465.7

2203.7

1

For sources of data information please refer to Table 10.

2

For assumptions and information about the predicted future loads please refer to individual sections.

3

The values for total regional groundwater do not include the groundwater loads contributed by Torrens Island nor
Garden Island. The high-range estimates for groundwater contribution have been used to allow for maximum loads.

4

The high-range estimate for groundwater contribution from Torrens Island has been used to allow for maximum loads.

5

The high-range estimate for groundwater contribution from Garden Island has been used to allow for maximum loads.
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6

There is no data on the contribution from unsewered residences and industry; however, the TCWMB has undertaken a
survey of the Gillman and Wingfield industrial development sites that indicates that the septic effluent threatens to
contaminate local shallow groundwater. The Port Adelaide Enfield Council is also collating a database of all the
unsewered properties.

7

Refer to the previous section for information about maintenance dredging.

8

At this point there is no information available on the natural background levels of nutrient levels in sediments which
could be compared to the loads reported.

9

Refer to individual sections for discussion about the predicted nutrient loads for 2006–2007 and 2010–2011. Note that
natural sources have been assumed to remain constant as there is no information to support a predicted reduction.

Table 17 Pollutant load allocations—Total phosphorus
Pollutant source

1995-1996 load
(t/yr)

2002-2003 load
(t/yr)

2006-2007 load
allocation
(t/yr)

2010-2011 load
allocation
(t/yr)

144

124

Point sources
Bolivar WWTP

215

127

Port Adelaide WWTP

105

52

0

0

Penrice Soda products

3

3

3

3

Bulk Handling (wharves)

No data available

No data available

No data available

No data available

Fertiliser companies

0.2

0.2

0.2

0.2

Wingfield Waste
Management Centre
(surface runoff)

0.5

0.5

0.5

0.5

Garden Island Landfill
(surface runoff)

0.2

0.2

0.2

0.2

Sub-total point sources

323.9

182.9

147.9

127.9

Diffuse sources
Northern Adelaide
Barossa Catchment
- Dry Creek/Little Para
- Helps Road Drain

No data available

No data available

No data available

No data available

Torrens Catchment

9

3

3

3

Local stormwater
(multiple inputs)

0.2

0.2

0.2

0.2

Local stormwater
(Lefevre Peninsula)

0.1

0.1

0.1

0.1

West Lakes

3

8

8

8

Regional groundwater
(total)

0.3

0.3

0.3

0.3

Torrens Island

0.2

0.2

0.2

0.2

Garden Island

0.04

0.04

0.04

0.04

Septic effluent

No data available

No data available

No data available

No data available

Recreation

2

2

2

2

Maintenance dredging

No data available

No data available

No data available

No data available

Sub-total diffuse sources

14.84

13.84

13.84

13.84

Natural sources
Atmospheric fallout

No data available

No data available

No data available

No data available

Tidal exchange

10

10

10

10

Internal loading

25

25

25

25

Sub-total natural sources

35

35

35

35

Margin of safety

N/A

+/- 5%

+/- 10%

+/- 15%

Total maximum load

373.74

231.74

196.74

176.74
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Figure 29

Comparison of all known sources—Total nitrogen

Figure 30

Comparison of all known sources—Total phosphorus
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Table 18

Overall percentage nutrient load reduction (all sources)

2002-2003

Total N reduction
from 1996 loads
35%

Total P reduction
from 1996 loads
38%

2006-2007
2010-2011

42%
48%

47%
53%

Table 19 presents a summary of the nutrient load reductions for point and
diffuse sources and natural sources. A full listing of the nutrient load
reductions for individual sources is presented in Appendix 4.
Table 19 Percentage nutrient load reductions for point, diffuse and natural
sources

2002-2003
2006-2007
2010-2011

Point sources
reduction
N
P
45%
44%
54%
54%
62%
61%

Diffuse sources
reduction
N
P
19%
7%
22%
7%
23%
7%

Natural sources
reduction
N
P
0%
0%
0%
0%
0%
0%

Note: The small reduction in phosphorous and nitrogen is due to large
variations in load estimates from West Lakes. The estimates were based on
actual monitoring data and assumptions on through-flow; however, there has
been significant manipulation of flows during the last few years, and Torrens
River water was recently diverted to the lakes for the eradication of
Caulerpa.
Given that there is no nutrient load reduction for the natural sources, table
20 presents the combined percentage nutrient reduction for the point and
diffuse sources (non-natural sources). This provides a better understanding
of the impact of existing and predicted nutrient reduction programs.
Table 20 Percentage nutrient load reduction—non-natural sources only

2002-2003
2006-2007
2010-2011

Total N reduction from
1996 loads
45%
53%
61%

Total P reduction from
1996 loads
42%
52%
58%

Figures 31 and 32 present the monthly trends of total nitrogen and
phosphorus, respectively, discharged from the non-natural sources including
major contributors (WWTPs and Penrice), catchments, fertiliser industries,
recreation, wharf handling and local stormwater3.

3
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These graphs have included a 20 t/a N and 10 t/a P load from the fertiliser industry during 1996 trends.
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Figure 31 Combined non-natural sources monthly discharge trends—total N

Figure 32 Combined non-natural sources monthly discharge trends—total P
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The annual combined total discharge trends for total nitrogen and total phosphorus are
presented in Figures 33 and 34.

Figure 33 Combined non-natural sources annual discharge trends—total N

Figure 34
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Ecological benefits of current nutrient reduction initiatives
The main factors, other than the relative size of nutrient sources that
determine the relative significance to the waterways are:
•

location within the waterways, both in relation to ecosystem
sensitivity and water movement patterns influencing discharge
dispersion

•

nutrient speciation

•

seasonal factors.

Location within the waterways
Nutrient sources—natural and man-made, small and large—are located
throughout the waterways. In particular:
•

the Bolivar WWTP discharge is located in the Northern Segment, and
is generally regarded as a major cause of the seagrass and mangrove
community decline in this and the Central Barker Inlet Segment

•

the discharge from the Port Adelaide WWTP is located in the
southern most Inner Harbour Segment, with an impact on this
immediate area and throughout the Port River

•

the Penrice discharge is located in the Port River Segment, with an
impact on this, the Outer and Inner Harbour segments and possibly
the Northern Segment, depending upon tidal flow patterns.

The current nutrient reduction programs are significant in that:
•

in the Northern and Central segments, the reduction in nutrient
loads from the Bolivar WWTP will have a major benefit on these
ecologically important areas. However, the anticipated loading of
464 tonnes of nitrogen and 144 tonnes per annum of phosphorus by
2006-2007 still represents a potentially harmful discharge. Modelling
studies currently being undertaken by the EPA will examine the
dispersion characteristics of the remaining discharge. The
indications are that the seagrass and mangroves are in continuing
decline. The vector for this decline is northwards towards the
Gawler River. The remaining nutrients may still be sufficient to
maintain this trend. Until the modelling studies are completed (end
2004), it is unknown to what extent the remaining nutrients may
affect the Central Barker Inlet segment.

•

the complete cessation of the Port Adelaide WWTP discharge in the
Inner Harbour segment of the Port River will have a major benefit on
this and the Port River segment. However, the remobilisation of
nutrients from sediments from years of accumulation, and the
Penrice discharge, remain. The Penrice discharge on an incoming
tide may still contribute sufficient nitrogen for the periodic algal
blooms to occur in the upper Port River. The modelling study will
address the dispersion characteristics of the discharge and its extent
of influence.

Many of the smaller sources are located in the southern part of the study
area within the Port River, North Arm and North Arm Creek, areas already
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affected by port and urban/industrial development. These other sources,
including minor stormwater drains and larger catchment inflows, may be
locally significant. For example, the Garden Island Landfill contains some
ammonia in leachate entering the groundwater. While the exact annual load
from this source is unclear, there could be localised effects on biota in the
fringing mangrove and samphire areas.
The significance of individual nutrient sources, and priorities in management
may be determined by parameters including faecal bacteria, organic
compounds, heavy metals, etc. Stormwater discharges are frequently
characterised by high colour, suspended solids and turbidity, together with
quantities of floating rubbish. The highly visible nature of these discharges
and the effects on recreation and amenity also determine priorities for
action.

Nutrient speciation
There are significant differences in nutrient speciation for the various
discharges, including effluents, stormwater, etc.
In secondary treated sewage effluents, usually 80-90 per cent of nitrogen
and phosphorus is inorganic, soluble and readily bioavailable. In the Penrice
discharge high concentrations of ammonia are also readily bioavailable. In
comparison, stormwater from urban and most industrial catchments usually
has between 60-80 per cent of nutrients associated with particulate matter.
Most of the nutrients from stormwater ends up in sediments, whereas the
nutrients in effluents remain in the water column for much longer, to be
taken up by opportunistic algal species.

Seasonal factors
Effluents such as those from the WWTPs and Penrice are discharged
continuously with relatively small seasonal variation. Stormwater from
catchments and runoff from areas such as the Port wharves and Pivot is
seasonal, with the bulk reaching the marine waters in the cooler winter
months.
The large nutrient loads of effluent discharge in the spring-summer period,
which is the growth period for algae. As a result there is:
•

epiphytic algal growth on seagrass

•

Ulva proliferation

•

shading of benthic communities by increased phytoplankton algal
densities (including effects of chlorophyll-a light absorption)

•

phytoplankton algal blooms.

The Port Adelaide WWTP discharge will have ceased by 2006-2007. It is
currently anticipated that the Penrice discharge will remain as a continuous
discharge with little seasonal variation.
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Table 21 and 22 below indicate the anticipated average monthly load
discharges for 2006-2007 and 2010-2011 for nitrogen and phosphorus
respectively. There is a distinct seasonal pattern for nitrogen in loads
discharged, with smaller loads being discharged during the December-March
period.
Table 21

Bolivar WWTP monthly discharge trends—Total N

January
February
March

1996-1997
Total N (t)
80
96
73

2002-2003
Total N (t)
21
12
14

2006-2007
Total N (t)
27
15
18

2010-2011
Total N (t)
23
13
15

April
May
June
July
August
September
October
November
December
Total

90
121
101
109
145
121
128
126
95
1285

33
28
29
26
49
34
48
37
26
356

43
36
38
34
64
44
62
49
34
463

37
31
33
30
56
38
54
42
29
403

Table 22

January
February
March
April
May
June
July
August
September
October
November
December
Total

Bolivar WWTP monthly discharge trends—Total P
1996-1997
Total P (t)
13
14
12
13
17
15
14
21
10
31
19
11
189

2002-2003
Total P (t)
11
7
7
10
9
6
9
15
12
12
13
10
121

2006-2007
Total P (t)
13
9
9
12
10
7
11
18
14
14
15
12
145

2010-2011
Total P (t)
11
8
8
10
9
6
9
16
12
12
13
10
123

Water quality objectives—nutrient concentrations and
performance indicators
The nutrient water quality objectives for each of the segments, identified in
Table 6, are the recommended ANZECC (2000) trigger values for the forms of
phosphorus and nitrogen, together with chlorophyll-a. In the absence of
ecosystem response studies for the waterways, these are used as default
objectives for this draft WQIP for the Port waterways.
Nutrient concentrations are well in excess of the trigger values and there is
clear evidence of the effects of nutrient enrichment. The adoption of these
as default values, even in the short term, will help to achieve the WQIP
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target of a 50 per cent reduction of nutrients discharged by 2006-2007.
Following load reduction the adopted values will be revised further based on
observed nutrient concentrations, information modelling studies and field
observations of performance indicators.
Nutrient concentrations on their own can be an inadequate basis for
determining both nutrient status and the effects of a discharge. This is
because of the rapid utilisation of nutrients by plants (algae) and their
removal from the water column. For this reason ecosystem condition and
response are better indicators. In the absence of detailed site specific
studies and data, major sources need to be identified and targeted.
Performance indicators are required to monitor the effect of the short term
50 per cent load reduction, and to assist in defining longer-term load
reduction requirement. Indicators, which should be included in monitoring,
are:
•

mangrove seedling establishment, particularly in areas where
recruitment has been affected

•

observations of continuing or reducing seagrass decline, and
quantities of epiphytic growth on seagrass blades

•

the extent of Ulva growth, together with estimates of biomass. This
could use the remote sensing techniques currently being evaluated
as part of the Metropolitan Coastal Waters Study by CSIRO

•

the occurrence of algal blooms in the Port River—frequency, density
and extent

•

the use of epiphytic growth on artificial substrates to examine
comparative algal growth potential, using the approach developed
by Harbison and Wiltshire (1997)

•

dissolved oxygen measurements, under various tidal conditions and
over a 24-hr cycle

•

nutrient concentrations in the water column, together with
chlorophyll-a measurements.

Load reduction objectives
Short term objectives 2006-2007
By 2006-2007, it is projected that there will be a 53 per cent reduction in
nitrogen and 52 per cent in phosphorus, compared to the 1996–97 levels.
Further reductions will continue to occur as a result of:
•

the continuing work of the EPA, councils and the CWMBs

•

increased usage of reclaimed water for the Virginia Pipeline Scheme.

Longer term objectives
Determining longer term objectives requires information from the current
modelling studies, data from water quality monitoring from the newly
established monitoring station in the Dry Creek, Little Para River and Smith
Creek catchments, and monitoring data within the Port waterways. This data
will be used to determine loads from these sources using the performance
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indicators. Some immediate requirements which will assist in the Stage 2
investigations for the development of the final WQIP include:
•

accurately defining water circulation patterns in the waterways

•

providing more accurate data on nutrient exchange with open Gulf
St Vincent waters

•

obtaining more accurate information on internal nutrient loads from
sediment, and sediment nutrient flux data from an unpolluted
reference site

•

obtaining more accurate data on atmospheric deposition of nutrients

•

defining the dispersion characteristics of the Penrice discharge

•

defining the dispersion characteristics of the remaining Bolivar
WWTP discharge.

Seagrass and mangrove ecosystems typically have low nutrient
concentrations in waters, usually at or near level of detection. Therefore,
the ANZECC (2000) trigger levels for estuaries or for marine waters may be
too high for these ecosystems.
Longer term nutrient reduction targets are likely to require further
reductions in nutrient loads to the waterways. However, the degrees to
which this can be identified can only be achieved during the Stage II study.

87

Port waterways water quality improvement plan

Environmental flows
The Port waterways, being an estuarine/marine system, are dominated by
tidal flows. Before European settlement, freshwater inflows from the south
were intercepted by extensive freshwater/brackish wetlands, which
dampened the effect of major storm flows. These wetlands no longer exist
and the area is now urbanised. The Torrens River, which formerly discharged
into the Port waterway, was diverted directly into Gulf St Vincent via a
channel cut through the dune system at West Beach.
To the north, on the eastern side, are Dry Creek, Little Para River and Smith
Creek. These were formerly ephemeral in nature, flowing to the coast only
during major flood events, or in the cases of Smith Creek and Dry Creek
spreading out into the former extensive saltmarsh areas. The lower part of
Dry Creek is now an artificial drain, allowing the rapid passage of
floodwaters from its urbanised catchment.
Large areas and virtually all of the natural freshwater wetlands have been
lost to development. Although environmental flows are not regarded as a
major focus of the study, it is important that strategies adopted to minimise
pollution do not inadvertently affect flow regimes. Environmental flows are
important in regard to:
•

interruptions to, or improvements in tidal flows and the effects of
sea level change due to the greenhouse effect

•

the development of constructed freshwater wetlands and fish
passage opportunities

•

flows in the Dry Creek, Little Para and Smith Creek Catchments.

Interruptions in tidal flows
Tidal flows have been interrupted by:
•

urban and industrial development, resulting in the loss of saltmarsh,
preventing inland tidal excursions

•

the construction of levee banks, further alienating areas that had
been tidally inundated

•

the construction of easements (transmission line easement across to
Torrens Island Power Station)

•

the modification of flow patterns in Angas Inlet as a result of cooling
water needs for the power station.

Significant actions that have been taken that have improved flows or had
some compensatory benefits include the following:
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•

The transmission line easement across southern Barker Inlet formerly
interrupted flows, resulting in the loss of large mangrove areas. A
culvert has been constructed on the tidal channel resulting in
mangrove recolonisation.

•

ICI (Penrice) removed the seawall in 1954, when the saltfields were
constructed, resulting in the large scale re-establishment of
mangroves.
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•

The construction of the 170 ha Barker Inlet Wetland includes an
intertidal wetland area of approximately 50 ha for
saltmarsh/mangrove colonisation.

•

A management plan has been prepared for the Mutton Cove
Conservation Park. This aims to improve tidal exchange within the
Cove by modifying the inlet structure (Delta Environmental
Consulting, 2003). These modifications to flow are intended to
benefit the biological communities of the cove and the removal of
the tide gates at the mouth of Dry Creek, which could have some
benefits for fish passage (see below).

Due to the extent of development, further opportunities are limited in the
foreseeable future. However, the following need to be recognised:
•

The Land Management Corporation (LMC) is currently considering
development opportunities for the Gillman area that includes some
wetland areas. Opportunities to develop wetlands similar to, but not
on the same scale as, the Barker Inlet Wetland should be considered.
The former MFP Development Corporation had identified an area
immediately north of the Wingfield Landfill Site as a samphire
(saltmarsh)/mangrove accession area, referred to as the
Conservation Zone. Because of the very saline nature of the soils and
close proximity of the hypersaline groundwater to the soil surface,
this may be the only practical option for wetland development on
this general site

•

The need for saltmarsh accession areas should be seen as a general
planning issue for the region. If land became available behind the
levee banks on the eastern side (saltfields, Bolivar WWTP lagoon
area), rather than seeing this as land only for new development,
environmental needs should be recognised. With sea level rises,
there is likely to be little effect on mangroves, depending upon the
rate of change, because they trap sediments and will adjust to the
changes. The remaining saltmarsh areas, however, remain at risk.

Constructed wetlands and fish passage opportunities
Within the vicinity of the waterways a number of large freshwater wetland
systems have been developed, including:
•

Greenfields Wetlands, Stages I, II and III

•

Barker Inlet Wetland

•

Magazine Creek Wetland

•

Range Wetland.

The Greenfields Wetlands were developed by the City of Salisbury, which
was also responsible for the design and construction of the Barker Inlet
Wetland.
Collectively, these represent a substantial area, which goes part of the way
to replacing what has been lost. The wetlands were developed with the
following broad objectives:
•

to improve stormwater quality and protect downstream ecosystems
(Port waterways)
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•

to improve landscape amenity and provide passive recreational
opportunities

•

to provide improved habitat for fauna and flora

•

to provide opportunities for the harvesting and reuse of stormwater
and, in some instances, flood control.

A small detention basin was also developed on the Lefevre Peninsula at
Snowdens Beach, but was never completed to the stage where it had the
attributes of a functioning wetland system.
It is also important to recognise that:
•

the City of Salisbury has developed stormwater wetlands in the Little
Para and Dry Creek Catchments

•

stormwater management plans are being developed by the Torrens
Catchment Water Management Board and the Port Adelaide-Enfield
Council for the drainage leading to the Barker Inlet, Magazine Creek
and Range wetlands, as well as to West Lakes, which will result in
reduced pollutant load export from the catchment. The plan for the
Hindmarsh-Enfield-Prospect (HEP) Drain has been completed.

•

wetland detention basins are also proposed as a means of reducing
pollution potential, stormwater wetlands as part of the new
development on Lefevre Peninsula. Transport SA is also planning to
construct a wetland to intercept and treat runoff from the new
expressway, currently under construction.

The Greenfields, Barker Inlet, Magazine Creek and Range Wetlands have
achieved their objectives, and the Barker Inlet and Greenfields Wetlands are
now part of the Metropolitan Open Space System (MOSS). Although only
developed in the early 1990s, the Barker Inlet Wetland has developed
significant conservation value and has been listed as a wetland of national
importance.
There is a significant opportunity for fish movement from the estuary into
the wetlands due to the proximity of the wetlands to the Port waterways.
Currently the TCWMB is undertaking a study of native fish in the Torrens
Catchment that includes examining opportunities to install fish ladders to
assist passage. It would be appropriate that this study include the wetlands,
to determine if minor works at the wetland outlet structures would be of
benefit. The information could be used in the design of new wetland
systems, including those at Gillman and the various wetlands being
considered for the new developments on the peninsula. There will be a need
to research the timing and volume of flow requirements from the wetlands
to induce fish migration.
Although limited in scope, the TCWMB stormwater plans could provide
opportunities for fish movement along landscaped swales to various
pondages.
Flows in Smith Creek, Dry Creek and the Little Para River
Although Smith Creek and Dry Creek are artificial drains, there may be
opportunities for fish passage, linking with the upstream constructed
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wetlands, including Greenfields. These opportunities should be considered
in:
•

future wetland design, and even revisiting existing wetland outlet
structures

•

future design and landscaping of the drains.

The Little Para River is a developing catchment with a water supply reservoir
at the headwaters. Although it has a modified flow regime, it remains an
ephemeral system. For the larger catchment of the Gawler River, located
just north of the study area, studies of environmental flow requirements
have been undertaken. It is likely that information obtained from these
studies could be applied to the Little Para system.

91

Port waterways water quality improvement plan

Bibliography
ANZECC 1992, Australian Water Quality Guidelines for Fresh and Marine
Waters, Australian and New Zealand Environment and Conservation Council.
ANZECC 2000, Australian and New Zealand Water Quality Guidelines for
Fresh and Marine Waters, Environment Australia, Canberra.
Barker Inlet and Port Estuary Committee (BIPEC) 2004, Draft Management
Framework and Action Plan for the Barker Inlet and Port Estuary Environs,
BIPEC, Adelaide.
Boxall, VA 1994, Potential Bioindicators of the Sublethal Stress Effects of
pollutants in Yellowfin Whiting (Sillago schomburgkii) and Yelloweye Mullet
(Aldrichetta forsteri) in South Australian Gulf Waters, B.Sci Honours Thesis,
Flinders University of SA, unpublished.
Boxall, V, Paxinos, R, Emmett, J, Wright, A, Smolinski, J, von Baumgarten, P
& Best, L 2003, The South Australian Marine Planning Framework,
Department for Environment and Heritage, South Australia.
Brown & Root Services 2001, Supplement to the Environmental Report,
prepared by Brown & Root Services for Transport SA, Adelaide.
Brown & Root Services 2004, Port River Expressway: Environmental Report,
prepared for Transport SA, Adelaide.
Cannon, J 1991, Design rules/parameters for lakes associated with the
MFP—Impact of dinoflagellates, prepared for Kinhill-Delfin Joint Venture,
Adelaide.
Coleman, P, Delta Environmental Consulting, St Kilda, SA.
Connolly, RM 1986, Relation to near-shore benthic flora of the Barker Inlet
and northern beaches region to pollution sources with emphasis on Ulva
distribution, Marine Section of Pollution Management Division, Department
of Environment and Planning, Adelaide.
Department for Environment and Heritage 2003, Discussion Paper to
Accompany Adelaide Dolphin Sanctuary Bill 2003—Draft for Public
Consultation, Coast and Marine Conservation Branch, Department for
Environment and Heritage, Adelaide.
Eco Management Services Pty Ltd 1999, Barker Inlet, Magazine Creek and
Range Wetlands Monitoring and Research Programme—Report on Study
Findings, prepared for Department for Administrative and Information
Services, Adelaide.
Environmental Consulting Australia 1991, Metropolitan Adelaide
Stormwater. Options for Management, prepared for Engineering and Water
Supply Dept., Adelaide.
Edyvane, K 1991a, Pollution—the death knell of our mangroves? SAFISH
16(1):4-7.
Edyvane, KS 1991b, The 'Assimilative Capacity' Approach to the Management
of Wastewater Discharges to the Marine Environment, in: Proc Sem. on
"Managing Impacts on the Water Environment in the 1990s”, Aust Water and
Wastewater Association, Adelaide.
92

Port waterways water quality improvement plan

Edyvane, KS 1996, Issues in the South Australian marine environment, in:
Zann, LP and Sutton, D, pp. 61-88, State of the Marine Environment Report
Technical Annex 3. State and Territory Issues, Ocean Rescue 2000 Program,
Department of Environment, Sport and Territories, Canberra.
Edyvane, KS 1999, Coastal and Marine wetlands in Gulf St. Vincent, South
Australia: understanding their loss and degradation, in Wetlands Ecology
and Management 7:83-104, 1999, Kluwer Academic Publishers, printed in the
Netherlands.
Edyvane, KS 2000, Environmental Management Review of the Barker Inlet
and Port Estuary and Environs, report to AGC Woodward-Clyde Pty Ltd and
Dames & Moore NRM for the Barker Inlet Port Estuary Committee (BIPEC),
Adelaide.
Environmental Protection Authority of WA 1990a, Albany Harbours
Environmental Study 1988-1989, Bulletin 412, EPA, Perth.
Environmental Protection Authority of WA 1990b, The Environmental Impact
of Organotin Anti-fouling Paints in Western Australia, Bulletin 447, EPA,
Perth.
EPA South Australia 1997, Ambient Water Quality Monitoring of the Port
River estuary September 1995-December 1996—Report No 1, Department
Environment and Heritage, Adelaide.
EPA South Australia 2002, Ambient Water Quality Monitoring: Port River
Estuary, September 1995-August 2000, Department for Environment and
Heritage, Adelaide.
EPA South Australia 2003, Setting water quality objectives using the
Environment Protection (Water Quality) Policy 2003, EPA, Adelaide.
Fardon, M 2003, Groundwater and Surface Water Monitoring, 2002-2003,
Wingfield Waste Management Centre, report prepared for Adelaide City
Council by URS Australia Pty Ltd, Adelaide.
Fargher-Maunsell 1985, Wingfield Area Waste Management Plan, report
prepared for Adelaide City Council, Fargher-Maunsell, Adelaide.
Ferguson, K 1986, Port Adelaide–St Kilda Mangroves Draft Management Plan,
Dept. Lands, Adelaide.
Furlani, DM 1996, A Guide to the Introduced Species of Australian Waters,
Technical Report 5, Centre for Research on Introduced Marine Pests, CSIRO
Division of Fisheries.
Hamann, M 1994, Investigation of Cytogenetic Effects of Environmental
Pollutants on Fish in South Australian Coastal Waters, B.Sci. Honours thesis,
Flinders University of South Australia, unpublished.

93

Port waterways water quality improvement plan

Harbison P 1986, Diurnal variation in the chemical environment of a shallow
tidal inlet, Gulf St Vincent, South Australia. Marine Environmental Research
20(3) 161-195.
Harbison, P 1986, Mangrove Muds—A Sink and Source for Trace Metals, in
Marine Pollution Bulletin 17(6): 246-250.
Harbison P & Wiltshire, D 1997, Determination of Epiphyte Growth Rates
and Seagrass Health, prepared for Environment Protection Authority and the
Patawalonga Water Management Board, Adelaide.
Jenkins, C 2004 (in prep), Nutrient Fluxes Across the Sediment-Water
Interface in the Port River Waterways, EPA, SA.
Johnston, JE 1981, General seagrass distribution and faunal studies, in:
Steffensen, DA (eds), Port Adelaide Sewage Treatment Works Sludge Outfall.
Effects of Discharge on the Adjacent Marine Environment, Phase 1—Baseline
Study, Engineering and Water Supply (Report 81/8), Adelaide.
Jones, GK 1984, Yellow-fin Whiting (Sillago schomburghii) studies in South
Australian waters, SAFIC 20-23.
Kinhill Delfin 1991, MFP Adelaide design concept development and core site
assessment, Volume 2, Appendices, prepared for MFP Adelaide Management
Board, Adelaide.
Kinhill, Metcalf and Eddy, Inc 1995, Remote Sensing, Numerical Modelling
and Field Studies of Environmental Impacts on Marine Communities of the
Bolivar Wastewater Treatment Plant Effluent Discharge—Final Report,
Engineering and Water Supply Department, Adelaide.
Kinhill Stearns Pty Ltd 1985, Wasleys to Adelaide Pipeline Looping Project,
Draft EIS for Southern Section and Supplement, Pipelines Authority of South
Australia, Adelaide.
Kinhill Stearns 1989, Wasleys to Adelaide Pipeline Looping Project, Barker
Inlet monitoring and revegetation Study, final report prepared for Pipelines
Authority of South Australia.
Land Management Corporation 2003a Port of Call, Port Adelaide Waterfront
Redevelopment Update, Adelaide.
Land Management Corporation 2003b, Port Adelaide Waterfront
Redevelopment Consultation Findings, Adelaide.
Long, ER, MacDonald, DD, Cubbage, JC & Ingersoll, CG 1998, Predicting the
Toxicity of Sediment-Associated Trace Metals with Simultaneously Extracted
Trace Metal: Acid Volatile Sulphide Concentrations and Dry Weight
Normalised Concentrations—A Critical Comparison, Environmental Toxicology
and Chemistry, vol. 17, pp. 972-974.
Lord, DA and Associates Pty Ltd 1996, Estuary and Lakes Hydraulic Flushing
Model Study, prepared for MFP Australia, Adelaide.
Neverauskas, VP 1987, Port Adelaide Sewage Treatment Works Sludge
Outfall—Effect of Discharge on the Adjacent Marine Environment,
Engineering and Water Supply Department, Adelaide.

94

Port waterways water quality improvement plan

Nias, DJ, McKillup, SC and Edyvane, KS 1993, Imposex in Lepsiella vinosa
from southern Australia, Mar. Poll. Bull. 26: pp 380-384.
Northern Adelaide and Barossa Catchment Water Management Board 2003,
Fact Sheet Your catchment environment levy at work in 2003-2003—
Snapshot of Projects, NABCWMB, Adelaide.
Parsons Brinkerhoff 2003, Port of Adelaide Master Plan, prepared by PB for
Office for Infrastructure Development, Adelaide.
Penrice Soda Products, (2001), Penrice Soda products Osborne
Manufacturing Facility 5 Year Environmental Improvement Program to the
EPA.
Penrice Soda Products 2002a, Annual Review November 2003 of Penrice Soda
Products Osborne Manufacturing Facility Ammonia Reduction Environmental
Improvement Program, Adelaide.
Penrice Soda Products 2002b, Penrice Soda Products Pty Ltd Osborne
Manufacturing Facility Ammonia Reduction Environmental Improvement
Plan, Adelaide.
Penrice Soda Products 2003, Annual Review November 2003 of Penrice Soda
Products Osborne Manufacturing Facility 5 Year Environmental Improvement
Program to the EPA, Adelaide.
Plan Amendment Report by the Minister 2003, Port Adelaide Enfield (City)
Development Plan, Industry (Resource Recovery) Zone, Draft for Public
Consultation.
Port Adelaide Enfield Council 2002, Environment Strategic Plan 2003-2006,
Adelaide .
PPK Consultants 1992, Gillman/Dry Creek Urban Development Proposal Draft
Environmental Impact Statement (for the Premier of South Australia),
prepared for EWS Dept, Adelaide.
Rochford, DJ 1979, The nutrient status of the oceans around Australia, Div
Fish Oceanography Annual Report 85, CSIRO.
SA Water 1998, Bolivar Wastewater Treatment Plant Revised Environmental
Improvement Program (Revised 22 December 1998), Adelaide.
SA Water 2002, Port Adelaide Wastewater Treatment Plant Environmental
Improvement Program (Revised 22 April 2002), Adelaide.
SA Water 2003a, EIP Progress Report Bolivar Wastewater Treatment Plant,
Wastewater Treatment Planning Unit, Adelaide.
SA Water 2003b, EIP Progress Report Port Adelaide Wastewater Treatment
Plant, Wastewater Treatment Planning Unit, Adelaide.
Shepherd, SA, McComb, AJ, Bulthuis, DA, Neverauskas, V, Steffensen, DA &
West, R 1989, Decline of Seagrasses, in: Larkum, AWD, McComb, AJ &
Shepherd, SA Elsevier (eds). Biology of Seagrasses. pp 346-393, Amsterdam.
Sickerdick, L 2003, Memorandum to Borvin Kracman, Marine Impact due to
Discharges from Pt Adelaide and Bolivar WWTP flows, SA Water, Adelaide.

95

Port waterways water quality improvement plan

Sinclair Knight Merz 2001, The Catchment Water management Plan 20012006, report prepared for the Northern Adelaide and Barossa Catchment
Water Management Board by Sinclair Knight Merz.
Steffensen, DA 1988, West Lakes Water Quality 1974-1987, Engineering and
Water Supply (Report 88/5), Adelaide.
Steffensen, DA, Kirkegaard, I & Johnson, J 1989, Position and Background
Papers on Man-Made Changes to Gulf St Vincent, Government of South
Australia, Adelaide.
Thomas, IM, Ainslie, RC, Johnston, DA, Offler, EW & Zed, PA 1986, The
effects of coding water discharge on the intertidal fauna in the Port River
Estuary, South Australia. Trans R. Soc. S. Aust. 110(4):159-172.
Tonkins Engineering and Science 2002, Catchment Water Management Plan
2002-2007, report prepared for Torrens Catchment Water Management Board
by Tonkins Engineering and Science.
URS Australia Pty Ltd 2003, Northern Lefevre Peninsula Headworks Local
Structure Plan, report prepared for Office of Infrastructure Development by
URS Australia Pty Ltd.

96

Port waterways water quality improvement plan

Appendix 1 Assessment of Groundwater Fluxes and
Contaminant Loads (AGT 2004)

This report has been prepared by consultants for
the Environment Protection Authority (EPA) and the views expressed
do not necessarily reflect those of the EPA.
The EPA cannot guarantee the accuracy of the report, and does not accept liability for
any loss or damage incurred as a result of relying
on its accuracy.
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Introduction
Major groundwater fluxes and contaminant loads associated with water
quality in the Port Waterways were examined. Using available information,
principal fluxes were identified and their contribution to waterway loads
determined.
The focus of this report is on groundwater flows in the Quaternary aquifers,
which occur extensively throughout the region and are significant in
transporting pollutant loads to the Port Waterways. The Tertiary aquifers
are not a focus of this report, based on the assumption that cones of
depression that have formed within the aquifer systems are large and extend
beyond the coastline. This suggests that groundwater flow direction is inland
and mobile contaminants in the Tertiary system would not enter the Port
waterways. Some mixing between Quaternary and Tertiary aquifers occurs in
the Northern Adelaide Plains but this would normally result in the hydraulic
gradient favouring discharge of groundwater from the Quaternary aquifers
into the underlying Tertiary aquifers.
Significant knowledge gaps exist when addressing groundwater loadings in
the study area due to the limited number of observation points. Historical
data collection in the study area has principally been directed towards
abstraction rates and salinity loadings in the Tertiary aquifers. Nutrient and
other pollutant loads have not been the focus of detailed monitoring.
Extrapolation of the available groundwater data is not intended to generate
an accurate representation of the system at a local scale.

Background
The southern boundary of the study area lies approximately 9 km to the
north of the Adelaide CBD. The area is bounded to the north by the Gawler
River and to the east by the Mount Lofty Ranges. The western boundary runs
midway up the Le Fevre Peninsula and then offshore approximately 5km,
before rejoining the coast in the proximity of the Gawler River outlet. The
Little Para River lies within the area, which also incorporates large areas of
mangroves and wetlands within the estuarine environment of Barker Inlet.
Tidal flows within the estuary are approximately 2m but can exceed 3m
during spring tides and storm events. The Northern Adelaide Plains
Prescribed Wells Area, Northern Adelaide and Barossa Catchment Water
Management Board (NACWMB) and the Torrens Catchment Water
Management Board (TCWMB) all have management boundaries associated
with the study area.

Hydrogeology
Regional geology is characterised by recent soft marine sediments overlying
clays. The sediments are the result of rising and falling sea levels in addition
to marine, alluvial and estuarine sedimentation. The hydrogeology of the
region is complex, with two principal aquifer systems each containing
multiple aquifers. The two aquifer systems in the area are the Quaternary
and Tertiary.
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1. The Quaternary aquifers are comprised mainly of the St Kilda
Formation (Q1), Pooraka Formation (Q2) and Glanville Formation
(Q3) and are often in hydraulic connection. The Calisbrooke Sand
(Q4) is found beneath the Q1-Q3 aquifers across most of the study
area except in the coastal region. It is in hydraulic connection with
the Quaternary aquifers in some regions and the underlying Tertiary
aquifers in others. The Quaternary aquifers are generally underlain
by an aquiclude formed by the semi permeable Hindmarsh Clay,
which forms the lower boundary.
A perched aquifer is known to exist in the north of the study area but
its distribution throughout the study area has not been accurately
determined.
The St Kilda Formation is comprised of unconsolidated silty, or
clayey material, with shell grit layers and occasional thick sequences
of organic peaty material. The Pooraka Formation is comprised of
stiff clays and acts to separate the St Kilda and Glanville Formations
in areas. The Glanville Formation generally contains sands and shell
grit layers up to 3m thick, sometimes with a limestone capping. It is
usually not in hydraulic connection with the other Quaternary
aquifers.
In the south of the study area, the Quaternary aquifer system
becomes more complex, containing up to six aquifers. A perched
aquifer is located to the north of Virginia township, underlying the
topsoil and overlaying the Q1 aquifer. The perched aquifer is
comprised of permeable sand and silts. Varying in thickness and
hydraulic properties, it is often found in hydraulic connection with
the Q1 aquifer and associated with topographic lows.
2. The Quaternary aquifers are not the subject of large abstractions due
to generally saline nature of the waters.
The Tertiary aquifers found within the study area are the T1, T2, T3
and T4 aquifers, designated according to increasing depth. These
aquifers vary considerably in regards to thickness, lithology, salinity
distribution and yield. The T1 and T2 aquifers are the primary source
of irrigation water in the region and are recognised as having lower
salinity and greater yield than the T3 and T4. These Tertiary aquifers
are the subject of large abstractions, having developed significant
cones of depression as a result.
Groundwater flow in these aquifers appears to no longer enter the coastal
fringe but is directed inland towards irrigation areas.
Groundwater recharge zones are complex with a combination of direct
recharge through infiltrating rainfall and irrigation, lateral flows from upgradient regions and recharge beneath rivers. Discharge mechanisms from
the system include evapotranspiration in regions of shallow water-table
(marshlands), gradient driven lateral flow to the Port Waterways,
abstraction and leakage to underlying aquifers. The Quaternary aquifer
systems are limited in their interaction with the Tertiary aquifers due to the
Hindmarsh Clay Aquiclude. They are susceptible to direct infiltration of
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surface contaminants and interaction with buried wastes due to fluctuating
water tables (Pavelic & Dillon 1993).

Study area
In the southern areas, the study location contains significant urban
residential and industrial areas around the Le Fevre Peninsula, Port River
and Barker Inlet, and is home to around 40% of the state’s industrial
development. The principal industrial areas are concentrated in the suburbs
of Wingfield, Gillman, Kilburn, Dudley Park and Regency Park. Kilburn,
Dudley Park and Regency Park lie outside the boundaries of the study area
but may contribute to groundwater inputs via subsurface flow. There are
4743 registered businesses within the City of Port Adelaide-Enfield, of which
480 are licensed under the SA Environment Protection Act for activities of
potential environmental impact. This is in addition to 1408 sites that are
listed as containing hazardous or dangerous substances as defined by the SA
Dangerous Substances Act.
Approximately 5000 bores lie within the City of Port Adelaide Enfield
boundaries (City of Port Adelaide Enfield 2003).
Nutrient enrichment of groundwaters in the study area is typically the result
of excessive fertiliser application, poor management of animal wastes and
septic tanks in agricultural and urban settings, or buried industrial waste.
A large constructed wetlands system 8km in length, and 337ha in area
incorporates the Salisbury Greenfields wetlands, Salisbury Highway
Connector wetlands, Range and Magazine Creek wetlands (50ha) and Barker
Inlet Wetlands (172ha). The primary function of the wetlands are to mitigate
storm floods and to the improve the quality of runoff from industrial areas
prior to discharge to the Port River.
Paddocks Wetlands Aquifer Storage and Recovery (ASR) scheme utilises the
wetlands to filter and clean stormwater prior to injection into the underlying
Tertiary aquifer. An ASR scheme is also operated in the suburb of Regency
Park, City of Port Adelaide Enfield.
In the Northern Adelaide Plains, along the coastal margins lie extensive salt
crystallisation pans and the sewage lagoons of Bolivar Sewerage Treatment
Facility. The salt crystallisation pans can be found within 4km of the coast,
extending northwards from North Arm Creek at the most southerly region of
Barkers Inlet, with 750 000 tons of salt produced annually from Dry Creek
region.
A Bolivar-Virginia pipeline has been established to supply reclaimed water to
Virginia irrigators. The irrigation area is principally centred on Virginia and
Angle Vale and covers approximately 3500ha. The water for irrigation is
supplied through groundwater abstraction with this source supplemented
during summer months with the reclaimed water.
Landfill sites exist in the area on Garden Island and in the region of the
proposed Port River Expressway, with the Wingfield landfill being the
largest. This landfill is operating as a major waste disposal facility and, like
other landfills in the area, has received liquid wastes in the past. The Port
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region has historically been the home to animal processing facilities,
smelting works and heavy chemical industry (Pavelic & Dillon 1993).

Methodology
Groundwater flow was determined by manually plotting a piezometric
surface for the upper Quaternary aquifers4 using available observation well
information supplied by the Department of Water, Land and Biodiversity
Conservation. Groundwater flow on the Le Fevre Peninsula was obtained
using Dillon et al (1995) as a source since public observation well records
were limited for the area.
An assumed connection with the perched aquifer and underlying Quaternary
Q1 aquifer was adopted in compiling this report (Gerges 2002).
Determination of groundwater flow rate and direction was based on an
assumption of hydraulic connection between the remaining Quaternary
aquifers, utilising the combined water level data of the Q1, Q2 and Q3
aquifers.
The groundwater flux was determined using representative permeability
values for the aquifers. The study region was divided into divisions
approximating groundwater flow directions and the discharge was calculated
using:

Q = -kbiw
where:
Q: volumetric discharge
k: hydraulic conductivity
b: aquifer height
i: hydraulic gradient
w: aquifer width
The calculation was applied between the nearest piezometric contour and
the coast, with the coast considered to be at 0 metres Australian Height
Datum (mAHD). Piezometric surfaces were constructed for the months of
September 2001 and March 2002 to accommodate seasonal variation in
gradients. Aquifer depth and two values of k were derived from the findings
of Pavelic & Dillon (1993), with 0.3 m/day and 3 m/day considered to be
representative for the system. Aquifer depth, salinity and nutrient
concentrations were taken from Dillon et al (1995), Pavelic & Dillon (1993)
or a representative value was used. The primary focus is on Nitrogen and
Phosphorus, with total – N and total – P values used in the results. Heavy
metals were considered where information was available.

4

Where a water level value appeared to be anomalous with respect to the surrounding wells, the
higher value was used. This process was based on an assumption that confinement of the aquifer
containing the anomalous value was localised and that hydraulic connection would be restored within
a local context.
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Results
From calculations above, the lateral groundwater flow to the Port
Waterways contributes between 0.29 and 3.1 ML/day. The lowest flow was
obtained for March 2002 using a k value of 0.3 m/day, while the highest flow
was for September 2001 using 3 m/day. Salt loads to waterways ranged from
24.8 to 300 tons/yr, Total Phosphorus 0.051 to 0.534 tons/yr and Total
Nitrogen 2.1 to 21.7 tons/yr. A calculated flux summary to the Port
Waterways is shown in Table 1.
Table 1. Summary of calculated groundwater, salt and nutrient fluxes
k
(m/day)

Q
(ML/yr)

TDS
(tons/yr)

Total P
(tons/yr)

Total N
(tons/yr)

March 2002
September 2001

0.3
0.3

105.3
112.0

248.1
300.8

0.051
0.053

2.14
2.17

March 2002
September 2001

3.0
3.0

1053.0
1119.5

2480.5
3008.5

0.507
0.534

21.38
21.74

Month

Gerges and Kelly (2002) using a water balance approach, estimated irrigation
leachate as 10,985 ML/yr and downwards leakage to other aquifers at 914
ML/yr. The value of 266 ML/yr obtained for throughflow (ibid) compares
favourably with the calculated 112.0ML/yr (k = 0.3 m/day) of this study.
Impact on groundwater quality that can not be quantified due to lack of
data include the potential point sources of Port Adelaide Wastewater
Treatment plant, Bolivar Wastewater Treatment Plant sewage lagoons and
outfall channel, Penrice Soda Products at Lipson Reach (high ammonia
inputs) and identified landfill sites.
Significant diffuse sources include industrial waste, overflowing septic
systems and saline seepage beneath salt crystallisation ponds (Senate
Environment, Communications, Information Technology and Arts Reference
Committee 2000).
Wingfield Landfill has been identified as a distinct feature with respect to
presence of metals. Groundwater interaction with the landfill could be
assumed, with up to 8 different metals identified in concentrations
exceeding the marine water quality guidelines from south of the landfill to
North Arm Creek (Pavelic & Dillon 1993). A liquid waste disposal site located
to the south of the North Arm Creek has had waste deposited into lagoons
below the watertable. Low permeability sediments and predominantly
vertical groundwater fluxes may have localised the contamination. A Senate
Committee report has suggested that elevated levels of nutrients in Angas
Inlet might be associated with the landfill located on Garden Island, with
high levels of ammonia found in the sandy sediments on the eastern side of
the landfill (Senate Environment, Communications, Information Technology
and Arts Reference Committee 2000).
The use of reclaimed water for irrigation in the region has the potential to
degrade water quality in the underlying Quaternary and Tertiary aquifers.
Reclaimed water from Bolivar Wastewater Treatment Works has had
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measured nutrient concentrations of 28 mg N – NH4/L and 1mg P/L and TDS
1300 mg/L. The major form of nitrogen currently in the Northern Adelaide
Plains Quaternary aquifers is NO3 – N, with concentrations increasing towards
the Gawler River (Stevens et al 2000).
Information regarding the number, extent and impact of septic systems on
groundwater in the study area is limited, particularly in the older industrial
and residential areas. The septic systems present a potential for
groundwater pollution following high rainfall events. It can be anticipated
that significant nutrient inputs to the groundwater system may result from
high rainfall events. Specific information regarding the industrial inputs to
groundwater is also limiting in the accurate determination of pollutant load
to the Waterways.
The current monitoring infrastructure and management for the Quaternary
aquifer system has been generally acknowledged as inadequate. A greater
emphasis on linking landuse and hydrologic data (Stevens et al 2002) within
the study area may prove beneficial in determining more accurate
assessment of pollutant loads.

Conclusion and recommendations
The total groundwater discharge to the Port Waterways addressed within
this study is estimated to be less than 1,100 ML/yr. Groundwater entering
Port Waterways may contribute 300 tons of salt, 0.5 tons of Phosphorus and
27 tons of Nitrogen annually.
Accurate determination of pollutant loads and groundwater fluxes is
significantly impacted on by the availability of relevant data. The
development of a spatial inventory cataloguing potential point-source
industrial discharges and septic tanks location is warranted.
A groundwater level and water quality monitoring network of observation
wells / piezometers dedicated to (hence, constructed within) the
Quaternary formations is recommended.
Hydrogeological plans should be produced for the Quaternary aquifers for
resource management.
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Regional stratigraphy background: Regional map and stratigraphic transect (source: DWLBC 2002)
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Stratigraphy and hydrogeological structures of the Northern Adelaide Plains (source: Groundwater Assessment Department for Water, Land and
Biodiversity Conservation 2002).
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An east-west section through the Northern Adelaide Plains along the Gawler River illustrating aquifer systems (source: Groundwater Assessment
Department for Water, Land and Biodiversity Conservation, 2002)
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North-south hydrogeological cross section through the Northern Adelaide Plains. Refer Figure 3 for transect
details (source: Groundwater Assessment Department for Water, Land and Biodiversity Conservation, 2002)
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Appendix 2

Atmospheric Deposition of Nutrients
(P Christie, EPA 2004)

Background
The Port River Water Quality Improvement Plan (WQIP) was set up to reduce
nutrients in the Port waterway. Although both phosphorus and nitrogen are
significant macronutrients for plant growth, nitrogen is likely to be the more
important nutrient pollutant in the Port River waterways.
One element of the WQIP involves the identification and quantification of all
possible sources of nutrients into the estuary. The deposition of nitrogen and
phosphorus compounds from the atmosphere is one such source of nutrient
contamination.

Atmospheric deposition of nutrients
Nitrogen and phosphorus compounds can dissolve in water droplets and may
subsequently be deposited in rainfall. This process is referred to as wet
deposition. Alternatively, nitrogen and phosphorus compounds can be
incorporated into aerosols. Under certain conditions of wind and humidity,
aerosols (including any associated nutrients) will be deposited on a variety of
surfaces, including water surfaces. This process is termed dry deposition.
The concentrations of nitrogenous compounds in the atmosphere from human
activity can be quite significant. The emissions of oxides of nitrogen from high
temperature fuel combustion (e.g. motor vehicle engines and fossil fuel power
stations) and ammonia from industrial and agricultural processes are among the
most significant sources of atmospheric nitrogen (excluding N2 gas). Biologically
available nitrogen exists in a number of forms in the atmosphere. Some
compounds are gaseous and include nitrogen dioxide, ammonia and nitric acid.
Other forms of nitrogen such as nitrates and organic nitrogen compounds are
associated with the liquid phase of aerosols or with particulates in the air.
Nitrous oxide (N2O) is an unreactive gas and is not thought to be biologically
available when it enters the water column. N2O is not included in calculations
of total nitrogen deposited from the atmosphere.
Phosphorus is associated with airborne particles ultimately derived from the
soil or from a biological agent such as pollen. There is no gaseous form for
phosphorus.

Estimation of atmospheric deposition
Atmospheric deposition can be determined by direct measurement or can be
estimated using equations that predict deposition rates for different
constituents under specified weather conditions.
Direct measurement of nutrients deposited from the atmosphere is technically
and logistically challenging. The wet deposition of nutrients in rainfall has been
relatively easier to measure than dry deposition. Direct measurement methods
are expensive and require a monitoring program that spans at least one year—
preferably longer—to cover seasonal variation.

115

Port waterways water quality improvement plan

Mathematical models are used to estimate wet and dry deposition of nutrients.
These models require ambient air concentrations of the various forms of
nitrogen and phosphorus to be known. Often the ambient air concentrations are
estimated using emission inventories and dispersion modelling. Clearly,
atmospheric deposition rates derived by such modelling are approximations.

Atmospheric deposition of nutrients to the Port River waterways
Crude estimates of the annual loads of biologically available nitrogen deposited
in the Port waterways have been determined by three methods.
•

Two of the methods are similar and involve calculating the annual
nitrogen load per square metre for two estuaries elsewhere in Australia
(Port Phillip Bay near Melbourne and Moreton Bay near Brisbane). The
estimates in the Port Phillip Bay study and the Moreton Bay study were
derived using mathematical models of deposition rates. These loads per
square metre were simply multiplied by the area of inundation of the
Port waterways at spring high tide.

•

The other estimate was calculated from rainfall analysis data for the
Adelaide region gathered in from 1972 to 1980. The method used to
collect the rainfall in this study probably allowed some contribution
from dry deposition to be included in the final results.

The estimates are shown in the table at the end of this section.

Discussion on the precision and validity of the estimate
No particular inference should be drawn from the fact that two of the
estimates are within 4% of each other. There are significant uncertainties in
both values.
The estimates based on the modelled values from the Port Phillip Bay and
Moreton Bay studies may be subject to the following errors.
•

Ambient oxidised nitrogen concentrations over the Adelaide airshed may
be lower than those of the Brisbane and Melbourne airsheds because of
Adelaide’s lower population and differing geographical aspects. This
could mean that the estimates for the Port waterways derived from these
two studies might be too high.

•

Advection of high concentrations of oxidised nitrogen from urban areas to
the Port waterways may be less likely than for the estuaries near
Melbourne and Brisbane due to favourable prevailing wind patterns. This
factor would also suggest that the derived estimates might be too high
for the Port waterways.

•

The close proximity of the gas-fired power station on Torrens Island may
be responsible for locally elevated nitrogen deposition. This may mean
that the derived values may be underestimated.

The estimates based on the rainwater capture and analysis study could be in
error for the following reasons.
The study relates to data that is between 14 and 22 years old. Vehicle densities
on Adelaide’s road network have increased in the intervening period and it is
possible that the emissions of oxidised nitrogen have also increased. Nitrogen
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deposition rates will be higher if oxidised nitrogen concentrations in ambient
air are higher.
The estimate for nitrogen deposition is probably underestimated because dry
deposition was only partially captured in the rainwater collectors.
However, the rainwater collectors were deployed within the urban areas where
ambient air concentrations of oxidised nitrogen were likely to be higher than
over the water in the estuary. This could introduce a bias causing an overestimation.

Future work to refine the estimate for atmospheric deposition of
nitrogen
Modelling of atmospheric deposition
The South Australian EPA has an air quality group that is monitoring ambient air
quality over Adelaide. This group plans a future modelling investigation into the
behaviour of air pollutants.
The proposed modelling will allow atmospheric deposition loads for nitrogen
and phosphorus to be estimated for the Port waterways. The values from this
modelling will be based on ambient air concentrations of the various forms of
nitrogen and phosphorus found in the Adelaide airshed, and the dispersion due
to wind patterns specific to the Adelaide region.

Direct measurement
Dry and wet deposition of nutrients from the atmosphere can be directly
determined by specially designed collectors deployed in the area under
investigation. Values determined in such a way are likely to provide the most
realistic estimates of atmospheric loads of nitrogen and phosphorus (as well as
other pollutants).
To date there have been no Australian studies into atmospheric deposition that
have used these direct measurement instruments.
It would not be practical to deploy dry and wet atmospheric deposition
collectors for this current project.

Conclusion
Crude estimates of the total loads of nitrogen from atmospheric deposition to
the Port waterways have been derived from published studies. The estimates
indicate that the likely true annual load of biologically available nitrogen is in
the order of a few tens of tonnes. For the purposes of constructing a nutrient
budget for the Port waterway, the mean of the three estimates (32 tonnes as
N) will be used.
A brief analysis of the estimates suggests that the nitrogen loads from the
atmosphere may be over-estimated for the Port waterway.
An improved estimate of atmospheric loading may be obtained from some
modelling work planned in the near future.
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Estimates of biologically available nitrogen deposited from the atmosphere onto the Port River
waterways

Surface area of
Port waterways
(m2).

Estimated annual
Estimated annual
Estimated annual
deposition of nitrogen to deposition of nitrogen to deposition of nitrogen to
the water's surface based
the water's surface
the water's surface.
on Port Phillip Bay
based on Moreton Bay
based on Adelaide
estimates
study
rainwater analysis study
(as tonnes N per annum) (as tonnes N per annum) (as tonnes N per annum)

48.7 x 107

26

Surface area of
Moreton Bay (m2)

Estimated annual deposition
of nitrogen to the water's
surface
(as tonnes N per annum)

1.52 x 109

1410

Surface of Port
Phillip Bay (m2)

Estimated annual deposition
of nitrogen to the water's
surface
(as tonnes N per annum)

1.95 x 109

1050

45

25

Deposition of N in kg per square metre

9.26 x 10-4

Deposition of N in kg per square metre

5.38 x 10-4

Adelaide nutrient analysis of rain water (1987 study by Richard Clark)
Oxidised nitrogen
(kg/ha)

TKN (including ammonia)
(kg/ha)

Total P (kg/ha)

1.2

4

0.18
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Appendix 3

Comparison of all known nutrient sources
Sew age Effluent (Bolivar)

1996 - Total N

Sew age Effluent (Port
Adelaide)
Major Industry
Fertiliser Companies
Wingfield
Garden Island
Catchment Runoff (Gillman)
Stormw ater (Local)
Local Stormw ater (Le Fevre
Peninsula)
West Lakes
Regional Groundw ater
Torrens Island groundw ater
Garden Island Groundw ater
Recreation
Atmospheric Fallout
Exchange Zone

2002- Total N

Exchange Zone
Internal Loading
Atmospheric Fallout
Catchment Runoff (Helps
Road/Smiths Creek)
Sew age Effluent (Bolivar)
Recreation
Catchment Runoff (Little Para, Dry
Creek)
Groundw ater Infiltration
Garden Island
Wingfield
Catchment Runoff (Gillman)
Sew age Effluent (Port Adelaide)
Stormw ater
West Lakes
Minor Industry
Major Industry
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2006 - Total N

Exchange Zone
Internal Loading
Atmospheric Fallout
Catchment Runoff (Helps
Road/Smiths Creek)
Sew age Effluent (Bolivar)
Recreation
Catchment Runoff (Little Para, Dry
Creek)
Groundw ater Infiltration
Garden Island
Wingfield
Catchment Runoff (Gillman)
Sew age Effluent (Port Adelaide)
Stormw ater
West Lakes
Minor Industry
Major Industry
Stormw ater (Local)

2010 Total N

Exchange Zone
Internal Loading
Atmospheric Fallout
Catchment Runoff (Helps
Road/Smiths Creek)
Sewage Effluent (Bolivar)
Recreation
Catchment Runoff (Little Para, Dry
Creek)
Groundwater Infiltration
Garden Island
Wingfield
Catchment Runoff (Gillman)
Sewage Effluent (Port Adelaide)
Stormwater
West Lakes
Minor Industry
Major Industry
Stormwater (Local)
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1996 - Total P

Sewage Effluent (Bol)
Sewage Effluent (PA)
Major Industry
Fertiliser Companies
Wingfield
Garden island
Catchment Runoff (Gillman)
Stormwater
Local Stormwater (Le Fevre
Peninsula)
West Lakes
Regional Groundwater
Torrens Island groundwater
Garden Island Groundwater
Recreation
Atmospheric Fallout
Exchange zone
Internal Loading

2002 - Total P

Sewage Effluent (Bol)
Sewage Effluent (PA)
Major Industry
Fertiliser Companies
Wingfield
Garden island
Catchment Runoff (Gillman)
Stormwater
Local Stormwater (Le Fevre
Peninsula)

West Lakes

Regional Groundwater
Torrens Island groundwater
Garden Island Groundwater
Recreation
Atmospheric Fallout
Exchange zone
Internal Loading
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2006 - Total P

Sewage Effluent (Bol)
Sewage Effluent (PA)
Major Industry
Fertiliser Companies
Wingfield
Garden island
Catchment Runoff (Gillman)
Stormwater
Local Stormwater (Le Fevre
Peninsula)
West Lakes
Regional Groundwater
Torrens Island groundwater
Garden Island Groundwater
Recreation
Atmospheric Fallout
Exchange zone

2010 - Total P

Sewage Effluent (Bol)
Sewage Effluent (PA)
Major Industry
Fertiliser Companies
Wingfield
Garden island
Catchment Runoff (Gillman)
Stormwater
Local Stormwater (Le Fevre
Peninsula)
West Lakes
Regional Groundwater
Torrens Island groundwater
Garden Island Groundwater
Recreation
Atmospheric Fallout
Exchange zone
Internal Loading
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Appendix 4 Pollutant load allocation—percentage change
in nutrient loads (individual sources)
Pollutant load allocations 1995–6 and 2002–3 percentage change—total nitrogen
Pollutant source

1995–6 load (t/yr)

2002–3 load (t/yr)

Percentage
change

Point sources
Bolivar WWTP

1265

383

70%

Port Adelaide WWTP

511

161

68%
14%

Penrice Soda Products

1400

1200

Bulk handling (wharves)

No data available

No data available

—

Fertiliser companies

20

2

90%

Wingfield Waste Management
Centre (surface runoff)

2

2

0%

Garden Island Landfill (surface
runoff)

1

1

0%

Sub-total point sources

3199

1749

45%

Diffuse sources
Northern Adelaide Barossa
Catchment
- Dry Creek/Little Para
- Helps Road drain

No data available

No data available

—

Torrens Catchment

33

7

79%

Local stormwater (multiple
inputs)

4

4

0%

Local Stormwater
(Lefevre Peninsula)

2

2

0%

West Lakes

30

37

(23%)

Regional groundwater (total)*

12

12

0%

Torrens Island**

6

6

0%

Garden Island**

3.7

3.7

0%

Septic effluent

No data available

No data available

—

Recreation

10

10

0%

Maintenance dredging

No data available

No data available

—

Sub-total diffuse sources

140.7

121.7

148%

Atmospheric fallout
Tidal exchange

Natural sources
32

32

0%

56

56

0%

Internal loading

830

830

0%

Sub-total natural sources

918

918

0%

TOTAL MAXIMUM LOAD

4217.7

2748.7

35%
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Pollutant load allocations 1995–96 and 2006–07 percentage change—total nitrogen
Pollutant source

Bolivar WWTP

1995–6 load (t/yr)
Point sources
1265

2002–3 load (t/yr)

Percentage
change

464

63%

Port Adelaide WWTP

511

0

100%

Penrice Soda Products

1400

1000

29%

Bulk handling (wharves)

No data available

No data available

—

Fertiliser companies

20

2

90%

Wingfield Waste Management
Centre (surface runoff)

2

2

0%

Garden Island Landfill (surface
runoff)

1

1

0%

1469

54%

Sub-total point sources

3199
Diffuse sources

Northern Adelaide Barossa
Catchment
- Dry Creek/Little Para
- Helps Road drain

No data available

No data available

—

Torrens Catchment

33

7

79%

Local stormwater
(multiple inputs)

4

4

0%

Local Stormwater
(Lefevre Peninsula)

2

2

0%

West Lakes

30

35

(17%)

Regional groundwater (total)*

12

12

0%

Torrens Island**

6

6

0%

Garden Island**

3.7

3.7

0%

Septic effluent

No data available

No data available

—

Recreation

10

9

10%

Maintenance dredging

No data available

No data available

—

115.7

11%

32

0%

Sub-total diffuse sources
Atmospheric fallout
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140.7
Natural sources
32

Tidal exchange

56

56

0%

Internal loading

830

830

0%

Sub-total natural sources

918

918

0%

TOTAL MAXIMUM LOAD

4217.7

2465.7

42%
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Pollutant load allocations 1995-6 and 2010-11 percentage change—total nitrogen
Pollutant source

1995–6 load (t/yr)

2010–11 load
allocation (t/yr)

Percentage
change

Point sources
Bolivar WWTP

1265

403

68%

Port Adelaide WWTP

511

0

100%
43%

Penrice Soda Products

1400

800

Bulk handling (wharves)

No data available

No data available

—

Fertiliser companies

20

2

90%

Wingfield Waste Management
Centre (surface runoff)

2

2

0%

Garden Island Landfill
(surface runoff)

1

1

0%

3199

1208

62%

Sub-total point sources

Diffuse sources
Northern Adelaide Barossa
Catchment
- Dry Creek/Little Para
- Helps Road drain

No data available

No data available

—

Torrens Catchment

33

7

79%

Local stormwater
(multiple inputs)

4

4

0%

Local stormwater
(Lefevre Peninsula)

2

2

0%

West Lakes

30

34

(13%)

Regional groundwater (total)*

12

12

0%

Torrens Island**

6

6

0%

Garden Island**

3.7

3.7

0%

Septic effluent

No data available

No data available

—

Recreation

10

9

10%

Maintenance dredging

No data available

No data available

—

112.7

20%

32

0%

Sub-total diffuse sources
Atmospheric fallout

140.7
Natural sources
32

Tidal exchange

56

56

0%

Internal loading

830

830

0%

Sub-total natural sources

918

918

0%

TOTAL MAXIMUM LOAD

4217.7

2203.7

48%
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Pollutant load allocations 1995–6 and 2002–3 percentage change total phosphorus
2002-3 load (t/yr)

Percentage
change

Point sources
215

127

41%

Port Adelaide WWTP

105

52

50%

Penrice Soda Products

3

3

0%

Bulk handling (wharves)

No data available

No data available

—

Fertiliser companies

0.2

0.2

0%

Wingfield Waste Management
Centre (surface runoff)

0.5

0.5

0%

Garden Island Landfill (surface
runoff)

0.2

0.2

0%

182.9

44%

Pollutant source

Bolivar WWTP

Sub-total point sources

323.9
Diffuse sources

Northern Adelaide Barossa
Catchment
- Dry Creek/Little Para
- Helps Road drain

No data available

No data available

—

Torrens Catchment

9

3

67%

Local stormwater
(multiple inputs)

0.2

0.2

0%

Local stormwater
(Lefevre Peninsula)

0.1

0.1

0%

West Lakes

3

8

(267%)

Regional groundwater (total)*

0.3

0.3

0%

Torrens Island**

0.2

0.2

0%

Garden Island**

0.04

0.04

0%

Septic effluent

No data available

No data available

—

Recreation

2

2

0%

Maintenance dredging

No data available

No data available

—

13.8

7%

No data available

—

Sub-total diffuse sources
Atmospheric fallout

126

1995-6 load (t/yr)

14.8
Natural sources
No data available

Tidal exchange

10

10

0%

Internal loading

25

25

0%

Sub-total natural sources

35

35

0%

TOTAL MAXIMUM LOAD

373.7

231.7

38%
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Pollutant load allocations 1995–96 and 2006–07—total phosphorus
Pollutant source

Bolivar WWTP

1995-96 load (t/yr)
Point sources
215

2006-07 load
allocation (t/yr)

Percentage
change

144

33%

Port Adelaide WWTP

105

0

100%

Penrice Soda Products

3

3

0%

Bulk handling (wharves)

No data available

No data available

—

Fertiliser companies

0.2

0.1

50%

Wingfield Waste Management
Centre (surface runoff)

0.5

0.5

0%

Garden Island Landfill (surface
runoff)

0.2

0.2

0%

147.8

54%

Sub-total point sources

323.9
Diffuse sources

Northern Adelaide & Barossa
Catchment
- Dry Creek/Little Para
- Helps Road drain

No data available

No data available

—

Torrens Catchment

9

3

67%

Local stormwater
(multiple inputs)

0.2

0%

Local stormwater
(Lefevre Peninsula)

0.1

0%

West Lakes

3

8

(267%)

Regional groundwater (total)*

0.3

0.3

0%

Torrens Island**

0.2

0.2

0%

Garden Island**

0.04

0.04

0%

Septic effluent

No data available

No data available

—

Recreation

2

2

0%

Maintenance dredging

No data available

No data available

—

13.8

7%

No data available

—

Sub-total diffuse sources
Atmospheric fallout

14.8
Natural sources
No data available

Tidal exchange

10

10

0%

Internal loading

25

25

0%

Sub-total natural Sources

35

35

0%

TOTAL MAXIMUM LOAD

373.8

196.6

47%
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Pollutant load allocations 1995-96 and 2010-11 percentage change total phosphorus
Pollutant source

Bolivar WWTP
Port Adelaide WWTP

1995-96 load
(t/yr)
Point sources
215
105

2010-11 load
allocation (t/yr)

Percentage
change

124

42%

0

100%
0%

Penrice Soda Products

3

3

Bulk handling (wharves)

No data available

No data available

—

Fertiliser companies

0.2

0.1

50%

Wingfield Waste Management
Centre
(surface runoff)

0.5

0.5

0%

Garden Island Landfill (surface
runoff)

0.2

0.2

0%

147.8

61%

Sub-total point sources
Northern Adelaide Barossa
Catchment
- Dry Creek/Little Para
- Helps Road drain

No data available

No data available

—

Torrens Catchment

9

3

67%

Local stormwater
(multiple inputs)

0.2

0%

Local stormwater
(Lefevre Peninsula)

0.1

0%

West Lakes

3

8

(267%)

Regional groundwater (total)*

0.3

0.3

0%

Torrens Island**

0.2

0.2

0%

Garden Island**

0.04

0.04

0%

Septic effluent

No data available

No data available

—
0%

Recreation

2

2

Maintenance dredging

No data available

No data available

—

Sub-total diffuse sources

14.8

13.8

7%

No data available

—

Atmospheric fallout

128

323.9
Diffuse sources

Natural sources
No data available

Tidal exchange

10

10

0%

Internal loading

25

25

0%

Sub-total natural sources

35

35

0%

TOTAL MAXIMUM LOAD

373.8

176.6

53%
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Introduction
Major groundwater fluxes and contaminant loads associated with water
quality in the Port Waterways were examined. Using available information,
principal fluxes were identified and their contribution to waterway loads
determined.
The focus of this report is on groundwater flows in the Quaternary aquifers,
which occur extensively throughout the region and are significant in
transporting pollutant loads to the Port Waterways. The Tertiary aquifers
are not a focus of this report, based on the assumption that cones of
depression that have formed within the aquifer systems are large and extend
beyond the coastline. This suggests that groundwater flow direction is inland
and mobile contaminants in the Tertiary system would not enter the Port
waterways. Some mixing between Quaternary and Tertiary aquifers occurs in
the Northern Adelaide Plains but this would normally result in the hydraulic
gradient favouring discharge of groundwater from the Quaternary aquifers
into the underlying Tertiary aquifers.
Significant knowledge gaps exist when addressing groundwater loadings in
the study area due to the limited number of observation points. Historical
data collection in the study area has principally been directed towards
abstraction rates and salinity loadings in the Tertiary aquifers. Nutrient and
other pollutant loads have not been the focus of detailed monitoring.
Extrapolation of the available groundwater data is not intended to generate
an accurate representation of the system at a local scale.

Background
The southern boundary of the study area lies approximately 9 km to the
north of the Adelaide CBD. The area is bounded to the north by the Gawler
River and to the east by the Mount Lofty Ranges. The western boundary runs
midway up the Le Fevre Peninsula and then offshore approximately 5km,
before rejoining the coast in the proximity of the Gawler River outlet. The
Little Para River lies within the area, which also incorporates large areas of
mangroves and wetlands within the estuarine environment of Barker Inlet.
Tidal flows within the estuary are approximately 2m but can exceed 3m
during spring tides and storm events. The Northern Adelaide Plains
Prescribed Wells Area, Northern Adelaide and Barossa Catchment Water
Management Board (NACWMB) and the Torrens Catchment Water
Management Board (TCWMB) all have management boundaries associated
with the study area.

Hydrogeology
Regional geology is characterised by recent soft marine sediments overlying
clays. The sediments are the result of rising and falling sea levels in addition
to marine, alluvial and estuarine sedimentation. The hydrogeology of the
region is complex, with two principal aquifer systems each containing
multiple aquifers. The two aquifer systems in the area are the Quaternary
and Tertiary.
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1. The Quaternary aquifers are comprised mainly of the St Kilda
Formation (Q1), Pooraka Formation (Q2) and Glanville Formation
(Q3) and are often in hydraulic connection. The Calisbrooke Sand
(Q4) is found beneath the Q1-Q3 aquifers across most of the study
area except in the coastal region. It is in hydraulic connection with
the Quaternary aquifers in some regions and the underlying Tertiary
aquifers in others. The Quaternary aquifers are generally underlain
by an aquiclude formed by the semi permeable Hindmarsh Clay,
which forms the lower boundary.
A perched aquifer is known to exist in the north of the study area but
its distribution throughout the study area has not been accurately
determined.
The St Kilda Formation is comprised of unconsolidated silty, or
clayey material, with shell grit layers and occasional thick sequences
of organic peaty material. The Pooraka Formation is comprised of
stiff clays and acts to separate the St Kilda and Glanville Formations
in areas. The Glanville Formation generally contains sands and shell
grit layers up to 3m thick, sometimes with a limestone capping. It is
usually not in hydraulic connection with the other Quaternary
aquifers.
In the south of the study area, the Quaternary aquifer system
becomes more complex, containing up to six aquifers. A perched
aquifer is located to the north of Virginia township, underlying the
topsoil and overlaying the Q1 aquifer. The perched aquifer is
comprised of permeable sand and silts. Varying in thickness and
hydraulic properties, it is often found in hydraulic connection with
the Q1 aquifer and associated with topographic lows.
2. The Quaternary aquifers are not the subject of large abstractions due
to generally saline nature of the waters.
The Tertiary aquifers found within the study area are the T1, T2, T3
and T4 aquifers, designated according to increasing depth. These
aquifers vary considerably in regards to thickness, lithology, salinity
distribution and yield. The T1 and T2 aquifers are the primary source
of irrigation water in the region and are recognised as having lower
salinity and greater yield than the T3 and T4. These Tertiary aquifers
are the subject of large abstractions, having developed significant
cones of depression as a result.
Groundwater flow in these aquifers appears to no longer enter the coastal
fringe but is directed inland towards irrigation areas.
Groundwater recharge zones are complex with a combination of direct
recharge through infiltrating rainfall and irrigation, lateral flows from upgradient regions and recharge beneath rivers. Discharge mechanisms from
the system include evapotranspiration in regions of shallow water-table
(marshlands), gradient driven lateral flow to the Port Waterways,
abstraction and leakage to underlying aquifers. The Quaternary aquifer
systems are limited in their interaction with the Tertiary aquifers due to the
Hindmarsh Clay Aquiclude. They are susceptible to direct infiltration of
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surface contaminants and interaction with buried wastes due to fluctuating
water tables (Pavelic & Dillon 1993).

Study area
In the southern areas, the study location contains significant urban
residential and industrial areas around the Le Fevre Peninsula, Port River
and Barker Inlet, and is home to around 40% of the state’s industrial
development. The principal industrial areas are concentrated in the suburbs
of Wingfield, Gillman, Kilburn, Dudley Park and Regency Park. Kilburn,
Dudley Park and Regency Park lie outside the boundaries of the study area
but may contribute to groundwater inputs via subsurface flow. There are
4743 registered businesses within the City of Port Adelaide-Enfield, of which
480 are licensed under the SA Environment Protection Act for activities of
potential environmental impact. This is in addition to 1408 sites that are
listed as containing hazardous or dangerous substances as defined by the SA
Dangerous Substances Act.
Approximately 5000 bores lie within the City of Port Adelaide Enfield
boundaries (City of Port Adelaide Enfield 2003).
Nutrient enrichment of groundwaters in the study area is typically the result
of excessive fertiliser application, poor management of animal wastes and
septic tanks in agricultural and urban settings, or buried industrial waste.
A large constructed wetlands system 8km in length, and 337ha in area
incorporates the Salisbury Greenfields wetlands, Salisbury Highway
Connector wetlands, Range and Magazine Creek wetlands (50ha) and Barker
Inlet Wetlands (172ha). The primary function of the wetlands are to mitigate
storm floods and to the improve the quality of runoff from industrial areas
prior to discharge to the Port River.
Paddocks Wetlands Aquifer Storage and Recovery (ASR) scheme utilises the
wetlands to filter and clean stormwater prior to injection into the underlying
Tertiary aquifer. An ASR scheme is also operated in the suburb of Regency
Park, City of Port Adelaide Enfield.
In the Northern Adelaide Plains, along the coastal margins lie extensive salt
crystallisation pans and the sewage lagoons of Bolivar Sewerage Treatment
Facility. The salt crystallisation pans can be found within 4km of the coast,
extending northwards from North Arm Creek at the most southerly region of
Barkers Inlet, with 750 000 tons of salt produced annually from Dry Creek
region.
A Bolivar-Virginia pipeline has been established to supply reclaimed water to
Virginia irrigators. The irrigation area is principally centred on Virginia and
Angle Vale and covers approximately 3500ha. The water for irrigation is
supplied through groundwater abstraction with this source supplemented
during summer months with the reclaimed water.
Landfill sites exist in the area on Garden Island and in the region of the
proposed Port River Expressway, with the Wingfield landfill being the
largest. This landfill is operating as a major waste disposal facility and, like
other landfills in the area, has received liquid wastes in the past. The Port
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region has historically been the home to animal processing facilities,
smelting works and heavy chemical industry (Pavelic & Dillon 1993).

Methodology
Groundwater flow was determined by manually plotting a piezometric
surface for the upper Quaternary aquifers4 using available observation well
information supplied by the Department of Water, Land and Biodiversity
Conservation. Groundwater flow on the Le Fevre Peninsula was obtained
using Dillon et al (1995) as a source since public observation well records
were limited for the area.
An assumed connection with the perched aquifer and underlying Quaternary
Q1 aquifer was adopted in compiling this report (Gerges 2002).
Determination of groundwater flow rate and direction was based on an
assumption of hydraulic connection between the remaining Quaternary
aquifers, utilising the combined water level data of the Q1, Q2 and Q3
aquifers.
The groundwater flux was determined using representative permeability
values for the aquifers. The study region was divided into divisions
approximating groundwater flow directions and the discharge was calculated
using:

Q = -kbiw
where:
Q: volumetric discharge
k: hydraulic conductivity
b: aquifer height
i: hydraulic gradient
w: aquifer width
The calculation was applied between the nearest piezometric contour and
the coast, with the coast considered to be at 0 metres Australian Height
Datum (mAHD). Piezometric surfaces were constructed for the months of
September 2001 and March 2002 to accommodate seasonal variation in
gradients. Aquifer depth and two values of k were derived from the findings
of Pavelic & Dillon (1993), with 0.3 m/day and 3 m/day considered to be
representative for the system. Aquifer depth, salinity and nutrient
concentrations were taken from Dillon et al (1995), Pavelic & Dillon (1993)
or a representative value was used. The primary focus is on Nitrogen and
Phosphorus, with total – N and total – P values used in the results. Heavy
metals were considered where information was available.

4

Where a water level value appeared to be anomalous with respect to the surrounding wells, the
higher value was used. This process was based on an assumption that confinement of the aquifer
containing the anomalous value was localised and that hydraulic connection would be restored within
a local context.
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Results
From calculations above, the lateral groundwater flow to the Port
Waterways contributes between 0.29 and 3.1 ML/day. The lowest flow was
obtained for March 2002 using a k value of 0.3 m/day, while the highest flow
was for September 2001 using 3 m/day. Salt loads to waterways ranged from
24.8 to 300 tons/yr, Total Phosphorus 0.051 to 0.534 tons/yr and Total
Nitrogen 2.1 to 21.7 tons/yr. A calculated flux summary to the Port
Waterways is shown in Table 1.
Table 1. Summary of calculated groundwater, salt and nutrient fluxes
k
(m/day)

Q
(ML/yr)

TDS
(tons/yr)

Total P
(tons/yr)

Total N
(tons/yr)

March 2002
September 2001

0.3
0.3

105.3
112.0

248.1
300.8

0.051
0.053

2.14
2.17

March 2002
September 2001

3.0
3.0

1053.0
1119.5

2480.5
3008.5

0.507
0.534

21.38
21.74

Month

Gerges and Kelly (2002) using a water balance approach, estimated irrigation
leachate as 10,985 ML/yr and downwards leakage to other aquifers at 914
ML/yr. The value of 266 ML/yr obtained for throughflow (ibid) compares
favourably with the calculated 112.0ML/yr (k = 0.3 m/day) of this study.
Impact on groundwater quality that can not be quantified due to lack of
data include the potential point sources of Port Adelaide Wastewater
Treatment plant, Bolivar Wastewater Treatment Plant sewage lagoons and
outfall channel, Penrice Soda Products at Lipson Reach (high ammonia
inputs) and identified landfill sites.
Significant diffuse sources include industrial waste, overflowing septic
systems and saline seepage beneath salt crystallisation ponds (Senate
Environment, Communications, Information Technology and Arts Reference
Committee 2000).
Wingfield Landfill has been identified as a distinct feature with respect to
presence of metals. Groundwater interaction with the landfill could be
assumed, with up to 8 different metals identified in concentrations
exceeding the marine water quality guidelines from south of the landfill to
North Arm Creek (Pavelic & Dillon 1993). A liquid waste disposal site located
to the south of the North Arm Creek has had waste deposited into lagoons
below the watertable. Low permeability sediments and predominantly
vertical groundwater fluxes may have localised the contamination. A Senate
Committee report has suggested that elevated levels of nutrients in Angas
Inlet might be associated with the landfill located on Garden Island, with
high levels of ammonia found in the sandy sediments on the eastern side of
the landfill (Senate Environment, Communications, Information Technology
and Arts Reference Committee 2000).
The use of reclaimed water for irrigation in the region has the potential to
degrade water quality in the underlying Quaternary and Tertiary aquifers.
Reclaimed water from Bolivar Wastewater Treatment Works has had
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measured nutrient concentrations of 28 mg N – NH4/L and 1mg P/L and TDS
1300 mg/L. The major form of nitrogen currently in the Northern Adelaide
Plains Quaternary aquifers is NO3 – N, with concentrations increasing towards
the Gawler River (Stevens et al 2000).
Information regarding the number, extent and impact of septic systems on
groundwater in the study area is limited, particularly in the older industrial
and residential areas. The septic systems present a potential for
groundwater pollution following high rainfall events. It can be anticipated
that significant nutrient inputs to the groundwater system may result from
high rainfall events. Specific information regarding the industrial inputs to
groundwater is also limiting in the accurate determination of pollutant load
to the Waterways.
The current monitoring infrastructure and management for the Quaternary
aquifer system has been generally acknowledged as inadequate. A greater
emphasis on linking landuse and hydrologic data (Stevens et al 2002) within
the study area may prove beneficial in determining more accurate
assessment of pollutant loads.

Conclusion and recommendations
The total groundwater discharge to the Port Waterways addressed within
this study is estimated to be less than 1,100 ML/yr. Groundwater entering
Port Waterways may contribute 300 tons of salt, 0.5 tons of Phosphorus and
27 tons of Nitrogen annually.
Accurate determination of pollutant loads and groundwater fluxes is
significantly impacted on by the availability of relevant data. The
development of a spatial inventory cataloguing potential point-source
industrial discharges and septic tanks location is warranted.
A groundwater level and water quality monitoring network of observation
wells / piezometers dedicated to (hence, constructed within) the
Quaternary formations is recommended.
Hydrogeological plans should be produced for the Quaternary aquifers for
resource management.
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Regional stratigraphy background: Regional map and stratigraphic transect (source: DWLBC 2002)
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Stratigraphy and hydrogeological structures of the Northern Adelaide Plains (source: Groundwater Assessment Department for Water, Land and
Biodiversity Conservation 2002).
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An east-west section through the Northern Adelaide Plains along the Gawler River illustrating aquifer systems (source: Groundwater Assessment
Department for Water, Land and Biodiversity Conservation, 2002)
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North-south hydrogeological cross section through the Northern Adelaide Plains. Refer Figure 3 for transect
details (source: Groundwater Assessment Department for Water, Land and Biodiversity Conservation, 2002)
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Appendix 2

Atmospheric Deposition of Nutrients
(P Christie, EPA 2004)

Background
The Port River Water Quality Improvement Plan (WQIP) was set up to reduce
nutrients in the Port waterway. Although both phosphorus and nitrogen are
significant macronutrients for plant growth, nitrogen is likely to be the more
important nutrient pollutant in the Port River waterways.
One element of the WQIP involves the identification and quantification of all
possible sources of nutrients into the estuary. The deposition of nitrogen and
phosphorus compounds from the atmosphere is one such source of nutrient
contamination.

Atmospheric deposition of nutrients
Nitrogen and phosphorus compounds can dissolve in water droplets and may
subsequently be deposited in rainfall. This process is referred to as wet
deposition. Alternatively, nitrogen and phosphorus compounds can be
incorporated into aerosols. Under certain conditions of wind and humidity,
aerosols (including any associated nutrients) will be deposited on a variety of
surfaces, including water surfaces. This process is termed dry deposition.
The concentrations of nitrogenous compounds in the atmosphere from human
activity can be quite significant. The emissions of oxides of nitrogen from high
temperature fuel combustion (e.g. motor vehicle engines and fossil fuel power
stations) and ammonia from industrial and agricultural processes are among the
most significant sources of atmospheric nitrogen (excluding N2 gas). Biologically
available nitrogen exists in a number of forms in the atmosphere. Some
compounds are gaseous and include nitrogen dioxide, ammonia and nitric acid.
Other forms of nitrogen such as nitrates and organic nitrogen compounds are
associated with the liquid phase of aerosols or with particulates in the air.
Nitrous oxide (N2O) is an unreactive gas and is not thought to be biologically
available when it enters the water column. N2O is not included in calculations
of total nitrogen deposited from the atmosphere.
Phosphorus is associated with airborne particles ultimately derived from the
soil or from a biological agent such as pollen. There is no gaseous form for
phosphorus.

Estimation of atmospheric deposition
Atmospheric deposition can be determined by direct measurement or can be
estimated using equations that predict deposition rates for different
constituents under specified weather conditions.
Direct measurement of nutrients deposited from the atmosphere is technically
and logistically challenging. The wet deposition of nutrients in rainfall has been
relatively easier to measure than dry deposition. Direct measurement methods
are expensive and require a monitoring program that spans at least one year—
preferably longer—to cover seasonal variation.
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Mathematical models are used to estimate wet and dry deposition of nutrients.
These models require ambient air concentrations of the various forms of
nitrogen and phosphorus to be known. Often the ambient air concentrations are
estimated using emission inventories and dispersion modelling. Clearly,
atmospheric deposition rates derived by such modelling are approximations.

Atmospheric deposition of nutrients to the Port River waterways
Crude estimates of the annual loads of biologically available nitrogen deposited
in the Port waterways have been determined by three methods.
•

Two of the methods are similar and involve calculating the annual
nitrogen load per square metre for two estuaries elsewhere in Australia
(Port Phillip Bay near Melbourne and Moreton Bay near Brisbane). The
estimates in the Port Phillip Bay study and the Moreton Bay study were
derived using mathematical models of deposition rates. These loads per
square metre were simply multiplied by the area of inundation of the
Port waterways at spring high tide.

•

The other estimate was calculated from rainfall analysis data for the
Adelaide region gathered in from 1972 to 1980. The method used to
collect the rainfall in this study probably allowed some contribution
from dry deposition to be included in the final results.

The estimates are shown in the table at the end of this section.

Discussion on the precision and validity of the estimate
No particular inference should be drawn from the fact that two of the
estimates are within 4% of each other. There are significant uncertainties in
both values.
The estimates based on the modelled values from the Port Phillip Bay and
Moreton Bay studies may be subject to the following errors.
•

Ambient oxidised nitrogen concentrations over the Adelaide airshed may
be lower than those of the Brisbane and Melbourne airsheds because of
Adelaide’s lower population and differing geographical aspects. This
could mean that the estimates for the Port waterways derived from these
two studies might be too high.

•

Advection of high concentrations of oxidised nitrogen from urban areas to
the Port waterways may be less likely than for the estuaries near
Melbourne and Brisbane due to favourable prevailing wind patterns. This
factor would also suggest that the derived estimates might be too high
for the Port waterways.

•

The close proximity of the gas-fired power station on Torrens Island may
be responsible for locally elevated nitrogen deposition. This may mean
that the derived values may be underestimated.

The estimates based on the rainwater capture and analysis study could be in
error for the following reasons.
The study relates to data that is between 14 and 22 years old. Vehicle densities
on Adelaide’s road network have increased in the intervening period and it is
possible that the emissions of oxidised nitrogen have also increased. Nitrogen
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deposition rates will be higher if oxidised nitrogen concentrations in ambient
air are higher.
The estimate for nitrogen deposition is probably underestimated because dry
deposition was only partially captured in the rainwater collectors.
However, the rainwater collectors were deployed within the urban areas where
ambient air concentrations of oxidised nitrogen were likely to be higher than
over the water in the estuary. This could introduce a bias causing an overestimation.

Future work to refine the estimate for atmospheric deposition of
nitrogen
Modelling of atmospheric deposition
The South Australian EPA has an air quality group that is monitoring ambient air
quality over Adelaide. This group plans a future modelling investigation into the
behaviour of air pollutants.
The proposed modelling will allow atmospheric deposition loads for nitrogen
and phosphorus to be estimated for the Port waterways. The values from this
modelling will be based on ambient air concentrations of the various forms of
nitrogen and phosphorus found in the Adelaide airshed, and the dispersion due
to wind patterns specific to the Adelaide region.

Direct measurement
Dry and wet deposition of nutrients from the atmosphere can be directly
determined by specially designed collectors deployed in the area under
investigation. Values determined in such a way are likely to provide the most
realistic estimates of atmospheric loads of nitrogen and phosphorus (as well as
other pollutants).
To date there have been no Australian studies into atmospheric deposition that
have used these direct measurement instruments.
It would not be practical to deploy dry and wet atmospheric deposition
collectors for this current project.

Conclusion
Crude estimates of the total loads of nitrogen from atmospheric deposition to
the Port waterways have been derived from published studies. The estimates
indicate that the likely true annual load of biologically available nitrogen is in
the order of a few tens of tonnes. For the purposes of constructing a nutrient
budget for the Port waterway, the mean of the three estimates (32 tonnes as
N) will be used.
A brief analysis of the estimates suggests that the nitrogen loads from the
atmosphere may be over-estimated for the Port waterway.
An improved estimate of atmospheric loading may be obtained from some
modelling work planned in the near future.
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Estimates of biologically available nitrogen deposited from the atmosphere onto the Port River
waterways

Surface area of
Port waterways
(m2).

Estimated annual
Estimated annual
Estimated annual
deposition of nitrogen to deposition of nitrogen to deposition of nitrogen to
the water's surface based
the water's surface
the water's surface.
on Port Phillip Bay
based on Moreton Bay
based on Adelaide
estimates
study
rainwater analysis study
(as tonnes N per annum) (as tonnes N per annum) (as tonnes N per annum)

48.7 x 107

26

Surface area of
Moreton Bay (m2)

Estimated annual deposition
of nitrogen to the water's
surface
(as tonnes N per annum)

1.52 x 109

1410

Surface of Port
Phillip Bay (m2)

Estimated annual deposition
of nitrogen to the water's
surface
(as tonnes N per annum)

1.95 x 109

1050

45

25

Deposition of N in kg per square metre

9.26 x 10-4

Deposition of N in kg per square metre

5.38 x 10-4

Adelaide nutrient analysis of rain water (1987 study by Richard Clark)
Oxidised nitrogen
(kg/ha)

TKN (including ammonia)
(kg/ha)

Total P (kg/ha)

1.2

4

0.18
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Appendix 3

Comparison of all known nutrient sources
Sew age Effluent (Bolivar)

1996 - Total N

Sew age Effluent (Port
Adelaide)
Major Industry
Fertiliser Companies
Wingfield
Garden Island
Catchment Runoff (Gillman)
Stormw ater (Local)
Local Stormw ater (Le Fevre
Peninsula)
West Lakes
Regional Groundw ater
Torrens Island groundw ater
Garden Island Groundw ater
Recreation
Atmospheric Fallout
Exchange Zone

2002- Total N

Exchange Zone
Internal Loading
Atmospheric Fallout
Catchment Runoff (Helps
Road/Smiths Creek)
Sew age Effluent (Bolivar)
Recreation
Catchment Runoff (Little Para, Dry
Creek)
Groundw ater Infiltration
Garden Island
Wingfield
Catchment Runoff (Gillman)
Sew age Effluent (Port Adelaide)
Stormw ater
West Lakes
Minor Industry
Major Industry
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2006 - Total N

Exchange Zone
Internal Loading
Atmospheric Fallout
Catchment Runoff (Helps
Road/Smiths Creek)
Sew age Effluent (Bolivar)
Recreation
Catchment Runoff (Little Para, Dry
Creek)
Groundw ater Infiltration
Garden Island
Wingfield
Catchment Runoff (Gillman)
Sew age Effluent (Port Adelaide)
Stormw ater
West Lakes
Minor Industry
Major Industry
Stormw ater (Local)

2010 Total N

Exchange Zone
Internal Loading
Atmospheric Fallout
Catchment Runoff (Helps
Road/Smiths Creek)
Sewage Effluent (Bolivar)
Recreation
Catchment Runoff (Little Para, Dry
Creek)
Groundwater Infiltration
Garden Island
Wingfield
Catchment Runoff (Gillman)
Sewage Effluent (Port Adelaide)
Stormwater
West Lakes
Minor Industry
Major Industry
Stormwater (Local)
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1996 - Total P

Sewage Effluent (Bol)
Sewage Effluent (PA)
Major Industry
Fertiliser Companies
Wingfield
Garden island
Catchment Runoff (Gillman)
Stormwater
Local Stormwater (Le Fevre
Peninsula)
West Lakes
Regional Groundwater
Torrens Island groundwater
Garden Island Groundwater
Recreation
Atmospheric Fallout
Exchange zone
Internal Loading

2002 - Total P

Sewage Effluent (Bol)
Sewage Effluent (PA)
Major Industry
Fertiliser Companies
Wingfield
Garden island
Catchment Runoff (Gillman)
Stormwater
Local Stormwater (Le Fevre
Peninsula)

West Lakes

Regional Groundwater
Torrens Island groundwater
Garden Island Groundwater
Recreation
Atmospheric Fallout
Exchange zone
Internal Loading
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2006 - Total P

Sewage Effluent (Bol)
Sewage Effluent (PA)
Major Industry
Fertiliser Companies
Wingfield
Garden island
Catchment Runoff (Gillman)
Stormwater
Local Stormwater (Le Fevre
Peninsula)
West Lakes
Regional Groundwater
Torrens Island groundwater
Garden Island Groundwater
Recreation
Atmospheric Fallout
Exchange zone

2010 - Total P

Sewage Effluent (Bol)
Sewage Effluent (PA)
Major Industry
Fertiliser Companies
Wingfield
Garden island
Catchment Runoff (Gillman)
Stormwater
Local Stormwater (Le Fevre
Peninsula)
West Lakes
Regional Groundwater
Torrens Island groundwater
Garden Island Groundwater
Recreation
Atmospheric Fallout
Exchange zone
Internal Loading
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Appendix 4 Pollutant load allocation—percentage change
in nutrient loads (individual sources)
Pollutant load allocations 1995–6 and 2002–3 percentage change—total nitrogen
Pollutant source

1995–6 load (t/yr)

2002–3 load (t/yr)

Percentage
change

Point sources
Bolivar WWTP

1265

383

70%

Port Adelaide WWTP

511

161

68%
14%

Penrice Soda Products

1400

1200

Bulk handling (wharves)

No data available

No data available

—

Fertiliser companies

20

2

90%

Wingfield Waste Management
Centre (surface runoff)

2

2

0%

Garden Island Landfill (surface
runoff)

1

1

0%

Sub-total point sources

3199

1749

45%

Diffuse sources
Northern Adelaide Barossa
Catchment
- Dry Creek/Little Para
- Helps Road drain

No data available

No data available

—

Torrens Catchment

33

7

79%

Local stormwater (multiple
inputs)

4

4

0%

Local Stormwater
(Lefevre Peninsula)

2

2

0%

West Lakes

30

37

(23%)

Regional groundwater (total)*

12

12

0%

Torrens Island**

6

6

0%

Garden Island**

3.7

3.7

0%

Septic effluent

No data available

No data available

—

Recreation

10

10

0%

Maintenance dredging

No data available

No data available

—

Sub-total diffuse sources

140.7

121.7

148%

Atmospheric fallout
Tidal exchange

Natural sources
32

32

0%

56

56

0%

Internal loading

830

830

0%

Sub-total natural sources

918

918

0%

TOTAL MAXIMUM LOAD

4217.7

2748.7

35%
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Pollutant load allocations 1995–96 and 2006–07 percentage change—total nitrogen
Pollutant source

Bolivar WWTP

1995–6 load (t/yr)
Point sources
1265

2002–3 load (t/yr)

Percentage
change

464

63%

Port Adelaide WWTP

511

0

100%

Penrice Soda Products

1400

1000

29%

Bulk handling (wharves)

No data available

No data available

—

Fertiliser companies

20

2

90%

Wingfield Waste Management
Centre (surface runoff)

2

2

0%

Garden Island Landfill (surface
runoff)

1

1

0%

1469

54%

Sub-total point sources

3199
Diffuse sources

Northern Adelaide Barossa
Catchment
- Dry Creek/Little Para
- Helps Road drain

No data available

No data available

—

Torrens Catchment

33

7

79%

Local stormwater
(multiple inputs)

4

4

0%

Local Stormwater
(Lefevre Peninsula)

2

2

0%

West Lakes

30

35

(17%)

Regional groundwater (total)*

12

12

0%

Torrens Island**

6

6

0%

Garden Island**

3.7

3.7

0%

Septic effluent

No data available

No data available

—

Recreation

10

9

10%

Maintenance dredging

No data available

No data available

—

115.7

11%

32

0%

Sub-total diffuse sources
Atmospheric fallout
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140.7
Natural sources
32

Tidal exchange

56

56

0%

Internal loading

830

830

0%

Sub-total natural sources

918

918

0%

TOTAL MAXIMUM LOAD

4217.7

2465.7

42%
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Pollutant load allocations 1995-6 and 2010-11 percentage change—total nitrogen
Pollutant source

1995–6 load (t/yr)

2010–11 load
allocation (t/yr)

Percentage
change

Point sources
Bolivar WWTP

1265

403

68%

Port Adelaide WWTP

511

0

100%
43%

Penrice Soda Products

1400

800

Bulk handling (wharves)

No data available

No data available

—

Fertiliser companies

20

2

90%

Wingfield Waste Management
Centre (surface runoff)

2

2

0%

Garden Island Landfill
(surface runoff)

1

1

0%

3199

1208

62%

Sub-total point sources

Diffuse sources
Northern Adelaide Barossa
Catchment
- Dry Creek/Little Para
- Helps Road drain

No data available

No data available

—

Torrens Catchment

33

7

79%

Local stormwater
(multiple inputs)

4

4

0%

Local stormwater
(Lefevre Peninsula)

2

2

0%

West Lakes

30

34

(13%)

Regional groundwater (total)*

12

12

0%

Torrens Island**

6

6

0%

Garden Island**

3.7

3.7

0%

Septic effluent

No data available

No data available

—

Recreation

10

9

10%

Maintenance dredging

No data available

No data available

—

112.7

20%

32

0%

Sub-total diffuse sources
Atmospheric fallout

140.7
Natural sources
32

Tidal exchange

56

56

0%

Internal loading

830

830

0%

Sub-total natural sources

918

918

0%

TOTAL MAXIMUM LOAD

4217.7

2203.7

48%
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Pollutant load allocations 1995–6 and 2002–3 percentage change total phosphorus
2002-3 load (t/yr)

Percentage
change

Point sources
215

127

41%

Port Adelaide WWTP

105

52

50%

Penrice Soda Products

3

3

0%

Bulk handling (wharves)

No data available

No data available

—

Fertiliser companies

0.2

0.2

0%

Wingfield Waste Management
Centre (surface runoff)

0.5

0.5

0%

Garden Island Landfill (surface
runoff)

0.2

0.2

0%

182.9

44%

Pollutant source

Bolivar WWTP

Sub-total point sources

323.9
Diffuse sources

Northern Adelaide Barossa
Catchment
- Dry Creek/Little Para
- Helps Road drain

No data available

No data available

—

Torrens Catchment

9

3

67%

Local stormwater
(multiple inputs)

0.2

0.2

0%

Local stormwater
(Lefevre Peninsula)

0.1

0.1

0%

West Lakes

3

8

(267%)

Regional groundwater (total)*

0.3

0.3

0%

Torrens Island**

0.2

0.2

0%

Garden Island**

0.04

0.04

0%

Septic effluent

No data available

No data available

—

Recreation

2

2

0%

Maintenance dredging

No data available

No data available

—

13.8

7%

No data available

—

Sub-total diffuse sources
Atmospheric fallout

126

1995-6 load (t/yr)

14.8
Natural sources
No data available

Tidal exchange

10

10

0%

Internal loading

25

25

0%

Sub-total natural sources

35

35

0%

TOTAL MAXIMUM LOAD

373.7

231.7

38%
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Pollutant load allocations 1995–96 and 2006–07—total phosphorus
Pollutant source

Bolivar WWTP

1995-96 load (t/yr)
Point sources
215

2006-07 load
allocation (t/yr)

Percentage
change

144

33%

Port Adelaide WWTP

105

0

100%

Penrice Soda Products

3

3

0%

Bulk handling (wharves)

No data available

No data available

—

Fertiliser companies

0.2

0.1

50%

Wingfield Waste Management
Centre (surface runoff)

0.5

0.5

0%

Garden Island Landfill (surface
runoff)

0.2

0.2

0%

147.8

54%

Sub-total point sources

323.9
Diffuse sources

Northern Adelaide & Barossa
Catchment
- Dry Creek/Little Para
- Helps Road drain

No data available

No data available

—

Torrens Catchment

9

3

67%

Local stormwater
(multiple inputs)

0.2

0%

Local stormwater
(Lefevre Peninsula)

0.1

0%

West Lakes

3

8

(267%)

Regional groundwater (total)*

0.3

0.3

0%

Torrens Island**

0.2

0.2

0%

Garden Island**

0.04

0.04

0%

Septic effluent

No data available

No data available

—

Recreation

2

2

0%

Maintenance dredging

No data available

No data available

—

13.8

7%

No data available

—

Sub-total diffuse sources
Atmospheric fallout

14.8
Natural sources
No data available

Tidal exchange

10

10

0%

Internal loading

25

25

0%

Sub-total natural Sources

35

35

0%

TOTAL MAXIMUM LOAD

373.8

196.6

47%

127

Port waterways water quality improvement plan

Pollutant load allocations 1995-96 and 2010-11 percentage change total phosphorus
Pollutant source

Bolivar WWTP
Port Adelaide WWTP

1995-96 load
(t/yr)
Point sources
215
105

2010-11 load
allocation (t/yr)

Percentage
change

124

42%

0

100%
0%

Penrice Soda Products

3

3

Bulk handling (wharves)

No data available

No data available

—

Fertiliser companies

0.2

0.1

50%

Wingfield Waste Management
Centre
(surface runoff)

0.5

0.5

0%

Garden Island Landfill (surface
runoff)

0.2

0.2

0%

147.8

61%

Sub-total point sources
Northern Adelaide Barossa
Catchment
- Dry Creek/Little Para
- Helps Road drain

No data available

No data available

—

Torrens Catchment

9

3

67%

Local stormwater
(multiple inputs)

0.2

0%

Local stormwater
(Lefevre Peninsula)

0.1

0%

West Lakes

3

8

(267%)

Regional groundwater (total)*

0.3

0.3

0%

Torrens Island**

0.2

0.2

0%

Garden Island**

0.04

0.04

0%

Septic effluent

No data available

No data available

—
0%

Recreation

2

2

Maintenance dredging

No data available

No data available

—

Sub-total diffuse sources

14.8

13.8

7%

No data available

—

Atmospheric fallout

128

323.9
Diffuse sources

Natural sources
No data available

Tidal exchange

10

10

0%

Internal loading

25

25

0%

Sub-total natural sources

35

35

0%

TOTAL MAXIMUM LOAD

373.8

176.6

53%
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Introduction
Major groundwater fluxes and contaminant loads associated with water
quality in the Port Waterways were examined. Using available information,
principal fluxes were identified and their contribution to waterway loads
determined.
The focus of this report is on groundwater flows in the Quaternary aquifers,
which occur extensively throughout the region and are significant in
transporting pollutant loads to the Port Waterways. The Tertiary aquifers
are not a focus of this report, based on the assumption that cones of
depression that have formed within the aquifer systems are large and extend
beyond the coastline. This suggests that groundwater flow direction is inland
and mobile contaminants in the Tertiary system would not enter the Port
waterways. Some mixing between Quaternary and Tertiary aquifers occurs in
the Northern Adelaide Plains but this would normally result in the hydraulic
gradient favouring discharge of groundwater from the Quaternary aquifers
into the underlying Tertiary aquifers.
Significant knowledge gaps exist when addressing groundwater loadings in
the study area due to the limited number of observation points. Historical
data collection in the study area has principally been directed towards
abstraction rates and salinity loadings in the Tertiary aquifers. Nutrient and
other pollutant loads have not been the focus of detailed monitoring.
Extrapolation of the available groundwater data is not intended to generate
an accurate representation of the system at a local scale.

Background
The southern boundary of the study area lies approximately 9 km to the
north of the Adelaide CBD. The area is bounded to the north by the Gawler
River and to the east by the Mount Lofty Ranges. The western boundary runs
midway up the Le Fevre Peninsula and then offshore approximately 5km,
before rejoining the coast in the proximity of the Gawler River outlet. The
Little Para River lies within the area, which also incorporates large areas of
mangroves and wetlands within the estuarine environment of Barker Inlet.
Tidal flows within the estuary are approximately 2m but can exceed 3m
during spring tides and storm events. The Northern Adelaide Plains
Prescribed Wells Area, Northern Adelaide and Barossa Catchment Water
Management Board (NACWMB) and the Torrens Catchment Water
Management Board (TCWMB) all have management boundaries associated
with the study area.

Hydrogeology
Regional geology is characterised by recent soft marine sediments overlying
clays. The sediments are the result of rising and falling sea levels in addition
to marine, alluvial and estuarine sedimentation. The hydrogeology of the
region is complex, with two principal aquifer systems each containing
multiple aquifers. The two aquifer systems in the area are the Quaternary
and Tertiary.
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1. The Quaternary aquifers are comprised mainly of the St Kilda
Formation (Q1), Pooraka Formation (Q2) and Glanville Formation
(Q3) and are often in hydraulic connection. The Calisbrooke Sand
(Q4) is found beneath the Q1-Q3 aquifers across most of the study
area except in the coastal region. It is in hydraulic connection with
the Quaternary aquifers in some regions and the underlying Tertiary
aquifers in others. The Quaternary aquifers are generally underlain
by an aquiclude formed by the semi permeable Hindmarsh Clay,
which forms the lower boundary.
A perched aquifer is known to exist in the north of the study area but
its distribution throughout the study area has not been accurately
determined.
The St Kilda Formation is comprised of unconsolidated silty, or
clayey material, with shell grit layers and occasional thick sequences
of organic peaty material. The Pooraka Formation is comprised of
stiff clays and acts to separate the St Kilda and Glanville Formations
in areas. The Glanville Formation generally contains sands and shell
grit layers up to 3m thick, sometimes with a limestone capping. It is
usually not in hydraulic connection with the other Quaternary
aquifers.
In the south of the study area, the Quaternary aquifer system
becomes more complex, containing up to six aquifers. A perched
aquifer is located to the north of Virginia township, underlying the
topsoil and overlaying the Q1 aquifer. The perched aquifer is
comprised of permeable sand and silts. Varying in thickness and
hydraulic properties, it is often found in hydraulic connection with
the Q1 aquifer and associated with topographic lows.
2. The Quaternary aquifers are not the subject of large abstractions due
to generally saline nature of the waters.
The Tertiary aquifers found within the study area are the T1, T2, T3
and T4 aquifers, designated according to increasing depth. These
aquifers vary considerably in regards to thickness, lithology, salinity
distribution and yield. The T1 and T2 aquifers are the primary source
of irrigation water in the region and are recognised as having lower
salinity and greater yield than the T3 and T4. These Tertiary aquifers
are the subject of large abstractions, having developed significant
cones of depression as a result.
Groundwater flow in these aquifers appears to no longer enter the coastal
fringe but is directed inland towards irrigation areas.
Groundwater recharge zones are complex with a combination of direct
recharge through infiltrating rainfall and irrigation, lateral flows from upgradient regions and recharge beneath rivers. Discharge mechanisms from
the system include evapotranspiration in regions of shallow water-table
(marshlands), gradient driven lateral flow to the Port Waterways,
abstraction and leakage to underlying aquifers. The Quaternary aquifer
systems are limited in their interaction with the Tertiary aquifers due to the
Hindmarsh Clay Aquiclude. They are susceptible to direct infiltration of
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surface contaminants and interaction with buried wastes due to fluctuating
water tables (Pavelic & Dillon 1993).

Study area
In the southern areas, the study location contains significant urban
residential and industrial areas around the Le Fevre Peninsula, Port River
and Barker Inlet, and is home to around 40% of the state’s industrial
development. The principal industrial areas are concentrated in the suburbs
of Wingfield, Gillman, Kilburn, Dudley Park and Regency Park. Kilburn,
Dudley Park and Regency Park lie outside the boundaries of the study area
but may contribute to groundwater inputs via subsurface flow. There are
4743 registered businesses within the City of Port Adelaide-Enfield, of which
480 are licensed under the SA Environment Protection Act for activities of
potential environmental impact. This is in addition to 1408 sites that are
listed as containing hazardous or dangerous substances as defined by the SA
Dangerous Substances Act.
Approximately 5000 bores lie within the City of Port Adelaide Enfield
boundaries (City of Port Adelaide Enfield 2003).
Nutrient enrichment of groundwaters in the study area is typically the result
of excessive fertiliser application, poor management of animal wastes and
septic tanks in agricultural and urban settings, or buried industrial waste.
A large constructed wetlands system 8km in length, and 337ha in area
incorporates the Salisbury Greenfields wetlands, Salisbury Highway
Connector wetlands, Range and Magazine Creek wetlands (50ha) and Barker
Inlet Wetlands (172ha). The primary function of the wetlands are to mitigate
storm floods and to the improve the quality of runoff from industrial areas
prior to discharge to the Port River.
Paddocks Wetlands Aquifer Storage and Recovery (ASR) scheme utilises the
wetlands to filter and clean stormwater prior to injection into the underlying
Tertiary aquifer. An ASR scheme is also operated in the suburb of Regency
Park, City of Port Adelaide Enfield.
In the Northern Adelaide Plains, along the coastal margins lie extensive salt
crystallisation pans and the sewage lagoons of Bolivar Sewerage Treatment
Facility. The salt crystallisation pans can be found within 4km of the coast,
extending northwards from North Arm Creek at the most southerly region of
Barkers Inlet, with 750 000 tons of salt produced annually from Dry Creek
region.
A Bolivar-Virginia pipeline has been established to supply reclaimed water to
Virginia irrigators. The irrigation area is principally centred on Virginia and
Angle Vale and covers approximately 3500ha. The water for irrigation is
supplied through groundwater abstraction with this source supplemented
during summer months with the reclaimed water.
Landfill sites exist in the area on Garden Island and in the region of the
proposed Port River Expressway, with the Wingfield landfill being the
largest. This landfill is operating as a major waste disposal facility and, like
other landfills in the area, has received liquid wastes in the past. The Port
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region has historically been the home to animal processing facilities,
smelting works and heavy chemical industry (Pavelic & Dillon 1993).

Methodology
Groundwater flow was determined by manually plotting a piezometric
surface for the upper Quaternary aquifers4 using available observation well
information supplied by the Department of Water, Land and Biodiversity
Conservation. Groundwater flow on the Le Fevre Peninsula was obtained
using Dillon et al (1995) as a source since public observation well records
were limited for the area.
An assumed connection with the perched aquifer and underlying Quaternary
Q1 aquifer was adopted in compiling this report (Gerges 2002).
Determination of groundwater flow rate and direction was based on an
assumption of hydraulic connection between the remaining Quaternary
aquifers, utilising the combined water level data of the Q1, Q2 and Q3
aquifers.
The groundwater flux was determined using representative permeability
values for the aquifers. The study region was divided into divisions
approximating groundwater flow directions and the discharge was calculated
using:

Q = -kbiw
where:
Q: volumetric discharge
k: hydraulic conductivity
b: aquifer height
i: hydraulic gradient
w: aquifer width
The calculation was applied between the nearest piezometric contour and
the coast, with the coast considered to be at 0 metres Australian Height
Datum (mAHD). Piezometric surfaces were constructed for the months of
September 2001 and March 2002 to accommodate seasonal variation in
gradients. Aquifer depth and two values of k were derived from the findings
of Pavelic & Dillon (1993), with 0.3 m/day and 3 m/day considered to be
representative for the system. Aquifer depth, salinity and nutrient
concentrations were taken from Dillon et al (1995), Pavelic & Dillon (1993)
or a representative value was used. The primary focus is on Nitrogen and
Phosphorus, with total – N and total – P values used in the results. Heavy
metals were considered where information was available.
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Where a water level value appeared to be anomalous with respect to the surrounding wells, the
higher value was used. This process was based on an assumption that confinement of the aquifer
containing the anomalous value was localised and that hydraulic connection would be restored within
a local context.
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Results
From calculations above, the lateral groundwater flow to the Port
Waterways contributes between 0.29 and 3.1 ML/day. The lowest flow was
obtained for March 2002 using a k value of 0.3 m/day, while the highest flow
was for September 2001 using 3 m/day. Salt loads to waterways ranged from
24.8 to 300 tons/yr, Total Phosphorus 0.051 to 0.534 tons/yr and Total
Nitrogen 2.1 to 21.7 tons/yr. A calculated flux summary to the Port
Waterways is shown in Table 1.
Table 1. Summary of calculated groundwater, salt and nutrient fluxes
k
(m/day)

Q
(ML/yr)

TDS
(tons/yr)

Total P
(tons/yr)

Total N
(tons/yr)

March 2002
September 2001

0.3
0.3

105.3
112.0

248.1
300.8

0.051
0.053

2.14
2.17

March 2002
September 2001

3.0
3.0

1053.0
1119.5

2480.5
3008.5

0.507
0.534

21.38
21.74

Month

Gerges and Kelly (2002) using a water balance approach, estimated irrigation
leachate as 10,985 ML/yr and downwards leakage to other aquifers at 914
ML/yr. The value of 266 ML/yr obtained for throughflow (ibid) compares
favourably with the calculated 112.0ML/yr (k = 0.3 m/day) of this study.
Impact on groundwater quality that can not be quantified due to lack of
data include the potential point sources of Port Adelaide Wastewater
Treatment plant, Bolivar Wastewater Treatment Plant sewage lagoons and
outfall channel, Penrice Soda Products at Lipson Reach (high ammonia
inputs) and identified landfill sites.
Significant diffuse sources include industrial waste, overflowing septic
systems and saline seepage beneath salt crystallisation ponds (Senate
Environment, Communications, Information Technology and Arts Reference
Committee 2000).
Wingfield Landfill has been identified as a distinct feature with respect to
presence of metals. Groundwater interaction with the landfill could be
assumed, with up to 8 different metals identified in concentrations
exceeding the marine water quality guidelines from south of the landfill to
North Arm Creek (Pavelic & Dillon 1993). A liquid waste disposal site located
to the south of the North Arm Creek has had waste deposited into lagoons
below the watertable. Low permeability sediments and predominantly
vertical groundwater fluxes may have localised the contamination. A Senate
Committee report has suggested that elevated levels of nutrients in Angas
Inlet might be associated with the landfill located on Garden Island, with
high levels of ammonia found in the sandy sediments on the eastern side of
the landfill (Senate Environment, Communications, Information Technology
and Arts Reference Committee 2000).
The use of reclaimed water for irrigation in the region has the potential to
degrade water quality in the underlying Quaternary and Tertiary aquifers.
Reclaimed water from Bolivar Wastewater Treatment Works has had
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measured nutrient concentrations of 28 mg N – NH4/L and 1mg P/L and TDS
1300 mg/L. The major form of nitrogen currently in the Northern Adelaide
Plains Quaternary aquifers is NO3 – N, with concentrations increasing towards
the Gawler River (Stevens et al 2000).
Information regarding the number, extent and impact of septic systems on
groundwater in the study area is limited, particularly in the older industrial
and residential areas. The septic systems present a potential for
groundwater pollution following high rainfall events. It can be anticipated
that significant nutrient inputs to the groundwater system may result from
high rainfall events. Specific information regarding the industrial inputs to
groundwater is also limiting in the accurate determination of pollutant load
to the Waterways.
The current monitoring infrastructure and management for the Quaternary
aquifer system has been generally acknowledged as inadequate. A greater
emphasis on linking landuse and hydrologic data (Stevens et al 2002) within
the study area may prove beneficial in determining more accurate
assessment of pollutant loads.

Conclusion and recommendations
The total groundwater discharge to the Port Waterways addressed within
this study is estimated to be less than 1,100 ML/yr. Groundwater entering
Port Waterways may contribute 300 tons of salt, 0.5 tons of Phosphorus and
27 tons of Nitrogen annually.
Accurate determination of pollutant loads and groundwater fluxes is
significantly impacted on by the availability of relevant data. The
development of a spatial inventory cataloguing potential point-source
industrial discharges and septic tanks location is warranted.
A groundwater level and water quality monitoring network of observation
wells / piezometers dedicated to (hence, constructed within) the
Quaternary formations is recommended.
Hydrogeological plans should be produced for the Quaternary aquifers for
resource management.
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Regional stratigraphy background: Regional map and stratigraphic transect (source: DWLBC 2002)
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Stratigraphy and hydrogeological structures of the Northern Adelaide Plains (source: Groundwater Assessment Department for Water, Land and
Biodiversity Conservation 2002).
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An east-west section through the Northern Adelaide Plains along the Gawler River illustrating aquifer systems (source: Groundwater Assessment
Department for Water, Land and Biodiversity Conservation, 2002)
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North-south hydrogeological cross section through the Northern Adelaide Plains. Refer Figure 3 for transect
details (source: Groundwater Assessment Department for Water, Land and Biodiversity Conservation, 2002)
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Appendix 2

Atmospheric Deposition of Nutrients
(P Christie, EPA 2004)

Background
The Port River Water Quality Improvement Plan (WQIP) was set up to reduce
nutrients in the Port waterway. Although both phosphorus and nitrogen are
significant macronutrients for plant growth, nitrogen is likely to be the more
important nutrient pollutant in the Port River waterways.
One element of the WQIP involves the identification and quantification of all
possible sources of nutrients into the estuary. The deposition of nitrogen and
phosphorus compounds from the atmosphere is one such source of nutrient
contamination.

Atmospheric deposition of nutrients
Nitrogen and phosphorus compounds can dissolve in water droplets and may
subsequently be deposited in rainfall. This process is referred to as wet
deposition. Alternatively, nitrogen and phosphorus compounds can be
incorporated into aerosols. Under certain conditions of wind and humidity,
aerosols (including any associated nutrients) will be deposited on a variety of
surfaces, including water surfaces. This process is termed dry deposition.
The concentrations of nitrogenous compounds in the atmosphere from human
activity can be quite significant. The emissions of oxides of nitrogen from high
temperature fuel combustion (e.g. motor vehicle engines and fossil fuel power
stations) and ammonia from industrial and agricultural processes are among the
most significant sources of atmospheric nitrogen (excluding N2 gas). Biologically
available nitrogen exists in a number of forms in the atmosphere. Some
compounds are gaseous and include nitrogen dioxide, ammonia and nitric acid.
Other forms of nitrogen such as nitrates and organic nitrogen compounds are
associated with the liquid phase of aerosols or with particulates in the air.
Nitrous oxide (N2O) is an unreactive gas and is not thought to be biologically
available when it enters the water column. N2O is not included in calculations
of total nitrogen deposited from the atmosphere.
Phosphorus is associated with airborne particles ultimately derived from the
soil or from a biological agent such as pollen. There is no gaseous form for
phosphorus.

Estimation of atmospheric deposition
Atmospheric deposition can be determined by direct measurement or can be
estimated using equations that predict deposition rates for different
constituents under specified weather conditions.
Direct measurement of nutrients deposited from the atmosphere is technically
and logistically challenging. The wet deposition of nutrients in rainfall has been
relatively easier to measure than dry deposition. Direct measurement methods
are expensive and require a monitoring program that spans at least one year—
preferably longer—to cover seasonal variation.
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Mathematical models are used to estimate wet and dry deposition of nutrients.
These models require ambient air concentrations of the various forms of
nitrogen and phosphorus to be known. Often the ambient air concentrations are
estimated using emission inventories and dispersion modelling. Clearly,
atmospheric deposition rates derived by such modelling are approximations.

Atmospheric deposition of nutrients to the Port River waterways
Crude estimates of the annual loads of biologically available nitrogen deposited
in the Port waterways have been determined by three methods.
•

Two of the methods are similar and involve calculating the annual
nitrogen load per square metre for two estuaries elsewhere in Australia
(Port Phillip Bay near Melbourne and Moreton Bay near Brisbane). The
estimates in the Port Phillip Bay study and the Moreton Bay study were
derived using mathematical models of deposition rates. These loads per
square metre were simply multiplied by the area of inundation of the
Port waterways at spring high tide.

•

The other estimate was calculated from rainfall analysis data for the
Adelaide region gathered in from 1972 to 1980. The method used to
collect the rainfall in this study probably allowed some contribution
from dry deposition to be included in the final results.

The estimates are shown in the table at the end of this section.

Discussion on the precision and validity of the estimate
No particular inference should be drawn from the fact that two of the
estimates are within 4% of each other. There are significant uncertainties in
both values.
The estimates based on the modelled values from the Port Phillip Bay and
Moreton Bay studies may be subject to the following errors.
•

Ambient oxidised nitrogen concentrations over the Adelaide airshed may
be lower than those of the Brisbane and Melbourne airsheds because of
Adelaide’s lower population and differing geographical aspects. This
could mean that the estimates for the Port waterways derived from these
two studies might be too high.

•

Advection of high concentrations of oxidised nitrogen from urban areas to
the Port waterways may be less likely than for the estuaries near
Melbourne and Brisbane due to favourable prevailing wind patterns. This
factor would also suggest that the derived estimates might be too high
for the Port waterways.

•

The close proximity of the gas-fired power station on Torrens Island may
be responsible for locally elevated nitrogen deposition. This may mean
that the derived values may be underestimated.

The estimates based on the rainwater capture and analysis study could be in
error for the following reasons.
The study relates to data that is between 14 and 22 years old. Vehicle densities
on Adelaide’s road network have increased in the intervening period and it is
possible that the emissions of oxidised nitrogen have also increased. Nitrogen
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deposition rates will be higher if oxidised nitrogen concentrations in ambient
air are higher.
The estimate for nitrogen deposition is probably underestimated because dry
deposition was only partially captured in the rainwater collectors.
However, the rainwater collectors were deployed within the urban areas where
ambient air concentrations of oxidised nitrogen were likely to be higher than
over the water in the estuary. This could introduce a bias causing an overestimation.

Future work to refine the estimate for atmospheric deposition of
nitrogen
Modelling of atmospheric deposition
The South Australian EPA has an air quality group that is monitoring ambient air
quality over Adelaide. This group plans a future modelling investigation into the
behaviour of air pollutants.
The proposed modelling will allow atmospheric deposition loads for nitrogen
and phosphorus to be estimated for the Port waterways. The values from this
modelling will be based on ambient air concentrations of the various forms of
nitrogen and phosphorus found in the Adelaide airshed, and the dispersion due
to wind patterns specific to the Adelaide region.

Direct measurement
Dry and wet deposition of nutrients from the atmosphere can be directly
determined by specially designed collectors deployed in the area under
investigation. Values determined in such a way are likely to provide the most
realistic estimates of atmospheric loads of nitrogen and phosphorus (as well as
other pollutants).
To date there have been no Australian studies into atmospheric deposition that
have used these direct measurement instruments.
It would not be practical to deploy dry and wet atmospheric deposition
collectors for this current project.

Conclusion
Crude estimates of the total loads of nitrogen from atmospheric deposition to
the Port waterways have been derived from published studies. The estimates
indicate that the likely true annual load of biologically available nitrogen is in
the order of a few tens of tonnes. For the purposes of constructing a nutrient
budget for the Port waterway, the mean of the three estimates (32 tonnes as
N) will be used.
A brief analysis of the estimates suggests that the nitrogen loads from the
atmosphere may be over-estimated for the Port waterway.
An improved estimate of atmospheric loading may be obtained from some
modelling work planned in the near future.
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Estimates of biologically available nitrogen deposited from the atmosphere onto the Port River
waterways

Surface area of
Port waterways
(m2).

Estimated annual
Estimated annual
Estimated annual
deposition of nitrogen to deposition of nitrogen to deposition of nitrogen to
the water's surface based
the water's surface
the water's surface.
on Port Phillip Bay
based on Moreton Bay
based on Adelaide
estimates
study
rainwater analysis study
(as tonnes N per annum) (as tonnes N per annum) (as tonnes N per annum)

48.7 x 107

26

Surface area of
Moreton Bay (m2)

Estimated annual deposition
of nitrogen to the water's
surface
(as tonnes N per annum)

1.52 x 109

1410

Surface of Port
Phillip Bay (m2)

Estimated annual deposition
of nitrogen to the water's
surface
(as tonnes N per annum)

1.95 x 109

1050

45

25

Deposition of N in kg per square metre

9.26 x 10-4

Deposition of N in kg per square metre

5.38 x 10-4

Adelaide nutrient analysis of rain water (1987 study by Richard Clark)
Oxidised nitrogen
(kg/ha)

TKN (including ammonia)
(kg/ha)

Total P (kg/ha)

1.2

4

0.18
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Appendix 3

Comparison of all known nutrient sources
Sew age Effluent (Bolivar)

1996 - Total N

Sew age Effluent (Port
Adelaide)
Major Industry
Fertiliser Companies
Wingfield
Garden Island
Catchment Runoff (Gillman)
Stormw ater (Local)
Local Stormw ater (Le Fevre
Peninsula)
West Lakes
Regional Groundw ater
Torrens Island groundw ater
Garden Island Groundw ater
Recreation
Atmospheric Fallout
Exchange Zone

2002- Total N

Exchange Zone
Internal Loading
Atmospheric Fallout
Catchment Runoff (Helps
Road/Smiths Creek)
Sew age Effluent (Bolivar)
Recreation
Catchment Runoff (Little Para, Dry
Creek)
Groundw ater Infiltration
Garden Island
Wingfield
Catchment Runoff (Gillman)
Sew age Effluent (Port Adelaide)
Stormw ater
West Lakes
Minor Industry
Major Industry
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2006 - Total N

Exchange Zone
Internal Loading
Atmospheric Fallout
Catchment Runoff (Helps
Road/Smiths Creek)
Sew age Effluent (Bolivar)
Recreation
Catchment Runoff (Little Para, Dry
Creek)
Groundw ater Infiltration
Garden Island
Wingfield
Catchment Runoff (Gillman)
Sew age Effluent (Port Adelaide)
Stormw ater
West Lakes
Minor Industry
Major Industry
Stormw ater (Local)

2010 Total N

Exchange Zone
Internal Loading
Atmospheric Fallout
Catchment Runoff (Helps
Road/Smiths Creek)
Sewage Effluent (Bolivar)
Recreation
Catchment Runoff (Little Para, Dry
Creek)
Groundwater Infiltration
Garden Island
Wingfield
Catchment Runoff (Gillman)
Sewage Effluent (Port Adelaide)
Stormwater
West Lakes
Minor Industry
Major Industry
Stormwater (Local)
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1996 - Total P

Sewage Effluent (Bol)
Sewage Effluent (PA)
Major Industry
Fertiliser Companies
Wingfield
Garden island
Catchment Runoff (Gillman)
Stormwater
Local Stormwater (Le Fevre
Peninsula)
West Lakes
Regional Groundwater
Torrens Island groundwater
Garden Island Groundwater
Recreation
Atmospheric Fallout
Exchange zone
Internal Loading

2002 - Total P

Sewage Effluent (Bol)
Sewage Effluent (PA)
Major Industry
Fertiliser Companies
Wingfield
Garden island
Catchment Runoff (Gillman)
Stormwater
Local Stormwater (Le Fevre
Peninsula)

West Lakes

Regional Groundwater
Torrens Island groundwater
Garden Island Groundwater
Recreation
Atmospheric Fallout
Exchange zone
Internal Loading
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2006 - Total P

Sewage Effluent (Bol)
Sewage Effluent (PA)
Major Industry
Fertiliser Companies
Wingfield
Garden island
Catchment Runoff (Gillman)
Stormwater
Local Stormwater (Le Fevre
Peninsula)
West Lakes
Regional Groundwater
Torrens Island groundwater
Garden Island Groundwater
Recreation
Atmospheric Fallout
Exchange zone

2010 - Total P

Sewage Effluent (Bol)
Sewage Effluent (PA)
Major Industry
Fertiliser Companies
Wingfield
Garden island
Catchment Runoff (Gillman)
Stormwater
Local Stormwater (Le Fevre
Peninsula)
West Lakes
Regional Groundwater
Torrens Island groundwater
Garden Island Groundwater
Recreation
Atmospheric Fallout
Exchange zone
Internal Loading
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Appendix 4 Pollutant load allocation—percentage change
in nutrient loads (individual sources)
Pollutant load allocations 1995–6 and 2002–3 percentage change—total nitrogen
Pollutant source

1995–6 load (t/yr)

2002–3 load (t/yr)

Percentage
change

Point sources
Bolivar WWTP

1265

383

70%

Port Adelaide WWTP

511

161

68%
14%

Penrice Soda Products

1400

1200

Bulk handling (wharves)

No data available

No data available

—

Fertiliser companies

20

2

90%

Wingfield Waste Management
Centre (surface runoff)

2

2

0%

Garden Island Landfill (surface
runoff)

1

1

0%

Sub-total point sources

3199

1749

45%

Diffuse sources
Northern Adelaide Barossa
Catchment
- Dry Creek/Little Para
- Helps Road drain

No data available

No data available

—

Torrens Catchment

33

7

79%

Local stormwater (multiple
inputs)

4

4

0%

Local Stormwater
(Lefevre Peninsula)

2

2

0%

West Lakes

30

37

(23%)

Regional groundwater (total)*

12

12

0%

Torrens Island**

6

6

0%

Garden Island**

3.7

3.7

0%

Septic effluent

No data available

No data available

—

Recreation

10

10

0%

Maintenance dredging

No data available

No data available

—

Sub-total diffuse sources

140.7

121.7

148%

Atmospheric fallout
Tidal exchange

Natural sources
32

32

0%

56

56

0%

Internal loading

830

830

0%

Sub-total natural sources

918

918

0%

TOTAL MAXIMUM LOAD

4217.7

2748.7

35%
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Pollutant load allocations 1995–96 and 2006–07 percentage change—total nitrogen
Pollutant source

Bolivar WWTP

1995–6 load (t/yr)
Point sources
1265

2002–3 load (t/yr)

Percentage
change

464

63%

Port Adelaide WWTP

511

0

100%

Penrice Soda Products

1400

1000

29%

Bulk handling (wharves)

No data available

No data available

—

Fertiliser companies

20

2

90%

Wingfield Waste Management
Centre (surface runoff)

2

2

0%

Garden Island Landfill (surface
runoff)

1

1

0%

1469

54%

Sub-total point sources

3199
Diffuse sources

Northern Adelaide Barossa
Catchment
- Dry Creek/Little Para
- Helps Road drain

No data available

No data available

—

Torrens Catchment

33

7

79%

Local stormwater
(multiple inputs)

4

4

0%

Local Stormwater
(Lefevre Peninsula)

2

2

0%

West Lakes

30

35

(17%)

Regional groundwater (total)*

12

12

0%

Torrens Island**

6

6

0%

Garden Island**

3.7

3.7

0%

Septic effluent

No data available

No data available

—

Recreation

10

9

10%

Maintenance dredging

No data available

No data available

—

115.7

11%

32

0%

Sub-total diffuse sources
Atmospheric fallout
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140.7
Natural sources
32

Tidal exchange

56

56

0%

Internal loading

830

830

0%

Sub-total natural sources

918

918

0%

TOTAL MAXIMUM LOAD

4217.7

2465.7

42%
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Pollutant load allocations 1995-6 and 2010-11 percentage change—total nitrogen
Pollutant source

1995–6 load (t/yr)

2010–11 load
allocation (t/yr)

Percentage
change

Point sources
Bolivar WWTP

1265

403

68%

Port Adelaide WWTP

511

0

100%
43%

Penrice Soda Products

1400

800

Bulk handling (wharves)

No data available

No data available

—

Fertiliser companies

20

2

90%

Wingfield Waste Management
Centre (surface runoff)

2

2

0%

Garden Island Landfill
(surface runoff)

1

1

0%

3199

1208

62%

Sub-total point sources

Diffuse sources
Northern Adelaide Barossa
Catchment
- Dry Creek/Little Para
- Helps Road drain

No data available

No data available

—

Torrens Catchment

33

7

79%

Local stormwater
(multiple inputs)

4

4

0%

Local stormwater
(Lefevre Peninsula)

2

2

0%

West Lakes

30

34

(13%)

Regional groundwater (total)*

12

12

0%

Torrens Island**

6

6

0%

Garden Island**

3.7

3.7

0%

Septic effluent

No data available

No data available

—

Recreation

10

9

10%

Maintenance dredging

No data available

No data available

—

112.7

20%

32

0%

Sub-total diffuse sources
Atmospheric fallout

140.7
Natural sources
32

Tidal exchange

56

56

0%

Internal loading

830

830

0%

Sub-total natural sources

918

918

0%

TOTAL MAXIMUM LOAD

4217.7

2203.7

48%
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Pollutant load allocations 1995–6 and 2002–3 percentage change total phosphorus
2002-3 load (t/yr)

Percentage
change

Point sources
215

127

41%

Port Adelaide WWTP

105

52

50%

Penrice Soda Products

3

3

0%

Bulk handling (wharves)

No data available

No data available

—

Fertiliser companies

0.2

0.2

0%

Wingfield Waste Management
Centre (surface runoff)

0.5

0.5

0%

Garden Island Landfill (surface
runoff)

0.2

0.2

0%

182.9

44%

Pollutant source

Bolivar WWTP

Sub-total point sources

323.9
Diffuse sources

Northern Adelaide Barossa
Catchment
- Dry Creek/Little Para
- Helps Road drain

No data available

No data available

—

Torrens Catchment

9

3

67%

Local stormwater
(multiple inputs)

0.2

0.2

0%

Local stormwater
(Lefevre Peninsula)

0.1

0.1

0%

West Lakes

3

8

(267%)

Regional groundwater (total)*

0.3

0.3

0%

Torrens Island**

0.2

0.2

0%

Garden Island**

0.04

0.04

0%

Septic effluent

No data available

No data available

—

Recreation

2

2

0%

Maintenance dredging

No data available

No data available

—

13.8

7%

No data available

—

Sub-total diffuse sources
Atmospheric fallout

126

1995-6 load (t/yr)

14.8
Natural sources
No data available

Tidal exchange

10

10

0%

Internal loading

25

25

0%

Sub-total natural sources

35

35

0%

TOTAL MAXIMUM LOAD

373.7

231.7

38%
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Pollutant load allocations 1995–96 and 2006–07—total phosphorus
Pollutant source

Bolivar WWTP

1995-96 load (t/yr)
Point sources
215

2006-07 load
allocation (t/yr)

Percentage
change

144

33%

Port Adelaide WWTP

105

0

100%

Penrice Soda Products

3

3

0%

Bulk handling (wharves)

No data available

No data available

—

Fertiliser companies

0.2

0.1

50%

Wingfield Waste Management
Centre (surface runoff)

0.5

0.5

0%

Garden Island Landfill (surface
runoff)

0.2

0.2

0%

147.8

54%

Sub-total point sources

323.9
Diffuse sources

Northern Adelaide & Barossa
Catchment
- Dry Creek/Little Para
- Helps Road drain

No data available

No data available

—

Torrens Catchment

9

3

67%

Local stormwater
(multiple inputs)

0.2

0%

Local stormwater
(Lefevre Peninsula)

0.1

0%

West Lakes

3

8

(267%)

Regional groundwater (total)*

0.3

0.3

0%

Torrens Island**

0.2

0.2

0%

Garden Island**

0.04

0.04

0%

Septic effluent

No data available

No data available

—

Recreation

2

2

0%

Maintenance dredging

No data available

No data available

—

13.8

7%

No data available

—

Sub-total diffuse sources
Atmospheric fallout

14.8
Natural sources
No data available

Tidal exchange

10

10

0%

Internal loading

25

25

0%

Sub-total natural Sources

35

35

0%

TOTAL MAXIMUM LOAD

373.8

196.6

47%
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Port waterways water quality improvement plan

Pollutant load allocations 1995-96 and 2010-11 percentage change total phosphorus
Pollutant source

Bolivar WWTP
Port Adelaide WWTP

1995-96 load
(t/yr)
Point sources
215
105

2010-11 load
allocation (t/yr)

Percentage
change

124

42%

0

100%
0%

Penrice Soda Products

3

3

Bulk handling (wharves)

No data available

No data available

—

Fertiliser companies

0.2

0.1

50%

Wingfield Waste Management
Centre
(surface runoff)

0.5

0.5

0%

Garden Island Landfill (surface
runoff)

0.2

0.2

0%

147.8

61%

Sub-total point sources
Northern Adelaide Barossa
Catchment
- Dry Creek/Little Para
- Helps Road drain

No data available

No data available

—

Torrens Catchment

9

3

67%

Local stormwater
(multiple inputs)

0.2

0%

Local stormwater
(Lefevre Peninsula)

0.1

0%

West Lakes

3

8

(267%)

Regional groundwater (total)*

0.3

0.3

0%

Torrens Island**

0.2

0.2

0%

Garden Island**

0.04

0.04

0%

Septic effluent

No data available

No data available

—
0%

Recreation

2

2

Maintenance dredging

No data available

No data available

—

Sub-total diffuse sources

14.8

13.8

7%

No data available

—

Atmospheric fallout

128

323.9
Diffuse sources

Natural sources
No data available

Tidal exchange

10

10

0%

Internal loading

25

25

0%

Sub-total natural sources

35

35

0%

TOTAL MAXIMUM LOAD

373.8

176.6

53%

