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| am pleased to release this final Water Quality Improvement Plan for the
Rivers and Estuary of the Peel-Harvey System - Phosphorus Management (the
Plan). This Plan has been prepared by the Environmental Protection Authority
in partnership with the Australian Government’s Department of Environment,
Water, Heritage and the Arts and State agencies including the Departments
of; Environment and Conservation, Water, Agriculture and Food, the Peel
Development Commission; and with the support of the Peel Harvey Catchment
Council, Western Australian Planning Commission and Department for Planning
and Infrastructure.

The Plan was co-funded by the Coastal Catchments Initiative, an Australian
Government program to reduce pollution in coastal water quality hotspots.

The Plan takes the findings of seven supporting projects (also co-funded by the Coastal Catchments Initiative
program) and recommends a combination of management measures to reduce phosphorus discharges to
estuarine waters. It also recommends a framework to enhance water quality through landuse planning
processes for the Peel-Harvey catchment.

In particular, the Plan focuses on management measures to lessen the incidents of excessive and often
toxic algal blooms and builds on current catchment management activities and research. As well as the
environmental benefits of reducing the amounts of phosphorus entering the estuary, some of these measures,
in regards to broad acre agriculture in the catchments, will increase the phosphorus uptake in the catchments
where it is intended, increase productivity and prevent wastage of chemicals and money.

The Environmental Protection Authority thanks the community and government agencies for their input and
views on the draft Plan and has made changes to create this final Plan for Government and community
implementation.

The Environmental Protection Authority notes there will be financial implications associated with the
implementation of this Plan that have not been reported here. These will need to be addressed through
appropriate parts of Government along with the clarification of the roles and responsibilities forimplementation.
All levels of government, Local, State and Australian, will have important roles in implementing the Plan. The
Australian Government may also give priority to relevant projects under Caring for our Country, the
Community Water Grants programme and other environmental funding programs, as the Peel-Harvey
coastal catchment is considered one of the country’s top ten water quality hotspots.

Urgent, coordinated action is needed to reduce the phosphorus loads to the rivers and estuary of the Peel-
Harvey system, one of the State’s important environmental assets.

L

Dr Paul Vogel
CHAIRMAN
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The Peel Inlet-Harvey Estuarine System (the estuary)
is located 75 km south of Perth in the South West
of Western Australia. The system consists of two
shallow lagoons, the Peel Inlet and the Harvey
Estuary, into which three major rivers, the Murray,
Serpentine and Harvey discharge.

After decades of declining water quality and
subsequent severe algal blooms in the estuary,
a Peel Inlet and Harvey Estuary Management
Strategy (Peel-Harvey Study Group, 1985) (Kinhill
Engineers Pty Ltd, 1988) (the Strategy) was
announced and approved in January 1989. The
Strategy consisted of construction of the Dawesville
Channel; implementing catchment management
measures (including a catchment management
plan); continuing weed (nuisance macro-algae)
harvesting; and implementing  appropriate
monitoring to measure the success of the Strategy
(Environmental Protection Authority, 1988).

The 2003 Environmental Protection Authority
report, Bulletin 1087, on the progress and
compliance with the environmental conditions set
by the Minister on the Strategy, found the Dawesville
Channel (constructed in 1994) to have been
successful in improving water quality in the main
body of the Peel Inlet and Harvey Estuary. However,
water quality and environmental problems remain
in the rivers, and in areas such as the Serpentine
Lakes. The second part of the Strategy, that of
catchment management to “cap” the phosphorus
input to the waterways, remains the aspect of the
management package that still requires significant
action (Environmental Protection Authority, 2003).

In 2003 a series of projects, co-funded by the State
Government and the Australian Government’s
Coastal Catchments Initiative (CCl) commenced
to reduce pollution in water quality hotspots, in
particular the Peel-Harvey. These projects have
now been finalised and include:

e Water Quality Improvement Plan for the Rivers
and Estuary of the Peel-Harvey System -
Phosphorus Management (this report);

¢ Decision Support System for Water Quality
Protection (Appendix B);

e Support System for the Phosphorus Reduction
Decisions (Appendix C);

e Water Quality Monitoring Program (Appendix D);
e Water Sensitive Urban Design (Appendix E);

¢ Regulation/ Licensing Review (Appendix F);

¢ Assistance to Intensive Agricultural Industries
(Appendix G); and

e Stock Exclusion from Catchment Waterways
(Appendix H).

Findings from these projects have supported earlier
findings and confirm that the main cause of algal
blooms is nutrient discharges from the catchments
that feed into the estuary (Zammit et al., 2006).

This Water Quality Improvement Plan for the
Rivers and Estuary of the Peel-Harvey System -
Phosphorus Management (the Plan) aims toimprove
water quality by reducing phosphorus discharges
from the catchment through changes to agricultural
and urban practices and landuse planning. Water
Quality Improvement Plans are documents that
detail strategies for water quality improvement in
a defined area. Water Quality Improvement Plans
prepared through the Natural Heritage Trust’s
(NHT) Coastal Catchments Initiative (CCl) are
environmental management plans that codify
and implement Australia’s National Water Quality
Management Strategy and the National Principles
for the Provision of Water for Ecosystems.

This Plan identifies the current status of
phosphorus loads; identifies the environmental
values (EVs) of water bodies, and the water quality
objectives (WQOs) that will protect the EVs and
identifies a set of management measures and
control actions to achieve and maintain those EVs
and WQOs.

The Water Quality Objective of the Plan is:

Median loadings of total phosphorus to estuarine
waters should be less than 75 tonnes per annum
in an average year with —

¢ the median load of total phosphorus flowing
in the estuary from the Serpentine River being
less than 21 tonnes;

¢ the median load of total phosphorus flowing
in the estuary from the Murray River being
less than 16 tonnes; and

e the median load of total phosphorus flowing
in the estuary from the Harvey River being
less than 38 tonnes.

Water qualities in streams in winter are to meet
mean concentrations of 0.1 mg/L at current
mean flows.
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The Plan has been developed to address catchment
management measures and control actions relating
only to phosphorus loads to the waterways. The
Environmental Protection Authority recognises
that there are other problems within the Peel-
Harvey System. These include the nitrogen levels
in estuarine waters; estuarine and riverine habitat
loss; acid soil drainage; and bacteria levels — animal
and human effluent — and action is required. Further
investigations are already underway on these issues
and the outcomes of these investigations will inform
the Catchment Management Plan, as required in
the 1989 environmental conditions, subsequently
amended in 1991 and 1993 (Environmental
Protection Authority, 2003).

As a result of years of nutrient input, there are large
stores of phosphorus in the soils and sediments of
the coastal portion of the Peel-Harvey catchment
that will take years to leach out of the soil, and
there would still be a time lag for the waterways
to show the desired improvements in phosphorus
levels. The Plan timeframe of 10-30 years may not
show any significant changes in water quality of
the estuary. Significant changes could be seen in
20-50 years. It is a long-term plan. On a small
scale, changes could be detected in loads within
a 10-year time scale. The journey however has to
start otherwise the problems will get worse.

The Plan proposes management measures and
control actions that are required across the coastal
section of the Peel-Harvey Catchment to reduce
phosphorus inputs to the estuary. The mix includes
actions to address existing activities, and others to
prevent and reduce phosphorus discharges in the
future. The key components include:

* management of agricultural land practices
using, better fertiliser, soil amendment, perennial
pastures and better management of irrigation
systems;

e management of urban land practices, better
fertiliser and soil amendment practices, and
water sensitive design that focuses on a ‘whole
of water cycle’ approach, applied through
the environmental and planning referrals and
approvals processes;

* managementofurbanandruraleffluent,including
retrofitting of septic tanks with nutrient reducing
alternatives, full connection to sewerage, and
cleanup of livestock practices;

* management of licensed discharges entering the
estuarine system through licensing of agricultural
nutrient discharges;

e protection and revegetation of wetlands and
waterways through maintenance of buffers and
riparian vegetation and stock exclusion;

¢ modification to drainage management practices
to reduce in-channel sediment movement as
opportunities arise;

e continued research and investigation into best
management practices available for nutrient
reduction in the rural and urban landscapes of
the Peel-Harvey Catchment to ensure improved
understanding of how nutrient reduction
measures are performing and to refine actions;

e implementation of a monitoring (at a range
of scales) and reporting program of suitable
indicators and targets to allow evaluation of the
efficacy of the Plan;

¢ identify and address barriers to uptake of best
management practices within the catchment
and measures that may increase the rate of
uptake; and

e fostering of community partnerships, to promote
awareness of and collectively manage water
quality issues.

The estuary is under significant stress due to rapid
urban development and agricultural practices.
Government and the community working
cooperatively will determine the future fate of
the estuary. The estuary may be facing another
ecological collapse including more fish deaths,
algal blooms and continued deterioration unless
urgent, coordinated and sustained action is taken.

The Environmental Protection Authority
recommends that Western Australian government
agencies agree on indicative costings and timelines
to implement the recommended measures and
actions of this Plan within six months of publication
of this final Plan.
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1. Introduction

1.1 Peel Inlet-Harvey Estuarine System
and its catchment

The estuary is located 75 km south of Perth in
the south west of Western Australia. The system
consists of two interconnected shallow lagoons,
the Peel Inlet and the Harvey Estuary, into which
the three major rivers, the Murray, Serpentine and
Harvey discharge. The estuary is the largest inland
waterbody in south western Australia (Brearley,
2005). The estuary is connected to the ocean via
two channels, the Mandurah Channel, a natural

but narrow 5 km long channel connecting the
northern end of the Peel Inlet to the Indian Ocean
and the Dawesville Channel (constructed in 1994),
connecting the southern end of Peel Inlet and the
northern end of the Harvey Estuary to the ocean.
The whole Peel-Harvey catchment is approximately
11 930km? (Jakowyna, 2000). This Plan covers the
coastal portion of the Peel-Harvey catchment as
shown in Figure 1. This area also includes the areas
within the Cities of Rockingham and Cockburn and
the Town of Kwinana that drain into the estuary via
the Peel Main Drain.

Swan River
Estuary

Mancurah
Channel

Dawesville
Channel

—
b

:i'

.‘-.

5

' SERPENTINE [

MURRAY
| Sub-Catchment

Peel-Harvey WQIP
Catchments

Figure 1: Showing the Peel Inlet-Harvey estuarine system and the
coastal portion of its catchment (courtesy Department of Water).



Progressive nutrient enrichment of estuarine
waters over several decades of catchment landuse
practices has contributed to lowered estuarine and
riverine water quality and the appearance of large
accumulations of macroalgae and blooms of the
toxic blue-green microalga Nodularia spumigena
(see Figure 2) during the 1980s and the early 1990s
— the former largely in the Peel Inlet and the latter in
the Harvey Estuary (Water and Rivers Commission,
2004).

Figure 2: Nodularia spumigena floating on the surface
waters of Peel Inlet (courtesy Moira Wills).

1.1.1 Past activities in the catchment*

The lands of the Peel-Harvey Estuarine catchment
had been utilised by communities of Noongar
people prior to European settlement. Noongar
communities within the region utilised fire-stick
farming, as both a tool for rejuvenation of vegetation
within the area, and to flush out game. In addition
the communities had established fish traps along
stretches of the Murray River whereby fish could be
caught by hand. The Noongar activities within the
catchment were subsistence practices and required
large open areas to work effectively.

The first European settlers arrived in the Peel-
Harvey catchment in the early 1800s, with the intent
of using catchment land for agricultural practices.
A small colony of people settled at “Peeltown” near
the Mandurah Channel in mid 1830. By 1835 many
people had settled along the Murray River between
“Peeltown” and Pinjarra.

For the first few years, the settlers experienced
many hardships. This was mostly the result of
the nature of the soils and climate of the region,
combined with the agricultural practices applied
by the European settlers that had been developed
in a location with very different environmental
conditions. As such, the quest for the best areas
of land acceptable for agricultural practices within
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the catchment commenced, and many of the first
settlers chose land on the river flats, where soils
were relatively organic-rich and could be accessed
by boat.

Over the next decade, many more settlers arrived in
the region. Livestock were introduced and allowed
to roam free across large areas, as such a range
was necessary due to the poor carrying capacity of
the region, and clearing of land commenced with
the commencement of pastoral activities.

By the 1850s, farmers in the catchment were
producing enough fruit, vegetables, potatoes,
wheat and running livestock to sustain the
population and for export. In addition, impressive
commercial catches of fish were being taken from
the estuarine system by the 1880s and exported
with the introduction of canning technology to the
region.

In the 1890s it became evident that fish stocks
were becoming depleted. In 1898 formal efforts to
manage commercial fishing activities on the estuary
commenced and regulations were gazetted. The
first Fisheries Department of Western Australia
was also established. Fisheries management
has been ongoing since this time in an effort to
manage the consistent and significant commercial
and recreational fishing pressures the system has
experienced over this extended period.

Within this period, it became evident that the
full potential of agricultural production and land
availability had not been realised due to the natural
seasonal flooding experienced over much of the
region and the hydrological nature of the upper
riverine reaches of the catchment.

Bradby (1997) provides the following description of
the upper riverine reaches of the catchment prior to
human modification:

‘In 1829, the Swan Coastal Plain was a wetland.
Eachwinteritandthe upstreamjarrah forest would
be hit by heavy and concentrated rains. Streams
and brooks would flow onto the plain, dissipating
their energy into a broad, interconnected chain
of swamps many kilometres wide. Only the
rivers of the largest system, the Murray and the
Dandalups, stayed in clear stream beds for all
their length. In larger floods, even these streams
strayed across the flats.

The other main rivers, the Serpentine and
the Harvey, were well-defined watercourses
in their upper and lower sections, but their
middle reaches were a maze of swamps, with

* Section 1.1.1 adapted from Water and Rivers Commission (2004) except where noted otherwise.
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paperbarks, flooded gums and sedges. Here, the
rivers would spread out in winter and join forces
with the flow from all the smaller brooks and
streams. Some of this water would eventually
seep through to the river’s lower reaches, and
flow through the estuary to the sea. The plain
would be flooded from the scarp through to the
long ridge of tuart-covered Spearwood dunes
towards the coast, with only occasional sandhills
remaining exposed.’

With increased colonisation of the catchment came
increased clearing of the land and this, combined
with logging in the region resulted in rises in the
groundwater table, which in turn exacerbated the
extent of flooding. Eventually the government chose
to address the problem of flooding by implementing
a system of drains, after land holders in the region
lodged numerous complaints relating to lost crops
and property damage. In 1900, the first Drainage
Bill was passed by State Parliament. Over the
following seventy years, trees on the banks of the
waterways were removed; lower riverine reaches
were de-snagged; the rivers were straightened and
deepened; a system of interconnecting drains was
dug across pastoral lands; swamps were drained;
flow rates of the river courses were increased.

Bradby (1997) recounts the drainage system that
was implemented in the region. He ends the section
with the point:

‘Work commenced on the Meredith Drain in 1970
and had been completed by 1974. Within six
years, scientists working on the algal problems
of the Peel-Harvey were to target the Meredith
Drain as a significant source of nutrient pollution
affecting the estuary.’

There are 1330 kilometres of waterways (artificial
and natural) in the Peel-Harvey coastal plain
catchment, including 1014 km of waterways
which make up the Mundijong, Waroona & Harvey
Gazetted Drainage Districts (Del Marco, 2007).

1.1.2 Status of current landuse activities in the
catchment

Landuse in the Peel-Harvey region is highly
diversified. Residential, commercial and agricultural
practices flank the estuaries, while agriculture is
the dominant landuse activity on the coastal plain
region. Stock grazing and pasture development are
the most common agricultural activities, although
horticulture and industry are also present. A small
portion of the region is irrigated and has a developed
network of drains. Approximately 75 percent of
the coastal plain is cleared of native vegetation.
The land immediately east of the Darling Scarp

remains largely forested with native Eucalyptus
marginata and all rivers except Murray in the region
have been dammed. The land to the east of the
plateau is largely cleared for stock grazing, pasture
development and cereal crops (Jakowyna, 2000).

The Harvey catchment has been extensively cleared
and drained for agriculture. Irrigated pastures in the
south-east portion support a major dairy industry
and some intensive horticulture, while clover-
based pastures in the central and western portions
support beef cattle, sheep and hay production. The
Murray catchment contains mostly grazing and
cropping. The Serpentine catchment has a diverse
mix of landuses including horticulture, grazing,
poultry farms, feedlots and hobby farms. Waters
from the largely unmodified forested catchment
of the upper Serpentine have been diverted for
potable water supplies. Jakowyna (2000) describes
the main catchment landuses of the Peel-Harvey
catchment in detail and this is also summarised in
Appendix D. Section 2.8 outlines the main sources
of phosphorus to the estuary by landuse category.

Significant new urban development and rural
landuse intensification are occurring within the
Serpentine (including the Peel Main Drain) and
Murray catchments in close proximity to waterways
and wetlands, in response to peri-urban land
pressures and in advance of new rail and highway
infrastructure.

Agricultural practices are highly influenced by
soil type. The Peel-Harvey coastal catchment
is flat with low undulations of up to 3m. Soils
are generally, with some exceptions, of alluvial
deposition overlain by deep weathered sands that
form low parallel dunes running north to south.
Over 60 percent of the catchment has coarse sandy
surfaces of varying depths on top of impermeable
layers of ironstone or clay. Inundation is common
during winter because of the flat landscape and
short but relatively wet and intense winter rainfall
season. Winter rainfall exceeds evaporation and
when combined with ground saturation and soll
types of the area helps contribute to as much as
30 percent run-off. Consequently there are many
lakes and some areas of permanent water logging.
The large drainage network constructed since the
1930s greatly reduces inundation (Summers et al.,
1999) and has greatly reduced the wetland areas.

Despite the drainage network, stream flow rises
and peaks over several days following rain events
as water pools and is stored on the flat landscape.
Nutrient run-off from clay soils is predominantly
over the surface while sandy soils have combined
subsurface drainage through the topsoil and



surface flow when the soils, that are the overlaying
sands, become saturated. The sandy soils become
saturated because of the relatively impermeable
ironstone and clay underlayers (Summers et al.,
1999).

There are a large number of risk factors that
influence the pathway of phosphorus loss from
the landscape which include closeness to drain
or streams, waterlogging, amount of phosphorus
applied, how steep the land is, soil factors, the
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management practices and how far it is from
the estuary. Figure 3 is a map of the Phosphorus
Retention Index (PRI), which is one of the risk
factors. Soils with a low PRI can leach phosphorus
by movement with water through and across the
soil; the soils with a high PRI lose phosphorus from
across the surface. The lower the PRI the easier it is
for phosphorus to move through these sandy soils.
Below 5 is extreme risk (Summers pers. comm.).
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Figure 3. Map of the Phosphorus Retention Index (PRI) of the Peel-Harvey catchment (courtesy Department of

Agriculture and Food).
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1.2 Environmental Values of the Peel
Inlet-Harvey Estuarine System

The Peel Inlet-Harvey Estuarine System is of
considerable ecological, recreational, commercial
and scientific interest and forms part of the Peel-
Yalgorup System. Its fringing environment contains
ecologically important wetlands and lakes and
was placed on the list of Wetlands of International
Importance under the Convention of Wetlands
(Ramsar, Iran, 1971) on 7 June 1990. The estuary is
an internationally significant habitat for waterbirds
and migratory wading birds. Tens of thousands of
waterbirds gather each year with over 80 species
recorded, of which 27 are listed on the Japan-
Australia Migratory Bird Agreement (JAMBA) and
the China-Australia Migratory Bird Agreement
(CAMBA) (Environmental Protection Authority,
2003). The system is also valuable as a commercial
and recreational waterway and has spawned
a development and tourist industry. Increased
demands on the estuary have placed additional
burdens on the system (for example, spraying for
mosquito control, agricultural production, foreshore
development and access, boat use and moorings
and jetties).

The draft environmental values (ecosystem health
or beneficial use) as shown in Figure 4 have been
identified during key stakeholder workshops, and
are consistent with the recent Natural Resource
Management Strategy consultations (South West
Catchments Council, 2005) (Land Assessment
Pty Ltd, 2005). They apply to the estuarine waters
including the tidal reaches of the three main rivers;
They are as follows:

e aquatic ecosystem health;

e aquaculture and human consumption of aquatic
foods;

e recreation and aesthetic — primary, secondary,
visual amenity; and

e cultural and spiritual — sacred sites, heritage
sites.

The environmental values that are not applicable
here are drinking water and the primary industry
uses for agriculture (irrigation, stock water).
Commercial fishing is included in the environmental
value ‘seafood safe for human consumption’.

As part of the development of the Peel Sustainable
Development Strategy 2020 (Peel Development
Commission, 2002) a survey was undertaken to
determine community values of the region. The
protection of the environment and of the Peel

waterways in particular rated very highly through this
process. Table 1 also describes the environmental
values and whether they are currently being
achieved.

For management purposes, the Dawesville Channel
and the northern part of the Mandurah Channel
are not included. These particular waterways are
busy transit corridors and have a mix of water
quality issues that will need other measures to be
set in place. However all waters shown, including
associated wetlands, will have an improved water
quality if the catchment-derived phosphorus load
is decreased.

Most recreational activities and supporting
commercial activities are ecosystem based
including fishing, crabbing, bird watching, boating
including kayaking and canoeing, tourism and
educational activities. These beneficial uses are
likely to have an impact on the ecosystem health
condition of estuarine waters but are dependant
upon them being of good quality. Meeting the
water quality objectives for ecosystem health will
protect these beneficial uses and their condition
will be monitored in parallel with that for ecosystem
health.

Recognising the currently disturbed state of the
estuary and the expressed community values, the
Environmental Protection Authority has assigned a
level of ecological health protection to these waters
as a ‘Moderately Disturbed System’ consistent with
the national guidelines (ANZECC and ARMCANZ,
2000). The Environmental Protection Authority also
recognises the highly stressed tidal reaches of
the Serpentine and Murray Rivers as measurably
degraded ecosystems (experiencing algal blooms,
bacteriological scums, fish kills, unsightly episodic
decomposition of alga producing offensive odours).
These reaches have continuing high amenity value
and the Environmental Protection Authority has
identified the riverine segments as the focus of
management in the short term. This allows some
flexibility in management so that wider variations
might be acceptable while water quality trends
improve in the longer term.

These values are consistent with the national
approach that defines environmental values of
waterbodies 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 (ANZECC and
ARMCANZ, 2000).
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Figure 4: Environmental Values in the Peel Inlet-Harvey estuarine system (courtesy of Department of Water).
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1.3 Environmental issues and
management in the Peel Inlet-Harvey
Estuarine System *

Prior to the opening of the Dawesville Channel,
the estuary had limited tidal exchange with marine
waters via the narrow 5 km long Mandurah Channel.
Poor exchange resulted in a high level of retention
of nutrients from catchment run-off, and this
nutrient enrichment resulted in large accumulations
of macroalgae in the Peel Inlet in summer and
autumn, and massive Nodularia spumigena blooms
in Harvey Estuary in late spring/early summer.

The salinity regime in Peel Inlet was less variable
than in Harvey Estuary. The Inlet had higher
salinities than the estuary during winter and spring:
marine salinities re-established one or two months
earlier (e.g. by the end of December instead of the
end of January); and the degree of hypersalinity was
less in late summer and autumn. Deoxygenation
of bottom waters in Peel Inlet mostly occurred
during periods of stratification, although Nodularia
blooms spreading out from the estuary affected
both oxygen levels and turbidity in the western part
of the Inlet. Unlike the estuary, water clarity in the
Inlet was sufficient to allow the growth of extensive
stands of macroalgae in summer and autumn, and
macroalgal uptake of nutrients helped to maintain
low levels of organic nutrients and chlorophyll a in
the water column during these seasons. The variable
salinity regime and periods of poor water quality in
the estuary were tolerated by only a few species of
aquatic plants and invertebrates, but these species
were nonetheless highly productive due to the
nutrient-enriched conditions. The high productivity
of these aquatic plants and invertebrates in turn
helped maintain large populations of fish and
waterbirds.

Water quality was particularly poor in the Harvey
Estuary due to its physical and chemical features,
particularly its greater distance from the Mandurah
Channel and close proximity to phosphorus-rich
infows from the Harvey River. The estuary was
generally less saline (except in autumn), more prone
to salinity stratification, was more turbid (due to both
Nodularia blooms and continued re-suspension
of fine sediments by wind-driven waves) and had
higher levels of nutrients and chlorophyll a than Peel
Inlet (due to Nodularia blooms). De-oxygenation of
bottom waters in the estuary also occurred during
periods of stratification and Nodularia blooms,
continuing after the bloom’s collapse. Periods of
severe de-oxygenation in turn caused the death of
benthic invertebrates and fish.

The presence of regular and extensive toxic
phytoplankton and macroalgal blooms (Figure 5),
de-oxygenation events and fish kills were symptoms
of an ecological collapse that had occurred across
the estuarine reaches. Collapse within the estuarine
system rendered it unusable not just for much of the
resident flora and fauna necessary for continued
ecological function of the estuarine system, but
also for the local human population reliant on the
system. Ecological collapse of the estuary led to
socio-economic problems: commercial fishermen
had difficulties harvesting fish catches due to the
physical impediment macroalgal accumulations
posed; recreational users were not able to have
contact with estuarine waters for extended periods
of the year due to toxic phytoplankton blooms; the
presence of a mosquito-borne virus in the area
became evident posing a health risk for people
living within 10 km of estuarine waters.

Figure 5: Macroalgal accumulation at Cox Bay, Peel
Inlet (courtesy Dr Tom Rose).

Prior to opening of the Dawesville Channel, daily
mean tidal range in the Peel Inlet and Harvey
Estuary averaged 17 percent and 15 percent of the
ocean tides respectively. Now the tidal ranges in
the Peel Inlet and Harvey Estuary are 48 percent
and 55 percent of the ocean tides respectively.

* Section 1.3 adapted from Water and Rivers Commission (2004) except where noted otherwise.
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With increased exchange with marine waters, water
quality in the estuarine reaches has improved,
particularly in the Harvey Estuary where periods
of stratification and de-oxygenation are shorter
and less frequent, Nodularia blooms have been
absent and turbidity during spring has decreased.
In contrast to pre-Channel years, water quality in
the Harvey Estuary has become very similar to that
in the Peel Inlet.

The more stable salinity regime and improved water
quality in the estuary has resulted in an increased
number of species of aquatic plants and animals
in the system, particularly those requiring marine
salinities. These organisms are also able to stay in
the estuary for a larger part of the year. Compared
to the salinity regime and resident biota of pre-
Channel years, the estuary is more like a sheltered
marine embayment for much of the year.

Gibson (2001) noted that the three dominant tree
species, Casuarina obesa, Eucalyptus rudis and
Melaleuca rhaphiophylla, of the riverine vegetation
of the Harvey River delta showed a general decline
in canopy condition with this change of salinity
regime.

Seagrass distribution and production has increased
and biological productivity has remained high,
based on the numbers of fish, crabs, prawns
and waterbirds present. Numbers of black swans
appear to have declined, possibly as a result of
loss in preferred food sources (Ruppia and certain
species of macroalgae).

In November 2000, a preliminary survey of the
estuary by the Aquatic Science Branch, Water
and Rivers Commission, found the macroalga
Lyngbya spp. along the Coodanup foreshore, and
in Robert Bay, both areas located within Peel Inlet.
Lyngbya spp. is a filamentous cyanobacterium
that can be toxic, causing skin irritations, such
as the populations of Lyngbya found in Moreton
Bay, Queensland. Lyngbya spp. may also form
dense aggregations that can smother underlying
benthic habitats such as seagrass meadows.
The macroalgal samples collected in Peel Inlet in
November 2000 were not found to be toxic and
it was recommended that future aggregations of
the alga found be assessed for toxicity. A large
outbreak of Lyngbya spp. occurred in Geogorup
Lake and the Serpentine River in December 2006
and early 2007.

There have been improvements in parts of the
estuary closest to the Dawesville Channel however
weed-harvesting operations are still required for
nuisance algae in the eastern portions. Significant

macroalgal growth occurs in Austin and Robert Bay.
Significant algal blooms and associated symptoms
occur frequently in the estuarine reaches of the
Serpentine and Murray Rivers.

A noticeable change in the peripheral lands of
the estuary since construction of the Dawesville
Channel has been the establishment of waterside
urban development. Along with establishment of
watersideurbandevelopmenthavebeensubsequent
changes to fringing wetlands traditionally found
bordering the estuarine system. The wetlands
fringing the estuary are an important component
to the ecological functioning of this Ramsar Listed
estuarine system. Fringing wetlands act as filters
to the estuary, as often both groundwater and
surface runoff pass through these waterbodies
prior to entering the estuary. Much of the sediment
and nutrient load that could potentially enter the
estuarine system is assimilated during residence
time in the fringing wetlands, thus improving the
quality of waters entering the estuary. In turn,
nutrients added to fringing wetlands are utilised
within these systems and passed on as increased
productivity to the estuarine system rather than as
nutrients, and provide a resource for waterbirds that
are an important feature of the Peel-Harvey region.
Despite the critical part that fringing wetlands play
in the ecological functioning of the estuary, a clear
understanding of the qualitative or quantitative
impacts of urban development around the periphery
of the estuary on fringing wetland habitats and their
function is not known.

A soil sampling program undertaken by the
Land and Water Quality Branch, Department of
Environment and Conservation in early 2004 in
the Peel-Harvey Catchment indicated that about
5,000 ha of shallow (<3 m deep) sediments in this
region contained significant amounts of iron sulfide
minerals that have the potential to be disturbed
by local development. Acidic drainage has been
linked to accelerated orthophosphate delivery to
catchment waterways. If disturbed, there is the
potential for an acid-sulfate condition to develop in
the area, resulting in the discharge of acidic surface
run-off and contaminated groundwater carrying
soluble metals and other toxic pollutants (Stephen
Wong pers. comm.). The new urban development
near the Creery wetlands on the northern shore
of the Peel Inlet and near the Dawesville Channel
have disturbed approximately 500 ha of soils.
This disturbance has the potential of generating
75,000 t of sulphuric acid. Fortunately, the high
acid-buffering capacity of marine waters reduces
the potential environmental impact of sulphuric
acid discharging into the aquatic environment.
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However, if this were to occur in riverine reaches
of the estuary, buffering of the acidic discharge
would be much more limited resulting in potentially
serious impacts on the aquatic environment.

1.4 Consultation processes used
in developing this Water Quality
Improvement Plan

A collaborative effort with significant community
support is required to implement the Plan. The
State of the Environment Report (Environmental
Protection Authority, 2007) stressed that unless a
systematic approach is used to reduce phosphorus
discharges, water quality will continue to deteriorate.
The main aim of the Plan’s communication strategy
(Environmental Protection Authority, 2006) was
to engage the community and stakeholders in
the preparation of the Plan and implementation
framework and to provide feedback for improving
the Plan.

The Plan complements and closely links with
the Peel-Harvey Catchment Natural Resource
Management Plan of the Peel Harvey Catchment
Council Inc. (Land Assessment Pty Ltd, 2005) and
the Regional Natural Resource Management Plan
of the South West Catchment Council (South West
Catchments Council, 2005). It draws information
from historic and current projects in the Peel Harvey
Catchment, including seven other projects funded
as part of the Coastal Catchments Initiative (CClI).

A preliminary consultation stage, limited in
scope, was undertaken in 2004 (Department of
Environment, 2004a) in three regional workshops
with key stakeholders. Participants were asked to
identify where and what activities or social amenity
and uses of waterways and estuarine waters
(including drains) they currently enjoy (or value) and
want to continue to enjoy, and what they want the
quality of these waters to be like. The feedback
reported to the Environmental Protection Authority
at that time included:

e water quality values: healthy wetlands, rivers and
estuaries to support wildlife and people;

e preferred uses: fish, swim, boat, farm, flood
protection; and

* management measures: reduce phosphorus,
restrict access to banks of drains and streams.

This was used to spatially define the draft
environmental values and beneficial uses set out in
Figure 4. During the workshops it was explained
that these environmental values would be used by
the Environmental Protection Authority to set the
level of protection for water quality in the estuarine
waters, and to define the water quality targets to
be achieved.

Since then progress reports and opportunities
for input have been provided to stakeholders and
the community as various CCI project findings
have been released. In particular, comment has
been sought at various stakeholder meetings
and community fora on the interim findings of
the modelling and monitoring projects, which
have identified catchment hot spots and a range
of phosphorus-reducing management actions by
subcatchment. Feedback from this engagement
was incorporated in development of the draft Plan.

The main round of consultation commenced with
the release of the draft Plan fora 10 week period
when the community had the opportunity to
engage on key issues.

These comments have now been considered and
where appropriate issues and concerns have been
taken on board in preparation of this final Plan.

Importantly, the indigenous community has been
engaged in the process of consultation, and will
continue to be involved.

11
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2. Water Quality

2.1 Water quality issues

A number of environmental issues of concern have
been observed in the Peel Inlet-Harvey Estuarine
System over recent and past years. These include
deteriorating water quality in the lower reaches
of the Murray and Serpentine Rivers, associated
with which are de-oxygenation events, increased
nutrient concentrations, toxic phytoplankton
blooms and fish kills. In the Peel Inlet, the toxic

macroalga Lyngbya spp. has been found, while
along the banks of the Harvey Estuary changes in
fringing vegetation have been observed and bank
erosion associated with increased tidal regimes
has been reported. Finally, in the Harvey River, a
deterioration in tree health has been reported.

A summary of the present environmental conditions
of concern in the Peel-Harvey Estuarine System has
been summarised in Table 2 according to region.

Table 2: A summary of environmental conditions of concern in the estuarine reaches of the
Peel Inlet-Harvey Estuarine System (adapted and updated from (Water and Rivers Commission, 2004).

Region Condition

Example

Peel Inlet Appearance of the potentially toxic blue-
green macroalga Lyngbya spp. at Robert
Bay and along Coodanup foreshore in

December 2000.

Peel Inlet early spring each year. Has
been detected above health guidelines
regularly since 2002.

Small fish kills of approximately 1000
blowfish investigated in Coodanup in
January 2005.

Dinophysis accuminata typically occurs in

Lyngbya spp. in Peel Inlet (courtesy of Wasele
Hosja, December 2000).

Harvey
Estuary

Decrease in numbers of fringing trees
and shrubs along the shores of the
Harvey Estuary.

Dying fringing vegetation along the shoreline of
Harvey Estuary (courtesy of Tracey Calvert, April
2001).

Prickly algae Acanthophora spicifera
detected near the Dawesville Channel in
January 2007. This nuisance algae is a
sub-tropical marine species that has
numerous microscopic spines and is
highly invasive.

Small fish kills of approximately 1000
blowfish reported and investigated
February — April 2005.

Acanthophora spicifera blooms near the Dawesville
Channel (courtesy of Wasele Hosja, January 2007).




Water Quality Improvement Plan for the Rivers and Estuary of the Peel-Harvey System - Phosphorus Management

Region Condition Example

Harvey

Estuary

L . o i ot~ LY Y

Close up of the prickly algae Acanthophora spicifera
detected near Dawesville Channel (courtesy of
Wasele Hosja, January 2007).

Murray Strong salinity stratification and -

River subsequent deoxygenation events in Murray River

surface waters outside winter river-flow
periods.
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Seasonal dissolved oxygen (mg/L) in the Murray
River between 1995 and 2003. The green dotted line
indicates oxygen levels that affect fish (courtesy of
Christian Zammit).
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Seasonal salinity (ppt) in the Murray River between
1995 and 2003 (courtesy of Christian Zammit).
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Region Condition Example

Murray Phytoplankton (diatom) blooms in summer 1 008000

River and autumn, presenting as a thick, surface- Wrrmy-Fivr =
forming scum. In addition, the potentially 100,000 |

toxic dinoflagellate Alexandrium minutim
has been detected in moderate densities
(summer 1996).

Phytoplankton (cells mg/L)
&

T

b= % ]
O

- l—§—|

| Hi |

_..:l ;—E

IRETN Sy

L = B

His 1 |
i

.

Seasonal diatom, dinoflagellate and total
phytoplankton abundance in the Murray River
between 1995 and 2003. Red line indicates 20,000
cells/mL, or bloom conditions (courtesy of Christian
Zammit).

Fish kills have been reported in:

Winter 99 - approx. 50 fish dead; deaths
likely due to the presence of

Gyrodinium cf. Galatheanum.

Spring 00 — approx. 400 fish dead;
deaths attributed to low dissolved O,
associated with decomposing surface
scum and presence of Gymnodinium.

Summer 00/01 - 3 incidents; 600-700
Bony Herring dead on these occasions;
attributed to low dissolved O, associated
with decomposing scum on one occasion.

Autumn 02 — approximately 700 herring.
Summer 02 - less than 10 fish dead; very
thick scum present in the area at the time.
Upper Murray 100s-1000s.

Autumn 07 - 900 gobbleguts,

100 bony herring.

Fish kill on the Murray River (courtesy Department
of Water Mandurah Office, January 2002).

The seasonal appearance of surface scum
on waters of the Murray River from late
spring through to autumn has contributed
to the aesthetic deterioration of this
section of the waterbody. Investigations
into the origins of the scum have been
initiated through the “Six Point Action
Plan for the Murray River”.

Microalgal scum on the Murray River (courtesy
Department of Water Mandurah Office, January 2002).
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Region Condition Example
Murray The accumulation of monosulphide
River black ooze (MBO) in the Yunderup Main
Drain. MBOs create anoxic “blackwater”
flows that kill fish.
Monosulphide black ooze accumulating in the
Yunderup Main Drain (courtesy Department of
Environment and Conservation, Steve Appleyard,
2004).
Serpentine | Extensive Lyngbya spp. bloom in
River Serpentine River and Goegrup Lake

from November 2006 to January 2007.
Bloom stretched for 6 kilometres from
Barragup Bridge to Ibis Retreat, Stakehill.

Lyngbya majuscula along the Serpentine River at
the Serpentine Bridge (courtesy of Rob Summers,
November 2006).

Nodularia blooms in late spring through
to early autumn, often followed by
dinoflagellate and other flagellate blooms.
In addition, a bloom of Prymnesium,
which can be lethal to fish, occurred in
autumn 1997.

Massive fish kills-

February 2003 (>500,000 (Bob Pond pers.
comm.);

February 2004 (120,000 Smith et al., 2005);
and

2005 (~150,000 (Bob Pond pers. comm.).
March 2006 (3000 blowfish and large
mats of Lyngbya at Geogrup Lake).
Linked with deoxygenation along lower
tidal stretches of river from delta to

Lakes Road Bridge. Sampling in weeks
prior to event revealed huge bloom of
Heterocapsa spp that was not present
during and after the kills. Rapid collapse
of bloom is thought to have contributed to
hypoxic slug of water.

Nodularia spumigena blooms on the Serpentine
River (courtesy of Water and Rivers Commission,
June 2000).

15
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Region Condition Example
Serpentine | High phosphorus concentrations in both "
. . PS4 - Downstream » & Surlsce
River the water column and the sediments ~ st - Bomon
have been observed from monitoring data. | 2 |
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Soluble phosphorus concentrations in the water
column in the Serpentine River between 1995 and
2003 (courtesy of Christian Zammit).
Harvey Deterioration in tree health in the lower
River reaches of the Harvey River.

Deteriorating tree health along the shoreline of the
lower Harvey River (courtesy of Tracey Calvert, April
2001).
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2.2 Addressing phosphorus loads

Although the permanent opening at Dawesville was
completed in 1994, the additional tidal flushing
of the estuary does not counter all the effects of
continual nutrient input from the catchment.

The ecosystem decline within the estuarine system
is due to nutrient discharge from intensifying
landuses over many years. Recently, several
initiatives have been introduced to reduce pollutant
loads, including a review of licences (Department of
Environment, 2005, Appendix F) and environmental
improvement plans for industry, and improved
standards for new development. Planning and
licences will be discussed further in sections 4.3
and 4.7.

Major changes are occurring within the catchment.
Major rapid transit routes and rapid expansion
of residential and industrial developments are
scheduled. Additional growth need not result in
increased pollutant loads. Section 4.3 identifies
new standards for urban development that can
reduce loads, within a whole of water and nutrient
cycle approach.

2.3 Existing programs addressing
phosphorus load reductions

The Peel-Harvey Management Strategy proposed
an expensive engineering measure to construct the
Dawesville Channel (including sand-bypassing and
dredging) designedto flush ‘end of pipe’ phosphorus
loadings to the estuary. This was to be supported
by catchment-based activities including fertiliser
reductions, a moratorium on clearing, water quality
monitoring, and a Catchment Management Plan (set
in the Ministerial environmental conditions of 1989,
1991 and 1993). An Environmental Protection Policy
(EPP) and Statement of Planning Policy (SPP) were
introduced in 1992 to target phosphorus reductions
within the Peel-Harvey Catchment.

The EPP sets out the environmental quality
objectivesforthe Peel-Harvey estuary andthemeans
by which the Environmental Quality Objective
(EQQOs) are to be achieved and maintained. The
EPP set the EQOs as the median load of total
phosphorus flowing from the entire catchment into
the estuary of less than 75 tonnes, with the median
load of total phosphorus flowing into the estuary
being less than 21 tonnes for the Serpentine River,
less than 16 tonnes for the Murray River and less
than 38 tonnes for the Harvey River. The EPP states
that this will be achieved through implementation of
the Statement of Planning Policy No 2.1, appropriate

land management by landholders and management
authorities in the policy area, government extension
services in the policy area, and local and State
authorities ensuring that decisions are compatible
with the achievement of and maintenance of the
EQOs (Government of Western Australia, 1992a).

The objectives of the SPP are to:

e improve the social, economic, ecological,
aesthetic, and recreational potential of the Peel-
Harvey coastal plain catchment;

e ensure that changes to landuse within the
catchment to the Peel-Harvey estuarine system
are controlled so as to avoid and minimise
environmental damage;

e balance environmental protection with the
economic viability of the primary sector;

* increase high water-using vegetation cover
within the Peel-Harvey coastal plain catchment;

e reflect the environmental objectives in the
Environmental Protection (Peel Inlet-Harvey
Estuary) Policy 1992; and

e prevent landuses likely to result in excessive
nutrient export into the drainage system
(Government of Western Australia, 1992b).

Other monitoring and management programs
include the Statewide Algal Management Strategy,
Murray River Six Point Action Plan to manage
waste and bacterial scums, Dairycatch, programs
of the Department of Water, and projects managed
by the Peel-Harvey Catchment Council funded
through the South West Catchments Council Water
Quality Recovery Program (South West Catchments
Council, 2005).

2.4 Management segments of the
Peel Inlet-Harvey Estuarine System

The Plan focuses on the estuarine system, defined
as: the Peel Inlet, the Harvey Estuary, and the tidal
reaches of the Serpentine, Murray and Harvey
Rivers below the gauging stations of Dog Hill,
Pinjarra and Clifton Park respectively (Figure 4).

2.5 Water Quality Objectives for
segments

A Water Quality Obijective!, as defined in The
Framework for Marine and Estuarine Water Quality
Protection and based on the Global Program of
Action (Environment Australia, 2002) for the CCI
program, means:

"Water quality objectives are equivalent to environmental quality standards in the ANZECC and ARMCANZ (2000) and

Government of Western Australia (2004).
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‘a numerical concentration limit or narrative
statement that has been established to support
and protect the environmental values of water at
a specific site. It is based on scientific criteria or
water quality guidelines but may be modified by
inputs such as social or political constraints’.

Water quality objectives to be achieved and
maintained in respect of the estuary are a median
load (mass) of total phosphorus flowing into the
Estuary of less than 75 tonnes with the:

e median load (mass) of total phosphorus
flowing into the Estuary for the Serpentine
River being less than 21 tonnes;

e median load (mass) of total phosphorus
flowing into the Estuary for the Murray River
being less than 16 tonnes; and

e median load (mass) of total phosphorus
flowing into the Estuary for the Harvey River
and drains being less than 38 tonnes.

These objectives were also set within the Peel
Harvey Stage Il Report (1989) (Kinhill Engineers
Pty Ltd, 1988) and Environmental Protection (Peel
Inlet-Harvey Estuary) Policy 1992 (Government
of Western Australia, 1992a) and were confirmed
in 2003 in the Progress and Compliance Review
(Environmental Protection Authority, 2003).

The water quality objective to be achieved within
the catchment waterways is set so that water
quality at the draining point (outlet) of each
catchment meets a median winter concentration
value of 0.1 mg/L (0.2 mg/L in the shorter term)
for Total Phosphorus (TP).

This methodology was based on Swan River
Trust research and used in the catchment based
modelling supporting this project, where it was
predicted that if this concentration value is met
then estuarine loadings of 75 tonnes p.a. set in
the Ministerial environmental conditions can in
time be met (Zammit et al., 2006).

2.6 Setting Load Reduction Targets

Predictive modelling tools have been developed
as part of one of the CCl projects to estimate
load reductions required to meet the water quality
objectives. It is based on a large scale catchment
model called LASCAM (described in Section 2.9).
LASCAM can be used to assess management
decisions and test how these will impact on

water and nutrient delivery from the catchment
to the estuary. It has been used to calculate load
reduction targets for 48 outlets across 17 reporting
catchments based on current climatic and landuse
conditions.

These load targets represent the load reduction
required in each catchment in order to meet the
water quality concentration target (the median
winter concentration target of 0.1 mg/L for total
phosphorus) at each reporting catchment outlet.
The method to calculate load reduction targets and
the results are identified in (Zammit et al., 2006)
(Appendix B). The 17 reporting catchments are
shown in Figure 6.

The model provided a margin of safety. A ‘reference’
scenario was developed to compare the results of
each scenario. The reference scenario assumed
landuse and fertiliser applications remained at
2003 levels. The flow and nutrient results are
presented as ratios between the tested scenarios
and the reference scenario. This is so the impact
of the proposed scenarios can be easily compared.
Also, the uncertainties in the modelling results are
difficult to estimate and reporting in this manner
avoids reporting absolute values. The Annexes in
Appendix B contain data on flow, concentration
and yield for each reporting catchment.

2.7 Total maximum and the Plan’s
phosphorus loads

The total maximum pollutant load 2 is the maximum
load of a pollutant that a water body can receive and
still meet its water quality objectives and maintain or
protect the designated environmental values. This
scientific research has not yet been undertaken for
the estuarine system, however the load reductions
or maximum allowable phosphorus loads leaving
each of the 17 catchments was estimated in the
catchment based modelling.

The figures below show the model predictions of
Total Phosphorus (TP) load and concentration
as they are now (Figures 7 and 8) and how they
need to change in order to meet the load and
concentration targets (Figures 9 and 10). Most of
the load is transported in the winter season and the
load and concentrations presented in this report
are expressed in terms of median winter load and
concentration calculated over the period June to
October. In order to incorporate climate variability
the climate sequence modelled was the period
1990-2004.

2 CCl methodology in the Framework for Marine and Estuarine Water Quality Protection (Environment Australia, 2002) and
modelled on UNEP’s Global Program of Action for the Protection of the Marine Environment from Land Based Activities
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Figure 6: The seventeen reporting catchments of the Water Quality Improvement Plan for the Rivers and
Estuary of the Peel-Harvey System (courtesy of Department of Water).
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