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Preface

Estuaries are naturally highly productive environments.
This productivity provides a nursery for juvenile fish,
breeding grounds for migratory birds and habitat for
numerous terrestrial species, not to mention the many
human uses for estuaries. They provide so much and yet
are fragile environments, vulnerable to disturbances in the

surrounding catchment and the impacts of human activities.

Land-use has greatly increased the quantity of nutrients
moving into our estuaries, The increase in nutrient supply,
in many cases, has caused excessive productivity in the
estuary. This allows opportunistic species such as toxic
blue-green algae (cyanobacteria) to out compete other plant
species, resulting in habitat loss, decreases in biodiversity,
and long-term changes to the ecology of the estuary.

With the ever-increasing demand for the commodities
supplied by the landscape more nutrients are being
imported to catchments in an effort to gain more products
from less land. This intensification combined with rapid
coastal development and urbanisation further increases the
productivity of our estuaries,

Many estuaries in Australia are now classified as nutrient
enriched or eutrophic and have a high amount of
phosphorus stored in the sediments. These phosphorus
stores can be released during low-oxygen periods, and may
now take decades (if ever) to deplete.

The Curdies Estuary in South West Victoria is an example of
an estuary that has a history of high nutrient inputs from
the catchment. The estuary has a wide, shallow embayment
and limited flushing to the ocean. As such the estuary is
prone to accumulation of sediment and nutrients.

This study aims to examine the risk to the ecological values
of the estuary posed by high nutrient concentrations in the
surface water and sediment, and to identify management
and monitoring needs to protect the values of the estuary in
the future.

The study provides a trial of the EPA’s Ecological Risk
assessment approach, outlined in the State Environmental
Protection Policy (SEPP), (Waters of Victoria) (WoV), 2003.

The project has been funded by the Department of
Sustainability and Environment - River Health Program,
in conjunction with the Corangamite CMA River Health
Program and underiaken by the Department of Primary
Industries.
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Key recommendation 7

Extension programs should be specifically designed and
implemented to continue improving nutrient management
practices within ‘other land-uses’, listed in tables 11 & 12.

Key recommendation 8

Monitoring to assess whether targets are being achieved,
shaould be viewed as an essential element of the
management program. This monitoring program relies
on a long-term funding commitment at least 2006-2011.
If funding can be secured, there is potential to use this
catchment as a monitoring trial for the Corangamite CMA
region.

Key recommendation 9

The use of Bayesian Networks should be further explared
for application in a future- ‘risk analysis phase' of

this project. Implementation of the Curdies Nutrient
management program, should seek to include research that
will pragressively test the current assumptions over the
next 10 years. This is important to continue building up
the information to better direct management effort in the
future,

Water guality monitoring of minor tributaries is recommended
as an essential element of the management program.
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Introduction

Project Description

The Corangamite Catchment Management Authority’s
(CMA) Draft River Health strategy identifies the lower
reaches and estuary of the Curdies River as having high
social, economic and ecological values. The protection of
these values or assets is a high priority for the region, also
identified in the Corangamite CMA Regional Catchment
Strategy 2003.

Analysis of Water Quality Data collected over the past
15 years from the two long-term monitoring stations

in this catchment, has revealed that total phosphorus
concentrations in the Curdies River has consistently
exceeded the State Environment Protection Policy (SEPP)
trigger levels.

Figure 1 and table 1 show that the Total phosphorus
concentration measured in the river is three to six times
higher than the SEPP objective of 45 ug/I (for this segment
of Victoria).

These results suggest that there is a problem (that is,
a potential risk to the ecosystem} and is a ‘trigger’ for
further action.

Given that there have not been any detailed investigations
of this issue in the past, it was identified that a risk

-based investigation In line with the EPA's Ecolagical Risk
Assessment Framework (ERA) was required (see figure 2).
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Analysis of 2004 data from the Victorian Water Quality
Monitoring Network (VWQMN]) reveals that the Curdies River
has exceeded the SEPP objectives for total phosphorus, total
nitrogen and dissolved oxygen.

Figure 1. Total phosphorus concentrations from Curdies River
monitoring station 235203 have been consistently higher than
the SEPP objective of 45 pg/l since 1990,

Results from Curdies Monitoring Station no. 235203
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Major towns

There are three small townships in the catchment- Cobden
with a population of 1408, Timboon with a population 690
and Peterborough with a permanent population of 300,
{Corangamite Shire Website 2005; Moyne Shire Website,
2005).
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Figure 4. Towns and vegetation of the Curdies River Catchment.

Peterborough is expected to continue to grow over the next
10 years (pers. comms, Moyne Shire 2005). This is due to
its coastal location on the Great Ocean Road tourist drive
and proximity to National Parks including the world famous
Port Campbell National Park and Bay of Islands Coastal
Reserve.

Land Use

The Curdies catchment was once heavily forested with
wide-scale clearing of the vegetation commencing in the
1940's. Between 1940 and 1970 over 165,000 ha of

land was cleared for solider settlement properties, mainly
in the Scotts Creek/Cooriemungte catchment (Fisher,
1997), (Figure 5. Data from a 2003 land-use survey of the
catchment, revealed that less than 6 % of the original native
vegetation cover remains (table 1) (Corangamite CMA Land-
use study, 2003).

83.7% of the land in the Curdies River Catchment is
currently grazed by dairy cows, beef cattle and sheep). It is
astimated that in 2005 dairy farming occupies at least 71%
percent of the total land under grazing (table 1).

Data from the Australian Bureau of Statistics identifies

the region as one of Australia’s most intense dairying
catchments (ABS, 2004). A recent survey by Dairy Australia
revealed that the average herd size for the South-West
Victorian region is 250 cows (Dairy Australia, 2005). Over
the past 10 years there has been an increase in the average
farm size in the Curdies Catchment, as dairy farms have
amalgamated and increased their production targets {ABS,
2001).

Another trend in land-use in the catchment over the past
decade has been an increase in land used for plantation
forestry, in particular Blue Gum plantations (Eucalyptus
globulus). It is estimated that over 6,000 hectares have
been converted from grazing to hardwood plantations, with
a particular increase between 2003-2005 {pers. comms,
Corangamite Shire 2005). The data shown in figure 5 was

. collected using remote sensing in 2003 and hence shows
. only hardwood plantations prior to this date. The data in

table 1 has been updated using the 2005 estimate of area
under plantation forestry and shows that this land-use
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Figure 6. Subcatchments and water quality monitoring stations.

There are two active Victorian Water Quality Monitoring
Network (VWQMN) sites in the catchment, which have been
collecting nutrient data for fifteen years. Site 235203 is
located on the Curdies River at Curdie and site 235237 is
located on Scotts Creek at Digneys Bridge (figure 6).

The drainage patiern shown in figure 6, reveals the steeper
topography of the Scotts Creek/Coariemungle catchment
and illustrates the density of the drainage network. This
pattern is in contrast to the upper catchment, underlain

by Quarternary Basalt, the stream starts as a wide shallow
channel, cutting into the Tertiary marine sediments just
below Cobden and resulting in a deeper incised valley that
extends down to Peterborough (Sherwood, 2002},

Values / Assets

The Curdies River estuary has been identified in the
Corangamite CMA’s Draft River Health Strategy (CRHS) as
being a priority waterway of high value to the community.
Some of the values identified in the CRHS are as follows.

Environmental Assets
¢ Wetland rarity

e Significant Fauna - Faunal species that are
critically endangered, endangered or threatened in
Victoria have been recorded within a 100 metre
buffer of waterway.

» Significant Flora - Flora species that are critically
endangered, endangered or threatened in Victoria
have been recorded within a 100 metre buffer of
waterway.

+ Sites of significance - Waterways that are listed in
technical or scientific reports as significant. (Refer to
Corangamite Draft River Health Strategy 2004 for more
information).

» Statewide Endangered Ecological Vegetation Communities
- Vegetation communities that are restricted to less than
10% of pre-European extent.

These include:

+ Riparian Forest

Reed Swamp

Swamp Scrub

Estuarine wetland

Migratory Fish (Migratory species use estuary
for passage)

s Fish-Proportion Introduced



THERDIAMI AT I2D2AIN €1 "i‘.‘“?”:\?.
JLde LU LE A8 L_,” Ao/ \’J el ST TR

"#00Z 35 Jo 4533400
010Ud "UlBWS 1U9IX? JeulBLIO JO %z AJUQ "Quawydied saIpin)
Y1 Ul puno} AYUnWLIOd uoneIabaA paudlealyl) qhiss dwems

wsunoy e
Bulysiq [euonealddy
UO|1EaID3Y dAISSE{ »

$13SSY [BID0S

peonpaliu] uoilodoid-ysly e
(ebessed
10) Alenisa asn sadads Aojeabip) Ysid Adoleabipy s
(S]99) Bulys|d |BIDJBWIWOD e
WsSnol e
JNjep puet e
(uonebruy) Alddng Jeyepm e

S19SSY JIouodd

—— —



Values / Assets

The area is a popular with bird watchers for its extensive
variety of bird species, including rare, endangered and
migratory species. (Photograph courtesy of DSE).

Curdies Inlet and lower reaches are a popular recreationat fishery
renowned for Black Bream. (Photograph printed with permission
of angler).

Agile Antechinus found in streamside vegetation of the
lower reaches of the Curdies River.
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Threats

The Draft Corangamite River Health Strategy, 2004, lists the
following threats to River and Estuary health for the lower
reaches of the Curdies River.

* Algal blooms

» Degraded Riparian Vegetation
* Loss of instream habitat
s Stock access

e Wetland connectivity

s Exotic Flora

s Introduced fauna

e Channel maodification

s  Water Quality Attainment
e«  Water Quality trends

» Water Quality Signal

Water Quality Attainment (failure of the VWQMN data

to meet SEPP objectives) is highlighted throughout the
report several times as a major threat to the Values of the
Curdies River and Estuary. As shown in figure 1, the main
parameter excessively exceeding the SEPP objectives is total
phosphorus concentration.

Scope of the risk-based investigation

As mentioned earlier, the application of the EPA’s Ecological
Risk Assessment approach in this study has not involved a
detailed risk analysis phase. As shown in the below diagram
(figure 8) the focus of this study has been on the problem
formulation phase, followed by risk characterisation,
decision making and monitoring.

Figure 8: Steps followed in this investigation; adaption of the
EPA’s Framework for risk-based investigations (SEPP (WoV),
2004)

ASSESSMENT OF AMBIENT MONITORING -DATA AGAINST
EPA ENVIRONMENTAL QUALITY OBJECTIVES

(Potential risk ‘t_riggered not previously investigated)

IPROBIEMIEORMUDAT
SRtdentifylissuesTu :
o i

eflidenuficationloijriskiiofthelecasystem]
o b it ol
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DECISION MAKING AND RISK MANAGEMENT
« Target setting

+ Management recommendations
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Results

Problem formulation

The first step in the problem formulation phase is to define
the issue and the scope of the risk based investigation. The
information used to guide these definitions included; the
SEPP objectives that were triggered, community input, input
from government agencies with management roles within
the catchment (Appendix 1), and management goals from

the Corangamite Draft River Health Strategy (CRHS).

Issue/Risk; Excessive Plant Growth/Algal bloom, in the
Curdies Estuary and estuarine reaches upstream (17 km
from the mouth to junction with freshwater upstreamj.

Timeframe; Risk under current conditions as well as next
10 years.

Management Goal; Healthy Ecosystem, Protection of
priority reaches; ecological values- including diversity of
vegetation, fish and bird communities

Hazard; High phosphorus concentrations monitored in
estuary (via various studies, Appendix 2) and nutrient
monitoring results from upstream Victorian Water Quality
Monitoring Network (VWQMN) stations (1990-2005) (figure
6).

Sources; Investigate nutrient sources from the entire
catchment area (1064 km?). Point sources include; Cobden
sewage treatment plant, Timboon and Peterborough sewage
systems. Diffuse sources include; erosion; gully, bank,
tunnel, landslips, stock access to waterways, dairy effluent,

run-off from nutrient hot-spots on farms eg. tracks,
feedpads, overland flow, sub-surface flow.

Measurement endpoints yet to be set (refer 1o monitoring
plan)

The next stage of the problem formulation phase was to
develop a Conceptual model, to explore the abave issues.

The benefit of using a conceptual model is to provide a
transparent and objective approach to examining complex
ecological processes. They also allow the influence

of multiple ‘stressors’ to be examined and provide an
important basis for developing a risk analysis plan {EPA
Victoria, 2004).

fn this study the conceptual model was developed in three
parts (or components);

1. Factors effecting whether an algal bloom will occur in
the Curdies Estuary

2. Effects of algal growth/excessive plant growth on values
3. Sources of phosphorus to the estuarine reaches of

the Curdies River

The process to develop the model involved gaining input
from various stakeholders in the catchment including
representatives from government agencies, community
members and scientists. This was achieved via workshops,
meetings and 1:1 interviews (Appendix 1).

The conceptual model that has been developed now
represents a ‘shared’ understanding of the nutrient
enrichment issue in the estuarine reaches of the
Curdies River that will be used to provide a basis for the
development of management and monitoring actions to
acddress the issue.

It is important to be aware that the model may not
be correct. They represent the best current shared
understanding of the issue. It is important that future
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Figure 9. Conceptual model of bloom factors,
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Figure 10. Conceptual model-Effects of algal growth/excessive
plant growth on the values of the estuary.
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Component 3
Sources of Phosphorus to the estuarine
reaches of the Curdies River

The overall conclusion from companents one and two is

that there is enough information to indicate a high level

of risk to the ecological values (particularly fish and bird
communities of the estuary), and therefore instigate the

decision making and risk management phase of the risk-
based investigation (as shown in figure 8).

Further justification is provided by the fact that the SEPP
objectives for Total Phosphorus have been triggered on
a consistent basis over the past 15 years, indicating a
potential risk to the aquatic ecosystem (figure 1).

Due to this and it's role in ‘fueling’ blue-green algal blooms,
phosphorus has been chosen as the major nutrient to target
through a management program, It is assumed that many of
the nutrient management strategies to reduce phosphorus
concentrations will also achieve nitrogen reductions. This

is important given that the conditions in the estuary may
shift between being limited by phosphorus or nitrogen,
depending on the conditions in the area (particularly
surface water salinity) see model for component 1.

The Corangamite Nutrient Management Plan (CNMP),

2000, states that effective nutrient management strategies
must be based on a sound understanding of not only the
nutrient sources in a catchment but also a knowledge of
the nutrient transport mechanisms. These sources and
processes vary greatly between catchments due to the
differing influence of land-use, geology, population density,
rainfall intensity and erosion (Land & Water Australia, 2002).

For this reason a detailed investigation was conducted
into the relative sources of nutrients (particularly

phosphorus) and how they are being transparted in the
Curdies Catchment, in order to provide a sound basis for
management and monitoring recommendations.

Important definitions to note; Point sources originate
from a known activity or process such as a Sewage
Treatment Plant (STP). Diffuse sources entey the waterway
along its length rather than at defined points, examples
include dissolved phosphorus transported in overland
flow, phosphorus attached to soil particles mobilised by
erosion and animal wastes deposited into streams by stock
(CNMP,2000).

The results of the investigation into point and diffuse

sources of nutrients in the Curdies catchment are
summarised in Figure 11.
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This conceptual model was developed based an the
following information;

Analysis of 15 years of water quality data from the two
VWQMN stations in the catchment {figure 6)

Quantification of point sources- using available data on
concentration and flow (monthly VWQMN data)

Input from scientists ‘experts’ in freshwater science,
aquatic chemistry, nutrient management practicioners

Input from the community and government agency

representatives, based on past experience, observations,

local knowledge

For more detailed explanation on the justification for these
conclusions refer to Appendix 4.

Summary Component 3
Conclusions and Observations

The sources and transport mechanisms vary between
summer and winter. The highest contributions occur
during winter, during high flows.

Due to the lack of data from lower in the catchment-
conclusions can only be made about the relative
contributions from the Upper catchment and the Scotts
Creek/Cooriemungle catchment (figure 6),

Of these two catchments the Scotts Creek/Cooriemungle

catchment was found to be a higher contributor during
recent years (2000-2005) (particularly from diffuse
sources). This catchment has a slightly lower catchment
area than the upper catchment, however it has a higher
discharge (possibly due to differing geology, soil types
and topography).

The nutrient sources in the Scotts Creek/Cooriemungle

Creek catchment include a higher amount of erosion
than the upper catchment. The stream turbidity data
from this subcatchment showed consistently higher
results than from the upper catchment.

e Prior to 2000 point sources were significant
contributors, particularly from the Cobden STP in the
Upper Catchment (refer to total phosphorus load graph
above for Upper Curdies and explanations in Appendix
4). The history of high past nutrient loads may he
responsible for the high concentrations now in the
sediments of the estuary.

e« The Timboan STP is a relatively small contributor of
N & P (mainly due to recent upgrades and the small
population of the town).

« Nutrients in run-off from the town of Peterborough
were found to be a relatively small contributor, but
were recognised as a significant. The main reason for
the high significance is that the town is immediately
adjacent to the estuary (low chance for nutrient
reductions during transport), these nutrient inputs are
highest in summer (peak population), which is the high
risk time for algal blooms (component 1 model).

+ No data was available to quantify the contribution from
groundwater sources. As shown in the model above-
this could be a potential pathway for nutrients (mainly
nitrogen) to be transported to the estuary.

Other reasons for the higher loads from Scotts
Creek/Cooriemungle Creek catchment

» There is a higher amount of sub-surface flow occurring
in the Scotts Creek/Cooriemungle catchment. Not only
fram artificial drains that have been installed in recent
years {(mainly on dairy farms), other investigations into
sail salinisation processes have shown that a lot of
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Tahles 5 and 6 - Ten year Resource condition targets from
the draft CRHS, 2004.

Table 5. Estuary (reach-1 Length of reach=10km).

Table 6. Curdies River -From Scotts Creek confluence to start
of estuary (reach-2, length17,5km),

NB -the above Water quality attainment goal relates to monitoring
at VWQMN station 235203 (Curdies} for the SEPP objectives for
Total Phosphorus and Total Nitrogen.

Bold text- highlights goals that are relevant to addressing
threats from algal blooms/excessive plant growth.
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Observations and recommendations from
analysis of tables 3-8

Algal blooms were rated the highest risks in both
reaches (tables 3 & 4). The results of this study suggest
that an additional threat be added to theses lists;
Nutrient enrichment-.resulting in long-term changes

to estuarine ecology. This threat was identified in
component 2 of the conceptual model (figure 10).

The current 10 year resource condition targets for
reach-1 the Estuary (table 5) - do not include targets
for addressing ‘Nutrients in aquatic environments’.
One nutrient target has been set for reach-2- (table 6).
This study recommends additional Resource Condition
targets are set for these two reaches.

The rationale behind the five year implementation
targets in tables 7 & 8 is: “that the algal bloom threat
will be reduced through riparian fencing activities
undertaken in reach and upstream reaches and
tributaries” (CRHS, 2004). The findings from this study
and the latest research in addressing diffuse nutrient
sources from agricultural land does not support this
rationale. Recent research in Western Australia found
that “Fundamentally if we want to reduce nutrient losses
to the environment, we need to implement management
practices that deal directly with improving utilisation of
nutrients on farm, rather than secondary measures that
aim to trap or simply delay nutrient losses (Neville &
Weaver, 2003).

Additional five year management action targets have
been suggested in table 9 based on management
practices that aim to address the problem of positive
nutrient balances (particularly on intensive dairy farms)-
where nutrient inputs are higher than outputs.

Note: it is important to note that when the Corangamite

Draft River Health Strategy was developed, it was
recognised that further work would be required to better
integrate water quality issues with the broader River Health
issues. This need was also acknowledged in the Victorian
River Health Strategy, 2002.

it is also important that the reverse applies; water quality
targets are developed in the broader context of ‘river
health’. Tables 3-8 highlight that stock access and degraded
riparian vegetation are also threatening the values in these
reaches. The fencing and revegetation management action
targets in tables 7 & 8 aim to address these threats.

The management action targets recommended from

this study are designed to augment the current ones, it

is recognised that buffer strips offer secondary control
measures for nutrient management, and are extremely
important in achieving the overall goals of improving River
and Estuarine Health in this system.

Additional targets suggested from this study

By 2015 (Resource condition targets')

1. The total phosphorus concentration (75 percentile
calculated annually) in the Curdies River at Curdie
(VWQMN station 235203) will have shown a trend of
sustained and significant decrease over the 10 year
time-frame.

2. Water Quality monitoring results from Estuary (monthly
monitoring nutrients and flow); Total P and Total N in
the water column of the estuary will have shown a trend
of sustained and significant decrease over the 10 year
time-frame.

'Refer to Appendix 5 for a definition of resource condition targets

from the National Framework for Natural Resource Management
(NRM), Standards and Targets).
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Recommended program of

management actions

This section recommends a program of management
interventions designed to work towards achieving the 10
year targets listed above. Five year management action
targets have been summarised in table 9.

The importance of on-going monitoring and adaptive
management in achieving the 10 year targets cannot be
over emphasised. It is essential that different approaches
are trialed and the impacts are continually assessed.

As mentioned earlier the conceptual models described

in this study may not be correct, the assumptions need
to be tested and results fed back into decision making
{see Monitoring section for more discussion re-basing
management on the current assumptions without further
testing).

Dividing effort between
different land-uses

As described in the introduction to this report, the
predominate land-use in the Curdies Catchment (in 2005} is
dairy farming (71%). Beef/sheep grazing occupies another
12.7% of the land area, equating to a total grazing category
of 83.7%.

The findings from this study clearly identified diffuse
sources of nutrients as major contributors to the high
nutrient loads coming from the two upper catchments, that

have been continuously monitored over the past 15 years
(figure 11).

For these reasons management practices in grazing,
particularly dairying {due to it's intensive nature) are
recommended as the major focus of this management
action program (tables 9 & 10).

We need to keep in mind however that effective
management of diffuse nutrient sources requires a whole of
jandscape approach (Land and Water, 2000}, and it will still
be important to maintain momentum in addressing point
source nutrient sources in this Catchment. Additionally
some of the management practices that are applied in

the ‘minor’ land-uses eg. plantation forestry, limestone
quarries, urban centres may need to be addressed in the
future (table 12).

Changing trends in land-use in many areas, over recent
years have highlighted that land-use is dynamic and may
change considerably over the next 10 years. Monitoring
land-use changes are therefore a major recommendation, as
a critical component of the on-going program of adaptive
management.
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Dairy farming occupies 71% of the land use in the Curdies
Catchment and therefore needs to be a major focus for
nutrient management.

# Owyram

K atchmant

i Lowiz Curdax. HE Larn

9B Sculiz CrabCocrimmenghs - 164 wirs)

! Unpe: Cuedac - 141 fem B

Figure 13. Location of dairy farms in the Curdies Catchment.
Mapping in 2005 found that there are a total of 420 farms in the

catchment.
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Table 10. Five year management targets (to address category 1 sources.

management:action:targets: ...

Dairy Effluent

Dairy effluent audits (84 per year), total of 420 by 2011
No. of new systems installed (30 per year) total of 150 by 2011 (based on estimate of 35%
requiring upgrade),

No. of farm visits by technical specialists re- BMP's for use of effluent as a fertiliser (60 per year,
300 by 2011).

Excess phosphorus levels in
the soil

Completion of a soil condition survey to assass Qlsen P levels in the Scotts Creek/Cooriemungle
catchment

Baseline survey of the number of farmers soil testing, using a nutrient budgeting approach (aim
for 90% responses ~ 380 farms)

Extension program to promote the adoption of nutrient budgeting approach (invoive 300 farms by
2011).

Winter pugging of soils,
stock access to wet areas

Baseline survey to assess current adoption of wet soil management practices (aim for 90%
responses ~ 380 farms)

Extension program to promote whole farm planning, sensitive management of wet areas (300
farms by 2011,

Gully erosion and bank
erosion in the Scotts Creek/
Cooriemungle catchment

Completion of erosion mapping and development of guily and bank erosion prioritised
rehabilitation program by 2007.

No. of farms in the Cooriemungle catchment to identify gully erosion as a priority issue requiring
action- on their whole farm plans (65 by 2011) based on estimate of 40% of the total 164 farms in
the catchment effected.

Refer to bed stabilisation targets for this catchment (table-9).

Riparian fencing and Riparian revegetation targets (table-9)

NB- the above estimates will need to be updated based on the results of gully rehabiliation
program (2007).
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Addressing point and diffuse sources from other land-uses

Table 12. Other land-uses (occupying less than 6% of the catchment area, refer to table 1. Land-use).

“High al{i'sk;prec_ti;es ;:‘m;_')yé_me}n't‘-bf fPh‘o__s;;p'h.d FUs: bffffsite.;

s -"Are there current extens:on/awareness programs to
e I_,address ithese: ‘practices -

Urban (towns of Cobden, Timboon, Peterborough)
Stormwater run-off- increasing risk with future developments

(2g. Industrial estate at Cohden, Tourism at Peterborough) could
result in increase volumes of Stormwater run-off due to increase in

impervious surfaces. Stormwater management needs to be a high
priority for these towns.

Sewage Treatment Plants- On-going works will be required to
continue upgrades to Cobden and Timboon treatment plants.

Rural septics-risk of fack of maintenance, leakage- in high rainfall
areas {existing systems).

New dwellings- need to meet standards for sewage treatment,
systems designed for high rainfall, [ocal soil types.

Corangamite and Moyne Shire Stormwater Management

Plans- 2003- Will need on-going implementation and review.
Support/encouragement from other government agencies with
implementation.

South-West Water, EPA implementation of current plans for
upgrades to Cobden and Timboon treatment plants (as of 2005)

Corangamite and Moyne Shires- Any person wishing to install

or alter a septic tank system must obtain a permit. All systems
must be installed in accordance with the Victorian Environment
Protection Authority Code of Practice. No current information on
initatives to survey or maintain septic tanks to identify problems.

Peterborough- scheduled for sewage system upgrade 2006. Moyne
Shire and South West Water.

Plantation forestry (hardwood- biue gums)
Fertiliser application at sowing

Soil preparation practices; ripping and mounding- may have erosion
risk if steep slopes

Harvest operations, soil compaction due to traffic, run-off from
tracks, erosion risk after clearing (period of time soil is bare).

The Code of Forest practice is the main document that sets best
management practices for plantation forestry,

Local government has the ability to place specific conditions on
permits in relation to distance from waterways, where deemed
appropriate,.

Currently there is no specific extension program underway to raise
awareness of high risk nutrient management activities, how to
minimise nutrient losses from these enterprises.
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Monitoring Program

As explained in earlier sections, ongoing monitoring is an

important part of the Ecological Risk Assessment Approach.

It is required to achieve the following objectives;

1. Evaluate the effect of management interventions,
monitor whether targets are being achieved

2. Fill information gaps, test assumptions, revise the
conceptual models

3. Inform the risk analysis phase- adding quantitative data
to the conceptual model to allow predictive modelling.

In this section, the types of monitoring have been organised
into two sections;

Part A-Minimum monitoring requirements to assess whether
the targets are being achieved (objective 1 above)

Part B -Monitoring to better inform and test the
assumptions of the conceptual models (objectives 2 & 3)

The monitoring activities have been listed in priority order.
It has been recognised that water quality monitoring is not
cheap and long-term investment is required (10+ years

of data), to make sound conclusions on trends. Wherever
possible the use of existing VWQMN stations has been
recommended, and low cost methods to fulfil minimum
data requirements have been identified.

More detail will be required in the design of these
monitoring programs. These lists are intended as a starting
point. Even though this section is at the end of this report,
it is highlighted that monitoring should not be seen as

an optional add on to the management section. It is an
integral requirement to continue building an understanding
of how the natural system of the Curdies estuary works,
and identifying management changes that will protect the
acological values into the future,

Part A - Minimum monitoring
requirements to assess
whether the targets are being
achieved

Brenda Skene, Corangamite Waterwatch Co-ordinator examines
a water sample from the Curdies River.
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Implementation of management action targets

1.

Detailed records regarding the implementation of
managementi activities will need to be kept, to allow
reporting against management action targets (2006-
2011). For example; details will need to be recorded
on the number of dairy audits conducted per year and
this information used to report against the target; Dairy
effluent audits (84 per year), total of 420 by 2011.

In some cases baseline surveys will be required to assess
current adoption rates of particular Best Management
Practices (BMP's). Repeat surveys in the future can then
be conducted to assess whether changes in adoption
rates have occurred as a result of extension programs.

The baseline soil condition surveys that have been
described in the management action targets will serve
two functions. For example the soil condition survey

fo assess baseline Olsen P levels in the Scotts Creek/
Cooriemungle catchment will 1. Seek to confirm whether
a build up of soil phosphorus levels is occurring in this
catchment and 2. Provide a baseline assessment of the
Olsen P concentrations on dairy farms in 2006, that can
then be reassessed in 2011, allowing comparison. The
baseline surveys of wet soil management practices and
gully erosion mapping will also serve similar purposes
eg 1. testing assumptions and 2. providing a baseline
assessment for future comparison.

As previocusly mentioned, on-going monitoring of land-
use is required in this catchment. Repeat surveys of
the 2003 Corangamite CMA Land-use mapping- using
remote sensing, are recommended every five years.

o'mmendatlon 8 -

Part B Monitoring to

better inform and test the
assumptions of the conceptual
models

Component 1
Factors effecting whether an algal bloom/
excessive plant growth will occur (figure 10)

Key Monitoring requirements

1. Physio-chemical conditions present in the
estuary when an algal bloom occurs- Eg. nutrient
concentrations in the water column, chlorophyll ‘a’
light, temperature changes with depth. It would also
be useful to know the length of time the estuary
remains stratified, and therefore the length of the risk
period for algal blooms.

2. Sediment fluxes- how much phosphorus and nitrogen
is stored in the sediments?, under what conditions
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are contributing high loads. Establishing monitoring
sites on some of the minor tributaries lower in the
catchment such as Spring creek (lower catchment),
would help identify any additional hot-spots- that may
have been missed.

Additional Storm-event sampling at Curdie station
235203 would be useful to gauge by how much the
nutrient levels are under estimated- through the
monthly sampling.

Transport processes- Monitoring various soil nutrient
transport pathways (surface, interflow (sub-surface
fiow), leaching in major soil types under different
conditions. This information will assist in designing
effective best management practices.

Process studies to examine the effectiveness of best
management practices designed to reduce nutrient
movement to streams. This could involve farm scale
monitoring of water quality- (at locations high in the
catchment - headwater, or low order streams) either
in paired catchments with and without management
practices in place, or before and after experiments
designed to detect water quality and nutrient load
changes as a result of BMP implementation.

Groundwater- further monitoring is required fo
establish the role that groundwater may be playing in
deliverying nutrients to the estuary.
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Figure 14, Suggested location of new monitoring stations.

Concluding comments on
monitoring

There would be considerable cost involved with implementing
all of the above monitoring recommendations. Decisions need
to be made regarding the confidence we have in the current
assumptions of the conceptual models, and how much funding
should be allocated to testing the assumptions, versus how
much funding to allocate to implementing management based
on the current information.

In weighing up these decisions we need to consider the

implications of acting on false assumptions. The problem with
this is that we may have to wait at least 10 years (and spend
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Appendix 3

ESTUARY ASSESSMENT FRAMEWORK FOR NON-PRISTINE ESTUARIES
Estuary 630 (CURDIES INLET)

Estuary ID 630
Name CURDIES INLET
Location

Latitude / Longitude -38.608  142.883 Datum GDA%4

Condition Assessment This estuary is in modified condition
Initial Classification In the first stage of this condition assessment this estuary was classified as being modified.

Basis of Initial Classification  This was based on the changes to the estuary ecology: nutrient loads.

Processed-Based Classification -

The way Curdies Inlet functions is primarily a result of wave energy. It is a wave dominated estuary. This means that the estuary
would have high sediment trapping efficiency; naturally low turbidity, salt wedge/partially mixed circulation and there is high risk of
sedimentation,

Issues:

General Comments / Notes:

Rating Data
Notes, Data and Supporting Qualitative Text (1-4) Confidence References
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ESTUARY ASSESSMENT FRAMEWORK FOR NON-PRISTINE ESTUARIES
Estuary 630 (CURDIES INLET)

Rating
(1-4

Confidence

Data

References

Notes, Data and Supporting Qualitative Text

Rating
(1-4)

Rating

1-4) Confidence References

Data

Confidence References

Data

'WATER QUALITY INDEX
Nutrients [miedian(80ih)] . Data exceeds ANZECC but is variable
Dissolved oxygen {median(_ZOth)]

Dissolved oxygen [surface] (%sat or mg/L) HEAD
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ESTUARY ASSESSMENT FRAMEWORK FOR NON-PRISTINE ESTUARIES

Estuary 630 (CURDIES INLET)

Invertebrate abundance
e e e e s e e A 0 A e 42 4 45 et et e et o et oo Ratmgm e

Notes, Data and Supporting Qualitative Text {1-4y  Confidence References
PRESSURE COMPONENT (OVERALL) D
UTILISATION INDEX 1995 BRS data: Crop/pasture & Plantations comprise 0 % of the D 4

catchment. Native woody vegetation comprises 12,6071 % of the

catchment.
Recreation Pressure
Aesthetic & Amenity Present 1
Yachting & Boating Absent 1
Shellfish Present 1
Swimming " Present 1
Recreational Fishing Present 1
Infrastructure Pressurce
Sewage Treatment Plants None 1
Urbanisation and urban runoff Present Peterborough township 1
Dredging Present - mouth opening 1
Commercial Pressure
Industry Absent 1
Aquaculture Absent 1
Reclamation / Declamation ' Absent 1
Commercial fishing Present - eel fisheries 1
Tourism Present 1
Agriculture o Present 1




JUSLULUDIBY) JDAINM S3|]

-

BJEp I2A00PTR]
S g woxy poaua( ‘p ‘doystom syms yInony vorurdo 1adXy ' ‘OSDV "7 ‘Brep 21838 DIA ‘|

0§

~ sjoepuop) Aay:

SOOURIAY JO SHEa(:
SIATIENIU] AJUrUILo;y

SuoyoY J,uemaﬁeuewf

SjusaduRIIY feuonmusuy;
(TTVHEAO) INANOINOD HSNOJSHY

i somions Sugjrpons oy
SNUWAAY duIpyuo)  (p-1) ¥xag, sanepend) Sugreddng pue eyeq ‘sajop
104 | Juney
l e - TS e e e R T
T Lo i - uesqy SO O 7§ SO
‘ ' Surres[d 1eiqeH
(LATNT STIAAND) 0£9 ATvmsy I

SATAVALST AINTLSTHI-NON d04 MHMOATANVHL INFNSSHSSV XAVILST

|

)

)

)

S

)

—

)

[

)



Graph 1. Total Phosphorus v's Flow at Curdie station {(235203).

Appendix 4

Results of Nutrient Source
Investigation

Diffuse Versus Point Sources:

The sources and transport mechanisms vary between
summer and winter. The highest contributions occur
during winter, during high flows. Similar trends occur for
nitrogen and turbidity over the fifteen-year period. This
trend is typical of diffuse source dominated systems. Total
phosphorus was chosen as an indicator due o its role in
fuelling’ algal blooms.

Log Flow MU/day

Curdies River Flow and Total Phosphorus

6092000 6/19/2007 £ID9/2002 8092003
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Graph 1. A clear trend can be observed - when flow
increases - total P increases. This indicates that diffuse
sources of phosphorus are dominating rather than point
sources.

Scotts Creek/Cooriemungle Creek versus
Upper Curdies Subcatchment:

The graph-2 shows the total phosphorus load for each

of the subcatchments over the past fifteen years. From
1590 to 2000 the upper Curdies {blue) is a significant
source of total phosphorus, however after 2000, the

total phosphorus from the upper Curdies decreases
dramatically. This trend seems to correspond quite closely
with the history of the Cobden sewage treatment plant.
The dramatic decrease in phosphorus load from the upper
Curdies in 2000 corresponds with major improvements

in sewage management practises (land application) and
Bonlac no longer discharging to the treatment plant.
There does not appear to be any significant changes in the
total phosphorus loads from Scotts Creek/Cooriemungle
Catchment (Green), fluctuations are most likely due to
rainfall variability. Loads calculated using VWQMN data.
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Scotts Creek/Cooriemungle Creek has contributed an
average of 850 tonnes of sediment per year into the
estuary. The total sediment contribution from this part of
the catchment over the past fifteen years is approximately
12500 tonnes, almost four times higher than the upper
Curdies.

This is a total of approximately 16000 tonnes of sediment
into the estuary from these two subcatchments alone. This
data does not consider the sediment load from the lower
part of the catchment, and is likely to be an underestimate
(due to the lack of storm event sampling).

Phosphorus Loads:

Phosphorus loads have been calculated using
measurements taken from the two existing gauging stations
in the Curdies Catchment.

The Upper Curdies has contributed an average of 6.5
tonnes of phosphorus per year into the estuary. The total
phosphorus contribution from this part of the catchment
over the past fifteen years is approximately 97 tonnes.

Scotts Creek/Cooriemungle Creek has contributed an
average of 8 tonnes of phosphorus per year into the
estuary. The total phosphorus contribution from this part of
the catchment over the past fifteen years is approximately
123 tonnes.

This is a total of approximately 220 tonnes of phosphorus
into the estuary from these two subcatchments alone. When
the area of the subcatchments is considered the Scotts
Creek/Cooriemungle Creek subcatchment is caurrently
contributing approximately eight times more phosphorus
per hectare than the upper Curdies. This data does not
consider the phosphorus load from the lower part of the
catchment.

Groundwater- Maher 2001, measured nutrients in the
upper Curdies River during a minimum flow period. It is
assumed that a significant proportion of the base flow from
this part of the river originates from groundwater input. The
results from these measurements indicate that groundwater
does not contribute a significant quantity of phosphorus to
the Curdies River.

53

—

—

~



*S1264PY UONIPUOD 33410524

[puobat Jo JuawipABIYIL Y] 01 PU3I] [[IM 1DYI SUOIIDD
HonvujIquYad Jo Uuonpludiiajdudl ayl SSassp 0} 185 340 10yl
5196401 UoNIp JuwiaBoupui [pUoiBal !c00Z (AOM) dd3S

*s19b.e) UONIPULCI BIUINOSAI

Wia3-196uo) 3yl spdemo] ssaubold 01 NGV 1SN
s1obuel asoy) 'Bulpnng-Avydeded Jo suollye uatabeurw
01 Ajurew Buiiepas ‘(sieaA g-|) s3abiet wua) Loys

(s1e9A G-1) s19bJel uonoe Juswabeuep

T e ﬁ_-\\{\
i v

YT = \\-\;g ""_“\\!\'i
SLUUIIET) 1Al S

¥S

i
)

f—

‘$3HIbA

DIUIOUODD PUD [DIDOS ‘|DIUBLUIUOAIAUD [PUOIDAA TUN0IID 03U}
Bupipy Aq 5136403 [puonpAIdsy (puotbas Jo JUaULIpID Yl
SpPABMO] 5524604d pUnog-a2uill puv ajgpinspaul apinodd
1641 5126401 UORIPUOD 3340534 [pUoIBa4 (007 (AOM) ddIS

"(Z0OT 'I'Puned [eManstuly WYN) 2Aqeas|yoe

pue cpewbeld 3g 1snw s1abde] 9534 "SIUSLUUCIIAUR

J13enbe uy squsLInN "62 ‘UOINPUOD 324N0sal 01 A|abae|
Bunepas ‘sisbuel s|qeinsesw pue punogali Oi1zads

(sledA
01) s19b61e] UONIPUOD BDINOSDI D|YeAIIYDY

(So1p1 Uf paluasaidsi)
£00Z ~(AOM) '(dd3S) Adllod UO11I31014 JUBLUUIOAUT BIeIS
3l WoJ} papn|aul usaq Sey uollewJoul jeuocnippy

200¢

‘19q03120 ‘|15Uno)) JeLidsIuI
judwabeuew 321N0SIY JelnieN
is1obJe] pue spiepuels

(WYN) 1uswabeuely 231n0SY
[edniepN Joj yJomaweld
JeuolleN 9yl wolj suoniuiyaQg

G Xipuaddy

7

—

-



Appendix 6

Resource Condition Indicators

Selected indicators from the National
Framework for Natural Resource Management
Standards and Targets (Natural Resource
Management Ministerial Counci, 2002)

The indicators are currently divided into two
categories:

« AGREED INDICATORS
These indicators have been fully agreed by the
Monitoring and Evaluation Working Group that
contains representatives from all jurisdictions.
They are awaiting final endorsement by the Natural
Resource Management Ministerial Council.

» INDICATORS FOR ADVICE
These indicators are in the process of being finalised
by the Monitoring and Evaluation Working Group
so they can be presented to Natural Resaurce
Management Ministerial Council.,

1. Frequency of algal blooms in estuarine,
coastal and marine waters

Indicator status: for advice

How can we monitor algal blooms in estuarine, coastal
and marine waters?

Detailed monitoring methods for algal blooms can be found
in numerous publications including:

e the Monitoring Guidelines (ANZECC/ARMCANZ 2000hb);
* guidelines for State of the Environment reparting (Ward
at al. 1998);
scientific publications;
Waterwatch monitoring manuals; and
state/territory government department (eg.
Environment Protection Agency or equivalent)
monitoring manuals.

The most appropriate monitoring methods will depend on
the region and particular aspects of the study. Whenever
possible, methods should be consistent with national
(ANZECC/ARMCANZ 2000b) protocols to maintain
consistency between regions and allow for comparison.
Expert local advice should also be obtained to ensure that
monitoring is conducted at an appropriate spatial and
temporal scale to allow the data to be statistically assessed
50 that demonstrated changes are verifiable. Differing
levels of complexity will be required for data collection and
analysis and interpretation.
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