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1

INTRODUCTION

The Cape Otway Road Australia (CORA) Comprehensive Development Plan (Tract, August 2019) outlines a
long term plan for the staged development of currently low yielding agricultural land to the south-east of Lake
Modewarre, into retail, sports, accommodation and tourism precincts. The Comprehensive Development Plan
describes the future layout of these precincts, and provides a set of objectives, requirements and guidelines
that will guide the development of the project.
The Comprehensive Development Plan addresses water specifically, listing the following guiding principles:
◼

G40. The development should avoid or minimise effects of redirecting floodwater, reducing flood storage
and increasing flood levels and flow velocities.

◼

G41. The development should provide for improvements to health values of the wetlands, natural habitat,
environmental flows and water quality.

◼

G42. A system of swales and rain gardens within roadways and car parks should be utilised to achieve
stormwater treatment before water enters drainage basins or wetlands.

◼

G43. The design of the dam associated with the waste water treatment plant should be designed to avoid
interaction with groundwater and floodwaters.

The Comprehensive Development Plan lists several requirements to achieve these guiding principles. These
guiding principles and requirements have been developed as a result of stakeholder engagement with relevant
referral bodies such as the Corangamite CMA, Surf Coast Shire Council, Environment Protection Authority
Victoria, and technical investigations completed by specialist consultants.
This report summarises the findings of various investigations into the flood risk, groundwater, wastewater and
stormwater issues and opportunities across the proposed Cape Otway Road Australia (CORA) development
site. Water Technology has investigated flood risk at the proposed development site and has documented the
investigation in a separate report (September 2019), and summarised the findings in Section 2. Similarly, a
separate report investigating the wastewater treatment and potential reuse options was produced by Out Task
Environmental (August 2019), and is summarised in Section 3.
Groundwater issues were investigated by Water Technology and are documented in this report. The
investigation included a desktop assessment discussing potential risks to groundwater receptors and aspects
of the development that may be impacted by groundwater processes. A series of recommendations were
developed including ongoing shallow groundwater monitoring at the site which is ongoing. Groundwater issues
and aspects are further discussed in Section 4.
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Stormwater quality was investigated by Water Technology, developing a stormwater quality management
strategy for the proposed development. The proposed stormwater management strategy is documented in this
report (Section 5), and aims to meet the best practice stormwater quality objectives that are listed in the
Infrastructure Design Manual (IDM1). These include Water quality standards of:
◼

80% retention of the typical urban annual load for Total Suspended Solids (TSS).

◼

45% retention of the typical urban annual load for Total Phosphorus (TP).

◼

45% retention of the typical urban annual load for Total Nitrogen (TN).

◼

70% retention of the typical urban annual load for gross pollutants (litter).

1

Infrastructure Design Manual, Version 5.01, produced and maintained by the Local Government
Infrastructure Design Association (January, 2017)
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A detailed stormwater hydrology model (RORB) was constructed to estimate the required stormwater retarding
basin volumes throughout the development to meet the additional peak flow targets applicable to the site. The
RORB model assessment was reported in the Flood Report (September, 2019) and hence not included in this
report. This report outlines the assessment of concept sizing of Water Sensitive Urban Design (WSUD)
elements to meet the above water quality standards.
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2

FLOOD RISK

The proposed CORA development is located adjacent to a waterway which flows into Lake Modewarre to the
north west of the development site. As such the planning of the development has considered flood risk from
both Lake Modewarre and the adjacent waterway.
To understand the flood risk at the development site Water Technology has completed a catchment modelling
and Lake Modewarre water balance investigation and hydrology and hydraulic modelling of the adjacent
waterway. This is documented in detail in the Flood Risk report (September 2019), and is summarised in this
section.

2.1

Lake Modewarre Flooding

Lake Modewarre levels can potentially rise and inundate low lying areas surrounding the lake both from intense
storm events which create significant volumes of runoff from the catchment or from prolonged wet seasons
(years) which can also generate significant volumes of runoff but over a longer period.
The lake is a terminal system and can potentially continue to fill until it reaches a height where water will spill
into adjoining catchments. The natural outlet height is at 118.3 m AHD, where water will spill into the Thompson
Creek catchment. A manmade tunnel outlet was constructed in the 1850’s, draining water to Browns Swamp
to prevent excessive inundation surrounding Lake Modewarre. This was replaced in 1976 by Barrabool Shire
Council with a 600 mm pipe. Available information suggests that the invert level of the pipe outlet is set at
113.1 m AHD. Further information regarding the natural spill heights and the man-made tunnel/pipe is included
in the Flood Risk report (September, 2019).
To model the lake level over time, Water Technology developed a Source model of the catchment and using
developed relationships of water level, volume and surface area for Lake Modewarre translated the catchment
inflows into a long term timeseries of water levels within the lake. Two scenarios were modelled, one with the
600 mm pipe outlet operational and one without, showing that with the pipe in operation can keep the highest
lake levels around 113.5 m AHD. An extent of flooding was produced in the SRWSC 1977 report. This was
digitised and compared against the modelled peak level for 1977 (115.37 m AHD assuming the pipe was not
operational), the highest level reached within the model period. A comparison in the backwash area adjacent
to the proposed CORA development was extremely close and provides further confidence in the validation of
the model.
The catchment modelling allowed for an understanding of the potential flood risk from the Lake Modewarre
backwater for the proposed development to be quantified.
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The design of any buildings on the CORA site will account for potential flooding from Lake Modewarre, with
floor levels set above the 1% Annual Exceedance Probability (AEP) flood level as determined by Corangamite
CMA. This would be achieved by either raising the buildings above the flood level using stumps or a raised
earthen fill pad, to be determined through detailed design. Water Technology assessed the impact of using fill
pads and the potential loss of floodplain storage from a preliminary design and showed that it may result in
just over 2 cm in increased flood levels on site from catchment flooding, and that the slight loss of floodplain
storage would result in only a 3 mm increase in backwater flooding from Lake Modewarre, an imperceptible
change. It is noted that the latest development layout has removed some of the flood prone infrastructure and
has subsequently reduced the fill volumes required, so this will reduce the likely impact on flood levels.

2.2

Waterway Flooding

Water Technology developed a hydrology rainfall-runoff model of the catchment and a hydraulic flood model
of the proposed development site to assess the risk of flooding from the waterway in a 1% Annual Exceedance
Probability (AEP) event.
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Water Technology consulted with Corangamite CMA through the development of the model and agreed to use
a tailwater level in the lake of 114 m AHD as the downstream boundary of the lake. This level is relatively high
and would be a rare occurrence.
The 1% AEP water surface level at the site was modelled at approximately 114.5 m AHD, lower than the Lake
Modewarre backwater flooding level of 1977. In terms of flood levels, it is recommended that the maximum
level determined from the Lake Modewarre back water flooding (115.37 m AHD) be adopted for design
purposes. Design flood velocities are typically low in the areas proposed for development and are not
considered to be hazardous.

19010054_R01_V07

The flood risk investigation assessed the impact a preliminary development layout would have on flood levels
from waterway flooding. The modelling showed that water levels may be 2-3 cm higher on the adjacent land
to the north. This is a worst case and assumes the developments are raised on a fill pad, not piers. Areas of
the development within the 1% AEP flood extent have clear access back to flood free land and on to the Cape
Otway Road. There is no issue with site access and egress in a flood emergency.
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3

WASTEWATER

The site has been designed with onsite wastewater treatment. It is planned to reuse treated wastewater for
irrigating pasture and sporting fields. This has been investigated and documented in a report by Out Task
Environmental (August 2019), developed in the preparation of an EPA works approval application. The
investigation is thorough and has included the following aspects all adhering to the appropriate EPA guidelines:
◼

Land Capability Assessment for the recycled water irrigation scheme.

◼

Water Balance.

◼

Wastewater Treatment Plant Concept Design.

◼

Winter Storage pond design

◼

Groundwater assessment

◼

Recycled water scheme design and irrigation management plan

◼

Risk assessment and environmental monitoring program.
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The wastewater treatment and reuse will largely be a closed system and will not interact with the groundwater
or stormwater system other than a very small component of the wastewater reuse potentially leaching from
irrigated surfaces. Based on the irrigation rates provided in the Out Task Environmental report (August, 2019),
the impact on groundwater will be negligible, and the wastewater reuse will not have any impact on stormwater
quality or quantity. Ample space for treatment of stormwater runoff has been made available, and modelling
has demonstrated that the required water quality objectives can be exceeded. If any treated wastewater runoff
from the irrigated surfaces does interact with the stormwater treatment systems, they will have the capacity to
further treat this water and still meet best practice water quality objectives.
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4

GROUNDWATER

In addition to surface water processes, an understanding of groundwater processes is also necessary for the
development of the site. When groundwater is present at shallow depths there is a need to understand how
the groundwater will impact on the construction and operation of new infrastructure, and how the development
will change the natural groundwater processes.

4.1

Groundwater Management Considerations

The site is currently within a Salinity Management Overlay and identified as a likely Groundwater Dependent
Ecosystems (GDE) area.

4.1.1

Groundwater Dependent Ecosystems

Groundwater dependent ecosystems (GDEs) are areas where flora and fauna rely on a groundwater source
to maintain their ecological function. Interfering with the groundwater system may impact the health of GDEs.
Lake Modewarre is a permanent saline lake wetland with known GDEs from regional studies (shown as yellow
areas in Figure 4-1 A). Additional GDEs may also be present in or near the site. Identified wetlands occur
within the study area (shown as hatched blue areas in Figure 4-1 A). It is uncertain if this temporary saline
marshe/meadow receives groundwater inflow during the wetter months.

4.1.2

Environmental Significance Overlay Areas

The Environmental Significance Overlay area (shown as light green areas in Figure 4-1 B) identifies areas
where the development of land may be affected by environmental constraints. Conditions of development may
require permits to carry out works in these areas.

4.1.3

Land Subject to Inundation Overlay Areas

The Land Subject to Inundation Overlay area (shown as blue areas in Figure 4-1 C) identifies land in a flood
storage or flood fringe area affected by the 1 in 100-year flood or any other area determined by the floodplain
management authority. Conditions of development may require an understanding of groundwater quality to
protect seasonal surface water quality.

4.1.4

Salinity Management Overlay Areas

The Salinity Management Overlay areas (shown as brown areas in Figure 4-1 D) identifies areas subject to
saline groundwater discharge or high groundwater recharge. Conditions of development would likely require
an understanding of areas affected by salinity (such as caused by groundwater discharge to surface) and may
require mitigating activities to reduce/manage salinized areas and possible impacts to infrastructure. These
areas may support halophytic ecosystems.

4.1.5

Groundwater Users

19010054_R01_V07

Neighbouring properties may access groundwater.
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A

B

C

D

FIGURE 4-1 IDENTIFIED GROUNDWATER RECEPTORS. SOURCE: VICMAPS

4.2

Groundwater Data
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Historic groundwater level data in existing observation bores located up to two kilometres from the site indicate
that the depth to groundwater can be from seven to less than two metres below the land surface, and that
groundwater generally flows from west to east. Following the initial review of available groundwater data, which
identified a paucity of relevant groundwater data at the site, a ten (10) bore drilling program was undertaken
targeting the first intersection of saturated sub-surface material to a maximum depth of six (6) metres. The
current development layout and the location of the monitoring bore sites is shown in Figure 4-2, with the site
groundwater elevations shown in Figure 4-3 and site groundwater salinity shown in Figure 4-4.
In most of the drill holes, clay-rich sediments were intersected within the soil profiles. At CORA04 refusal at
4 m on hard rock suggests the unweathered basalt was encountered, whereas at CORA01 and CORA02 the
interpreted basalt formation was able to be penetrated to 6 m depth. At CORA03, although mapped to be
within the Newer Volcanic Basalts, returned sediments more likely to be Quaternary Alluvium and/or
equivalents of the Sandringham Sandstone Formations.
Results from the drilling program indicate that the depth at which saturated soils are penetrated are generally
deeper than the depth at which resting groundwater level stands within the Observation Bore Network. This
suggests that at the CORA Development site the shallow groundwater system is predominantly semi-confined
in nature. This semi-confined characteristic suggests that locally, this first zone of saturation is not likely to
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receive direct infiltration recharge, apart from isolated zones where the confining subsoil clay material may be
‘weakened’ by fractures or more permeable sediment profile.

That is, the clay sub-soil material that prevents the groundwater from rising
to saturate these sediments from below will likely also prevent infiltrating
surface water from draining to the shallow groundwater system locally.
Therefore, surface stormwater ponds are not expected to contribute
significantly to the local water-table aquifer, and local GDEs are therefore
unlikely to be affected by stormwater ponds.

19010054_R01_V07

FIGURE 4-2 CORA CONCEPT PLAN AND MONITORING BORE LOCATIONS
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FIGURE 4-3 DISTRIBUTION OF ESTIMATED STANDING GROUNDWATER LEVEL AND ESTIMATED SHALLOW
GROUNDWATER POTENTIOMETRIC SURFACE CONTOUR ELEVATION

The distribution of the shallow groundwater salinity is presented in Figure 4-4. Apart from CORA10 all bores
containing groundwater yielded groundwater salinity in the brackish to saline range (>6,000 µS/cm EC).

19010054_R01_V07

A review of bore data [Source: Visualising Victoria’s Groundwater (VVG)] within a 5 km radius of the CORA
Development site indicated that, from the limited data available, the salinity of groundwater (from various
depths) in the area west and north of Lake Modewarre are similar to that observed from the recent drilling
program (refer to red text in Figure 4-5). To the south east of the CORA Development site there is recorded a
groundwater salinity of 1522 µS/cm EC, which is of similar range found in CORA10. This bore [87744] however
is completed at a depth of greater than 25 mbGL.
The local data suggests an increasing salinity trend towards Lake Modewarre. This increasing trend may reflect
the influence that Lake Modewarre has on the groundwater immediately adjacent the lake, as the lake is an
end-point (or discharge area) for both surface water and local shallow groundwater systems. The long-term
inundation and evaporative cycles that have operated over many years are likely to have generated a high
salinity zone beneath the lake and the areas adjacent.
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FIGURE 4-4 DISTRIBUTION OF GROUNDWATER SALINITY FROM BAILED SAMPLESµ
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There is present in the region around the CORA development site a series of observation bores constructed
in the mid-1990s (refer to red dots on Figure 4-5). The water level trends for the shallow bores near to the
CORA Development site are plotted in Figure 4-6. This hydrograph plot also shows the elevation of the ground
level (as provided by VVG), to provide an indication of the relative depth to groundwater at each observation
bore location. There is a seasonal rise and fall in groundwater level in most of the plotted groundwater
hydrographs, with the depth to standing groundwater often within one or so metres of ground level during the
wetter months. There is every expectation that the newly constructed on-site bores will have similar water level
variation trends.
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FIGURE 4-5 REGIONAL BORE DATA [VVG DATA] AGAINST SURFACE GEOLOGY
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FIGURE 4-6 HISTORICAL GROUNDWATER LEVEL HYDROGRAPHS

4.3

Summary

The recent drilling program has identified the shallow groundwater system across the proposed CORA
Development site. The salinity of this shallow groundwater system is generally brackish and appears to be
similar to the groundwater found in areas in similar proximity to Lake Modewarre.
The depth at which the shallow groundwater was struck on site appears to be consistently deeper than the
depth at which groundwater is found within the observation bores indicating that this shallow groundwater
system has a semi-confined characteristic in the low-lying area subject to inundation when Lake Modewarre
fills and over-flows.

19010054_R01_V07

The proposed development will not result in water quality, stream flows or regional groundwater levels for the
following reasons:
◼

The proposed CORA Development intends to revert the low-lying area to natural wetland ecology, which
due to the inferred semi-confined nature of the subsoil, is not likely to exacerbate potential soil salinity
processes that may operate across this area in times of high regional shallow groundwater levels. The
direction and rate of groundwater flow is not expected to vary materially from what currently occurs.

◼

The proposed development will involve an Integrated Water Management system and will ensure that
runoff from the development is treated to best practice levels before being introduced to the surface water
network.

◼

The proposed development will improve the stream flows migrating through the site feeding Lake
Modewarre. Through the removal or relocation of man-made structures that impede the stream flows, the
development will allow for and promote the more direct conveyance of surface water across the site to
Lake Modewarre.

◼

The proposed development is not a significant user of groundwater and does not involve groundwater
extraction and therefore will not cause major effects due to lowering of regional groundwater levels.

◼

The proposed development will not result in a significant increase of surface water storage, relative to
current conditions, and will manage any likely impacts due to the development of irrigated sports fields
through strategic revegetation and shallow groundwater monitoring.
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The corresponding mitigation measures proposed as part of the CORA development demonstrate it will not
have major or extensive impacts on regional groundwater levels.
To ensure impacts are kept to an acceptable level, the following considerations will be made and incorporated
into the site detailed design:
◼

Adjusting permanent and ephemeral surface water body elevation levels to ensure risks of water logging
or dewatering of adjacent areas are minimised.

◼

Setting contoured water-way excavation depths to manage surface water flow rates and minimise risks of
promoting additional evapotranspiration processes that may concentrate salinity in surface water bodies
or exacerbate land salinization.

◼

Understanding inundation/saturation requirements of identified GDEs and to maintain/restore those
processes to enhance/re-establish GDE systems.

◼

Establishing constraints on irrigation regimes to maximise productivity and minimise the potential for
nutrient overload and mobilisation.

◼

Strategic revegetation of open areas to promote the evapotranspiration of shallow groundwater to assist
in managing land salinisation.

◼

The observation bore network is regularly monitored (at least monthly for the first 12 months) for depth to
groundwater level. Additional sampling of the shallow groundwater system at the beginning and end of
the wet season for salinity may further assist the understanding of how this shallow groundwater system
behaves seasonally.

19010054_R01_V07

The local shallow groundwater system is unlikely to impact on construction activities within the development.
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5

STORMWATER

While much of the site is impacted by inundation from catchment flows, local stormwater runoff and
management will still play a major role. Any development that increases the impervious area within the
catchment requires an assessment of the increase on receiving waterways to ensure there are no increases
in peak flow rates and best practice water quality conditions are met. A number of best practice stormwater
objectives are listed in the Infrastructure Design Manual (IDM7) with regards to development. These include:
◼

To ensure that stormwater discharged to natural watercourses and drainage networks belonging to other
drainage authorities meets the requirements of the Environment Protection Act 1970 and the water quality
performance objectives for individual drainage catchments as provided in the State Environment
Protection Policies (SEPP).

◼

To implement the design requirements of the Council’s Stormwater Management Plan.

◼

To ensure that all designs incorporate consistent best practice WSUD measures and principles.

◼

To ensure that treatment methods and infrastructure are cost-effective from a maintenance and
operational perspective and that the risk to the public is minimised as far as practicable.

◼

To protect and enhance natural water systems within urban environments.

◼

To integrate stormwater treatment into the landscape, while maximizing the visual and recreational
amenity of developments.

◼

To improve the quality of water draining from urban Developments into receiving environments.

The two major components of the objectives from the IDM focus on peak flow rates and water quality
management of stormwater runoff from the site. The requirements for these include:
◼

No increase in peak discharge for events up to the 1% AEP flood event (generally the 10% and 1% AEP
event are considered).

Water quality standards of:
◼

80% retention of the typical urban annual load for Total Suspended Solids (TSS).

◼

45% retention of the typical urban annual load for Total Phosphorus (TP).

◼

45% retention of the typical urban annual load for Total Nitrogen (TN).

◼

70% retention of the typical urban annual load for gross pollutants (litter).
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To provide an assessment of the requirements for this site to meet the objectives set out in the IDM, a detailed
stormwater hydrology model was constructed. MUSIC modelling was used to determine asset sizes to treat
stormwater runoff from the development. MUSIC model details are reported in Appendix A.

5.1

Modelling Methodology

5.1.1

Sub-catchments

Water quality sub-catchment delineation and fraction imperviousness were adopted from the previous
hydrologic modelling (RORB). The majority of the stormwater runoff from the site flows into Lake Modewarre,
with the remaining portion draining to the Brown Swamp Wildlife Reserve. The stormwater quality assessment
therefore considered two outlets, a catchment area of 500 ha draining to Lake Modewarre (outlet 1) and a

7

Infrastructure Design Manual, Version 5.01, produced and maintained by the Local Government
Infrastructure Design Association (January, 2017)
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40 ha catchment draining to the Brown Swamp Wildlife Reserve (outlet 2). WSUD elements were sized to
meet the water quality targets at both outlets.
The developed conditions fraction imperviousness was determined via Melbourne Water’s MUSIC Guidelines,
to better represent the changes in catchment characteristics in the previous hydrologic modelling. The fraction
imperviousness used in RORB model was compared against the latest concept masterplan (Figure 5-1) and
it was found that the fraction imperviousness is in agreement with the latest concept layout. A summary of
water quality sub-catchments is presented in Table 5-1 and shown in Table 5-3.
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FIGURE 5-1 CORA COMPREHENSIVE DEVELOPMENT PLAN (23 AUGUST 2019)
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TABLE 5-1

WATER QUALITY SUB-CATCHMENTS

Catchment ID (a)

Area (ha)

Fraction Impervious

Water Quality Outlet

Ext_1

269.62

2%

Outlet 1

Ext_2

59.00

11%

Outlet 1

Ext_3

69.13

5%

Outlet 1

Ext_4

6.23

24%

Outlet 1

Ext_5

8.74

24%

Outlet 2

Ext_6

2.36

4%

Outlet 2

Dev_ 1

8.61

10%

Outlet 1

Dev_2

10.31

37%

Outlet 1

Dev_3

5.45

56%

Outlet 1

Dev_4

4.11

59%

Outlet 1

Dev_5

5.20

60%

Outlet 1

Dev_6

7.25

56%

Outlet 1

Dev_7

10.37

52%

Outlet 1

Dev_8

7.40

10%

Outlet 1

Dev_9

18.39

10%

Outlet 1

Dev_10

5.18

20%

Outlet 1

Dev_11

2.87

20%

Outlet 1

Dev_12

10.95

20%

Outlet 1

Dev_13

5.89

20%

Outlet 2

Dev_14

15.82

20%

Outlet 2

Dev_15

7.18

10%

Outlet 2

Note:
Ext – external/existing sub-catchments; Dev – developed sub-catchments
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a.
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FIGURE 5-2 WATER QUALITY SUB-CATCHMENTS

5.1.2

WSUD Elements
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A range of WSUD elements listed in IDM is proposed as a part of stormwater quality management strategy. A
gross pollutant trap (GPT) is proposed to treat the flows from the retail village as it is expected that the
commercial precincts will generate relatively higher litter loads. Raingardens are proposed to treat runoff from
carparks and roof areas. As the proposed development is planned to convey stormwater runoff around the site
using minimal hard infrastructure preferring swales rather than a kerb and channel/piped drainage network,
swales are proposed along with the road network.
Additionally, wetlands and sedimentation basins are proposed along the western boundary of the proposed
development as wetlands can be easily integrated into the proposed revegetated landscape. Ponds and
existing dams shown in the concept masterplan are also proposed to be used for stormwater treatment.
However, any existing pond/dam identified as a potential Growling Grass Frog habitat were not used for
stormwater treatment. There is a potential to use the combined wetlands/ponds and detention basins to allow
for both peak flow rate objectives and water quality objectives to be met in a single area. This provides the
opportunity to develop an aesthetically pleasing wetland/pond that also acts as a detention basin.
The on-site wastewater treatment plan proposed for the CORA development is planned to provide alternative
water source for irrigating sports fields. There is an opportunity to harvest rainwater for indoor re-uses such as
toilet flushing. An additional assessment was carried out to estimate the potential of rainwater harvesting as
an alternative water source for toilet flushing (excluding retail village and hotel).
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Concept sizing of these WSUD elements was estimated with regards to best practice industry methods. It
should also be noted that the proposed WSUD elements are sized to meet the stormwater quality targets for
the runoff generated from the sub-catchments within the proposed development only. Therefore, pollutants
generated from the external/existing sub-catchments were excluded when estimating the treatment train
effectiveness.

5.2

Results

A treatment train consisting GPT, raingardens, swales, ponds, sedimentation basins and wetlands are
proposed to manage the stormwater quality generated from the proposed developed sub-catchments.
Indicative locations of these WSUD elements are shown in Figure 5-3 and Appendix B. Three detention basins
that were proposed to mitigate the peak flows in the previous hydrologic modelling are also shown in Figure
5-3. There is a potential to combine the proposed detention basin 1 and wetland 1. Similarly, stormwater pond
1 and detention basin 3 can be combined to provide peak flow mitigation and water quality treatment.

19010054_R01_V07

Ongoing maintenance of WSUD elements is crucial for their stormwater treatment performances. Therefore,
access for maintenance is important when locating any WSUD asset. Efforts were made to locate WSUD
assets as close as possible to an access road. However, swale 4 and 5 and raingarden 3 is currently away
from an access road. The current location of these assets was governed by the catchment flow direction.

FIGURE 5-3 WSUD ELEMENTS INDICATIVE LOCATIONS
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Key MUSIC modelling parameters of these treatment elements are listed in Appendix A and concept sizing
listed in Table 5-2. The concept sizing and indicative locations mentioned within this report should be further
investigated at the detailed design phase of the project.

TABLE 5-2

WSUD ELEMENT CONCEPT SIZING

Contributing
Catchment

WSUD ID

Surface Area at
Normal Water
Level (m2)

Permanent
Pool Volume
(m3) (a)

Length (m)

Dev_2

Wetland 1

1,750

700

-

Sedimentation Pond 1

265

215

-

Detention Basin 1

4,800

4,500

-

Dev_3, Dev_4, Dev-5,
Dev_6, Dev_7, Dev_8,
Ext_4

Wetland 2

6,500

2,600

-

Sedimentation Pond 2

755

800

-

Dev_9, Dev_10,
Dev_11, Dev_12

Wetland 3

2,500

1,000

-

Sedimentation Pond 3

700

725

-

Detention Basin 2

2,500

2,800

-

Dev_3

Raingarden 1(b)

250

-

-

Dev_6

Swale 1

750

-

150

Dev_3, Dev_4, Dev_6

Swale 2

1,000

-

200

Dev_3, Dev_4, Dev_5,
Dev_6, Dev_7

Swale 3

475

-

95

Dev_4

Raingarden 2(b)

250

-

-

Dev_13

Stormwater Pond 3

2,000

1,000

-

Detention Basin 3

3,600

4,000

-

Swale 4

1,250

-

250

Raingarden 3

250

-

-

Swale 5

500

-

100

Dev_14

Dev_15
Notes:

Permanent pool volume of sedimentation basins is reported as the volume between the normal water level
and the base. However, in MUSIC, the permanent pool volume was modelled as the volume between the
normal water level and halfway up the sediment accumulation zone as per Melbourne Water Guidelines.

b.

Treating only a portion of the sub-catchment
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a.
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A summary of treatment train effectiveness considering only the developed sub-catchments is listed in
Table 5-3. It is evident that the proposed WSUD elements not only meet the pollutant load reduction targets
at both outlets but also exceed the current best practice targets for all pollutants.
TABLE 5-3

TREATMENT TRAIN EFFECTIVENESS (DEVELOPMENT SUB-CATCHMENTS ONLY)

Target

Outlet 1 (Lake
Modewarre)

Outlet 2 (Brown
Swamp Wildlife
Reserve)

Combined Outlet

TSS Load
reduction

80%

84.0%

91.1%

85.1%

TP Load reduction

45%

70.6%

74.4%

71.1%

TN Load reduction

45%

52.4%

65.9%

53.8%

Litter Load
reduction

70%

96.7%

100.0%

97.2%

5.2.1

Additional Rainwater Harvesting (Optional)

The on-site wastewater treatment plan proposed for the CORA development is planned to provide alternative
water source for irrigating sports fields. In addition to reusing treated wastewater for irrigation, there is a
possibility to harvest rainwater for indoor uses such as toilet flushing. The use of rainwater for toilet flushing
provides multiple benefits such as minimising the runoff volume entering receiving water bodies, reducing the
potable water demand and providing an alternative water source without little or no treatment. Therefore,
rainwater harvesting for toilet flushing is an optional WSUD strategy to be considered in the later stages of the
project.
It was estimated that the reuse demand in buildings (excluding retail village and hotel) will be 4.01 ML/year
(assuming a typical toilet flushing usage of 20 L/person/day 9). It was estimated that rainwater tanks sized to
1% of roof catchments (or 1 KL per 100 m2) could provide 3.78 ML/year. The proposed arrangement would
meet the reuse demand 94% of the time. It should also be noted that the proposed rainwater harvesting could
also reduce pollutant loads and therefore, improve the overall treatment train effectiveness.

5.3

Summary
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A treatment train approach is proposed to manage stormwater runoff quality within the proposed CORA
development. MUSIC modelling was used to derive concept sizing of the proposed WSUD elements. Modelling
results revealed that the proposed indicative layout and concept sizes can exceed the current stormwater
pollutant load reduction targets. There is a potential to harvest rainwater for indoor uses such as toilet flushing.
The indicative locations and concept sizing of the proposed WSUD elements and rainwater harvesting
opportunities will need to be further investigated during the detailed design phase of the project.

9

CSIRO (2005), Water Sensitive Urban Design Engineering Procedures: Stormwater Manual. Toilet flushing
demand was assumed to be 20 L/person/day in the generic procedure to estimate rainwater tank size for
toilet flushing in all regions of Victoria.
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6

SUMMARY

The Cape Otway Road Australia (CORA) Comprehensive Development Plan (Tract, August 2019) outlines a
long term plan for the staged development of currently low yielding agricultural land to the south-east of Lake
Modewarre, into retail, sports, accommodation and tourism precincts. The Comprehensive Development Plan
describes the future layout of these precincts, and provides a set of objectives, requirements and guidelines,
some of which specifically address water related issues, that will guide the development of the project for many
years to come.
The site is adjacent to Lake Modewarre and a waterway that flows to the lake, and as such flood risk needs to
be understood. Detailed investigations and consultation with Corangamite CMA, has identified that the peak
water level at the site is likely to be associated with backwater flooding from Lake Modewarre and not flooding
from the waterway. Both flooding mechanisms were modelled to the satisfaction of Corangamite CMA. It is
proposed that building floor levels will be set at above the 1% AEP flood level as determined by Corangamite
CMA. The modelling conducted for this investigation has suggested that a Lake Modewarre backwatering flood
level of 115.37 m AHD (from the modelled 1977 peak level) could be an appropriate flood level to use for
design purposes. It is recommended that a further 0.6 m freeboard be applied on top of that, so floor levels
would be set at approximately 116 m AHD.
A detailed desktop groundwater assessment was completed, addressing a number of issues raised early in
the project development stage. The assessment concluded that the development will have no impact on
regional groundwater levels but that localised shallow groundwater may be impacted by various activities
across the site. It was recommended that a groundwater monitoring network be established and monitored for
a period of time to better understand the local groundwater. This has been implemented and will continue to
be monitored over time. The local shallow groundwater system is unlikely to impact on construction activities
within the development.
Wastewater treatment and reuse has been assessed in detail by Out Task Environmental, with the proposal
to irrigate pasture and sporting fields with treated wastewater. A land capability assessment has shown that
this is achievable. The wastewater system will be a closed system and will not interact with the stormwater
system, groundwater or with potential flooding from Lake Modewarre. If the treated wastewater is applied to
the pasture and sporting fields at reasonable rates appropriate for the irrigated surfaces, the treated
wastewater is unlikely to leach to the groundwater or runoff to the stormwater systems.
A detailed assessment of the stormwater water quality treatment options has been conducted and has
demonstrated that there is ample opportunity to treat stormwater to best practice levels. A proposed
stormwater treatment train has been modelled within MUSIC, and the results show that the site can exceed all
best practice measures for stormwater water quality objectives. This modelling has included the reuse of
stormwater for flushing toilets to reduce the volume of potable water required on site and also to reduce the
volume of stormwater required for treatment.
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Water Technology is satisfied that the CORA site objectives listed below can be met and will deliver positive
outcomes for the site and the environment.
◼

To achieve environmentally sustainable outcomes in relation to energy management, water sensitive
urban design, and environmental conservation.

◼

To minimise the impacts upon existing sensitive environments and to improve environmental outcomes
upon the site through conservation and sustainable land management practices.

◼

To deliver an integrated water management system that has regard for flood water, stormwater, waste
water and their interaction with groundwater.
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APPENDIX A
MUSIC MODELLING
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Stormwater modelling was carried out with regards to best practice industry methods. The water quality
treatment targets established by the Urban Stormwater Best Practice Guidelines (CSIRO, 1999) should be
achieved as a minimum to protect river health values. The removal rate targets for key pollutants are as follows:
◼

80% of TSS;

◼

45% of TN;

◼

45% TP; and,

◼

70% gross pollutants.

A MUSIC model (Version 6.2) was constructed for analysing the water quality requirements for the
development. Model Schematic is shown in Figure A-1. The key modelling parameters are detailed below.

FIGURE A-1 MUSIC MODEL
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A-1

Climate Data

The BoM weather stations, Buckley (Balliwindi) (Station ID: 87124) and Winchelsea (Post Office) (station ID:
90167) are the two closest to the project area. The mean annual of Buckley station is 602.5 mm and
Winchelsea is 549.8 mm. However, 6-minute pluviograph data near the project area was not available.
Therefore, the Melbourne Airport meteorological template with the 6-minute dataset for a 10-year rainfall period
(1971 to 1980) was utilised for rainfall and evapotranspiration data. The Melbourne Airport meteorological
template is recommended for mean annual rainfall range between 500 – 650 mm. The mean annual rainfall
for the modelled period was 575 mm with the mean potential evapotranspiration of 1041 mm.
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A-2

Source Nodes

Water quality sub-catchment delineation and fraction imperviousness were adopted form the catchment
delineation used for the hydrologic modelling (RORB) reported in the previous flood modelling report. The
developed conditions fraction imperviousness was determined by Melbourne Water’s MUSIC Guidelines, to
better represent the changes in catchment characteristics in the previous hydrologic modelling. Additionally,
some sub-catchments subdivided by surface type to differentiate roof and carpark areas from the rest of the
catchments to model rainwater harvesting and local raingardens.
Default parameters recommended for Melbourne in Melbourne Water’s guidelines (2018)10 were adopted
elsewhere for the pervious area rainfall-runoff parameters (e.g. soil store capacity and field capacity).

A-3

Treatment nodes

Treatment node parameters were selected based on the treatment requirements as per IDM 11 and WSUD
Engineering Procedures 12. The design flow rates for each treatment device was estimated using the Rational
Method. The key modelling parameters are provided in the following sections.

A-3-1 GPT
A generic node with a 19% reduction rate of gross pollutants was used to model a GPT. The high-flow bypass
flow rate was set to 3-month ARI flow rate.

A-3-2 Sedimentation ponds
The sedimentation basins were sized to achieve 95 % reduction (minimum) of particles less than 125 µm in
1-year ARI event using the Fair and Geyer Equation. Also, the sedimentation basin clean-out frequency set
to a minimum of 5 years. Sedimentation ponds provide pre-treatment for the proposed wetlands.
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TABLE A-1

SEDIMENTATION POND MODELLING PARAMETERS

Parameter

Value

High flow bypass rate

1-year ARI flow (Design flow)

Extended detention depth

0.35 m

Permanent pool volume

The volume between the normal water level (NWL)
and halfway up the sediment accumulation zone.
Sedimentation pond was assumed to be 1.5 m
deep with sediment accumulate up to 0.5 m below
NWL.
Pond volume was estimated assuming 1:3 batter
slopes

Notional detention time

Approximately 12 hrs

Melbourne Water (2018), MUSIC Guidelines – Input parameters and modelling approaches for MUSIC
users in Melbourne Water’s service area.
11 Infrastructure Design Manual, Version 5.01, produced and maintained by the Local Government
Infrastructure Design Association (January, 2017)
12 CSIRO (2005), Water Sensitive Urban Design Engineering Procedures: Stormwater Manual
10
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A-3-3 Wetlands
TABLE A-2

WETLAND MODELLING PARAMETERS

Parameter

Value

High flow bypass Rate

1-year ARI flow (design flow)

Extended detention depth

0.35 m

Permanent pool volume

It was assumed the average depth of the
macrophyte zone is 0.4 m
Surface area x average depth

Notional detention time

Approximately 72 hrs

A-3-4 Raingardens
Raingardens are modelled as local systems treating runoff from carparks and roof areas within selected subcatchments.
TABLE A-3

RAINGARDEN MODELIING PARAMETERS

Value

High flow bypass rate

3-month ARI flow

Extended detention depth

200 mm

Saturate hydraulic conductivity

100 mm/hr

Filter media type

Loamy sand

Filter media depth

500 mm

TN content of the media

800 mg/kg

Orthophosphate content of the media

55 mg/kg

Lined/unlined

Lined

Vegetation

Vegetated with effective nutrient removal plants

Submerged zone with carbon present

No
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Parameter
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A-3-5 Swales
TABLE A-4

SWALE MODELLING PARAMETERS

Parameter

Value

Bed slope

1%

Base width

0m

Batter slope

1 (V): 5 (H)

Depth

0.5 m

Vegetation height

0.05 m

Exfiltration rate
36 mm/hr*
*sandy loam soils were found in the project site as per the Land Capability Assessment Report 13

A-3-6 Stormwater Ponds
TABLE A-5

STORMWATER POND MODELLING PARAMETERS

Parameter

Value

High flow bypass Rate

100-year ARI flow (Design flow)

Extended detention depth

0.5 m

Permanent pool volume

It was assumed the average depth of the
macrophyte zone is 0.5 m
Surface area x average depth

Notional detention time

Approximately 12 hrs

A-3-7 Rainwater tanks
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Rainwater harvesting is proposed as an optional WSUD element. Harvested rainwater is proposed to be used
for indoor use (e.g. toilet flushing) in some buildings. A demand of 20 L/person/day14 was used for modelling.
Building occupancy rates was extracted from the on-site wastewater treatment plant concept design 15
Wastewater treatment concept design assumed:
◼

All accommodation, retail village and sport facilities are operating 365 days/year

◼

The average annual occupation of the residential component is based on the 65% of the maximum
population

◼

The average annual occupation of the retail village and sport facilities component is based on the 60% of
the maximum population

13

AG-Challenge (2018), Land Capability Assessment for Sustainable Irrigation of Recycled Water at the
CORA Development in Modewarre for Out Task Environmental
14 Melbourne Water (2005), Water Sensitive Urban Design Engineering Procedures: Stormwater Manual
15 CEE (2018), Cape Otway Road Australia Development Wastewater Treatment Plant Concept Design
prepared for Coesr Pty Ltd.
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The estimated reuse demand and tank sizing are presented in Table A-6
TABLE A-6

REUSE DEMAND AND RAINWATER TANK SIZING

Building

Estimated
Roof for
Harvesting
(m2) (a)

No. of
units

Maximum
no. of
people
per unit

Design
Capacity
(Person/unit)

Ecolodge/homestead
lodge

119

Managers residence

61

2.5

1.62

1.98

1.2

717

1

5

5

0.10

7.2

Staff accommodation

1662

1

28

18

0.36

16.6

Media Centre

2466

1

200

120

2.40

24.7

Sports Science hub

6280

1

300

180

3.60

62.8

Elite Sport facilities

6146

1

100

60

1.20

61.5

Gym

3098

1

50

30

0.60

31.0

Wellness centre

1043

1

50

30

0.60

10.4

Depot

1133

1

6

3.6

0.07

11.3

c.

Based on the current concept layout

d.

Sized to 1% of contributing catchment assuming a tank depth of 1 m.
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Tank
Volume
(KL/unit)
(b)

Notes:
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Reuse
demand
(KL/day)

A-4

Results

A-4-1 Outlet 1
TREATMENT TRAIN EFFECTIVENESS AT THE OUTLET

Sources
Flow (ML/yr)
Total Suspended Solids (kg/yr)
Total Phosphorus (kg/yr)
Total Nitrogen (kg/yr)
Gross Pollutants (kg/yr)

519
49600
141
1290
8200

Residual Load % Reduction
487
6
26500
46.6
95.6
32
1020
20.5
2020
75.4

POLLUTANT GENERATED FROM EXTERNAL CATCHMENTS

Sources
Flow (ML/yr)
Total Suspended Solids (kg/yr)
Total Phosphorus (kg/yr)
Total Nitrogen (kg/yr)
Gross Pollutants (kg/yr)

328
22100
76.7
775
1810

Residual Load % Reduction
328
0
22100
0
76.7
0
775
0
1810
0

TREATMENT TRAIN EFFECTIVES FOR DEVELOPED CATCHMENTS

Sources
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Flow (ML/yr)
Total Suspended Solids (kg/yr)
Total Phosphorus (kg/yr)
Total Nitrogen (kg/yr)
Gross Pollutants (kg/yr)
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191
27500
64
515
6390

Residual Load % Reduction
159
16.8
4400
84.0
19
70.6
245
52.4
210
96.7

A-4-2 Outlet 2
TREATMENT TRAIN EFFECTIVENESS AT THE OUTLET

Sources
Residual Load % Reduction
Flow (ML/yr)
55.6
39.9
28.3
Total Suspended Solids (kg/yr)
7510
2710
64
Total Phosphorus (kg/yr)
17.9
8.57
52.2
Total Nitrogen (kg/yr)
145
77.7
46.6
Gross Pollutants (kg/yr)
1620
498
69.3

POLLUTANT GENERATED FROM EXTERNAL CATCHMENTS

Sources
Residual Load % Reduction
Flow (ML/yr)
16.1
16.1
0
Total Suspended Solids (kg/yr)
2240
2240
0
Total Phosphorus (kg/yr)
5.36
5.36
0
Total Nitrogen (kg/yr)
42.8
42.8
0
Gross Pollutants (kg/yr)
498
498
0

TREATMENT TRAIN EFFECTIVES FOR DEVELOPED CATCHMENTS
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Sources
Residual Load % Reduction
Flow (ML/yr)
40
24
39.7
Total Suspended Solids (kg/yr)
5270
470
91.1
Total Phosphorus (kg/yr)
13
3
74.4
Total Nitrogen (kg/yr)
102
35
65.9
Gross Pollutants (kg/yr)
1122
0
100.0
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A-4-3 Combined Outlet
TREATMENT TRAIN EFFECTIVENESS AT THE OUTLET

Sources
Flow (ML/yr)
Total Suspended Solids (kg/yr)
Total Phosphorus (kg/yr)
Total Nitrogen (kg/yr)
Gross Pollutants (kg/yr)

574
57100
158
1430
9820

Residual Load % Reduction
527
8.2
29200
48.9
104
34.3
1100
23.1
2520
74.4

POLLUTANT GENERATED FROM EXTERNAL CATCHMENTS

Sources
Flow (ML/yr)
Total Suspended Solids (kg/yr)
Total Phosphorus (kg/yr)
Total Nitrogen (kg/yr)
Gross Pollutants (kg/yr)

345
24300
82.1
817
2310

Residual Load % Reduction
345
0
24300
0
82.1
0
817
0
2310
0

TREATMENT TRAIN EFFECTIVES FOR DEVELOPED CATCHMENTS

Sources
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Flow (ML/yr)
Total Suspended Solids (kg/yr)
Total Phosphorus (kg/yr)
Total Nitrogen (kg/yr)
Gross Pollutants (kg/yr)
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229
32800
76
613
7510

Residual Load % Reduction
182
20.5
4900
85.1
22
71.1
283
53.8
210
97.2
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APPENDIX B
INDACTIVE LOCATIONS OF PROPOSED WSUD
ELEMENTS
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