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Integrated Water Management is a collaborative
approach to water planning and management
that brings together organisations with an
interest in all aspects of the water cycle.
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The Lake Pertobe precinctin Warrnambool holds
significant potential for Integrated Water Management
(IWM) within its highly regarded open space.

The IWM process, involving stakeholder engagement and
community consultation, has highlighted key aspects of Lake
Pertobe, specifically its low-lying lakes and land, the substantial
influx of over 1000 ML of stormwater per year, and the utilization
of potable water for irrigation. Notably, recent weather patterns,
characterized by two years of relatively cool conditions and
above-average rainfall (in 2021and 2022), have shifted the
community’s focus towards flooding and drainage issues, with
water security and scarcity taking a backseat. Itis worth noting
that the path between the Milland Main Lakes was temporarily
closed during the development of this IWM Plan due to these
concerns.

Key opportunities for Lake Pertobe’'s WM strategy include
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enhancements in treatment, storage, and flow control within the
lakes, as well as harnessing stormwater resources. Furthermore,
the plan identifies prospects for education and recreation and
introduces initiatives in the catchment area to promote rainwater
infiltration, thereby restoring a more natural, predevelopment
water cycle.

To effectively address these opportunities, itis essential to bridge
knowledge gaps, whichinclude the direct measurement of
stormwater flows, monitoring changes in lake and groundwater
levels over time, and assessing water and sediment quality. The
acquisition of improved data and information will not only support
the management of water resources in Lake Pertobe but will also
facilitate more comprehensive planning of identified initiatives,
including the construction of a new water basin, enhancements
to lake connectivity and levels, improved public access to
recreational water activities, and community education onthe
intrinsic value of water.
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Parreeyt (Water)

Water is Life is a pathway to genuine, meaningful outcomes

for Traditional Owners. Water is Life recognises the central
importance of the relationship between people and Country,
embodied in the cultural water paradigm. Cultural water means
water entitlements controlled or held by Traditional Owner Nations
to beneft a range of outcomes as determined by each Traditional
Owner group. Caring for Country and water can deliver thriving
cultural economies and benefts for Traditional Owners, existing
entitlement holders, and all Victorians.

Summary from Water is life: Traditional owner access to
water Roadmap

Parreeyt s our lifeblood and as Maar people have always had

a strong spiritual connection to it. For us, we continue to remain
resilient to fght and care for these waters today. Let's hope we can
all work together to fk the land and water

issues of the past, for our future’ generations to enjoy.

Eastern Maar Traditional Owner.
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Water is Life

Traditional Owner Access
to Water Roadmap




1. Introduction

The Warrnambool Lake Pertobe precinctisdescribedas .  using significant volumes of groundwater for irrigation and
ahighly valued open space. suppling park water features,

- theareasproneness to drainage and flooding issues, and
Following the successful completion of the Albert Park precinct ~ « the area’s current and potential for tourism, recreation, envi-

Integrated Water Management Plan in 2019, Lake Pertobe ronmental and cultural values.

was identified to have great potential for integrated water

management (IWM) in 2022, given its characteristics including; The highly valued Lake Pertobe has opportunities for all out-

«  receiving significant volumes of stormwater, comes and objectives of WM to be investigated, from safe,

*  providing natural treatment of stormwater prior to water secure and affordable water supplies to economic benefits and
flowing into the Merri River Estuary, innovation.

- using significant volumes of reticulated potable water for
irrigation and toilet flushing,

Small white lines indicated the stormwater pipe network.

The Fairy, Gillies, and Japan St catchments at over 100 Ha of urban area generate the vast majority of stormwater entering Lake
Pertobe.
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anagement

The Department of Energy, Environment and Climate
Action define IWM as:

“Integrated Water Management (IWM) is a collaborative approach
to the way we plan for and manage all elements of the water

cycle. WM considers how the delivery of water, wastewater and
stormwater services can contribute to water security, public

and environmental health and urban amenity. It fundamentally
shifts the way water, land use planning and urban development
opportunities are understood and undertaken in Victoria.”

Lake Pertobe is a good location to consider WM issues and
solutions, as several different water issues are impacting the site
and several opportunities for water solutions that involve multiple
parts of the water cycle exist.

Integrated \Water
Vanagement Outcomes

Under the DEECA Integrated Water Forums and the Great
South Coast Strategic Directions Statement (2019),

the IWM Program aims to deliver on the seven specific
outcome areas illustrated in the adjacent graphic.

These outcomes are at the forefront for prioritising IWM
opportunities (projects), alongside a process that engages the
community and stakeholders.

IWM projects from the Albert Park IWM Plan 2019, such

as the ‘Warrnambool Roof Water Harvesting Initiative’ and
raingardens in the city of Warrnambool, illustrate projects that can
eventuate from WM plans.

This plan focuses on IWM in the Lake Pertobe precinct, with
projects delivering on one or more of the seven outcome areas
and thus supporting a more liveable, sustainable, and prosperous
region.
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‘egrated VWater
-whatisit”

A demonstration precinct, park, or building that incorporate IWM

could;

«  userainwater, or treated stormwater / wastewater to offset
the use of potable drinking water,

«  incorporate water efficiency methods (i.e. appliances and
water oval at night) and messaging

«  stormwater retention and treatment reducing downstream
flooding and pollution

« improve the ecology and biodiversity

«  IWMat Lake Pertobe is designed to deliver several
outcomes, outlined below, and ideally change the landscape
and experience for the users through creative and
recreational opportunities.

Safe, secure and affordable water supplies in an
uncertain future. A diverse range of fit for purpose
water supplies and resources is utilised

Effective and affordable wastewater systems.
Waste-to-resource opportunities are maximised
(B

Managed existing and future flood risks and impacts.
Community and property are resilient to local flood
risk.

Conventional water management

Healthy and valued waterways and marine
environments. Impacts from urban, peri urban,
industrial, business and transport activities are
mitigated close to the source to protect our waterways
and bays

Healthy and valued urban, rural, agricultural and
green landscapes. Aboriginal cultural values
associated with urban landscapes and waterways are
protected
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Community values are reflected in planning. Local
water related risks and issues are understood and
managed on a catchment scale

Jobs, economic growth and innovation. Improved
business water practices provide new opportunities for
jobs and economic growth
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As stated in the 2018 Master Plan, Lake Pertobe - whose
name originates from the local Gunditjmara/Dhauwurd
Wurrung language, where “pirtup” means “small
sandpiper” - spans 58 hectares.

Itis situated between the city’s central business district (CBD)
and the beachfront. Evolving from ephemeral wetlands in

the 1970s, it has transformed into a popular attraction with
recreational lakes and an adventure playground and is known

for its diverse play options and extensive social spaces. Over the
past four decades, Lake Pertobe has emerged as Warrnambool's
most prominent visitor destination.

Lake Pertobe is at the end of the terrestrial (land) portion of the
water cycle, situated just a meter above sea level, adjacent to the
saline southern ocean. Itis comprised of three lakes - Mill, Main,
and Kids Lakes - with relatively shallow depths and fringed with
adiverse array of vegetation, including indigenous, native, and
noxious species.

Stormwater from upstream catchments, including the
Warrnambool CBD, is the largest flow of water into the lakes,
namely at the Fairy, Gillies and Japan Street outfalls. Direct rainfall
and runoff from park grounds also contribute to the lakes  water
inputs. Groundwater lies at a depth of approximately 1-2 meters
below the current surface level, and the prevailing notion is that
the lakes sit above the groundwater table. This is evident during
hot, dry periods, such as the summer months, when the lakes
exhibit signs of drying out. Groundwater serves a year-round
role, supplying water for features like splash pools and water play
areas, and is used to maintain adequate water levels in the lakes
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throughout the summer months.

Flowing out into the Merri River, the lakes discharge at the
southern edge of Mill Lake. During periods of elevated water
levels in the Merri River estuary, water may reverse its course and
flow back into the Lake Pertobe system. Drainage and flooding
issues typically arise during the winter season, characterized by
extended periods of rain that saturate the ground.

[ Fairy St Outfall]

| Gillies St Outfall |

Japan St Outfall

\\

. ngrmma

Lake Connection
Mill Lake Outlet|

&

Key IWM related features at Lake Pertobe
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| ake Pertobe WM Plan Vision

Lake Pertobe is Warrnambool’s most iconic thriving open space precinct.

Integrated water management enables Lake Pertobe to be more liveable, resilient, sustainable, ecologically diverse, and prosper-

ous. Lake Pertobe inspires Warrnambool's residents and visitors to gather, play and enjoy the lake and surrounds.
— ;J"" i — 2

-

Challenges by our changing climate include resilience
and sustainability of community assets
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4. Objectives

The Lake Pertobe IWM Plan has eight key objectives;

1. Engage and support the land and water managers inthe
precinctin more sustainable water use.

2. |dentify opportunities to reduce demand on potable supply.

3. Identify opportunities to improve the quality of stormwater
discharge to the Merri River

4. |dentify opportunities to reduce stormwater and ground
water pollution.

5. Identify opportunities for integrated water management to
improve the open space and other community amenities of
the precinct.

6. Identify opportunities to value the ecological and
hydrological characteristics of the precinct.

7. |dentify opportunities to value the bio-cultural landscape that
Lake Pertobeisapart of.

8. Identify opportunities for this highly utilised site to support
broader community awareness and education about where
our water comes from and associated impacts.

These objectives have been taken into account by the project
control group when developing the IWM options for Lake Pertobe.
IWM options typically try to meet one or more of the objectives.

Opportunity to reduce pollution

Rubbish, such as beverage containers, is common at stormwater outfalls into Lake Pertobe. Opportunities to reduce pollutants

entering the lakes are addressed in the WM Plan.

The Lake Pertobe precinctisinan

interesting hydrological setting, givenits location
between the township and the ocean, being adjacent to
the Merri River and its current uses.

An annual water balance has been developed using available
data, noting that WM should consider the impacts of climate
change, including more variable rainfall. Water components used
inthe water balance are:

«  Directrainfall = 776 mm/yr (averaged over 50 years data
BOM™).

«  Evapotranspiration =1308 mm/yr (averaged over 50 years
data BOM).

«  Stormwater inflows = 1133 ML/yr (averaged over 50
years data, modelled & BOM).

«  Groundwater use = Tennis Club (license for 9 ML) 2-3 ML/yr,
WCC Staff shed bore 50-60 ML /yr, WCC Playground bore
16-36 ML/yr. (SRW data)

- Potable water use = 37-52 ML /yr Major users include, the

Harris St Reserve, WCC and Commercial caravan parks, and

Lawn Tennis Club. (WW - Warrnambool's recent average

WA

oz

RNAMBOOL

wwwwarrnambool.vic.gov.au

potable water use is 3450 ML/yr, i.e. major users consume
1-2 % of Warrnambool's annual demand).

«  Wastewater* to sewer = 237 ML/yr (WW)

«  Lake Pertobe and Merri River estuary connection flows
=unknown (as no measurements are made).

(BOM = Bureau of Meteorology, *some of this is likely to be
stormwater / groundwater infiltration to sewer)
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: Harris St Res.
2 PW 2.5-4.5 ML/yr.

Rainfall 3. = e M:'r?f?;'f”
776 mm/yr. = fE¥ohnson .
310 ML/yr. Reserg Evapotranspiration Water Play
s " 1308 mm/yr. j GW 66-96 ML/yr.
520 ML/yr.

F low_be‘tween s & : . e WCC Caravan Parks and
# Merri River & 3 g foreshore
@ | ake Pertobe

Unknown

3 GW = groundwater
-~ PW=potable water

Stormwater p

Total Suspended Solids = 215,183 kg / yr.
Gross Pollutants =47,020 kg / yr.

Total Nitrogen=3,192 kg / yr.

Total Phosphorus =444 kg / yr.
*Modelled estimates

Are the lakes getting smaller from pollution?

Lake Pertobe is continually accumulating sediment derived from stormwater inflows and from aquatic primary production, e.g. algal
blooms. Models estimate that over 100 cubic meters of sediment enters the system every year from stormwater alone.

%
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o. Knowledge gaps

Through the development of the IWM Plan, several knowl-
edge gaps have beenidentified, as well as areas where
improved data and information may be beneficial for
future projects and longer-term management.

Some of the gaps may be addressed by the IWM opportunities
developed in this plan. Gaps where more information could be
gatheredinclude:

Water levels - lake water heights are observed to fluctuate;
however, no actual recording of the lake water heights have
been made. This information, combined with rainfall and

tide data, could assist with longer term drainage and flood
management.

Water volumes - some water inputs are measured, such
as pumped groundwater inputs; however, the largest inflow
stormwater, volumes are unknown. Computer modelling

has estimated inflows (approx. 1100 ML/yr.); more accurate
inflow information could be gathered if required in the future.
Groundwater heights and quality — groundwater heights
and quality around Lake Pertobe are somewhat unknown.
As an example, the tennis club uses groundwater for irriga-
tion then reverts to potable town water once the groundwa-
ter becomes too salty, noting that the bore is near the ocean.
Function of Lake Pertobe - the various roles / functions
of Lake Pertobe were discussed, from stormwater basin to
valuable ecological habitat to human activity centre. Deliber-
ations on how to balance its various functions are ongoing.
Water quality and sediment accumulation-dataon
stormwater or lake water quality is limited. It is likely the lakes
are filling up with sediment; however, the rate and type of
contaminants (e.g.lead) in the sediment is not well under-
stood.

Kids Lake Jetty in January and June 2023, example of fluctuating water levels in the lakes

Knowledge gaps identified through the IWM include water levels over time in the lakes. Such information combined with rainfall and

other data could be used to help plan and design future developments.

The 2018 Lake Pertobe Master Plan lists the top five things
loved and valued by the community, being:

Additionally, it lists the top five things that people would like to
see changed orimproved, being;

The variety of play equipment and barbecue facilities
Its spaciousness and size

Open, grassed areas

The wildlife and environment

Walking tracks and accessibility.

Add and update play areas (including shade and water
elements)

Update and link paths and trails

More native plants and wildlife

Signage and wayfinding

Better access for all (Refer to Master Plan for more
details).

WARRNAMBOOL
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A summary of 2023 IWMP community engagement and
feedback s listed below.

Early phase
«  Flooding, drainage and lake water heights
«  Maximising visitation and experience

Formal Consultation Phase
«  Tobecompleted following formal consultation of the
“draft for consultation Lake Pertobe IWM Plan.
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Variable conditions canimpact values

Lake water heights and the impact on visitor experience were voiced by some of the community in the consultation
phase of preparing the IWM Plan. Photos taken in April and June 2023 show how water levels can fluctuate.

Several IWM opportunities were identified by the Working Group based on Lake Pertobe’s characteristics and
features, the shared vision for Lake Pertobe, and objectives of IWM. They are listed on the below image and their
approximate location at Lake Pertobe shown. The opportunities listed are not ranked in preference. Each opportunity
is explored outlining benefits, risks and further analysis (GPT = gross pollutant trap).

;7..-,1 | . ‘ s 7@ - Y 7 & “"; W
=23 1 / o / NN

Legend

1 Water Quality Improvement (GPT)

2) 1/ r Multi Benfit Basin

3 & Lake Links and Levels

5 g Education and Value of Water

)
)
)
4) Stormwater Irrigation
)
)

6) \,—} Water Recreation

7) % Roof Water to Aquifer Recharge (10+ ML)
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81\Water quality
improvement

The three main stormwater inflows along the north
of Lake Pertobe have the opportunity forimproved
stormwater treatment.

Stormwater carries a range of pollutants that can adversely
affect the values of Lake Pertobe from visual amenity to human
and animal health risks. Previous engineering efforts to reduce
gross pollutants (litter and large organic matter) entering Lake
Pertobe were not successful due to anumbers of reasons
including resources to clean and maintain the pollutant traps.

To ensure effective ongoing water quality improvement critical
consideration to cleaning & maintenance requirements for both
pollutant traps and sediment accumulation zones is needed.
Weed control, such as deciduous trees is also critical to reduce
organic and nutrient inputs into the lakes. Additionally, preventive
efforts such as community education, street cleaning and the
newly started Victorian container deposit scheme will also
contribute to managing stormwater pollution. This option also
aligns with Lake Pertobe Master Plan recommendations 6.7.5,
improve the reserves habitat values through weed control and
works to improve water quality.

Foreseen benefits:
«  Reduced gross pollutants — litter, rubbish and large organics
suchasleaves and fronds

WARRNAMBOOL

Drink containers pooling below’ %
Gilles Ststormwateroutfall. - - -

N
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«  Reducednutrients and sediments
«  Improved water quality in general

Potential risks:

«  Capitaland operation costs

«  Lackof maintenance will result in minimal water quality
improvement

Further analysis

«  Designof purpose-built gross pollutant traps,

«  Consider upstream interventions and size treatment
accordingly.
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81\Water quality improvement — concept.

The stormwater inflows to Lake Pertobe create some
specific challenges for gross pollutant traps (GPTs)
functioning effectively, including location, accessibility
and peak hydraulic flows. Opportunity exists toimprove
utilization of on ground resources, staff and tractor at
Lake Pertobe to better manage gross pollutants.

Itis proposed to design and install purpose built GPTs for Fairy
St and Giles St stormwater outfalls. Drawing on design concepts
from weeping wall dairy effluent treatments systems (cleaned by

GPT SKIP BIN ON CONCRETE SLAB-

EXISTING STORMWATER PIPE

EXISTING STORMWATER DISCHARGE PIPE

GROSS POLLUTANT TRAP (GPT)
~ -

\\
¥y
B

i\
&

The large area between the Fairy St stormwater outfall
and the north edge of Mill Lake has scope for a new multi
purpose / benefit water basin to be constructed.

The new water body functions would include; stormwater
treatment improving water quality entering the existing lakes,
water storage for later use in summer for irrigating Harris St
reserve and other possible uses, excess stormwater diversion
directly to the Merri River, and simply creating more aquatic
habitat for further ecological enhancement of Lake Pertobe.
This option also relates to numerous Lake Pertobe Master
Plan recommendations and values of the community. Images
Adjacent show the LIDAR (Light detection and ranging) height
dataindicates there is likely enough fall 2-3 m from the Fairy St
Stormwater outfall to the Merri River for a gravity diversion (via
approx. 1.3 km pipe) of excess stormwater from a new basin.

Foreseen benefits:

- Improved water quality for Lake Pertobe, reduced sediment,

nutrients and pathogens

- Alternate water supply for Harris Stirrigation (reduced
potable water consumption)

«  High/excess stormwater flow bypass has the potential
to alleviate flooding

«  More water in the landscape has community and ecological
value.

WARRNAMBOOL
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tractors), adrive throughie. two-way GPT, with a filter wall system
with removeable / changeable aperture (various sizes could be
trialed) screen panels. Operation would entail WCC staff cleaning
the GPT as needed, ie.inautumnit may need daily cleaning,

and or onaregular a basis. Pollutants removed would be placed
into anearby bund or container skip and this would be emptied
as required. High flows however, would most likely overload the
GPTs and spill over and around the screens. Images below show
anindicative layout plan and sketch of the drive through concept
for the Fairy St outlet.

Potential risks:
- Capitalcosts
«  Maintenance requirements / costs

Further analysis:
«  Feasibility study due tolikely significant capital costs
«  Stakeholder engagement to consider relative costs and

benefits for each stakeholder
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HARRIS STREET RESERVE
(POTENTIAL IRRIGATION OPTION) &

S ’ -~

BYPASS/OVERFLOW PIPE:
TO MERRI RIVER

»

LS

FAIRY STREET OUTFALL

MILL LAKE

The concept of the new basin will enable multiple
functions to be performed including sediment trap, water
treatment and storage, and water diversion (conveying
water via a new pipe to the Merri River).

Initial estimates suggest a basin size of potentially 10,000 m2 by

2mdeep (working volume), thus storing 20,000 kL or 20 ML of
water. Concept design sketches are shownin the above image.
Disturbance of contaminated sediment (identified by the working
group) may complicate the project, and sediment quality will need
to be determined at the next planning stage. This will inform the
options for sediment use or disposal.

Currently water levels in the three lakes are marginally
managed, more so the lake levels fluctuate due to water
inflows (bore and stormwater), water outflows (limited by
pipe size), and Merri River heights (i.e.impeding outflow
and at times back flow may occur from the estuary).

Water levels can somewhat be controlled using existing drop
board structures, however the effectiveness of the method

is uncertain. Potentially the lakes could be openly connected
with passageways (that could be shut if required, ie., to isolate
alake) large enough for watercraft, i.e. canoes, that would result
is having only one lake water height to manage rather than
three. Feedback from community consultation highlighted
drainage and inundation as key concerns and this may be
alleviated by improved capacity for outflow/discharge to the
MerriRiver and water level control. Additionally, given the ability
to control water levels may facilitate the use of lake water for
irrigation or other uses. The option also links with Master Plan
recommendation 6101 Develop and implement a drainage
maintenance program to ensures that the lakes important
drainage functionis sustained.

Foreseen benefits:

«  Reduction of poor drainage and inundations of areas

- Prevention of backflow of water from a flooded Merri River
and flooding of Lake Pertobe

«  Reduced groundwater pumping to maintain water levelsin

WARRNAMBOOL
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the Kids and Main Lakes

«  Potential to use the Lakes as a storage reservoir for irrigation
water over summer.

Potential risks:

«  Management challenges if Lake Pertobe is underwater (and
infrastructure flooded)

Further analysis:

«  Consider options for water removal while estuary is high and
lake in flood to reduce time of inundation

«  Modelling to understand and optimisation management of
system




8.3 Lakes links and levels - proposal

This option has a scope that ranges from simple to complex, from creating channel connections that could allow canoe
passage, to replacing pipe culverts and upgrading to a box culvert (larger area and improved hydraulic and ecological
connection) to advanced computer modelling, sizing of automated gate systems, and potentially installation of a pump
station to remove excess floodwater.

Alternatively, a more intermediate measure could be to upgrade current hydraulic control structures with more modern equivalents, as
outlined.

Main Lake - Mill Lake connection (refer to adjacent

photos*)

«  Current: Wooden drop boards / stop logs —age unknown,
usability unknown.

«  Upgrade: Segmented Stopboards —marine grade aluminum
stopboards in stainless steel frame

«  Benefits user friendly, control the flow between Milland Main
Lakes.

Mill Lake Outlet (refer to adjacent photos*)

«  Current: Bluestone headwall concrete weir with wooden
drop boards / stoplogs

«  Upgrade: Down opening penstock decant gate — stainless
steel, manual handwheel operation

«  Benefits user friendly, can set minimum water level in Mill
Lake, excess water overtops gate

Merri River Outlet (refer to adjacent photos*)

«  Current: 600 mm pipe open (flap valve previously installed)

«  Upgrade: Uplift penstock gate — stainless steel, new head
wall and manual handwheel operation

«  Benefitsuser friendly and installed to prevent Merri River
floods backflowing into the Lake Pertobe system. (*Alumini-
um gate photos sourced from; https://www.awmawatercon-
trol.com.au/)
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84 Stormwater irrigation

As outlined in the previous section, given the size of

Lake Pertobe there is opportunity to use the Lake/s as a
storage reservoir for water that then can be drawn down
toirrigate nearby sports facilities and other possible uses
such as toilet flushing.

Based on preliminary calculations if Mill Lake had a 30cm water
depthallocation for irrigation approximately 25 ML of water could
be available, ie.a summersirrigation requirements. Additionally,
the construction of an additional Basin (Option 2) directly

below the Fairy St stormwater outfall could be considered.
Design concepts estimated a new basin could have a capacity

of 20 ML that would likely to be able to supply sports fields
irrigation requirements most years. It should be noted that in

both scenarios further treatment of the stormwater is likely to

be required prior to use, this should be determined following
discussion with Authorities. The option also links with Master Plan
recommendation 610.2 Explore alternate for potable water use
forirrigation.

Foreseen benefits:
»  Reduce potable water demand and drought resilience
contingency

- Useofafitfor purpose water to meet community needs

«  Possible creation of a new water basin (Option 2)

- Improved water quality for Mill Lake

- Nutrient diversion for beneficial useie. irrigation of grass fields

Potential risks include:

«  Dryhotyears may limit stormwater availability and hence
limitirrigation volumes

+  Costs, the unit costs, ie. $/KL of stormwater irrigated may be
high

WARRNAMBOOL
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Further analysis:

- Verify opportunities for potable water offsets and demands
inprecinct

- tomaximise the potential alternate water scheme, potentially
reducing unit costs.

Exnstmg
7.4 Stormwater Dram

"
Gross Pollutant

Trap and
System Offtake

\ NS,

Dlstnbutlon

Schematic of a potential stormwater irrigation scheme proposed
in 2018 Lake Pertobe Master Plan (Source; 2018 Lake Pertobe
Master Plan)
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84 Stormwater Irrigation — case comparison

As detailed in the State Government IWM Progress Report March 2022, a sports field irrigation project using stormwa-
ter is being constructed in the Baw Baw Shire. The project has many similarities with the opportunity proposed at Lake
Pertobe as outlined in the table below.

Baw Baw Shire — Western Park Ovals \é\:::gl:::bool City Council - Harris St Reserve and Jetty

Irrigation of ovals used 600,000 L/week (600 kl) forecastto  Dataindicates usage between 400,000 to 500,000 L/week (500
increase with a hotter drier Climate, annual volume use not kl) in summer (12 weeks).Annual volume use approximately 5 ML /

stated. VI,

Dichotomy between water conservation and maintaining the . .

ovals Comparable circumstances —conservation vs use.

2.5 Ha wetland adjacent to ovals, capturing and treating Approx 20 Ha of water surface at Lake Pertobe — volume of lakes
stormwater from upstream residential development. unknown, stormwater from commercial and residential catchments.

Plan developed to divert a portion of stormwater toirrigate
sporting ovals, involving; an off-take pump station, inline
sediment filter, UV filtration system and a 600,000 L under-
ground storage tank.

Similar concepts plans developed in Lake Pertobe Master Plan.

Unknown, Warrnambool climate does not require irrigation year-

Projected to save 20 million litres of drinking water every year. round

Comparable circumstances. Lake Pertobe impact on Merri River
compared to the greater Catchment (900 km2 approx.) issues, is
likely to be relatively small.

Decrease pollution entering the creek downstream of the
wetland.

Comparable circumstances — likelihood of water restrictions low in

Drought proof a valuable community space. the short term.

Funding Victorian Government IWM Program ($425,000),
Baw Baw Shire($195,000) and Gippsland Water ($10,090).

Master Plan concept costing in the order of $1.5 - $2 million dollars.

Education, awareness and appreciation of the water Potential risks:
cycle is an ongoing exercise in working towards asustain- .  \/andalism of signs
able water use. «  Digital self-guided tour app not utilized, app becoming dated

The project team with reference to Master Plan Arts and Culture Further analysis:

Recommendations "6111 Develop an App to increase engage- - Testuser experience and messaging to ensure educationis
ment and enjoyment...” and 6.51 “Include and share stories targeted and uses the right terminology

about Lake Pertobe’s heritage, Indigenous culture, stormwater «  Consider options to increase and maximise uptake of app, i.e.
and drainage function and environment” and propose a digital launch campaign, permanent signage, etc.

self-guided tour app be developed for Lake Pertobe. The tour

would utilise and build on current wayfinding and signage at

Lake Pertobe and could also link with the Pirtup Meeting Place

Project that is currently underway and Wannon Water summer

water saving campaigns. Other education opportunities include;

signage at any new infrastructure that built such as passageways

between the lakes and ensuring schools are aware of and utilise

the digital tour once developed.

Foreseen benefits:

«  Overallcommunity awareness of the water cycle and Lake
Pertobe rolein the cycle

- Promotion of the value of water and the “water is life” vision.

d
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Current water-based recreation at Lake Pertobe consist
of two hires operations and informal public use, i.e. school
camps may use the lake for a raft building activity, canoe-
ing etc.

The hire businesses, a small petrol driven engine boat and a
paddle boat and canoe hire have been operating at Lake Pertobe
for decades and typically only openin peak tourist times. Given
the abundance of personal watercraft such as kayaks (including
the recreational fishing type) and paddle boards, the relatively
“safe” environment of Lake Pertobe provides great opportunity
forincreased public and access use. Additionally, stand up paddle
board businesses have expressed interest in being able to run
classesonthe lake.

Improved access could range from simply a turning circle with
“boat / craft drop off and pick zone” in proximity of the Lake toan
actual boat ramp where craft could directly launch into water with

Building on the success of previous roof water harvest-
ing initiatives in Warrnambool, it is proposed to extend
and adapt this practice to facilitate managed aquifer
recharge.

The conceptis to divert rainwater collected from rooftopsin
Warrnambool's CBD to recharge the shallow sandstone ground-
water aquifer. It isimportant to emphasize that only roof water is
intended for this aquifer recharge, ameasure taken to safeguard
groundwater quality. Warrnambool sandstone is very porous,
making it exceptionally well-suited for aquifer recharge. The
aquifer overlies the extensive regional Port Campbell Limestone
aquifer; therefore, the two units have the capacity to store a con-
siderable volume of water.

This approach has the potential to be expanded or replicated
over time, allowing for the construction of multiple recharge
systems. Approximately 15,000 square meters of roof area,
roughly equivalent to the rooftop space ina typical Warrnambool
CBD block, could generate an annual yield of 10 megaliters for re-
charge. This recharged water would, in turn, help offset the water
extracted from the existing bores at Lake Pertobe. Furthermore,
this initiative aligns with Master Plan objective 610.2, which seeks
to explore alternatives to potable water for irrigation.

Foreseen benefits:

+  Recreatingamore natural water cycle (i.e. when more water
infilttrated into the land).

«  Reducing hydraulic load on the stormwater system

WARRNAMBOOL

wwwwarrnambool.vic.govau

amore accessible canoe launcher. This option would also benefit
fromimproved lake connectivity, i.e. channels between lakes,
however in the short term “portage” sites could be established

for watercraft to be carried from one lake to the other. Master Plan
link include 61.2 Provide access to the water,and 6.31 Accessible
destination points.

Foreseen benefits:
- Greateruse and appreciation of the lake
+  Healthier community (physical, mental, etc.)

Potential risks:
«  Expensive asset if not well utilised

Further analysis:
«  Optimisation of preferred location
«  Scoping the appropriate type and size of facility

«  Aquifers have very large potential storage volumes
«  Recharging the aquifer balances extracted water .

Potential risks:

«  Dryyearswillreduce recharge volumes when demand is
likely toincrease

- Poor performance or contamination concernsif the system
is not maintained.

«  Retrofitting costs

Further analysis:
«  Review regulatory requirements and approval process

Captu r;.zone 9 9 e 6 e

Pre-treatment Recharge Recovery Post treatment End use
md S Ein
Low permeability confining layer
Piezometric level F
. Confined aquifer
Ambient Subsurface e(— —>
groundwater storage WV ____, > Zrrcr

Concept diagram of how roof water can be harvested and used
for aquifer recharge. (Source: https://www.csiro.au/en/news/all/
articles/2016/october/managed-

aquifer-recharge)
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8.8 — Catchment permeapility

Another option for increasing recharge of the
groundwater aquifer, like roof water aquifer recharge
(Section 8.7), is to focus on nearby surrounds, i.e. the
Warrnambool CBD, and aim to significantly increase
urban permeability using infiltration trenches, passively
watered trees, bioretention systems, and permeable
pavements.

The filtered water recharges the local shallow upper aquifer and
can be then extracted from the aquifer to effectively balance
bore water use in the Lake Pertobe Precinct, ie. the play space
bore. This options links with the Master Plan 6.10.2 Explore
alternative to potable water for irrigation.

Forecast benefits:

«  Reducing hydraulic load on the stormwater system

+  Recreating a more natural water cycle (ie. when more water
infiltrated into the land).

«  Recharging the aquifer that then can be drawn upon
(pumped) when needed, i.e. over summer.

«  Aquifers have very large potential storage volumes

To help prioritise Lake Pertobe IWM opportunities,
assessment using a low (1), medium (2) and high (3)
scorei.e.relative contribution towards IWM outcome
areas, is shown in the table below.

Total scores (colored to highlight the different scores) show

Potential risks:
+  Maintenance of local WSUD assets
«  Monitoring of volumes of water that recharge the aquifer

Further Analysis:
+  Review associatedrisks of large-scale catchment

permeability

B Y ,.-‘.
-

V

that based on this assessment the Multi Benefit Basin is the high-
estranked project (scoringa3+1+3+3+3+2+2=17), followed
by the Lakes links and levels and Stormwater Irrigation opportu-
nities. The assessment is indicative only with scores differing by
four points from highest to lowest.

IWM outcomes
2 °
° o
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g2 |283| ¥ £ 2 Zc E |®£8| =2

2% |g8%| 53 | 88 | 58 | £ (488 ¢

Opportunity 3 2 o e 2 =3 T 3 I ® S S w £ 2
8.1|Water Quality Improvement Low Low Medium High High High Low 14
8.2|Multi Benefit Basin High Low High High High | Medium | Medium |10 27 1|
8.3[Lakes Links and Levels Medium Low High Medium Medium High Medium 15
8.4|Stormwater Irrigation High Low Medium Low High High Medium 15
8.5|Education and value of water Medium Low Low Medium Medium High Medium -
8.6|Water Recreation Low Low Low High Medium High High 14
8.7[Roof Water to Aquifer Recharge High Low Medium Medium Medium [ Medium | Medium 14
8.8|Catchment Permeability Medium Low Medium High Medium [ Medium Low -
g
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9.2 Climate change considerations

In preparation of this WM Plan, the control group
discussed climate change, sealevel rise and Lake
Pertobe’s exposure to future changes.

The GHCMA is working on an updated South Warrnambool
flood study at the time of developing this WM Plan. Existing
flood modelling (see image below) incorporatinga 0.8 msea
level rise does show Lake Pertobe impacted by floodingina 1%
AEP Riverine Flooding event, i.e. a flood of this magnitude has a

Victoria’s
climate
has
changed

If global emissions continue to increase,
in the 2050s Victoria may experience...

Average annual
temperature

Temperature Il'{CREASE
INCREASE Sruwe.

of 1.2°C JL% s T
since 1910 T

DECREASE .
in average 7 =
rainfall DOUBLE “**
the number of
very hot days

LONGER

fire seasons,

with up to double
the number

of high fire
danger days ‘.

Significant
INCREASE

in fire danger RISING
i by around

in spring SRS o l‘l‘d
pCao0d 10 INTENSE

downpours

Sea levels

Under high emissions, compared to 1986-2005. Updated from Victoria's Climate Science Report 2019

(Source: https://www.climatechangevic.gov.au/victorias-changing-climate)

The graph below displays maximum Merri River heights
from June 2020 to April 2023.

The orange line at 0.6 mindicates the top of the pipe connecting
Lake Pertobe to the Merri River and the grey line is the height

of the retaining wall (right photo) at the Main Lake — Mill Lake
connection. Merri River water levels strongly influence the flow

Daily Max Merri River Height between June 2020 and April 2023

R

L
N l i

1% chance of occurring in any given year. The potential for more
regular estuarine / seawater incursion into the current freshwater
system was also considered in this IWM Plan.

Thinking of current and future generations, IMW opportunities
that minimize or reduce greenhouse emissions will be favored
and pursued. The infographic shows predicted changes to
Victorias climate in 2050s.

DECLINE

in alpine snowfall

of 35-75% i

DECLINE

in cool season

rainfall -

“

of water in or out of Lake Pertobe, noting the outlet pipe diameter
also dictates flow rates in and out. As outlined on the previous
page, climate change and predicted sea level rise will have a flow
on effect, also likely increasing Merri River heights and therefore
impacting flow of water in and out of Lake Pertobe.

il hlmh.. |h|n lll
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To help prioritise Lake Pertobe IWM opportunities, Total scores (colored to highlight the different scores) show that
assessment using alow (1), medium (2) and high (3) score  based on this assessment stormwater irrigation is the highest
relative contribution to Lake Pertobe IWM objectives, ranked opportunity (scoringa3+3+1+3+3+2+1+3+1+2
Lake Pertobe Master Plan alignment and Climate Change = 19), followed by the Multi benefit Basin and Education and
benefitis shownin the table below. the value of water. The lowest ranked options are water quality

improvement and water recreation.

LP IWM objective Master Plan Climate

ies of the precinct

, ecological and local

aboriginal characteristics of the

precinct

> | Improve the quality of stormwater
Reduce stormwater and ground water
Support broader community awareness
and education about where our water
comes from and associated impacts

" |discharge to the Merri River
Aligns with Master Plan
Reconmendations

' |Sea Level Rise resilient?

sustainable water use

" | pollution

Opportunity

8.1|Water Quality Improvement
8.2 Multi Benefit Basin High
8.3|Lakes Links and Levels Medium Medium Low High Low Low
8.4 Irrigation High High Low High Medium Low High Low Medium
8.5|Education and value of water Low Low Low Low High High High High Medium Medium “
8.6/ Water Recreation Low Low Low Low High Medium Low High Low Low

8.7|Roof Water to Aquifer Recharge High High di High Low Low Low Low High i 15
8.8|Catchment Permeability High High Medium High Low Low Low Low High Medium 15

— Engage and support the land and water
g managers in the precinct in more
5 |Improve the open space and other

1K
: g Climate change (CO2) benefit

- b EITotal score

Z [Value the cultural,

-

edium Low High High
High dium High High

4
= |2
>
=|F
= |2
>
X

X

clz|e
g = g Reduce demand on potable supply

X
S
>

Indicative costs for the opportunities are presented in the graph below and show a large range in costs from the Lake
links and levels (approx. $200k) up to the Multi Benefit Basin (approx. $2.2M). Capital Expenditure (Capex) i.e. the initial
costs and the Operational Expenditures (Opex) i.e. the estimated running costs over 25 years (shown in present value), noting they are
indicative only (costs could vary by plus or minus 50%).

Indicative Costs of IWM opportunities at Lake Pertobe
$2,500,000.00

$2,000,000.00
$1,500,000.00
$1,000,000.00
$500,000.00 I I I
. — — — .

S Dollars

Water Quality ~ Multi Benefit Basin  Lake Links and Stormwater Educationand ~ Waterrecreation Roof water to Catchment
Improvement levels irrigation value of water aquiferrecharge permeability and
(10 ML) aquiferrecharge

H Capex ™ Opex (PV)

2
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The holistic assessment aims to capture both tangible
and intangible economics of the options and also include
the prioritisation tables that consider opportunities to
other factors, such as sensitivity to climate change.

The eight opportunities are presented in the table onthe
following page with their associated assessments.

An effort was made to assign an economic value to all major
benefits, including intangible benefits (e.g. improved community
health and well-being). See the Appendix for further definition of
each benefit, calculations, assumptions, and references.

Costs listed are combined capital and operating costs (estimate
of dollar costs).

Benefit Cost Ratiois calculated by dividing the benefits dollars
value by the costs dollar value to create aratio number. The
number can be used as an indicator of value for money;, for
example if Option A benefits were $100 and Costs were $50
the ratio = $100/$50 = 2. Comparatively if Options B ratio was
$50/%$100 = 0.5 the assessment would conclude that 2 is higher

WA

oz
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than 0.5 indicating Option A is better value for money.
Prioritisation Combined simply combines the scores from both
prioritisation tables, WM outcomes, local objectives and climate
change factors.

Main Beneficiary is the organisation or person (people) who
will benefit most from the option. The owner is usually the main
beneficiary andis typically the principal funder of the project.
Other parties may also contribute funds to the projects, for
example, water recreation; a canoe launching asset may

be primarily WCC asset however other stakeholders may
contribute such as the GHCMA.

Holistic Rank is an intuitive ranking based on the information
presented. It considers both the Prioritisation Combined and the
Benefit Cost Ratio. The opportunities are ranked top down from 1
down to 5 with some options receiving the same rank.




95 WM Holistic Assessment™

Benefit Cost
Ratio (PV)

Holistic Rank
(Intuitive)

Prioritisation
Combined

Main beneficiary

Opportunity Quantifiable benefits

(Owner =bold)

81- Water Quality
Improvement

8.2- Multi Benefit
Basin

8.3- Lakes links and
levels

8.4-SW harvest-
ing and irrigation
(Harris St and other
demands)

8.5- Education and
value of water

8.6- Water Recre-
ation

8.7-Roof water to
Aquifer Recharge

8.8- Catchment
permeability and
aquifer recharge

WCC
Community
Environment

WCC
Community
Environment

Economic

WCC
Community

WCC
WW

WCC
Community

WCC
Community

WCC/SRW /WW
Environment

WCC
Environment

WARRNAMBOOL

Nutrient reduction (TSS)
Improved water clarity
due to reduction of gross
pollutantsand TSS

Flood & drainage manage-
ment

Nutrient reduction (Total
Nitrogen)

Improved water clarity
due toreduction of gross
pollutantsand TSS

Flood & drainage manage-
ment

Avoided potable water use
forirrigation over summer
Nutrient reduction (Total
Nitrogen)

Increased community
awareness and education
Improved community
health and well-being due
toincreased visitation

Improved community
health and well-being
Increased visitation /
Additional boat and paddle
board hire

Offset of potable water use
Offset of stormwater
upgrades

Offset of potable water use
Offset of stormwater
upgrades

wwwwarrnambool.vicgov.au

27

34

30

34

29

27

29

28

Cost = $984,000
Benefit
=$32,586,000
Ratio =33

Cost=$2,203,000
Benefit
=$58,610,000
Ratio=27

Cost=$181,000
Benefit
=$16,403,000
Ratio = 91

Cost =$1,093,000
Benefit = $681,730
Ratio=0.62

Cost =$165,000
Benefit = $909,000
Ratio=6

Cost = $165,000
Benefit
=$42,961000
Ratio =260

Cost = $908,000
Benefit = $544,000
Ratio=0.60

Cost=$529,000
Benefit =$544,000
Ratio =1
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10. Water and pollutant balance (pre and post plan

implementation )

Of the opportunities for WM at Lake Pertobe some have readily quantifiable outcomes such as potable water substitu-
tion with stormwater and installation of pollutant treatment traps and basins.

Others such as water education and recreation have more intangible benefits i.e. harder to quantify. The table below outlines changes
in the water volumes and pollutant loads, from pre (current situation) to post IWM opportunities i.e. all opportunities implemented.

Potable Water (ML)

Groundwater (ML) 99 99 +
Stormwater 1100 902
Wastewater 237 237

Total Suspended Solids 213,000 19,000

Gross Pollutants 0

47,000

3,200

Total Nitrogen

Total Phosphorous 447 122

Increased recharge

Pollutants (kg/yr) ___

Scale dependent.
18

73

Considering the vision for Lake Pertobe, the holistic
assessment, and community feedback, the IWM Plan
recommends the following actions:

Address knowledge gaps. It is recommended that allagencies
work together to better monitor and understand the water cycle
at Lake Pertobe. Improved data (specifically monitoring data of
stormwater inflows and local rainfall pluvio data) would enable
improved quantification of the design of new infrastructure and
provide more confidence in delivering resilient and long-lasting
assets throughimproved hydraulic modelling, in particular for the
option of the multi-benefit basins or lake connection and level
control.

Implement the Multi Benefit Basin (8.2). Thisis a priority project

to be considered for further design work and implementation.
This project addresses many issues and opportunities and would
resultin alarge array of potential benefits to several user groups
and stakeholders. Benefits include improving water quality, re-
ducing flooding via a high flow bypass, and offers the potential for
stormwater to replace potable water for sport fields irrigation. As
itis arelatively large project, it is recommended that all stakehold-
ers consider how best to seek external grant funding.

Consider changes to lake levels and connectivity (8.3). The
Lake Pertobe vision is compromised when water levels are high,
creating soggy and unusable areas and paths and negatively
impacting lake users. Therefore, improved lake level control

is recommended with the intent to reduce the risk of adverse

=
S
H
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highwater conditions. Conversely in dry times, the system could
capture stormwater for reuse as a substitution for irrigation on
local nearby ovals.

Improve water recreation (8.6). A key recommendation with sig-
nificant community benefits is a focus on opportunities for every-
one to be “onwater.” This recommendation also links to education
and the value of water, as well as having several other benefits,
including health in well-being of residents and visitors.

Implement education and value of water project (8.5). Community
awareness of the water cycle and Lake Pertobe role in the water
cycleisimportant to help the whole community understand their
responsibility for good water outcomes, i.e. water conservation,
pollution prevention, etc.

Lastly, itis recommended to revisit four of the lower priority
optionsin 5 years, to consider their relative priority and potential
benefit. These actions are the Water quality Improvement (81),
Stormwater harvesting and irrigation (8.4), Roof water to aquifer
recharge (8.7) and Catchment permeability and aquifer recharge

(8.8).

|




12. Implementation

Actions, lead agency for project management, indicative time frames, and budgets are shown below for the IWM op-
portunities.

Some of the opportunities, such as aquifer recharge, will require further consideration of legal requirements; others will require further
modelling and design, geotechnical, environmental, flora and fauna considerations. External funding and partnerships with stakehold-
ers will be needed to implement many of the opportunities.

Feasibility /
design
budget ($ 000’s)

Implementa-
tion Time (yr)

Opportunity

Water quality improve-

Design specific gross pollutant

81 WCC 1to2 30
ment traps for outlets
82  Multibenefitbasin Feasibility study and prefiminary i s ency 305 60
design
83 Lakeslinksandlevels Preliminary design WCC/GHCMA 1t02 40
84  Stormwaterirrigation Fea§|b|l|ty studyandpreliminary ~ WCC/Wannon 3to5 30
design Water
85 Education and value of Tour and education app develop- WCC/GHCMA 1103 50
water ment
86  Waterrecreation Preliminary design WCC/GHCMA 1to2 10
87 Roof water to aquifer Fea§|b|l|ty study and preliminary Multi Agency 3t05 50
recharge design
Catchment permeability . .
88  ndaguifor recharas Ongoing by WCC WCC Ongoing n/a
4 www.warrnambool.vic.govau (@ | n |
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13. Appendix

List of key documents referenced in the IWM Plan:

Lake Pertobe Master Plan—Warrnambool City Council 2018
Great South Coast Strategic Directions Statement - Department of Environment, Land, Water and Planning, October 2019
Water is Life, Traditional Owner Access to Water Roadmap — Department of Environment, Land, Water and Planning 2022
Albert Park Integrated Water Management Plan — Warrnambool City Council 2019
Integrated Water Management Progress Report — Department of Environment, Land, Water and Planning, March 2022

Benefit Calculations, References, and Assumptions Table

Opportunity uantifiable benefits| m“ Total (PV) Reference

Nutrient reduction (TSS)
1- Water Quality
Improvement )

Improved water darity

(willngnessto pay)

Food & drainage

management
2-MultiBenefit  Nutrient reduction (TN)
Basin

Improved water darity

(willngnessto pay)
3-Lokeslinksand  Food & drainage
levels management

Avoided potable water use
. i - (§/kL). Irrigation water use

Navesting o er summer.
and iigation
(Harris & and other
demands) Nutrient reduction (TN)

Increased community.

5 Eucationang Varenessand education

vldeofwater  Improved community
health and well-being dueto
increased visitation

Improved community

health and well-being
6-Water Recreation o

Increased visitation

(additional boat and paddie

board hire)

Recharging groundwater

assumes offsetting potable
7-Roof waterto  water use

fer Rech:
(R Offsetting stormwater
upgrades.

Recharging groundwater
oGt 2mese offsetting potable
permeability and
aquifer recharge  Offsetting stormwater

upgrades

SIkgTSS $43.50/kgTSS

$/person/
year

$/day

$/kg™
$/person

$lday
SIKL
$lkg™N

$/person

$/person
$/person
$/person
SIkL
$iha
S/kL

$/ha

$4.17/person/year

$70,000/day

$6,645/kg TN

$4.17/person

$§$70,000/day

$2.24/kL

$6,645/kg TN

$1.20/person

$4.54/person

$4.54/person

$48/person

$2.24/kL.

$20k/ha

$2.24/KL

$20k/ha

20kglyr $
00000 ¢
people/ year
15days $
1450 kg $
500,000 s
people/ year
15days $
6000KL/ year $
62.5kg $
5,000 people ¢
1 year
11,500 s
people/ year
500,000 $
people/ year
10,000vistor ¢
I year
10,000 kL/
year
5Ha $
10.000K/ o
5Ha $

13,591

32,572,037

16,403,184

9,635,250

32,572,037

16,403,184

266,418

415,313

93,732

815,629

35,462,121

7,498,598

100,000

444,030

100,000
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Oty of ipsvic (2023).Vountary ormwiater Qualty Ofst Progam. psich, CLD:Ipsic Gty Gounc

Ipswich found the cost-benefit per kg $
$43.50/kgis assumed.

perkg Averageof

, New Zealand:

darityin al WIPper

Qunawardena, A, Zhang, . Fogarty, , Iftekhar, M. S, (2017). Review of non-market values of water sensitive systems e i e e ) s £ 1 20, D s

ipswich.qld.gov.aul_c (f q eport-2021-

2022 o

‘and practices: An update. Melbourne, Australia: Centrefor Water Sensiive Gti

Tourism Key 014-2017 and Lake Plan 2018.
)" Stormwater i -,». p: w orcom building-and-

qui

Qunawardena, A, Zhang, F, Fogarty, ., Iftekhar, M. S, (2017). Review of non-market values of water sensitive systerms.

were, respectively $4.17, $21.03, and $65.82. Assumed reduction of TSSand GPPwillincrease darity up to
1.5mat avalueof $4.17 pervisitor

Assumed 15 days of recreation lost per year dueto flooding. Assumed visitors o Lake Petrobe spend $50/day
in Warrambool and there are 1,400 visitors per day on average (500,000 peoplelyear divided by 365 to equal
on average dally visitors)to equal $70,000 per day

Offset rateis $6,645/kg TN. Nitrogeni for ogram.Ifnitrogen (thelimiting
pollutant; then solid . Offsetsare
peid once and arenot an annual value.

)for increased water darity in . New Zealand: wiP

it e e A ) = 20 S
underwater were, respectively $4.17, $21.03, and $65.82. Assumed reduction of TSSand GPPwill increase
darity upto 1.5m at avalue of $4.17 per visitor.

peryear , Assumed vis

‘and practices: An update. Melbourne, Australia: o Qentre for Water Sensitive Gt
Assumed 15 daysof

Tourism Key 2014-2017 and Plan 2018.

Wannon Water, Pri 023-28- hitps: com.au/medial 113418/final-wannon-water-

price-submission-2023-2028.pdf

in d thereare 1,400 visitors per day on average (500,000 peoplelyear divided by 365 to equal
on average daly visitors) to equal $70,000 per day.

Qurrent retail price s $2.24/kL Retail price of water is assumed to grow at 2.1%each year.

Offset rateis $6,645/kg TN. Ni

for ogram. If itrogen (thelimiting

. "Stormwater ined" com.au/building-and pollutant; then suspended solid . Offsets are
guid d- il -sch \d- it rates-2- an annual value. Ass 5 MLof stormwater contains 62.5 Kgof TN, based on
eWater MUSCQuidelines and modelling of Option 2.
Australian Bureau of Stti 16 \pple App May i in the Appl 20 AUD. for
2023 (in U.S dollars)" for an app. Assumed ict (estimated
Henderson-Wison, Qaire, Sa, Kah-Ling, Veitch, Janny, Stiger, Petra K, Devidson, Penny and Nichols Peter 2017, i i by 10%for their 11,500
Perceived health for parksby park user people). $45.40 per year for park. Assumed Lake Pertobe
journal of d vol. 14,n0.5, 529, pp. 1-18. userswould bewillngto pay 1U%o!$45 40 based on appuse.
Henderson-Wilson, Giire, S, Kah-Ling, Veitch, Jenny, Stiger, Petra K., Davidson, Penny and Nicholls, Peter 2017, Assumed improved ity by 10% I study, park i $45.40
Purcavec heslt el and wlignessto py fo parkaby park eers: quanttativeand qulta e reserc, per year for park. 10%of $45. Assumed Lake
journal of nvol 14, 0. 5, At 529, pp. 1-18. Pertobe has 500,000 visitors per year.
Visit Vctoria" BoatsHre" hitps i aci/see-and: Based on references, SUPlesson s $45 - $65 per person; boat hireis $30/30 minutes. Assumed average of $48
dooutdoor-and: ing-and pertob boats i per person. Also assumed 100 days of use at 100 persons/day
Go Surf Sthool "Stand-Up com.aull h
Wannon Water, 2023-28- .com. 11. \al- vate

price-submission-2023-2028.pdf

Qolac Sormwater Srategy 2019 - Colac Otway Shire.
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