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26 April 20221

Expert Witness Statement2

Matters required by Planning Panels Victoria Guide to Expert evidence3

Name: Dr Peter Sandercock4

Address: Jacobs, Floor 11, 452 Flinders Street, Melbourne, VIC 30005

I am an Associate Geomorphologist, Senior Environmental Scientist working in Jacobs’ Water and6
Environment Business.  I have a PhD in Fluvial Geomorphology (The University of Western Australia,7
2004).  I also completed an undergraduate degree of Bachelor of Science (Environmental Science)8
with 1st Class Honours in Geography (The University of Western Australia, 1999).9

I have over 18 years’ research and consulting experience, specialising in fluvial geomorphology10
investigations and studies that assess the impact of land use change and flow regulation on waterway11
management and rehabilitation.  I have completed numerous urban growth area investigations and12
environmental flow studies for Melbourne Water in which I have developed and applied13
methodologies to assess the impact that urban induced hydrological changes have on the physical14
form of waterways, their geomorphological and ecological processes and values.  I was lead author15
of a Technical Note and Fact Sheet that outlines the values of headwater streams (hydrological16
function, regulation of water quality, biodiversity and habitat values), how they can be protected17
through integrated urban and drainage design and the benefits of protecting them.  I also prepared18
a position paper on the issues and opportunities associated with the adoption of large-scale19
bioretention systems compared to constructed wetlands. I completed Sodic Soils Assessments for20
the Beveridge North West, Shenstone Park, Wallan South and Wallan East (Part 1) Precinct Areas.  I21
am also currently managing a project team that is completing a redesign of stormwater assets in22
dispersive soils within the Kalkallo Retarding Basin.23

My Curriculum Vitae is attached to this statement.  (Annexure A)24

I have prepared this Expert Witness Statement with the assistance of Craig Clifton and Dr Simon25
Treadwell.  Craig is Jacobs Global Technical Leader for Resilience and Climate Change.  A forester by26
profession, Craig has over 35 years’ consulting and research experience in resilience, climate change27
and integrated natural resource management.  He has an undergraduate degree and post-graduate28
experience in Forestry (Masters).  Simon is Jacobs Global Technical Leader for Ecosystem Restoration29
and Principal Aquatic Ecologist.  He has over 20 years’ experience specialising in environmental30
impact assessment, water quality monitoring and assessment, stormwater management and general31
river, floodplain and wetland ecology, management and habitat rehabilitation with a particular focus32
on river and wetland systems of southern Australia. He has an under-graduate degree in Agricultural33
Science and post-graduate experience in aquatic ecology (Masters and PhD).34

Curriculum Vitae for Craig Clifton and Simon Treadwell is attached to this statement (Annexure B and35
Annexure C)36

My letter of instructions from Harwood Andrews is attached to this statement (Annexure D).37
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In preparing this witness statement, I have relied on the ‘Sodic Soils Assessment, Beveridge North38
West Precinct Area’ (version 8, Final, 6 July 2020)’ (2020 Sodic Soils Report) and the ‘Kalkallo Creek39
Development Services Scheme (DSS) Design, Preliminary assessment of waterways and conceptual40
options’ (version 5, Final, 7 April 2022) (2022 DSS Waterways Report). A copy of these reports is41
attached to this statement (Annexure E and Annexure F).42

My role in preparing the 2020 Sodic Soils Report was as follows:43

 I was the lead author of this report, participated in the soil survey and led the project team that44
completed the assessment of the distribution of sodic soils, erosion risks and advice on treatment45
options.46

I was assisted in preparing the 2020 Sodic Soils Report by the following:47

 Craig Clifton - Global Technical Leader, Resilience and Climate Change, Project Director.  As48
Project Director, Craig’s role was to support the project team in delivering the project and49
technical review of the report.  He also developed Jacobs’ Vulnerability Assessment Approach50
that was used in this project.51

 Christian Bannan – Christian is a Soil Scientist and director of South East Soil and Water.52
Christian has provided specialist advice on the characteristics of sodic soils, important variables53
and how these should be mapped in the landscape, the process for identifying erosion risks and54
management of these soils.  Christian led the soil survey and analysis. Christian provided input55
to the report on matters relating to the assessment of erosion risks and treatment options.56

 Milos Pelikan - Milos is a senior analyst with 25 years’ experience in applying spatial information57
and technologies in the Water and Natural Resource Management sectors.  Milos led the58
development the Spatial Logic Assessment Framework that was used in the delivery of this59
assessment.  He was involved in workshops that developed landscape profile criteria for the60
assessment.61

 Filomena Losi – Filomena is a spatial analyst.  Filomena assisted in the delivery of the Spatial Logic62
Framework, the Vulnerability Assessment, analysis and preparation of spatial outputs included in63
the report.64

 Graeme Jardine – Global Technical Leader, Engineering Geology, Geotechnical Reviewer.  Graeme65
has extensive experience with management of sodic and dispersive soils, particularly as they66
relate to stability of ground conditions for infrastructure assets.  Graeme completed a technical67
review of the report.68

 Chris Dwyer – Associate Waterways Engineer. Chris Dwyer has 25 years’ experience in69
investigation, design, and project management of major stream management projects.  He is70
experienced in waterway design in urban environments, engineering challenges associated with71
sodic soils, particularly in relation to the design of stable waterways and channel linings to72
prevent erosion of underlying materials. Chris completed a technical review of the report.73

My role in preparing the 2022 DSS Waterways Report was as follows:74

 I was the lead author of this report, participated in the site investigations and led the project team75
that completed the preliminary assessment of waterway corridor extents and concepts to feed76
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into future revisions of the Kalkallo Creek Development Services Scheme (DSS). I completed a77
review and interpretation of hydraulic models, in particular inundation extents, stream power78
and shear stress.  I took the lead role in the waterway corridor analysis and development of79
conceptual options for future remediation of creeks and stormwater management.80

I was assisted in preparing the 2022 DSS Waterways Report by the following:81

 Dr Simon Treadwell – Global Technical Leader, Ecosystem Restoration, Project Director. As Project82
Director, Simon’s role was to support the project team in delivering the project and technical83
review of the report.84

 Ben Mason – Senior Hydraulic Modeller, Technical Review.  Ben provided technical oversight and85
review to Joanna Margariti in the development of the hydrologic models and Avinash Gangurde86
in the development of hydraulic models as well as the evaluation of model outcomes.87

 Joanna Margariti – Environmental Consultant, Hydrologic Modeller. Joanna led the development88
of hydrological models for the project area for ‘pre development’ and ‘future development’89
catchment conditions.  These models were used for the determination of  design event flows for90
the waterways.91

 Avinash Gangurde – Senior Hydraulic Modeller.  Avinash led the development of hydraulic models92
for the waterways. The design flows generated from the hydrologic models were input into the93
hydraulic models.  The assessment focused on ‘Future development’ catchment conditions and94
the hydraulics of flows for a selection of design events (50%, 2%, 1% and 1% AEP with climate95
change).96

 Adam Hall – Civil/Waterway Engineer.  Adam assisted in making modifications to the terrain97
model to represent the future waterway form for the eastern tributaries.  Adam also provided98
engineering advice in relation to model outputs and implications for the design of stable99
waterway form and channel linings to prevent erosion of underlying materials.100

 Alissa Flatley – Senior Geomorphologist.  Alissa provided a desktop review of existing information101
and participated in field investigations.102

Discussion103

I have reviewed the exhibited Amendment C106mith to the Mitchell Planning Scheme (Amendment)104
Beveridge North West Precinct Structure Plan (PSP) and background materials (as relevant),105
submissions (in particular submission items 4.04.07, 4.04.11, 7.01.06, 7.07.03 and 12.01 identified in106
the VPA submission summary table which raise issues of Sodic soils) and the VPA’s response to107
submissions.  I understand that submissions have raised several concerns in relation to the soils in108
the Precinct area, the suitability of soils for development, management of erosion risks, implications109
for waterways, drainage and achievement of stormwater treatment.110

2020 Sodic Soils Report111

Jacobs has written the technical report “Sodic Soils Assessment: Beveridge North West Precinct Area”112
dated 6 July 2020 (2020 Sodic Soils Report) that provides an assessment of the distribution of sodic113
soils and erosion risks that relate to the characteristics of these soils, their position in the landscape114
and the implications of this for future planned development within the Precinct Area.  Advice is also115
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provided on the range of treatment options that are available to manage identified sodic soils and116
erosion risks.117

Relevant sections of this report are referred to in this statement.118

The soils of the Beveridge North West Precinct are classified as Sodosols, with a clear or abrupt119
textural B horizon in which the major part of the upper B2 horizon is sodic and not strongly acid.120
Apart from sites with shallow soil over rock, most common in the north-eastern section of the121
precinct area, soils are duplex, with sandy loam or sandy clay-loam topsoils (A horizons) of variable122
depth overlying sodic, clay-dominant subsoil.   The topsoil is typically non-sodic with Exchangeable123
Sodium Percentage (ESP) values <5%. Subsoils exhibit moderate to extreme sodicity with ESP values124
ranging from 7 to > 15% (max 32%).  Dispersion and erosion are likely to occur when these subsoils125
are exposed to fresh rainfall or runoff.  Deeper samples recorded higher ESP values, ranging from 14126
to 35%.127

The technical report includes figures that map Topsoil Sodicity, Subsoil Sodicity and A horizon128
(Topsoil) depth across the Precinct Area (refer to Figure 4.2, Figure 4.3 and Figure 4.4 in the 2020129
Sodic Soils Report).  There is little variation in Topsoil sodicity values.  The western side of the precinct130
area is characterised by subsoils with high to very high (10 to <15%) and very high to extreme (>15%)131
ESP values.  A horizon depths on the western side of the precinct area are notably different to those132
on the eastern side.133

The concept of vulnerability was used to assess the implications of sodic soils fur future planned134
urban development.  This vulnerability assessment was completed for two scenarios, involving135
construction and the future developed land use.  During construction, areas identified as particularly136
vulnerable to sodic soil erosion risks are the waterways and steeper slopes.  Activities that expose137
these soils to rainfall and runoff need to be carefully managed to reduce erosion and the entrainment138
of fine sediment in water flows.  Water balance changes resulting from future developed land use139
and associated impervious areas will generate high volumes of runoff, which will drain into the140
surrounding waterways, including Kalkallo Creek.  Kalkallo Creek is already in a degraded condition,141
further increases in flows would be expected to accelerate erosion of bed and bank materials and142
exacerbate the turbidity of downstream waterways. Eroded sediments may be deposited in143
downstream reaches, smothering habitat.  Nutrients and contaminants would also be expected to be144
transported downstream.145

Areas identified at high erosion risk and recommended treatments include:146

 Drainage depressions/seasonal wetlands – Surface ground cover measures are critical for147

protecting the soils against dispersion and erosion. Ideally these areas should be identified and148

reserved as linear green spaces to retain their important hydrological function in retaining and149

temporarily storing water in the landscape and regulating the flow of water and nutrients150

throughout a catchment.151

 Kalkallo Creek and tributaries – This waterway is in a degraded state and further increases in152

runoff may result in increased erosion.  Significant engineering works are likely to be required to153

stabilise this waterway so that it is resilient to increased stormwater runoff that will accompany154

future land development.155
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 Steeper slopes – Cutting into these slopes will expose underlying subsoils, and erosion risk is156

increased with slope.  Road batters must be designed with consideration to the erodibility of the157

soils.  Stable linings that are resistant to rainfall and runoff will be required.158

Erosion risks associated with sodic and dispersive soils can be managed by appropriate planning.159

Drainage schemes for the waterways need to be designed with specific consideration to the erosion160
risks associated with sodic and dispersive soils.  Engineering design is required to create waterway161
corridors that are stable and can withstand the volume of water that will be generated from the162
developed areas.  It is expected that all of the waterways will need to have a constructed form, with163
appropriate channel linings and/or armouring to provide protection for dispersive subsoils.  Wider164
waterway corridors are recommended due to the greater erosive risks that are associated with sodic165
and dispersive soils (compared to soils where the erosion risk is lower).  This provides more166
opportunities for a wider, lower gradient stream bed, reducing flow depths, slowing flows and167
reducing stream powers and shear stresses.  Where possible, it is recommended that the waterway168
corridor includes distributed wetland and swales, to assist with attenuation and treatment of169
stormwater runoff.170

Management of water flows over and through dispersive soils is a key tool in control of detrimental171
effects.  Approaches may include: diversion of water away from these materials; minimising potential172
convergence and/or ponding of surface flows; compacting to minimise water movement through the173
material, and interception trenches.  Soil chemical ameliorants are recommended for short-term174
stabilisation of soils on construction sites (i.e., Gypsum, Hydrated Lime and Agricultural Lime).175
Examples of soil physical ameliorants and options include: geotextile fabrics and mattings to provide176
sodic soil protection; organic matter used as protective shroud on topsoils; and seeding of fast177
growing species or application of instant turfs.178

There are a number of technical manuals available that provide guidance on options for reducing the179
risk of soil erosion during construction from development works on dispersive soils.  We have180
provided reference to these in Section 5.3 of the 2020 Sodic Soils Report.  Management options start181
with the preservation and treatment of topsoil, with options variable depending on the level of182
disturbance.183

It is recommended that consideration is given to staging construction works, to help manage erosion184
risks.  In principle, it is better to work from top of catchment/higher areas in the landscape first and185
then progressively work downstream, but this may not be practical.  Disturbances to high risk areas186
should be minimised, if not totally avoided, especially during the most erosive periods of the year187
(wetter months).  The development sequence should allow the installation of temporary drainage188
and erosion control measures, and preferably, the permanent stormwater drainage system as soon189
as practicable.  As waterways are high risk areas, construction should commence on drainage190
schemes first.  Runoff from construction sites should be managed by temporary drainage and191
sedimentation ponds, with the aim that it does not enter the waterway corridor until development192
is near completion.  Appropriate hydrologic and hydraulic design is needed to size the drainage193
control measures for both the temporary and permanent drainage system.194

It is recommended that detailed Site Environment Management Plans (SEMPs) and Erosion and195
Sediment Control Plans (ESCPs) are developed for managing sodic soil related erosion risks.  These196
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plans would be developed during the planning of building and construction projects within the197
Precinct Area.  It is expected that further sampling of soils, as well as testing and analysis of their198
sodicity, dispersion and erosion potential will be required at a higher resolution to inform199
construction techniques and management of erosion risks.200

2022 DSS Waterways Report201

Jacobs was engaged by Melbourne Water to complete a preliminary assessment of waterway202
corridor extents and concepts to feed into future revisions of the Kalkallo Creek Development203
Services Scheme (DSS).204

Jacobs has written the technical report “Kalkallo Creek Development Services Scheme (DSS) Design:205
Preliminary assessment of waterways and conceptual options” dated 7 April 2022 (2022 DSS206
Waterways Report) that provides an assessment of waterway corridor extents and development of207
conceptual options for the future remediation of creeks and stormwater management.208

Relevant sections of this report are referred to in this statement.209

This investigation focuses on Kalkallo Creek and eastern tributaries located in the Beveridge North210
West Precinct Area.  Kalkallo Creek is a degraded waterway, with sections experiencing ongoing211
erosion and channel adjustment.  The sequence of channel changes is typical for incised channel212
systems.  The lower 600 m section of Kalkallo Creek has recovered from past incision and re-213
established a new stable form (refer to Section 3.1 and 3.2 of the 2022 DSS Waterways Report).214

Hydrological and hydraulic modelling was undertaken to inform a recommendation of the future215
waterway corridor width and high level concepts for future DSS infrastructure assets.  We have216
established several performance objectives upon which the waterway corridor width determination217
for Kalkallo Creek is based:218

 Resilience to Climate Change - The waterway is to be wide enough to convey the 1% AEP with219
climate change (1% AEP + CC1) design flow for ‘future development’.220

 Stable Waterway - The future waterway will have a form that is stable.  We have considered the221
morphology of sections of the creek that are currently stable (Reach 3) and are expected to222
remain stable for 50% and 2% AEP events for ‘future development’.223

 Minimal Intervention - We recognise that remediation works will be necessary along the creek.224
In terms of approaches, we favour softer approaches (battering, topsoiling and vegetation)225
rather than harder engineering works (grade control structures, rocked bank stabilisation). A226
wider corridor provides greater opportunity and flexibility to explore a range of alternatives for227
the remediation of the creek.228

 Setback - We have made provision for a 30 m setback with reference to the 1% AEP + CC design229
flow.  This 30 m setback is consistent with the guidance provided by Melbourne Water2 for a230

1 Climate change was calculated for the year 2100 following the Melbourne Water Technical Specifications
(2020). The data for Representative Concentration Pathway (RCP) 8.5 was extrapolated to 2100 for both the
temperature and percentage increase in rainfall. The extrapolated temperature increase was 3.5 degrees, and
the extrapolated rainfall intensity was 18.4%.
2 Melbourne Water (2013). Waterway Corridors: Guidelines for greenfield development areas within the Port
Phillip and Westernport Region.
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third order stream. This setback is to function as a vegetated buffer and also provide space for231
inclusion of utilities (buried infrastructure assets) and amenity features such as pedestrian paths.232

Based on these Performance Criteria, the recommended waterway corridor width for Kalkallo Creek233
has been determined and applied to three reaches as follows:234

 Reach 1 – The recommended waterway corridor width in Reach 1 is 150-180 m. The 2021235
exhibited Draft Precinct Structure Plan varies from 90-120 m. We recommend the provision of a236
30 m setback on each side of the waterway.237

 Reach 2 & 3 - A 170 m wide waterway corridor is recommended. This is based on 110 m wide238
waterway corridor to convey the 1% AEP +CC flow and the provision of a 30 m setback on each239
side of the waterway.240

Refer to Section 4.1.2 of the 2022 DSS Waterways Report which documents waterway corridor241
recommendations for Kalkallo Creek. Mapped waterway corridor extents are presented in Figure 4-242
6.243

The recommended waterway corridor widths are wider than those mapped in the 2021 Draft Precinct244
Structure Plan.  It may be possible to adopt a narrower width in some sections, but this may require245
additional investment to stabilise the channel in these reaches (i.e. more “hard” engineering works).246
Some flexibility may also be considered with respect to the position of the waterway corridor in the247
landscape, particularly for Reach 2.  It is however recommended that any reduction in width on one248
side of the creek is compensated for by extension of the creek corridor on the opposite side.249

A preliminary design for constructed waterways was developed for the Eastern Tributaries.250
Modelling of these waterways indicates that they have sufficient capacity to contain design flows,251
but further refinements to the design with the inclusion of rock riffles/grade control structures are252
recommended to reduce the energy slope and shear stresses.  There is also provision for an additional253
20 to 25 m setback extending back from the top of the high flow channel.  These setbacks and the254
waterway corridor widths mapped in the 2021 Draft Precinct Structure Plan are considered to provide255
a reasonable buffer to the constructed waterways.256

Refer to Section 4.2.3 of the 2022 DSS Waterways Report which documents waterway corridor257
recommendations for the Eastern Tributaries.258

A high level concept plan has been prepared for the future remediation of Kalkallo Creek.  This259
includes a series of grade control structures along the length of the creek, a wetland/retarding basin260
in the upper section of Reach 2 and wetlands strategically located at points where drainage outfalls261
into the waterway corridor (refer to Section 4.1.2 and Figure 4-6 of the 2022 DSS Waterways Report).262

I have reviewed the sodic soil provisions that are included in the following:263

 The guidelines and requirements of the Beveridge North West Precinct Structure Plan at Section264
3.6.1 Integrated Water Management265

 Clauses 2.5, 3.0 and 4.0 of the proposed Schedule 3 to the Urban Growth Zone266
 Clauses 4.4 and 4.8 of the Part A Incorporated Document (Appendix 3 PSP 11 – SCO Incorporated267

Document April 2020)268
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I consider these proposed provisions to be appropriate and provide a process for managing sodic soil269
erosion risks.270

I confirm that I adopt the assessment and any assumptions as outlined in the 2020 Sodic Soils Report271
and 2022 DSS Waterways Report.272

I have made all the inquiries that I believe are desirable and appropriate and no matters of273
significance which I regard as relevant have to my knowledge been withheld from the Panel.274

Yours sincerely275

276

Dr Peter Sandercock277
Associate Geomorphologist, Senior Environmental Scientist278
26 April 2022279
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Curriculum Vitae

1

Dr Peter Sandercock
ASSOCIATE GEOMORPHOLOGIST, SENIOR ENVIRONMENTAL SCIENTIST

Peter is a Fluvial Geomorphologist working in Jacob’s Water and
Environment business.  He has over 18 years’ experience, specialising in
fluvial geomorphology investigations and studies that assess the impact
of land use change and flow regulation on waterway management and
rehabilitation.

Peter has completed numerous urban growth area investigations and
environmental flow studies for Melbourne Water in which he has
developed and applied methodologies to assess the impact that urban
induced hydrological changes have on the physical form of waterways,
their geomorphological and ecological processes and values.  Peter was
lead author of a Technical Note and Fact Sheet that outlines the values of
headwater streams (hydrological function, regulation of water quality,
biodiversity and habitat values), how they can be protected through
integrated urban and drainage design and the benefits of protecting them.
He also prepared a position paper on the issues and opportunities
associated with the adoption of large-scale bioretention systems
compared to constructed wetlands. Recently, Peter has been working on
a number of projects that investigate erosion risks related to sodic soils
and future urban development in the northern growth corridor.

Relevant Project Experience

 Kalkallo Retarding Basin Design of stormwater assets in dispersive
soils (Mebourne Water): Peter is currently part of the Project Team
that is completing a redesign of stormwater assets.  This builds upon
his experience and understanding of the erosion risks associated with
sodic and dispersive soils and how these can be treated.

 Sodic Soil Assessments Beveridge North West, Shenstone Park
Precinct Areas, Wallan South and Wallan East (Victorian Planning
Authority): Peter led these projects that mapped the distribution of
sodic and dispersive soils.  An assessment was made of erosion risks
and treatment options in light of future planned development. Advice
was also provided on changes to the planning ordinance to include the
requirement for the development of a sodic and dispersive soil
management plan in applications to subdivide the lands or undertake
bulk earthworks.

 Independent Peer Review of Merrifield Central Waterway
Geomorphology Report (Melbourne Water): Peter led a peer review of
a geomorphology report and design for a constructed waterway to
replace an existing headwater stream.  An alternative design concept
was identified and recommended, a series of distributed seasonal
wetlands and swales that provide some stormwater treatment and flow
conveyance.  This is considered to provide better outcomes for the
local waterway because it more closely aligns with the characteristics
and functioning of the existing waterway as a headwater stream.

 Headwater Stream Fact Sheet and Technical Note (Melbourne
Water): Peter led the development of a Fact Sheet and Technical Note
on the importance of protecting headwater streams.  The
communication products assist Melbourne Water in communicating to
councils, developers, landowners, consultants and engineers why
headwater streams are important and warrant protection.  They
provide a valuable contribution that has the potential to change

EDUCATION/QUALIFICATIONS

PhD (Fluvial Geomorphology) 2004

B Sc (1st Cl Hons) (Env Sc)
(Geography, Zoology) 1999

EXPERTISE

 Fluvial geomorphology

 Erosion prevention and mitigation

 Environmental flow assessments

 Channel responses to landuse
change and flow regulation

 Design and implementation of
monitoring programs

 Ecological risk assessment

 Environmental Impact
Assessment

 Vegetation and large woody
debris interactions with channel
processes

 Flood impact investigations

 Dam decommissioning options
assessment

 Sediment connectivity and
construction of sediment budgets

 Use of prioritisation tools and
development of catchment
management programs
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2

Dr Peter Sandercock
ASSOCIATE GEOMORPHOLOGIST, SENIOR

ENVIRONMENTAL SCIENTIST

people’s perceptions of these streams value and function in the
landscape.

 Issues and Opportunities Review: Acceptance of large-scale
bioretention systems (Melbourne Water): Peter managed this
strategic review, which identified a range of issues that relate to the
design, construction and maintenance of large-scale bioretention
systems and more broad range of water treatment measures, including
constructed wetlands.  The outcomes from this project will assist
Melbourne Water in adopting a policy position on the acceptance of
these systems.

 Werribee Junction Structure Plan Riparian Values Risk Assessment
(Melbourne Water): Peter was part of the multidisciplinary team that
identified the geomorphic, flora and fauna values of Lollypop Creek,
Cherry Creek and its tributary.  Recommendations were made
regarding priority areas for protection, these will inform the design of
the Development Services Scheme.

 Lollypop Creek FLOWS Study (Melbourne Water): Peter managed an
environmental flows assessment of Lollypop Creek, downstream from
a proposed large scale stormwater harvesting scheme to Port Phillip
Bay, with a focus on the flow dependant environmental values
identified in the Western Treatment Plant.  The outcomes of this study
can be used to optimise the design and function of the stormwater
harvesting scheme and provide a favourable flow regime for water-
dependant values along the creek downstream.

 Dandenong Creek Environmental Flows Study (Melbourne Water):
Peter managed this Flows Study which provides an understanding of
the flow impacts of urbanisation and conventional storm drainage on
streams in the Dandenong Creek catchment.  The outcomes of this
study help to identify the critical flow thresholds that need to be
mitigated in already developed streams and those that should not be
exceeded in new developments.

 Darebin, Findon and Edgars Creek Geomorphological Assessment,
Wollert and Epping (Melbourne Water): Peter completed a baseline
geomorphological assessment of the creeks in an urban growth area
and analysis of the sensitivity of the waterways to change in response
to urbanisation.  A risk based approach was developed to assess the
potential hydrological impacts associated with urbanisation on the
physical stream form.  The project collated together information on
thresholds of shear stress for different channel surfaces that if
exceeded may result in significant geomorphological changes.  High
priority areas where erosion and channel changes are likely with
urbanisation were identified and advice was provided on strategies to
mitigate adverse impacts.

 Preliminary Geomorphic, Flora, Fauna and Socio-economic
Assessment, Wyndham Vale and Truganina (Melbourne Water): Peter
completed a baseline assessment of geomorphic, flora, fauna and
socio-economic values for the Wyndham Vale and Truganina growth
area. The assessment focused on waterway values and the threat that
urban induced hydrological changes pose to these values. A risk based
approach was developed to assess the potential hydrological impacts
associated with urbanisation on the waterway values.  High priority
areas where waterway values are threatened as a result of urban
induced hydrological changes were identified and advice was provided
on strategies to mitigate adverse impacts.
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Craig Clifton | GLOBAL TECHNOLOGY LEADER, RESILIENCE AND

CLIMATE CHANGE

Profile
A forester by profession, Craig has over 35 years’ consulting and research
experience in resilience, climate change and environmental planning, audit and
management. Craig is Jacobs’ Global Technology Leader for resilience and climate
change.

Craig has deep technical expertise in the interactions of landscapes, vegetation,
land management practice, water and fire, as well as strong strategic, facilitation
and communication skills. He has extensive experience as a technical advisor on
climate change risk and resilience planning for infrastructure systems and
landscapes. Craig engages with a wide variety of public and private sector clients
across water, energy, transportation, defence, primary production, mining and
advanced facilities markets.

Education | Qualifications Bachelor of Forest Science (Hons)– 1983. University of Melbourne.

Master of Forest Science by research – 1989. University of Melbourne.

Registrations | Certifications EPA (Vic) Appointed Environmental Auditor (Natural Resources)

Awards and Honors 2006 Churchill Fellow – Climate Change Impacts and Adaptation

2008 Gold Award of Merit – Environmental Category, Association of
Consulting Engineers of Australia for South-west Victoria Water and Land Use
Change study.

2018 Climate Change Business Journal Policy Innovation Merit Award –
Catchment Carbon Offsets Project.

Languages English (native speaker)

Areas of Expertise  Climate change risk, vulnerability and adaptation planning

 Bushfire assessment, planning and management

 Land sector greenhouse gas assessment and management

 Environmental assessment and audit

 Program review and evaluation

 Sustainable management of agricultural lands, native forests and forestry
plantations

 Workshop facilitation

RELEVANT PROJECT EXPERIENCE

CLIMATE CHANGE RISK, ADAPTATION, POLICY

Melbourne Metro Tunnels Project (MTP), Regional Rail Revival (RRR) project and Melbourne Airport Rail (MAR)
project for Rail Projects Victoria (RPV). Craig has an on-going role as lead technical adviser for climate change risk
and adaptation for RPV suburban and regional rail programs. For the MTP and various regional rail renewal scopes
of work, Craig developed climate change projections, undertook the climate change risk assessment and developed
the climate adaptation plan and design for climate change framework. Craig has also participated (for MRP and
some RRR work packages) in the evaluation of contractors’ tender responses to climate change technical
requirements as part of work package procurement processes. Craig also led an initial spatial vulnerability
assessment of the Victorian regional rail network.
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West Gate Tunnel Project: Craig was lead technical adviser for climate change risk and adaptation. He facilitated a
multi-stakeholder workshop on climate risk and developed the project’s climate risk and adaptation plan to comply
with Infrastructure Sustainability Council of Australia requirements.

Climate change risk management review: Craig was project director and technical lead for this project for
Melbourne Water which sought to improve the rigour and consistency of its governance and management of
climate change risks. The project articulated Melbourne Water’s climate risk appetite and benchmarked its
performance against Australian and international water utilities. It identified how climate scenarios were being used
by Melbourne Water and identified opportunities for more consistent and standardised consideration of climate
change.

Metronet climate risk and vulnerability assessment: Craig was climate change technical lead for this project, which
has undertaken a vulnerability assessment for the current Perth rail network and proposed Metronet expansions.
Craig developed the vulnerability assessment framework and has led a series of climate change risk workshops and
assessments for vulnerability hotspots within the network.

Coomera Connector Stage 1: Craig was climate change technical lead for the design and planning of Stage 1 of the
Coomera Connector freeway on Queensland’s Gold Coast. Craig facilitated climate change risk workshops, oversaw
the development of the project’s climate change risk register and was technical reviewer for the climate change
section of the environmental impact assessment.

Mannuwarra-Red Dog Highway: Craig is the climate change lead for the design and planning of stage 4 of the
upgraded road that will improve connectivity between Tom Price and Karratha in WA’s Pilbara region. He is
overseeing the implementation of work to secure a ISCA V2.0 Res-2 climate and natural hazard risk credit for the
project.

Climate change impacts on wastewater systems: Craig is climate change technical lead on this project for DELWP to
develop guidelines on addressing climate change in the design and management of sewerage systems in Victoria.
He was contributing author of the project’s scoping report, lead author of the chapter on governance and a member
of the review team for the guidelines. He has led engagement with working groups and the project control board.

Melbourne Sewerage Strategy, making the case for change: Craig managed this project for Melbourne Water to
develop a framework that makes the case for resilience-based decision-making on investment to support
implementation of the Melbourne Sewerage System Strategy. He also supported the development of adaptive
pathways for the Strategy, reflecting climate change and other key future challenges and decision points.

Independent review of the Tasmanian Climate Change (State Actions) Act 2008: Jacobs was commissioned to
review the Act against its objects and provide additional comment as directed by the minister in 2016 and again in
2021. The 2021 review included advice on a long-term emissions reduction target for Tasmania. Craig was lead
reviewer, stakeholder engagement lead and review report co-author for both reviews.

Climate Change Resilience Plan for BHP Billiton’s Western Australian Iron Ore operations: Craig was Jacobs’ climate
change technical lead for the consulting team which include Acclimatise and CSIRO. He developed climate risk
narratives for BHP’s operations and help formulate the adaptation strategy and resilience plan.

NRM planning and climate change project for Goulburn Broken and North East Catchment Management
Authorities. the project developed a spatial assessment tool (the Vulnerability Assessment Engine, VAE) to
undertake a spatial climate vulnerability assessment for the Goulburn Broken and North East CMA regions of
Victoria. Outputs from the VAE were used to identify regional priority areas for climate adaptation and carbon
farming, as well as adaptation and carbon farming options that were tailored to each priority area. Craig was the
project’s technical lead for climate change and natural resource management and lead author of the main reports.

Evaluation of the Victorian Climate Initiative (VicCI) for DELWP: Craig was the project manager and lead reviewer for
this evaluation of the VicCI and guidelines on consideration of climate change in water resource planning. VicCI and
the guidelines were assessed with respect to their: value in decision-making by the Victorian water sector, economic
value, science value, value to the public and overall value for money.
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Victorian water grid augmentation project for DELWP: Craig was the project director and adaptive planning lead for
this project to develop a plan for augmentation of the south-central Victorian water grid in response to climate
change and rapidly growing population.

Climate preparedness assessment for Brisbane City Council: Craig was the project’s technical lead. He designed and
facilitated a series of workshops to identify and assess climate change risks for Council’s assets, operations and
strategy. He was also co-author of the main project reports.

Aurora Production Plan (APP) Adaptation Pathway: Craig is working with a small Jacobs-Yarra Valley Water team to
develop an adaptive pathway for the specification and conceptual design of the APP, a new wastewater treatment
facility that is to be constructed in Melbourne’s northern growth area. Craig’s roles are in workshop facilitation and
conceptualization of the adaptive pathway.

Heathcote River floodplain management plan for Christchurch City Council: Craig was the technical lead on climate
change adaptation for the project and worked with the client and team to develop the project’s adaptive decision-
making framework.

Climate change impact and adaptation study in the Mekong Delta: Craig was Jacob’s (then SKM) internal technical
reviewer for this assessment of climate vulnerability and adaptation opportunities for provinces in Viet Nam’s
Mekong Delta region, funded by ADB.

Vulnerability assessment tools and adaptation options for climate change impacts on groundwater resources: Craig
was lead author of a World Bank publication on climate change adaptation for groundwater resource management.

Climate risk assessment and adaptation planning for Solomon Islands Transport Sector Development Project: Craig
was Jacobs’ (then SKM) internal climate change technical reviewer for this road development project funded by
ADB.

BUSHFIRE/WILDFIRE ASSESSMENT, PLANNING AND MANAGEMENT

Tasmanian bushfire management planning project for Department of Defence: Craig is technical lead and project
director for a project which developed risk-based bushfire management plans for two large military training areas
and a smaller Defence facility. The project used bushfire behaviour modelling to inform risk assessments and the
development of bushfire prevention and response strategies and works programs. The project is trialling new
Defence bushfire risk management processes.

Independent audits of Ausgrid Bushfire Formal Safety Assessment (FSA): Craig was lead auditor for three
independent audits of Ausgrid’s bushfire FSA. The audits were required by IPART, the NSW regulator for electricity
network providers. The audits have considered Ausgrid’s compliance with AS 5577-2013 Electricity network safety
management systems and the regulatory framework for powerline bushfire safety management in NSW.

Bushfire risk management plan for Coppabella township for Aurizon: Craig undertook an assessment of bushfire
hazards for the township of Coppabella in Central Queensland. The hazard assessment informed the development
of a bushfire risk management plan for the town.

Bushfire Risk Management Plan for Delta Electricity NSW Central Coast landholdings: Craig was technical lead
responsible for preparing bushfire risk management plans for Vales Point power station and land in the vicinity of
the former Munmorah power station. This involved the development of bushfire scenarios, bushfire risk assessment
and the development of measures and to mitigate bushfire risks.

North and South Queensland bushfire management planning project for Department of Defence: Craig was
technical lead and lead author of a project which developed bushfire management plans for all 40+ bushfire-prone
Defence properties in Queensland. The plans ranged in scope from single page Prepare-Act-Survive plans for
bushfire-prone Defence depots and rifle ranges to detailed bushfire risk management plans for large Defence
training areas and Airforce bases.
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Bushfire planning for Brisbane City Council (BCC): Craig has been project manager, lead author or technical
reviewer of bushfire assessments and management plans developed BCC properties at Windsor, Mt Coot-tha Visitor
Centre, JC Slaughter and Simpson Falls Reserves, Toohey Forest Park, Witton Barracks and Brisbane Metro Depot.

Bushfire risk management strategy for Ausgrid’s electricity network: on the back of the three independent audits of
Ausgrid’s Bushfire-risk formal safety assessment, Craig was engaged to develop a bushfire risk management
strategy to act as a “point of truth” for the company’s systems and procedures for bushfire risk management

ENVIRONMENTAL AUDIT, NATURAL RESOURCE AND ENVIRONMENTAL MANAGEMENT

Victorian Forest Audit Program: Craig has been lead environmental auditor and project manager of eight audit
projects for DSE/DELWP, three of which were statutory environmental audits under Victoria’s Environment
Protection Act 1970). Audit scopes have varied, addressing regulatory compliance elements relating to: timber
harvesting operations; coupe planning and management; coupe closure; regeneration and rehabilitation; planning,
design, construction and closure of in-coupe roads.

Internal assurance review of TransGrid’s Bushfire Formal Safety Assessment: Craig was engaged by TransGrid to
help them prepare for an impending independent audit of their bushfire FSA. The review considered the
compliance of the FSA document and Electricity Network Safety Management System with AS 5577-2013
requirements and the adequacy of their existing management systems to support implementation of the bushfire
FSA.

Independent appraisal of TasNetworks vegetation management for TasNetworks and Office of the Tasmanian
Economic Regulator. Craig was the lead auditor and conducted an independent appraisal of the adequacy and
effectiveness of TasNetworks vegetation management plan and procedures in providing a safe operating
environment for Tasmania’s electrical transmission and distribution networks.

Solomon Islands Forest Resource Inventory for RAMSI: Craig was part of a team that updated the forest resource
inventory for the Solomon Islands. He consulted with Solomon Island Government officials and sourced information
to develop a woodflow model for each island than showed historical and projected future exports of timber under
several management scenarios.

Lake Wellington Land and Water Management Plan: Craig was project manager and NRM technical lead on this
project to develop a new land and water management plan for irrigation areas in West Gippsland’s Lake Wellington
catchment. Craig led a series of workshops with agency, industry and community stakeholders to develop the Plan,
helped to develop the Plan’s MERI framework and program logic and is the Plan’s lead author.

LAND SECTOR GREENHOUSE GAS ASSESSMENT AND MANAGEMENT

Catchment carbon offsets trial for Goulburn Broken CMA and Victorian water sector. Craig was project manager and
lead investigator for this project to develop and trial the “catchment carbon offsets” (CCO) concept. The concept
involves carbon offset projects which are collaborative between Water Corporations and Catchment Management
Authorities, sequester carbon and generate multiple, complementary environmental and social benefits. The project
developed a suite of design and analysis tools for use by the water sector in developing CCO projects. The concept
and tools have been tested in several case studies with Water Corporations.

Technical assessment of draft land sector emissions abatement methodologies under the Carbon Farming Initiative
and Emissions Reduction Fund. Craig led several technical reviews that were commissioned by the Department of
the Environment or Clean Energy Regulator. The methods reviewed included methodologies for native forest
protection projects, afforestation and reforestation and modelled and measured soil carbon sequestration.

Victorian greenhouse gas emissions projections and emissions reduction scenarios: Craig is technical lead for
agriculture and land use-land use change forestry in this project to estimate Victoria’s baseline greenhouse gas
emissions to 2050 and assess abatement opportunities that will support achievement of Victoria’s 2050 net zero
emissions target.
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EDUCATION/QUALIFICATIONS

BAgrSci (Hons) La Trobe University

MSc Monash University “Patterns of
community metabolism within an
upland stream ecosystem, Victoria”

PhD Monash University “Patterns in
community metabolism and biomass
of biofilms colonising large woody
debris along an Australian lowland
river”

MEMBERSHIPS
AND AFFILIATIONS

Member of the Australian Freshwater
Sciences Society

Member of River Basin Management
Society

Fellow of the Peter Cullen Leadership
Trust

YEARS EXPERIENCE

20

GEOGRAPHIC LOCATION

Melbourne

Dr Simon Treadwell
PRINCIPLE AQUATIC ECOLOGIST

Simon is Global Technical Leader for Ecosystem Restoration and Principal
Aquatic Ecologist in Jacobs People and Places business.  He has over
twenty years’ experience specialising in environmental impact assessment
(EIA), water quality monitoring and assessment, stormwater management
and general river, floodplain and wetland ecology, management and
habitat rehabilitation.  He has an under-graduate degree in Agricultural
Science and post-graduate experience in aquatic ecology.

Simon has significant ecological and water quality risk assessment
experience specialising in aquatic ecology impacts across mining,
infrastructure and water resource sectors.  He has worked as the aquatic
ecology technical lead on numerous projects assessing road, rail and
pipeline infrastructure and mining related impacts on aquatic ecosystems,
including rivers, floodplains and wetlands.  Through these projects he has
also provided input to design and construction to minimise impacts on
ecological values.

Simon also has also worked extensively on the Yarra River and its
associated floodplains and wetlands.  He has completed an environmental
flow study for the Yarra River and wetland water regime management plans
for Bolin Bolin Billabong and Banyule Billabong on the Yarra floodplain at
Heidelberg.

Areas of Expertise

 Ecological risk assessment

 Environmental flows requirements

 Lowland river, floodplain and wetland ecology

Relevant Project Experience

 Technical lead for the preparation of an EPBC referral for the Hallam
Road Level Crossing removal, Victoria

 Technical lead and reviewer for aquatic ecology impact assessments
and design input to avoid ecological impacts for Melbourne Metro Rail
and Regional Rail upgrades, Victoria

 Technical lead and reviewer for aquatic ecology impact assessments for
and design revision to mitigate ecological impacts for the Avon River
railway bridge replacement, Victoria.

 Technical lead for aquatic ecology impact assessment for the Bellarine
Ring Road Bypass, Victoria.

 Technical lead for the aquatic ecology impact assessment and design
input to avoid ecological impacts for the sugarloaf bulk water transfer
pipeline in Victoria.

 Technical lead on an ecological risks assessment of impacts on the
Latrobe River and Gippsland Lakes from dewatering the Yallourn coal
mine following flooding and collapse of the Morwell River diversion,
Victoria.

 Technical lead on an ecological risk assessment of the water quality,
environmental flow and aquatic ecology impacts of discharging treated
wastewater to waterways.
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 Lead author in a critical science review of the impacts on surface water
quality and quantity from coal seam gas and large coal mining activities.

 Assessment of the water quality, environmental flow and aquatic
ecology impacts of discharging treated permeate from coal seam gas
activities into waterways in QLD.

 Independent technical review of the aquatic ecology impacts for various
Australian and international mine developments and expansions..

 Development of wetland water management plans and water
management options for Bolin Bolin Billabong and Banyule Billabong
on the Yarra Floodplain.

 Member of Melbourne Water’s 2018 Healthy Waterways Strategy
Science Advisory Panel providing independent advice on the science
underpinning the 2018 Healthy Waterways Strategy development.

 Environmental flow assessments for Melbourne’s rivers, including the
Yarra River, Merri Creek, Olinda Creek, Stringybark Creek, Little River,
Lang Lang River, Plenty River, Lollypop Creek and Werribee River.

 Conceptualisation of the role of groundwater on river and wetland
Groundwater Dependent Ecosystems and the development of risk
assessment process for identifying sensitivity of GDEs to changes in
groundwater and surface water regimes

 Feasibility assessment and design of options for reconnecting
floodplain wetlands along the Dandenong Creek, and daylighting of
Dandenong Creek.

 Development of a conceptual model and flow recommendations for
platypus in Melbourne’s waterways.

Selected papers and presentations

 Szemis, J.M, Edwards, C., Treadwell, S. and Sandercock, P. (2018)
Assessing long term climate change impacts on environmental flow
compliance and shortfalls in the Yarra River. In 38th Hydrology and
Water Resources Symposium (HWRS), Melbourne, Australia

 Clifton, C. Treadwell, S., and van den Hove, R. (2018).  River red gum
dieback investigation, Malcolm Creek, Craigieburn.  Proceedings of the
9th Australian Stream Management Conference, August 2018, Hobart.
Published by the River Basin Management Society.

 Treadwell, S, Sandercock, P, (2017).  Using science and hydraulics to
inform stormwater management for improved river health outcomes:
How much stream flow is too much? 2017 Victorian Stormwater
Management Conference, Lorne, Victoria.

 Treadwell, S, Dwyer, C, Watkins, S (2016) Urban waterway restoration:
Daylighting Dandenong Creek. 8th Australian Stream Management
Conference, July 2012, Luera, NSW.

 Treadwell, S. (1999). Managing snags or large woody debris. In: Price,
P. & Lovett, S. (eds.) Riparian Technical Guidelines. Volume Two: On-
ground Management Tools and Techniques, pp 15-32.  Land and Water
Resources Research and Development Corporation, Canberra.
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Our ref: 21906268 
Contact: Aaron Shrimpton  
Direct Line: 03 5225 5248 
Direct Email: ashrimpton@ha.legal 
Principal: Greg Tobin 
Your ref:  

 
 
 
5 April 2022 
 
Peter Sandercock  
Jacobs 
Peter.Sandercock@jacobs.com 
 
 
Subject to legal professional privilege 
 
 
Dear Peter 
 
Amendment C106mith to the Mitchell Planning Scheme (Amendment) 
Beveridge North West Precinct Structure Plan (PSP) 
 
We continue to act for Victorian Planning Authority (VPA) in relation to the Beveridge North 
West Precinct Structure Plan (PSP) 
 
PSP location and features  
 
1. The PSP is located at the northern end of the Northern Growth Corridor Plan area.  

1.1. The PSP is adjoined to the north by the Wallan South & Wallan East (Part 
1) PSP area1, the Urban Growth Boundary to the west (along Old Sydney 
Road), the Hume Freeway to the east and Camerons Lane to the south.   

1.2. The future Beveridge North East and Northern Freight PSP’s lie east of the 
Hume Freeway from the PSP. The Mandalay estate, the approved 
Beveridge Central PSP and the future Beveridge South West PSP are 
situated south of Camerons Lane.  

1.3. The Land within the PSP is primarily used for grazing and has undulating 
topography, particularly in the north-west, and north-east (Spring Hill).  

2. PSP Plan 02 ‘Precicnt Features’ sets out the key features of the PSP area.  We draw 
your attention in particular to the following features shown on Plan 2: 

2.1. Proposed quarry WA1473; 

2.2. Burrung Buluk ‘former Hanna Swamp’. 

Earlier C106mith panel process  

3. A draft PSP was prepared by the VPA and exhibited as a part of amendmnet C160mith 
in August 2019.  

4. Submissions in respect of amendmnet C106mith were referred to a planning panel 
comprised of Nick Wimbush (Chair), John Hartigan and Sarah Auld.  

 
1 The preparation of that PSP is at the background study stage. 

mailto:Peter.Sandercock@jacobs.com
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5. The C106mith planning panel provided a report dated 7 October 2020. That report outlined 17 
recommendations in chief. Most relevantly:  

5.1. Recommendation 1 was to Revise Mitchell Planning Scheme Amendment C106 to explicitly 
include precinct level planning for resource extraction from Work Authority 1473. 

5.2. Recommendation 2 was to Subject to the changes recommended in this report, adopt 
Amendment C106 to the Mitchell Planning Scheme with the revised Precinct Structure Plan 
(Document 267) and Urban Growth Zone Schedule 3 (Document 265). 

5.3. Recommendation 17 was to Include explicit recognition of the need to plan for Hanna Swamp 
in the revised Precinct Structure Plan (Document 267) in, for example:  

a) The land description at 1.4  

b) The Vision at 2.1  

c) Requirement R1  

d) Table 10, Water Infrastructure. 

Further strategic work post C106mith planning panel  

6. The VPA has undertaken further strategic work since receipt of the C106mith planning panel report.  

7. This work has included: 

7.1. Preparation of the November 2021 PSP.  The VPA has prepared a changes matrix to assist 
the reader in understanding the changes compared to C106mith.  This matrix shows the 
changes made to the revised Precinct Structure Plan (Document 267) against the 
recommendations of that panel. 

7.2. Preparation of draft amendmnet C158mith (PSP Amendment).  The PSP Amendment is 
proposed to introduce the PSP into the Mitchell Planning Scheme. 

7.3. Preparation of the draft Beveridge North West Infrastructure Contributions Plan November 
2021 (ICP). We note that amendment C106mith was not exhibited with an ICP as at that time 
of exhibition, the VPA estimated that infrastructure costs would be appropriately funded by a 
standard levy ICP. Draft amendment C161mith (ICP Amendmnet) has been prepared to 
incorporate the ICP into the Mitchell Planning Scheme.  

7.4. Preparation of the Revised November 2021 background report.  

7.5. Commissioning Alluvium to prepare the Hanna Swamp Investigation Report (June 2021) 

7.6. Commissioning the Cardno to prepare the infrastructure designs and costings.  

Background – proposed quarry  
 
8. The quarry proponent (Connundrum Holdings Pty Ltd) (Connundrum) lodged a planning permit 

application with Mitchell Shire Council in October 2019.  The application seeks planning permission to 
use and develop land at 175 Northern Highway, Wallan, for ‘Stone Extraction and Creation of access to 
a road in a Road Zone Category 1.  The application was assigned application number PLP268/19 (Permit 
Application).  

9. A copy of the permit application materials provided to the VPA as an agency notification package is 
included in your brief.  We understand a better resolution copy of the materials will shortly be made 
available by Planning Panels Victoria. 
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10. The extent of notification requried of the Permit Application was contested and determined by VCAT in 
Conundrum Holdings Pty Ltd v Mitchell SC [2020] VCAT 619.. 

11. Notice was given and the VPA objected to the grant of a planning permit primarily on the basis that the 
application was premature as the strategic planning process for amendment C106mith had not 
concluded. 

12. Connundrum sought review of Council’s failure to determine the Permit Application within the prescribed 
time.  VCAT allocated the application proceeding number P1745/2020 (the VCAT Proceeding). 

13. The VPA filed a statement of grounds and became a party to the VCAT Proceeding.  

14. The VCAT Proceeding was called in by the Minister for Planning on 24 February 2021. 

Advisory committee process  

15. The Minister for Planning has established a ministerial advisory committee to consider the PSP 
Amendment, ICP Amendment and the Permit Application (Committee).  

16. A copy of the terms of reference is available here:   

16.1. We draw your attention to the background information contained at paragraphs 6-20 of the 
terms of reference.  

16.2. We also draw your attention to paragraph 5 an in particular: 

16.2.1. Pursuant to paragraph 5a, the purpose of the Committee is to advise the Minister 
on whether the PSP Amendment ‘is acceptable and appropriately implements the 
recommendations’ of the C106mith planning panel. 

16.2.2. Pursuant to paragraph 5c, the purpose of the Committee is to advise the Minister 
on whether a permit should be granted ‘having regard to the Mitchell Planning 
Scheme (as modified by the planning controlls proposed by Amendmnet C158), and 
if so, the appropriate permit conditions.’ 

17. Parties to the VCAT proceeding have been afforded an opportunity to file amended grounds. Copies of 
these grounds are included in your brief.  

18. The Committee held an initial directions hearing on 4 February 2022. A further directions hearing was 
held on 17 March to finalize procedural orders. Copies of these directions are included in your brief.  

19. Under these directions:  

19.1. The VPA’s Part A submission must be filed on 11 April 2022 The Part A package will include a 
submission summary table which will assist in reviewing the issues raised in submissions 
received by the VPA; 

19.2. Expert evidence is due to be filed by 12 noon on Wednesday 27 April 2022. 

19.3. Experts in like disciplines will be requried to meet and produce a conclave statement.   

19.3.1. The VPA witness is to organize and chair the conclave.  The conclave report must 
be provided by 12 noon on Wednesday 4 May 2022. 

19.3.2. We request that you contact your like witnesses (as listed on the hearing timetable) 
to arrange a suitable time between 27 April and 4 May 2022 for an expert meeting.   

19.4. The hearing will commence on Monday 9 May and run for 5 weeks.  

http://www8.austlii.edu.au/cgi-bin/viewdoc/au/cases/vic/VCAT/2020/619.html
https://vpa-web.s3.amazonaws.com/wp-content/uploads/2021/11/Beveridge-North-West-PSP-Terms-of-Reference-Ministerial-Advisory-Committee-November-2021.pdf
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19.5. Expert evidence will be heard by topic rather than by party.  The dates for evidence on the 
various topics are set out in the hearing timetable that forms part of the directions dated 22 
March 2022.  

Instructions  

 
We are now instructed to brief you to: 
 
20. Review the exhibited amendment and background materials (as relevant) and submissions (noting the 

VPA’s submission response table will be provided to you as soon as possible); 

21. Meet in conference to discuss your preliminary views before preparing an expert witness statement;  

22. Prepare an expert witness statement;  

23. Appear at the Committee hearing to provide expert evidence.  

Your expert witness statement should, in addition to any other relevant matter, address the following issues:  
 
24. Outline your previous involvement with the Beveridge North West PSP and provide an overview of: 

24.1. The presence of sodic and dispersive soils in the PSP area; 

24.2. Management techniques for developing in areas of sodic and dispersive soils.  

24.3. The work you have undertaken for Melbourne Water (noting that Melbourne Water’s interests 
in the hearing will be included within the ‘Whole of Government’ position represented by the 
VPA)? 

25. Review the project designs (included in the background materials) prepared by Cardno and provide your 
opinion on whether the designs appropriately respond to sodic and dispersive soil conditions?  

26. Please outline your views on the issues raised in submissions, as relevant to your expertise.  

Your fees 
 
Our client will remain responsible for your fees in accordance with the procurement arrangements agreed 
between the VPA and yourself.  
 
Legal professional privilege 
 
We confirm that your professional opinion is sought in the context of us providing legal advice in relation to the 
Panel hearing for the Amendment. 
 
Our advice, and your advice by virtue of your engagement by us, attracts legal professional privilege. Our client 
is therefore not required to disclose any advice provided by you to any other party unless that legal professional 
privilege is waived. 
 
To ensure that legal professional privilege is maintained, we request that you do not advise anyone, other than 
our client or Harwood Andrews, that you have been requested to provide independent advice in relation to this 
matter. 
 
We will notify you if legal professional privilege is waived in respect of your advice. We expect that this will not 
occur until just prior to the anticipated Panel hearing at the time when expert witness reports are due to be filed 
and served. 

Contact 
If you have any queries or require any further information, please contact Greg Tobin (gtobin@ha.legal or 5225 
5252) or Aaron Shrimpton (ashrimpton@ha.legal; or 5225 5248). 
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Yours faithfully, 
 
 
 
 
HARWOOD ANDREWS 
 
 
Encl. 
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Index to Brief  
Documents available via the following OneDrive link Beveridge North West expert brief  

 

A. Precinct Structure Plan 

1.  Beveridge-North-West-PSP-Mith-C158-Draft-Precinct-Structure-Plan-November-2021 

2.  Beveridge-North-West-PSP-–-Mith-C158-–-PSP-Changes-Matrix-–-November-2021 

B. Background Studies 

3.  Background Report 

 a.  Beveridge-North-West-PSP-C158mith-Background-Report-Revised-November-2021 

4.  Heritage 

 a. Beveridge North West PSP - Aboriginal Heritage Impact Assessment (AHMS) 
February 2014 

b. Beveridge North West PSP - Post Contact Heritage Assessment (AHMS) 
February 2014 

c. Beveridge North West PSP - Targeted Cultural Values Inspection of PSP 1059 
(Wurundjeri Woi Wurrung Cultural Heritage Aboriginal Corporation) October 2014 
Amended - October 2019 

5.  Water  

 a. Beveridge North West PSP - Groundwater Quality Assessment Final (Jacobs) 
June 2014 

6.  Environmental Site Assessment 

 a. Beveridge North West PSP - Hanna Swamp Investigation Report with 
Appendices (Alluvium) June 2021 

7.  Arboriculture 

 a. Beveridge North West PSP - Arboriculture Assessment (Tree Logic) October 
2013 

b. Beveridge North West PSP - Scattered Tree Assessment (Ecology and Heritage 
Partners) November 2013 

8.  Community Infrastructure 

 a. Beveridge North West PSP - Community Infrastructure Assessment (ASR 
Research) August 2020 

9.  Bushfire Assessment 

 a. Beveridge North West PSP - Bushfire Development Report (Terramatrix) July 
2019 

10.  Transport 

 a. Beveridge North West PSP - Strategic Transport Modelling Assessment (GTA 
Consultants) December 2018 

11.  Infrastructure 

 a. Beveridge North West PSP - Utilities Servicing and Infrastructure Assessment 
(Cardno) March 2014 

12.  Economic 

 a. Beveridge North West PSP - Economic Assessment (Ethos Urban) July 2019 

13.  Extractive Resources 

 a. Beveridge North West PSP - Wallan Beveridge Extractive Resource Analysis 
(Coffey Services) November 2017 

14.  Landscape Assessment 

 a. Beveridge North West PSP - Site Suitability Assessment (Jacobs) July 2014 
b. Beveridge North West PSP - Landscape and Visual Assessment (Planisphere) 

October 2014 

15.  Infrastructure Design & Costings 

 a. Beveridge North West PSP - Infrastructure Designs and Costings (Cardno) 
November 2021_Appendices C-D 

b. Beveridge North West PSP - Infrastructure Designs and Costings (Cardno) 
November 2021_Part 1 

c. Beveridge North West PSP - Infrastructure Designs and Costings (Cardno) 
November 2021_Part 2_Appendix A – Copy 

https://tllg-my.sharepoint.com/:f:/g/personal/ashrimpton_ha_legal/ElsZMe5lbydLlwHP1KBPwBwBeY84gQa4uMSRHHxvRSEUug?e=KIGofQ
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d. Beveridge North West PSP - Infrastructure Designs and Costings (Cardno) 
November 2021_Part 3_Appendix B_Plans_1 

e. Beveridge North West PSP - Infrastructure Designs and Costings (Cardno) 
November 2021_Part 3_Appendix B_Plans_2 

f. Beveridge North West PSP - Infrastructure Designs and Costings (Cardno) 
November 2021_Part 3_Appendix B_Plans_3 

g. Beveridge North West PSP - Infrastructure Designs and Costings (Cardno) 
November 2021_Part 3_Appendix B_Plans_4 

h. Beveridge North West PSP - Infrastructure Designs and Costings (Cardno) 
November 2021_Part 3_Appendix B_Plans_5 

i. Beveridge North West PSP - Infrastructure Designs and Costings (Cardno) 
November 2021_Part 5_Appendix B_Tables 

C. Infrastructure Contributions Plan 

16.  Beveridge North West – Mith C161 – Draft Infrastructure Contributions Plan – November 
2021 (2) 

D. PSP Ordinance 

17.  Beveridge North West PSP - Mith C158 - 52.17s - Consultation 

18.  Beveridge North West PSP - Mith C158 - 66.04s - Consultation 

19.  Beveridge North West PSP - Mith C158 - 72.04s - Consultation 

20.  Beveridge North West PSP - Mith C158 - 72_03s - Consultation 

21.  Beveridge North West PSP - Mith C158 - Explanatory-Report - Consultation 

22.  Beveridge North West PSP - Mith C158 - Extractive Industry & Buffer Area Incorporated 
Document - Consultation 

23.  Beveridge North West PSP - Mith C158 - Instruction-Sheet - Consultation 

24.  Beveridge North West PSP - Mith C158 - 43.03s4 - Consultation 

25.  Beveridge North West PSP - Mith C158 - 37_07s3 - Consultation 

26.  Beveridge North West PSP - Mith C158 - 35.06s2 - Consultation 
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Executive Summary
Jacobs was engaged by Victorian Planning Authority to map sodic soils and erosion risk and provide advice on
treatment options in light of future planned development in the Beveridge North West Precinct Area.  This report
provides an assessment of the distribution of sodic and dispersive soils, erosion risks and considers their
implications for future planned development.

The soils of the Beveridge North West Precinct are classified as Sodosols, with a clear or abrupt textural B horizon
in which the major part of the upper B2 horizon is sodic and not strongly acid.  Apart from sites with shallow soil
over rock most common in the north-eastern section of the precinct area, soils are duplex, with sandy loam or
sandy clay-loam topsoils (A horizons) of variable depth overlying sodic, clay-dominant subsoil.  The topsoil is
typically non-sodic with Exchangeable Sodium Percentage (ESP) values <5%, the subsoils exhibit moderate to
extreme sodicity with ESP values ranging from 7 to > 15% (max 32%).  Deeper samples recorded higher ESP
values, ranging from 14 to 35%.  A horizon topsoil depths vary across the Precinct, measurements in the field
ranging from 10-110 cm.

A vulnerability assessment approach was used to assess the risks associated with sodic soils for the construction
phase and for the future developed land use.

Vulnerability (V) = Exposure (E) + Sensitivity (S)

Exposure (E): refers to attributes of soils that characterise their sodicity and exposure to erosion.  Exposure
criteria included sodicity of topsoil and subsoil, A horizon depth and slope.

Sensitivity (S) refers to attributes of the land or activities that influence its sensitivity and that of urban
developments to sodic soils. Sensitivity criteria included position relative to waterway, potential disturbance
associated with construction activity for different land use types and water balance change expected for future
land use.

During construction, areas identified as particularly vulnerable to sodic soil erosion risks are the waterways and
steeper slopes.  Activities that expose these soils to rainfall and associated runoff will present significant
construction challenges and need to be managed carefully.

Water balance changes resulting from future developed land use and associated impervious areas will generate
high volumes of runoff, which will drain into the surrounding waterways, including Kalkallo Creek.  Kalkallo Creek
is already in a degraded condition, further increases in flows would be expected to accelerate erosion of bed and
bank materials.

Areas identified at high erosion risk and recommended treatments include:

§ Drainage depressions/seasonal wetlands – Ideally these areas should be identified and reserved as linear
green spaces to retain their important hydrological function in retaining and temporarily storing water in
the landscape and regulating the flow of water and nutrients throughout a catchment.  Surface ground
cover measures are critical for protecting the soils against dispersion and erosion.

§ Kalkallo Creek and tributaries – This waterway is in a degraded state and further increases in runoff may
result in increased erosion.  Significant engineering works are likely to be required to create a stable
waterway that is resilient to stormwater runoff from surrounding future land development.

§ Steeper slopes – Cutting into these slopes will expose underlying subsoils, and erosion risk is increased
with slope.  Road batters must be designed with consideration to the erodibility of the soils.  Stable linings
that are resistant to rainfall and runoff will be required.

It is recommended that detailed plans are developed for managing sodic soil-related erosion risks in high risk
areas identified in this investigation.
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Important note about your report

The purpose of this report and the associated services performed by Jacobs is to provide an assessment of the
distribution of sodic soils and erosion risks that relate to the characteristics of these soils, their position in the
landscape and the implications of this for future planned development within the Beveridge North West Precinct
Area.  Advice is also provided on the range of treatment options that are available to manage identified sodic
soils and erosion risks.  The work has been conducted in accordance with the scope of services set out in the
contract between Jacobs Group (Australia) and Victorian Planning Authority.

In preparing this report, Jacobs has relied upon, and presumed accurate information provided by Victorian
Planning Authority and/or other sources as referenced in the report.  Except as otherwise stated in the report,
Jacobs has not attempted to verify the accuracy or completeness of any such information.  If the information is
subsequently determined to be false, inaccurate or incomplete, the observations and conclusions in this report
may change.

The passage of time, manifestation of latent conditions or impacts of future events may require further
examination of the project and subsequent data analysis, and re-evaluation of the data, findings, observations
and conclusions expressed in this report. Jacobs has prepared this report in accordance with the usual care and
thoroughness of the consulting profession following applicable standards, guidelines, procedures and practices
at the date of issue of this report. No other warranty or guarantee, whether expressed or implied, is made as to
the data, observations and findings expressed in this report, to the extent permitted by law.

This report should be used in full, and no excerpts are to be taken as representative of the findings.  No
responsibility is accepted by Jacobs for use of any part of this report in any other context.

This report has been prepared on behalf of, and for the exclusive use of, Victorian Planning Authority subject to,
and issued in accordance with, the provisions of the contract between Jacobs and Victorian Planning Authority.
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1. Introduction

1.1 Background

Jacobs was engaged by Victorian Planning Authority to map sodic soils and erosion risk and provide advice on
treatment options in light of future planned development in four Precinct Areas located to the north of
Melbourne: Beveridge North West, Wallan South, Wallan East and Shenstone Park.

1.2 Scope

This report provides an assessment of the distribution of sodic soils and erosion risks that relate to the
characteristics of these soils, their position in the landscape and the implications of this for future planned
development within the Beveridge North West Precinct Area (Figure 1-1).  Advice is also provided on the range
of treatment options that are available to manage identified sodic soils and erosion risks.

Figure 1-1 Beveridge North West Precinct – Site locality and context (Victorian Planning Authority 2019).

The Precinct will include residential neighbourhoods that that will have access to a range of facilities, including
health care, education, recreation and community infrastructure.  Areas of the landscape will be revived and
enhanced through the rehabilitation and replanting along Kalkallo Creek and on the hilltops. Wetlands and
water retention facilities will also be constructed on the open plains (Victorian Planning Authority 2019).
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1.3 Report structure

This report has been structured as follows:

§ Section 2 provides a brief summary of sodic and dispersive soils definitions and terms used in this report,
Victorian context regarding the distribution of sodic soils and their implications for urban development.

§ Section 3 describes our approach to mapping sodic soils and erosion risks.

§ Section 4 presents the results of the assessment.

§ Section 5 provides discussion and recommendations on options to manage identified erosion risks,
including potential planning control measures.

§ Section 0 documents gaps in knowledge/requirements for further soil investigations and further work to
validate the predictions of the distribution of sodic soils and erosion risks.
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2. Sodic and dispersive soils

2.1.1 Sodic and dispersive soil definitions and terms used in this report

Sodic soils in Australia are defined as those with an exchangeable sodium percentage (ESP) of 6% or greater
(Northcote & Skene 1972).  An ESP of 6% is considered to be the lower limit of exchangeable sodium where a
detrimental impact on plant growth is recorded.  Soil impacts occur when wetted with fresh water and include
but are not limited to including clay dispersion, structural decline, crusting, waterlogging and low rates of
hydraulic conductivity (Emerson 1967, Loveday & Pyle 1973).  The measurements apply directly to agriculture
but also have consequences with relation to environmental and geotechnical use and management.

Dispersive soils and criteria for their assessment were first recorded by Emerson (1967), with further research on
the relationship between Emerson Score and hydraulic conductivity carried out by Loveday and Pyle (1973).
Isbell and NCST (2016) provides detail of the Australian Soil Classification description of a ‘Sodosol’ soil, with a
‘strong texture contrast between the A horizon and sodic B horizons which are not strongly acid’.  This report not
only seeks to identify ‘Sodosols’, but focuses on any soil horizon material observed across the Beveridge North
West Precinct area with sodic and dispersive properties.

2.1.2 Sodic soil distribution across Victoria.

The distribution of sodic soils across Victoria is well known.  Soil sodicity in Victoria was recorded by Ford et al.
(1993) with further mapping by others, including Agriculture Victoria (2020), as shown in Figure 2.1  Sodic soils
are common across large expanses of land used for agricultural and urban development.  Sodicity and dispersion
characteristics vary depending on parent material, geomorphic processes, particle size distribution, rainfall and
leaching.  In most cases, soils with sodic horizons are texture contrast soils with a clear or abrupt A horizon
topsoil layer overlying a finer textured, clay-dominant B horizon subsoil.

Figure 2.1: Mapping of Sodicity in Upper Subsoil, Victoria (Agriculture Victoria 2020).
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2.1.3 Sodic soil implications for urban development

Urban development causes significant soil disturbance and may, expose sodic soils to erosion.  This has
implications for on-site development and off-site impacts (SCA 1979).

On-site development impacts arising from sodic and dispersive soil conditions include:

§ Dispersion of topsoil and subsoil.

§ Loss of topsoil and subsoil with overland flow.

§ Poor infiltration and increased volumes of stormwater runoff.

§ Water ponding in hollows, break of slope areas or depressions, increasing groundwater recharge.

§ Poor ability to establish vegetative growth due to adverse soil chemical conditions.

§ Increased tunnel, sheet, rill and gully erosion potential.

§ Lack of trafficability.

Off-site development impacts arising from sodic and dispersive soil conditions include:

§ Increased turbidity in waterways in response to runoff from development areas, a deterioration in water
quality and degradation of aquatic flora and fauna habitat.

§ Increased erosion potential in downstream waterways in response to larger volumes of stormwater runoff
from developed areas.
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3. Method

3.1 Spatial Logic Assessment Framework

Jacobs’ Spatial Logic Assessment Framework was used in the delivery of this project (Figure 3-1).  Spatial Logic is
an approach that brings together source information, with the data used to represent criteria that reflect
exposure or sensitivity.  An assessment was made of potential sodic/dispersible soils’ extent and their level of
vulnerability, based on available evidence.

Spatial Logic has 5 key stages:

§ Stage 1 – Define – Define the landscape profiling criteria, metric and supporting data sources, including
and assessment of data suitability.

§ Stage 2 & 3 – Collate and integrate – Collate source data and document for transparency, collate any
accessible literature that supports soil studies in the area of interest that will inform or be the basis of the
assessment.

§ Stage 4 – Assess – With reference to landscape profile criteria, undertake an assessment of potential sodic
soil extent, severity and/or risk. The assessment indicates where sodic/dispersible soils may occur and
their level of risk, based on available evidence.

§ Stage 5 – Communicate – Provide a short report on the study area, the project evidence base, assessment
of findings and the information package.

Figure 3-1 The Spatial Logic Assessment Framework.
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3.2 Vulnerability Assessment

A specialist workshop was convened to define sodic soil/landscape profile relationships, risk scenarios and
analysis methods.  The principles of the Vulnerability Assessment approach and how they would be applied to
this assessment were agreed upon in this workshop. Vulnerability is defined for the purposes of this assessment
as:

Vulnerability (V) = Exposure (E) + Sensitivity (S)1

Where  Exposure (E): Attributes of soils that characterise their sodicity and exposure to erosion
Sensitivity (S): Attributes of the land or activities that influence sensitivity of the land and urban
developments to sodic soils

The specialist workshop identified that there was (at that time) insufficient information to adequately
characterise soil sodicity levels across the precinct area.  Some limited data was available from earlier
geotechnical work, however only a few bore hole investigations were assessed and basic analysis of soil
dispersion was completed confirming that sodic soils exist in the region (GHD 2019).  This prompted further
field sampling of soils and laboratory analysis (described in Appendix A).

3.2.1 Exposure criteria

Attributes of soils that were used to characterise their sodicity and exposure to erosion are:

§ Sodicity of topsoil (0-10 cm) - Exchangeable Sodium Percentage (ESP) values.  This soil layer is also
referred to as A horizon topsoil throughout the report.

§ Sodicity of subsoil (30-40 cm) – ESP.  In most cases this layer is B horizon subsoil clay, but can include A2
horizon topsoil where topsoils were deeper than 40cm.

§ A horizon depth – subsoil exposure/erosion risk decreases with depth.

§ Slope – erosion risk increases with slope (which, for this assessment, was derived using LiDAR)

These attributes form the exposure criteria, with criteria values ranked according to the scoring system outlined
in Table 3.1.  Table 3.2 provides a description of the Exchangeable Sodium Percentage (ESP) values used to
define the Sodicity exposure criteria.

3.2.2 Sensitivity criteria

Attributes of the land or activities that influence sensitivity to sodic soils are:

§ Position relative to waterway – Based on mapped drainage extent in Future Urban Structure (FUS) Dataset.

§ Construction activity – Potential disturbance of construction for future land use sub types mapped in FUS
Dataset

§ Water balance change – Potential for change in water balance due to future land use (based on FUS
classes).  This considers potential for increases in overland flow from impervious surfaces and stormwater
pipes in proposed developments.

These attributes form the Sensitivity criteria, with criteria values ranked according to the scoring system outlined
in Table 3.3.  Table 3.4 and Table 3.5 provides a description of scorings used for Construction Activity and Water
Balance Change criteria.

1 Vulnerability is typically expressed as Exposure (E) + Sensitivity (S) – Adaptive Capacity (AC).  In this case we have not included Adaptive capacity
(AC) in the assessment.  The Vulnerability assessment is essentially an assessment of potential impacts.  Adaptive capacity is included in the
discussion when considering aspects of urban development that can be managed oi mitigate risks.



Beveridge North West Precinct Area

8 9

Table 3.1: Exposure criteria and scores.  For further descriptions of ESP values/scores, refer to Table 3.2.

Score
Criteria 1 2 3 4 5
Sodicity of Topsoil (ESP) <5% 5 to <7% 7 to <10% 10 to <15% >15%

Sodicity of Subsoil (ESP) <5% 5 to <7% 7 to <10% 10 to <15% >15%

A horizon depth >40cm 30-40cm 20-30cm 10-20cm <10cm

Slope 0-1 % 1-5% 5 to 10% 10 to 20% >20%

Table 3.2: Exchangeable Sodium Percentage (ESP) values used to define Sodicity exposure criteria.

Score ESP Range Description
1 <5% Non-sodic, unlikely to reveal dispersion when in contact with fresh rainfall or runoff.

2 5 to <7% Transition between non-sodic and sodic soil (sodic soil of 6%).  Clay fraction within samples likely to evince

dispersion when in contact with fresh rainfall or runoff.

3 7 to <10% Moderate to high sodicity.  Dispersion likely to occur when in exposed to fresh rainfall or runoff.

4 10 to <15% High to very high sodicity.  Dispersion likely.  Significant erosion risk when exposed to fresh rainfall or runoff.

5 >15% Very high to extreme sodicity.  Significant erosion risk when exposed to fresh rainfall or runoff.

Table 3.3: Sensitivity criteria and scores. For further description of Construction Activity and Water Balance Change
values/scores, refer to Table 3.4 and Table 3.5.

Score
Criteria 1 2 3 4 5
Waterway1 No - - - Yes

Construction activity Minimal disturbance High level of disturbance

Water balance change Low (stay the same, infiltration) High (generate runoff)

1 Based on waterway extent as mapped as Drainage (LU_TYPE Attribute) in Future Urban Structure (FUS)

Table 3.4: Descriptions of scorings for Construction Activity ranked by level of disturbance expected for Land Use
Sub Types (LU_SUBTYPE Attribute) mapped in the Future Urban Structure (FUS).

Score Level of Disturbance Land Use Sub Types (LU_SUBTYPE)
1 Minimal disturbance Landscape values, Local Park

2 (No land use subtypes fall in this category)

3 Local Sports Reserve

4 Mixed Use, Residential, Government School, Community Facilities, Indoor recreation, Local

convenience centre, Local town centre, Non-Government School, Public acquisition overlay,

Existing road reserve, Future Arterial Road, Widening/Intersection Flaring

5 High level of disturbance Waterways

Table 3.5: Description of scorings for Water Balance Change expected for Land Use Classes (LU_CLASS Attribute)
mapped in the Future Urban Structure (FUS).

Score Water Balance Change Land Use Class (LU_CLASS)
1 Low (stay the same, infiltration) Credited open space, Uncredited open space

2 (No land use classes fall in this category)

3 (No land use classes fall in this category)

4 Education/Community/Government, Developable Area - Residential

5 High (generate runoff) Transport
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3.2.3 Risk scenarios

The distribution of erosion risk associated with sodic soils was modelled using the collated datasets.  This
assessment was undertaken using Jacobs’ Vulnerability Assessment Engine (VAE) - a tool that assists in
assembling and analysing spatial data sets.  The VAE is based on a technology called Feature Manipulation
Engine (FME).

The Vulnerability Assessment Engine was used to assess the risks associated with sodic soils for the following two
scenarios:

§ Construction phase, where the Vulnerability of land and urban development to sodic soil erosion risks
during the construction phase is a function of the following Exposure and Sensitivity criteria:

- Exposure (E) – Sodicity topsoil, Sodicity subsoil, A horizon Depth, Slope

- Sensitivity (S) - Waterway, Construction Activity

§ Future developed land use, where the Vulnerability of land and urban development to sodic soil erosion
risks in the future land use is a function of the following Exposure and Sensitivity criteria:

- Exposure (E) - Sodicity topsoil, Sodicity subsoil, A horizon Depth, Slope

- Sensitivity (S) - Waterway, Water Balance Change

Exposure and Sensitivity criteria scores are summed to calculate Vulnerability.  The decision was made to apply
an equal weighting of scores to Exposure and Sensitivity Criteria.  Our reasoning for this is that the criteria are
considered to be equally important.  The spatial distribution and range of Vulnerability scores informs an
assessment of the potential impact of land and urban developments have on sodic soils erosion risks.
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4. Results

4.1 Exposure and sensitivity

4.1.1 Sodicity of soils and their exposure to erosion

The soils of the Beveridge North West Precinct are classified as Sodosols.  The characteristics of these soils is
consistent with definition of Sodosols (Isbell & NCST 2016), as soils with a clear or abrupt textural B horizon in
which the major part of the upper B2 horizon is sodic and not strongly acid.  Soils were sampled on the 3rd and
4th June 2020 and sent for laboratory analysis.  Conditions were very wet at the time of sampling following
above average rainfall in the months of January to May 2020.  Some photographs of the field area showing land
slopes, waterlogging, the degraded condition of Kalkallo Creek and erosion are presented in Figure 4.1.

Figure 4.1: Selected photographs of Beveridge North West Precinct: steeper slopes and headwater areas (top left)
saturated lower slopes and drainage depressions (top right), bed, bank, rill/gully and tunnel erosion along Kalkallo
Creek waterway corridor (bottom left and right).

The topsoil across the Beveridge North West Precinct is typically non-sodic, with ESP values <5%. Subsoils
exhibit moderate to extreme sodicity, with ESP values ranging from 7 to > 15% (max 32%).  Deeper samples
recorded higher ESP values, ranging from 14 to 35%.  A horizon depths vary across the Precinct, with
measurements in the field ranging from 10-110 cm.  Detailed tables of soil test results are included in Appendix
A.
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An inverse distance weighted (IDW) interpolation was used to estimate values of soil sodicity (topsoil and
subsoil) and A horizon depths at unsampled locations across the Precinct.  IDW interpolation is a standard
method that is used for spatial interpolation and development of soil maps (Mueller et al. 2004).  It is expected
that soil characteristics would generally vary in accordance with geology.  Geological units provided the
boundaries for soil mapping, the mean of interpolated values within each geological unit have been used to
assign a score for each soil criteria.

Table 4.1 and Table 4.2 present summary statistics for interpolated topsoil and subsoil sodicity across the
precinct area and maps showing spatial distribution of scores applied to these two exposure criteria are
presented in Figure 4.2 and Figure 4.3.  The western side of the precinct area is characterised by subsoils with
high to very high (10 to <15%) and very high to extreme (>15%) ESP values.

Table 4.1: Topsoil sodicity – summary of Inverse Distance Weighted (IDW) interpolation of ESP values by geological
units.  Score and ESP Range assigned to unit presented in last two columns (based on mean IDW value).

Stratum (Unit)

Summary of Soil Sodicity (ESP %) Criteria

Area (Ha) Min Max Range Mean STD Score ESP Range

Alluvial terrace deposits (Qa2) 78.7 1.1 6.9 5.8 3.7 1.1 1 <5%

Newer Volcanic Group – scoria deposits (Nes) 3.5 2.8 4.2 1.4 3.2 0.5 1 <5%

Newer Volcanic Group – basalt flows (Neo) 70.1 2.5 4.6 2.1 3.1 0.3 1 <5%

Incised colluvium (Nc1) 93.4 1.8 5.7 3.9 3.6 0.8 1 <5%

Swamp and lake deposits (Qm1) 17.8 5.1 8.3 3.2 6.8 0.9 2 5 to <7%

Newer Volcanic Group - stony rises basalt (Neo2) 652.1 1.0 22.9 21.9 4.4 2.3 1 <5%

Humevale Siltstone (Dxh) 363.7 2.2 8.7 6.5 3.9 0.8 1 <5%

Figure 4.2: Mean topsoil sodicity.
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Table 4.2: Subsoil sodicity - summary of Inverse Distance Weighted (IDW) interpolation of ESP values by geological
units.  Score and ESP Range assigned to unit presented in last two columns (based on mean IDW value).

Stratum (Unit)

Summary of Soil Sodicity (ESP %) Criteria

Area (Ha) Min Max Range Mean STD Score ESP Range

Alluvial terrace deposits (Qa2) 78.8 4.2 23.2 19.0 13.7 3.3 4 10 to <15

Newer Volcanic Group – scoria deposits (Nes) 3.5 6.0 8.9 2.9 7.1 0.9 3 7 to <10%

Newer Volcanic Group – basalt flows (Neo) 70.2 4.7 23.6 18.9 9.9 3.2 3 7 to <10%

Incised colluvium (Nc1) 93.4 6.2 31.9 25.7 15.9 3.8 5 >15%

Swamp and lake deposits (Qm1) 17.8 11.6 18.0 6.4 15.0 1.8 5 >15%

Newer Volcanic Group - stony rises basalt (Neo2) 652.1 1.3 26.9 25.6 9.9 3.7 3 7 to <10%

Humevale Siltstone (Dxh) 363.7 3.7 30.0 26.3 12.8 3.5 4 10 to <15%

Figure 4.3: Mean subsoil sodicity.

Table 4.3 presents summary statistics for interpolated A horizon depth across the precinct area.  Mean values
within each geological unit range from 20-30 cm to >40 cm.  A horizon depths on the western side of the
precinct area are notably different to those on the eastern side.  The final exposure criteria used is slope, with
classes shown in Figure 4.5.  Figure 4.6 presents the sum of the four exposure criteria (Topsoil sodicity, Subsoil
sodicity, A horizon depth and slope).  Soils on the western side of the Precinct Area have higher subsoil ESP
values and greater erosion risk.  Slope influences exposure to erosion, particularly in areas where gradients are
higher than 10%.
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Table 4.3: A horizon depth – summary of Inverse Distance Weighted (IDW) interpolation of ESP values by
geological units. Score and depth range assigned to unit presented in last two columns (based on mean IDW
value).

Stratum (Unit)

Summary of A horizon depth (cm) Criteria

Area
(Ha)

Min Max Range Mean STD Score A horizon
depth

Alluvial terrace deposits (Qa2) 78.8 23.7 105.4 81.7 42.3 9.1 1 >40cm

Newer Volcanic Group – scoria deposits (Nes) 3.5 19.2 23.4 4.2 20.3 1.6 3 20-30cm

Newer Volcanic Group – basalt flows (Neo) 70.2 19.3 49.3 30.0 25.5 5.7 3 20-30cm

Incised colluvium (Nc1) 93.4 35.0 109.7 74.7 44.6 10.3 1 >40cm

Swamp and lake deposits (Qm1) 17.8 23.5 41.8 18.3 31.4 4.3 2 30-40cm

Newer Volcanic Group - stony rises basalt (Neo2) 652.1 10.0 74.7 64.7 24.5 8.8 3 20-30cm

Humevale Siltstone (Dxh) 363.7 15.5 109.5 94.0 44.5 8.9 1 >40cm

Figure 4.4: Depth to A horizon.
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Figure 4.5: Slope.

Figure 4.6: Sum of Exposure Criteria.
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4.1.2 Sensitivity of land and urban development to sodic soils

The Future Urban Structure (FUS) dataset has been used as the basis for defining the sensitivity of land and
urban development to sodic soils.   Waterways are identified as areas that are particularly sensitive to urban
development.  The waterway extent across the Precinct is mapped as Drainage in the FUS. These areas score 5,
whereas all other areas outside of the waterway extent score 1.

Figure 4.7 and Figure 4.8 present the spatial distribution of sensitivity scores as applied to the FUS dataset for
construction activity and water balance change.  Construction activities in different land use types are ranked on
a scale from minimal disturbance to high levels of disturbance.  Areas that are set aside for landscape values /
local park have low levels of development and are scored as minimal disturbance (1), with the level of
disturbance increasing with the intensity of development.  The majority of the land use sub types are given a
score of 4, with waterways experiencing the highest level of disturbance (5).

Similarly, in scoring watering balance change, open space areas are expected to experience low levels of water
balance change (1).  Increasing development of land use, will result in development of impervious areas that
generate runoff and therefore result in high levels of water balance change (5).

Figure 4.9 and Figure 4.10 present the combined sensitivity scores for the construction and future development
scenarios.  These show a similar pattern in that the waterways are identified as areas of highest sensitivity.
Transport corridors are also identified as areas with high sensitivity in the future urban structure, due to the high
water balance change and generation of runoff associated with impervious surfaces in these corridors.

4.2 Vulnerability assessment

The outcomes of the vulnerability assessment for the construction phase and future developed land use
scenarios are presented in Figure 4.11 and Figure 4.12.

During construction, areas identified with a high vulnerability to sodic soil erosion risks are the waterways and
steeper slopes (Figure 4.11).  Activities that expose these soils to rainfall and associated runoff will present
significant construction challenges and need to be managed carefully.

For future developed land use, waterways and steeper slopes are areas identified with a high vulnerability to
sodic soil erosion risks (Figure 4.12).  Water balance changes resulting from future developed land use and
associated impervious areas will generate high volumes of runoff, which will drain into the surrounding
waterways, including Kalkallo Creek.  Kalkallo Creek is already in a degraded condition, further increases in flows
would be expected to accelerate erosion of bed and bank materials.
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Figure 4.7: Construction activity.

Figure 4.8: Water balance change.
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Figure 4.9: Sum of Sensitivity Criteria for Construction.

Figure 4.10: Sum of Sensitivity Criteria for Future Urban Structure.



Beveridge North West Precinct Area

8 19

Figure 4.11: Vulnerability Construction Phase (upper). Yellow represents bottom 25% of data (low vulnerability)
and red/brown top 25% of data (high vulnerability).  Map of Future Land Use Sub Types (below).
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Figure 4.12: Vulnerability Future Developed Land Use (upper).  Yellow represents bottom 25% of data (low
vulnerability) and red/brown top 25% of data (high vulnerability).  Map of Future Land Use Classes (below).
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5. Discussion and recommendations

5.1 Erosion risks

Activities that expose sodic and dispersive soils include removal of topsoil, subsoil excavations (cut and fill),
supply of services by trenches and construction of roads and culverts.  Changes to hydrology, such as the
concentration of flow in culverts, runoff from impervious areas and ponding of rainfall can lead to concentrated,
elevated velocity water flow and may also increase erosion risk.  Sand particles are likely to migrate downslope
and drop out of suspension in low-energy detention points, while the dispersive clay fraction will remain
suspended and enter waterways.

Erosion may also occur in areas of localised groundwater discharge, following recharge of rainfall upslope,
seepage on top of clay or rock layers and a soak or discharge point appearing where clay or rock is close to the
surface and/or there is break in slope.  This increased erosion risk is typically associated with the break of slope
below steeper slopes.

In the Beveridge North West Precinct, the potential for erosion problems to develop is clearly evident along
Kalkallo Creek.  The erosion issues that this creek is presently experiencing reflect a legacy of historical changes
to the landscape.  Initiation of scour in drainage depressions arising from increased runoff, exposure of subsoils
and the dispersive nature of these soils require specific management.  Future urban development, with clearing
and removal of topsoils, trenching of slopes and changes to drainage patterns increases the erosion risks.

The following areas are identified as area of high erosion risk:

§ Drainage depressions/seasonal wetlands  – These areas can be broadly classified as headwater streams –
small flow lines (swales/wetlands), creeks and streams that are closely linked to adjacent slopes.  They
may only flow or have ponds of water periodically following rainfall events, however they do play an
important role in retaining and temporarily storing water in the landscape (Jacobs 2016).  This ability
slows down the rate of flow over the land and assists in regulating flows and reducing downstream flood
peaks.  The infiltration of surface water in headwater streams into the local groundwater system also plays
an important role contributing to groundwater levels and maintaining base flows in downstream
waterways. In fact many headwater streams have their source of water as groundwater.  If small headwater
streams are destroyed because of urbanisation there is an increase in the number of high flows to
downstream reaches.  These high flow events can cause bed and bank erosion that significantly degrades
community and environmental values (Bond & Cottingham 2008).

Headwater streams make up a significant proportion of the stream network and collect the majority of the
runoff and dissolved nutrients from a catchment.  Nutrient cycling and retention in headwater streams can
significantly reduce nutrient exports to downstream reaches, estuaries and bays.  This is because
headwater streams provide the ideal mix of shallow depths, high surface-to-volume ratios, water-
sediment exchange and biotic communities required for nutrient cycling (Peterson et al. 2001).  If the
nutrient processing capacity of headwater streams is diminished (for example through changed flows or
the clearing of riparian vegetation), or lost altogether (e.g. through drainage and urbanisation), then more
nutrients are delivered to downstream reaches (Jacobs 2016).

With urban development, many headwater streams are converted into stormwater drains and these
modified drainage courses become a key driver in the degradation of downstream reaches.  Downstream
reaches naturally have a lower capacity to process nutrients, and if the amount of nutrients exported from
headwater reaches exceeds the processing capacity of these downstream reaches this results in a net
increase in the amount of nutrients that are exported to receiving waters such as estuaries and bays (SKM
2013).  Excessive erosion of downstream waterways is caused by increased flow and decreased sediment
supply that results from urbanisation in headwater streams.  The increased flow and pollutant load from
conventional stormwater drainage networks greatly reduces the nutrient retention capacity of
downstream waters through the multiple impacts of urbanisation (Vietz et al. 2014, Walsh et al. 2005).
Increased loads of nutrients from the surrounding catchments are recognised as one of the major threats
to environmental health, and community and recreational values, and also to the economic productivity of
Port Phillip Bay (CSIRO & Melbourne Water 1996).
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§ Kalkallo Creek and incoming tributaries – The creek along its course is in a degraded condition and it is
apparent that over the years there have been attempts to stabilise the bed with rock structures.  Bed and
bank erosion is active in sections, and further away from the banks, there are signs of active erosion (sheet,
rill, tunnel and gully erosion).  Increases in runoff from developed areas have the potential to cause
further degradation to the creek.

§ Steeper slopes – The hillslopes in the precinct area vary in gradient.  Cutting into steeper slopes will likely
lead to the exposure of dispersive subsoils.  Runoff from steep slopes will result in higher velocity flow
with a greater risk of scour and erosion.  Sediments eroded from these areas will be deposited on lower
slopes or be carried into connecting waterways, adversely affecting water quality.

5.2 Planning measures

Erosion risks associated with sodic and dispersive soils can be managed by appropriate planning.  This report
concurs with the planning requirements and guidelines documented in the Beveridge North West Precinct
Structure Plan that related to Integrated Water Management.  These are reproduced in Table 5.1.

Table 5.1: Integrated Water Management Requirements and Guidelines (Victorian Planning Authority 2019).

Requirements

R13 Stormwater conveyance and treatment must be designed in accordance with the relevant Development Services Scheme and Plan

11 unless otherwise agreed by Melbourne Water and the responsible authority.

R14 Final designs and boundaries of constructed wetlands, retarding basins, stormwater quality treatment infrastructure, and associated

paths, boardwalks, bridges, and planting, must be to the satisfaction of both the responsible authority and Melbourne Water.

R15 Development staging must provide for the delivery of ultimate waterway and drainage infrastructure, including stormwater quality

treatment. Where this is not possible, development proposals must demonstrate how any interim solution adequately manages and

treats stormwater generated from the development and how this will enable delivery of an ultimate drainage solution, to the

satisfaction of Melbourne Water and the responsible authority.

R16 Stormwater runoff from the development must meet the performance objectives of the CSIRO Best Practice Environmental

Management Guidelines for Urban Stormwater prior to discharge to receiving waterways and as outlined on Plan 11, unless

otherwise approved by Melbourne Water and the responsible authority. Proposals that exceed the performance objectives will be

considered to the satisfaction of the relevant authority.

R17 Applications must demonstrate how:

§ Waterways and integrated water management design enables land to be used for multiple recreation and environmental

purposes.

§ Overland flow paths and piping within road reserves will be connected and integrated across property/parcel boundaries.

§ Melbourne Water and the responsible authority freeboard requirements for overland flow paths will be adequately contained

within the road reserves.

Guidelines

G57 Relevant Integrated Water Management (IWM) requirements of this PSP will be achieved to the satisfaction of the retail water

authority, including the supply of recycled water where required by the relevant water authority.

G58 The design and layout of roads, road reserves, and public open space should optimise water use efficiency and long-term viability of

vegetation and public uses through the use of overland flow paths, Water Sensitive Urban Design initiatives such as street swales,

rain gardens and/or locally treated storm water for irrigation to contribute to a sustainable and green urban environment.

G59 Where practical, and where primary waterway or conservation functions are not adversely affected, land required for integrated

water management initiatives should be integrated with the precinct open space and recreation system and as depicted on Plan 7.

The Beveridge North West Precinct Area is located in one of the Stormwater Priority Areas identified in the 2018
Healthy Waterways Strategy (Melbourne Water 2018a, 2018b).  One of the specific target objectives that have
been set for this area is to constrain directly connected imperviousness (DCI)2 levels to <2% and this will require
undertaking significant harvesting and infiltration of stormwater.

2 The proportion of impervious area within a catchment that is directly connected to a stream via the stormwater drainage system
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The current Kalkallo Creek Development Services Scheme (DSS) does not include provision for stormwater
harvesting or for protection of existing drainage depressions/wetlands and waterways in the Precinct (Figure
5.1).  Stormwater control measures can only protect waterways downstream of where they are located.   Under
the current Development Service Scheme, stormwater treatment on the eastern side of the Precinct Area is to be
directed to Retarding Basin/Wetlands near the southern boundary (Figure 5.1).  On the western side of the
Precinct Area, no stormwater treatment is planned for Kalkallo Creek, stormwater treatment is deferred to the
Kalkallo Retarding Basin (future proposed wetland), located approximately 7km downstream along the creek
from the southern boundary (Figure 5.1).   This means the functioning and stability of streams upstream from
these points may not be adequately protected.

The current Development Service Scheme does not align with what is accepted Best Practice as summarised by
the following references:

§ Urban Water: Best Practice Environmental Management Guidelines (CSIRO 1999) states that stormwater
management should be based on the principles of preservation, source and structural controls:

- Preservation: preserve existing valuable elements of the stormwater system, such as natural channels,
wetlands and stream-side vegetation;

- Source control: limit changes to the quantity and quality of stormwater at or near the source; and

- Structural control: use structural measures, such as treatment techniques or detention basins, to
improve water quality and control streamflow discharges.

These principles should be applied as part of an ordered framework to achieve environmental objectives as
described in Figure 5.2.

§ “Best practice planning for urban development requires that the catchment’s hydrologic response is
maintained as close as practicable to pre-development conditions.  Appropriately conceived and designed
water management infrastructure can achieve this outcome” (Melbourne Water 2009).

§ Following on from this, it is now understood that maintaining ecologically and geomorphically important
flow metrics close to their natural values requires preventing almost all the additional surface runoff
generated by urbanisation from entering waterways (Duncan et al. 2016).

It is recommended that Melbourne Water undertake further work on the Kalkalko Creek DSS in light of the
planned development in Beveridge North West PSP.  This should consider the existing form of the waterways and
how these may be protected or modified in future land developments.  One design concept that Jacobs (2019)
recommended for the Merrifield Central Waterway, a tributary of Kalkallo Creek (Figure 5.1) which is also
experiencing sodic soil erosion issues, is that of distributed seasonal wetlands and swales  that provides some
stormwater treatment and flow conveyance.

Further details of this design concept are provided here:

§ Configuration - A series of seasonal wetlands positioned along and across the width of the waterway
corridor, which are connected by a low-flow channel or series of low-flow channels (rocky/grassed swales).

§ Hydraulic behaviour – Seasonal wetland and channel features extend across the width of the waterway
corridor.  Widening of features within the corridor and reduction of overall gradient will assist in lowering
boundary shear stresses.  A dry system with seasonal inundation of wetlands.  Low-flow channel(s) convey
and spill water into wetland areas.

§ How surface treatments may vary – Treatment of sodic soils required throughout, but variation in the
requirement for and sizing of rock.  More extensive rock treatment in areas of high boundary shear stress
(along low-flow channels and where water spills into wetland).  Need for rock treatment less within the body
and margins of wetland where water ponds and boundary shear stresses are lower.
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Figure 5.1: Kalkallo Creek DSS Infrastructure (Melbourne Water 2017).
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Figure 5.2: Stormwater management framework (CSIRO 1999).

Figure 5.3 is a schematic to help illustrate the design concept and show how the wetland and swale/low-flow
channel would be distributed and connect along the waterway corridor.  Further detail in relation to the sizing
and configuration of wetlands and low-flow channel(s) in the waterway corridor and how surface treatments may
vary would need to be worked through as part of the design process.  It is expected that the hydraulic aspects of
the design will require a number of iterations, varying the longitudinal grade and cross-sectional grades so as to
distribute flow within the system of low-flow channels and seasonal wetlands, minimising bed shear stresses
whilst also providing the required conveyance along the waterway corridor.

Careful design and construction of swale and wetland features, with particular attention to the formation of a
protective layer on top of sodic soils will be required to provide a stable waterway corridor.  In the case of
Merrifield Central Waterway, this concept is considered to provide better outcomes as it more closely aligns with
the characteristics and functioning of the existing waterway as a headwater stream, which is a broad
depression/seasonal wetland that periodically holds water following rainfall events.  Similar design concepts
may also be applicable to the waterway corridors in the Beveridge North West Precinct Area.  This could also lead
to downstream benefits, such as a reduction in the scale of the wetland proposed for Kalkallo Basin.



Beveridge North West Precinct Area

8 26

Figure 5.3: Schematic of distributed seasonal wetlands and swale/low flow channel (Jacobs 2019).

5.3 Treatment options

For areas of greatest risk, treatment options include:

§ Drainage depressions/seasonal wetlands – Ideally these areas should be identified and reserved as linear
green spaces to retain their important hydrological function in retaining and temporarily storing water in
the landscape and regulating the flow of water and nutrients throughout a catchment (Jacobs 2016,
Walsh et al. 2016).  Surface ground cover measures are critical for protecting the soils against dispersion
and erosion.

§ Kalkallo Creek and tributaries – This waterway is in a degraded state and further increases in runoff could
increase erosion.  Significant engineering works   are likely to be required to create a stable waterway that
is resilient to stormwater runoff from surrounding future land development (construction of grade-control
structures,  geosynthetic clay liners / rock treatment of low-flow channels and where water spills into
wetlands).

§ Steeper slopes – Cutting into these slopes exposes underlying subsoils, and erosion risk is increased with
slope.  Road batters must be designed with consideration to the erodibility of the soils.  Stable linings that
are resistant to rainfall and runoff will be required.

The management of water flows over and through dispersive soils is a key tool in control of detrimental effects.
Approaches may include:

a) Diversion of water flows away from these materials.  This is not always an available option due to the wide
extents, vertically and horizontally of these materials;

b) Minimising potential convergence and/or ponding of surface flows;

c) Compacting to minimise water movement through the material.  The use of concave batter slopes without
benching or contour banks has been shown to reduce the potential for convergence of water flows and to
minimise flow velocities leading to gullying.  However, it should be borne in mind that building extensive
bank systems on dispersive soils can be problematic in themselves due to their surface erosion and
tunnelling/piping potential;

d) Reducing the potential for undercut and piping failures for proposed road formations could be achieved by
excavating interception trenches below and parallel with both sides of the formations.  If these trenches are
to carry large flows, then the use of agricultural pipes with appropriate granular backfill would be
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appropriate, and where low flows are anticipated then the use of use appropriate granular porous backfill to
the trench may be relevant; and

e) Reducing pore spaces by over compaction, and there-by reducing permeability, will reduce the potential for
soil dispersion and piping developing.  For road formation levels and any other areas stripped or in shallow
excavations (culverts, utility ducts) consideration should be given to running plant over the surface a
number of times or placing engineered fill.  In the case of utility trenches, backfill material should be at least
the same density as the material surrounding to minimise ponding, infiltration, leaching within the trench
and around the ducting/piping.

Soil chemical ameliorants are recommended for short-term stabilisation of soils on construction sites.  Three
primary soil chemical ameliorants and their uses for stabilising dispersive soils on construction sites are:

§ Gypsum (CaSO4), primarily for stabilising dispersive topsoil or subsoil not intended for construction or
geotechnical use.  Gypsum flocculates soil and increases soil permeability, rendering materials less
favourable for compaction and geotechnical use.  Gypsum significantly reduces dispersion of clay and
turbidity of runoff.

§ Hydrated Lime (Ca(OH)2).  When slaked in water, hydrated lime stabilises soil cations by supply of calcium
(reducing or eliminating dispersion and sodicity) and increases soil strength.  Hydrated lime is the
favoured soil chemical ameliorant for stabilisation of soils in civil and geotechnical works such as around
pipes, structures, roads, trenches and any works requiring compaction upon reinstatement.

§ Agricultural Lime (CaCO3).  Standard agricultural lime will provide minor soil stability however the
solubility is low and immediate response is poor.  Given that topsoils are acidic (pH water average 5.88)
agricultural lime could be used to support improving plant growing conditions by adjustment of soil pH,
however the affect on soil stability is expected to be low or negligible in the short term by comparison with
gypsum.

Soil physical ameliorants are recommended for long-term structural stability of soils.  Their effectiveness varies,
depending on the nature of the ameliorant and how effective it is for protecting dispersive soils from direct
contact with fresh water and erosion, or slowing down water flow.  Examples of soil physical ameliorants and
options include:

§ Geotextile fabrics and mattings that provide sodic soil protection, shrouding and assist with plant
establishment.

§ Organic matter.  Used as a protective shroud on topsoils, improving soil physical structure and biological
condition.  Hydro-mulching is a form of stabilisation using organic matter.  Organic matter is not suitable
for stabilisation of soils for civil or geotechnical works unless it is a final layer of protection used for
shrouding.

§ Seeding of sites to fast-growing species, or application of instant turfs.

DPIW (2008), Witheridge (2012), ICC (2016), SCA (1979) and others provide advice on options for reducing the
risk of soil erosion during construction arising from development works on dispersive soils.  Management options
start with preservation and treatment of topsoil, with options variable depending on the level of disturbance
(Table 5.2).

The stormwater drainage requirements of a site to be developed within the Precinct Area also needs to be
appropriately incorporated into all stages of construction.  This will require the development of temporary
drainage control measures, separate to the sites’ permanent drainage system.  This will need to recognise the
requirements and provide an appropriate drainage design for the diversion of up-slope “clean” water as opposed
to the delivery of sediment-laden water generated within the construction site to sedimentation ponds.
Appropriate hydrologic and hydraulic design is needed to size the drainage control measures for both the
temporary and permanent drainage system (IECA 2008).
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Table 5.2: Management options for reducing risk of erosion during construction for sodic and dispersive soils.

Management options

Preservation and

treatment of

topsoil

§ Preservation of A-horizon topsoil should be used to shroud sodic and dispersive subsoil in all areas across the

precinct.

§ Topsoils with sandy loam and sandy clay-loam textures have a greater resilience to erosion by comparison with

finer textured clay-dominant subsoils.  Topsoils are also easier to stabilise from dispersion and erosion.  Reasons

for this include:

a) The sand fraction is angular and contains a range of particle sizes, providing lodgement and locking of

particles and some resilience to dislodgement.

b) Particle size and weight are far greater than clay and therefore they are less likely to become suspended and

entrained in overland or concentrated flow of drainage water.

c) The sand and silt fractions show little to nil chemical reaction with fresh water, unlike sodic and dispersive

clay.

d) The gypsum requirement for stabilising sand-dominant topsoils is significantly less than clay-dominant

topsoil.

§ Gypsum treatment of all topsoils to minimise dispersion of any clay within topsoil or subsoil.  Gypsum treatment

of topsoil is a simple, fast and cost-effective solution that can be applied without use of specialised equipment.

Undisturbed sites § Maintenance of topsoil across undisturbed land, preferably with grasses to provide surface soil stability and root

anchorage.

§ Maintenance of tree cover where trees exist.

§ Groundcover including a mix of grasses and larger shrubs and overstory vegetation is critical for slowing down

overland flow and providing root anchorage of soil.

Disturbed sites –

large scale

surface

disturbance

§ Minimise the amount of time land is exposed (e.g. by staging development).

§ Apply gypsum to all topsoils for improved stability.

§ Avoiding removal or disturbance to topsoil or vegetation until absolutely necessary.

§ Covering dispersive subsoils with a shroud of stabilised topsoil (100-150mm), should works cease for any period

of time or prolonged rainfall be forecasted.

§ Consider using appropriately specified geotextile barriers and other engineering measures to protect disturbed

areas particularly where there is minimal topsoil, or where steep slopes occur.

§ Re-vegetate exposed areas immediately after completion of earthworks, with specific emphasis on steep slopes.

§ Avoid construction techniques that result in exposure of dispersive subsoils.

§ Use alternatives to ‘cut and fill’ construction such as pier and pile foundations.

§ Use of interception trenches stabilised with topsoil to catch runoff in a controlled fashion and divert flow to

sedimentation ponds to capture sediments.

§ Use of organic materials on finished surfaces to soften the impact of rainfall, filter runoff and aid the generation of

seed or turf.

Disturbed sites –

Trenching,

culverts and

drains

§ Where possible avoid the use of trenches for the construction of services i.e. water & power.

§ If trenches must be used, ensure that repacked spoil is properly compacted, treat with hydrated lime (subsurface

treatment) and gypsum treat topsoils to limit dispersion and erosion.

§ Consider alternative trenching techniques that do not expose dispersive subsoils. i.e. use of trenchless technology

installations of utilities/services such as horizontal directional drilling

§ Ensure runoff from hardstand areas is not discharged into areas with dispersive soils.

§ If necessary create safe areas for discharge of runoff.

§ If possible do not excavate culverts and drains in dispersive soils.

§ Following engineered design, consider placement of non-sodic soil to create appropriate road surfaces and drains

without the need for excavation.

§ Ensure that culverts and drains excavated into dispersive subsoils are capped with non-dispersive topsoil, gypsum

stabilised and vegetated.
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The drainage schemes for the waterways, in particular Kalkallo Creek need to be designed with specific
consideration to the erosion risks associated with sodic and dispersive soils .  A high level of engineering will be
required to create waterway corridors that are stable and can withstand the volume of water that will be
generated from the developed areas.  It is expected that all of the waterways will need to have a constructed
form, with appropriate channel linings and/or armouring to provide protection for dispersive subsoils.  Where
possible, it is recommended that the waterway corridor includes distributed wetland and swales, to assist with
attenuation and treatment of stormwater runoff.

It is recommended that further consideration is given to staging construction works, so as to manage erosion
risks.  In principle, it is better to work from top of catchment/higher areas in the landscape first and then
progressively work downstream, but this may not be practical.  Disturbances to high risk areas should be
minimised, if not totally avoided, especially during the most erosive periods of the year (winter months).  The
development sequence should allow the installation of temporary drainage and erosion control measures, and
preferably permanent stormwater drainage system as soon as practicable.  As waterways are a high risk, if
possible, it makes sense to start on these first and construct the drainage schemes and get the waterway
corridors ready for the future developed land use.  Runoff from construction sites should be managed by
temporary drainage and sedimentation ponds, with the aim that it does not enter the waterway corridor until
development is near completion.



Beveridge North West Precinct Area

8 30

6. Knowledge gaps and recommendations for further
investigations

6.1 Knowledge gaps

To understand the distribution of sodic and dispersive soil conditions across the Beveridge North West Precinct, a
grid-sampling pattern was proposed.  Environmental conditions at the time forced Jacobs to abandon this
method of sampling and collect samples at locations that were accessible by car and on foot, within the time
constraints.  Some properties could also not be sampled as permission to access was not granted.  The scope of
investigation was limited to 47 points across the precinct area.  All soil results used for mapping are interpolated.

Ideally, to gain greater clarity around specific sodic and dispersive soil data from any set area, a gridded soil
sampling approach should be maintained as the most appropriate method for gaining more accurate spatial
data and provide greater accuracy within the area of the grid.

The spatial assessment undertaken in this investigation broadly considers surface erosion potential, however
subsurface seepage and tunnel erosion impacts are difficult to relate with the data currently available.  Processes
of recharge and discharge are not well understood across the precinct area and are not represented in the spatial
assessment.

6.2 Recommendations for further investigations

Recommendations for further investigation into sodic soil vulnerability and risks include:

§ When environmental conditions permit access, carry out detailed survey of the site to improve the quality
of mapping, better understand depth of the A-horizon topsoil, sodicity of the A and B horizons and define
erosion risks and treatments.

It is recommended that detailed Site Environment Management Plans (SEMPs) and Erosion and Sediment
Control Plans (ESCPs) are developed for managing sodic soil related erosion risks.  These plans would be
developed during the planning of building and construction projects within the Precinct Area.  It is expected that
further sampling of soils, testing and analysis of the sodicity of soils, dispersion and erosion potential will be
required at a higher resolution to inform construction techniques and management of erosion risks.

It is recommended at a minimum that sodic soil management plans are a requirement at a subdivision / zone
level, and at the individual block level.  The subdivision level needs to be a detailed investigation with a report
that covers all aspects of the subdivision, works to occur and management techniques to manage sodic and
dispersive soil and erosion.  The individual block level could simply be a set of requirements set by local council
that ensure good soil management practices are mandated and sodic soil exposure and disturbances are
minimised, with disturbed areas shrouded where possible.

It is recommended that further consideration is given to making an amendment to the Erosion Management
Overlay in the Mitchell Planning Scheme3.  The intent of this amendment would be that this considers more
explicitly the potential impacts associated with development on sodic and dispersive soils and outline specific
development objectives and requirements for parties that are proposing to develop areas that have these soils.
It is noted that the current Erosion Management Overlay only extends over a very small portion of the Beveridge
North West Precinct Area near the Western Boundary.

3 https://planning-schemes.delwp.vic.gov.au/__data/assets/pdf_file/0008/485135/Mitchell_PS_Ordinance.pdf
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Appendix A. Soil Sampling and Analysis

A.1 Project scope

Jacobs and project partners South East Soil and Water were engaged by Victorian Planning Authority to
complete additional soil sampling and analysis so as to obtain additional data on the sodicity of soils in the
Beveridge North West Precinct.

Fieldwork was carried out by Peter Sandercock of Jacobs and Christian Bannan of South East Soil and Water on
the 3rd and 4th of June 2020 following above-average rainfall conditions in the previous months of March, April
and May.

It was proposed to sample soils using a gridded sampling program, with one sampling site per 10 Hectare.  This
plan changed when access for vehicles and coring equipment was limited to the fringes of gravel roads and
compacted gateways where traction could be maintained.  Foot traversing of parts of the site was also used to
extend the boundaries of the sample area.  Whilst we were unable to sample using a gridded approach, the
extent of samples collected allowed for a suitable representation of the range of geological conditions for use in
interpolating data and providing an indication of variability of soil characteristics across the Precinct.

The total number of sites inspected was 47 with the total number of samples collected recorded at 105.  Figure
A.1 provides an overview of the sampling sites.  A Garmin 76CX handheld GPS was used to collect coordinates
for each site.  The breakdown of samples comprised of:

§ 0-10cm samples:      47

§ 30-40cm samples:     43

§ Deeper samples from 40-150cm:  15
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Figure A.1: Beveridge North West Sample Points June 2020.

A.2 Soil sampling and laboratory analysis

At each location, the soil profile was cored and a brief visual and textural classification of the soil profile was be
completed, noting:

§ depth of A horizon.

§ quick / approximate hand texture of the A and B horizons

§ Visual and Munsell colour of the A and B horizons

§ Any other notes on soil physical characteristics defined by the assessor

§ Photograph of the core or sample collected.

Samples will be collected from two depths, A horizon topsoil (0-10cm) and B horizon subsoil (30-40cm).
Additional samples were also collected at greater depths at some locations (up to 1.5m).

Soil samples were dispatched to Nutrient Advantage (NA) Laboratories, Werribee, Victoria on the 5th of June with
results received on 17th of June.  NA are an ASPAC and NATA accredited laboratory.  The following laboratory
analysis were undertaken of the soil samples:

§ Soil pH (water)

§ Soil pH (CaCl2)

§ Electrical Conductivity (1:5 soil water) (dS/m)

§ Exchangeable Cations, including calcium, magnesium, potassium, sodium and aluminium (allowing
calculation of ESP).
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§ Emerson Dispersion Class

§ Loveday & Pyle Dispersion Score

A.3 Summary

Apart from sites with shallow soils over rock most common in the north-eastern section of the precinct area, soils
are duplex, with sandy loam or sandy clay-loam topsoils (A horizons) of variable depth overlying sodic, clay-
dominant subsoil.  This pattern is consistent with other catchments to the north of Melbourne.  This is a normal
occurrence across Victorian soils with many areas of urban development located on sodic soil types (Ford et al,
1993).  Soils across the precinct area follow patterns of occurrence that closely relate to their geology and
geomorphology.

A number of tests were undertaken to identify sodic and dispersive soils, however in developing exposure criteria
(refer to 3.2.1) we have chosen to base this on Exchangeable Sodium Percent (ESP), or ‘sodicity’ value (Ford et
al. 1993, Isbell & NCST 2016).  Exchangeable Sodium Percent (ESP) is the most common analytical technique
used to identify sodic or potentially dispersive soils (DPIW 2008).

Of the 47 inspection sites accessed, sodicity results measured in terms of exchangeable sodium percentage
(ESP) are summarised as follows:

§ 1-10cm (A1 horizon topsoil): Average ESP of 4%.  41 of the 47 inspection points (87%) were deemed
non-sodic while 6 inspection points (13%) were deemed sodic.

§ 30-40cm (B horizon clay-dominant subsoil, sometimes a bleached A2 horizon topsoil above clay):
Average ESP of 12.4%.  Of the 43 samples collected from this depth, 34 samples were sodic (79%).

§ Deeper samples collected from 40cm-1.5 metres: A total of 15 deeper samples were collected.  All
samples were sodic, with an average ESP of 24.7%.

Soils across the precinct area are broadly defined as evincing non-sodic, dispersive topsoil overlying sodic
subsoil.  Sodicity risks on development of the precinct area increase proportional to the depth of exposure or
excavation.  Examples of this were observed on the banks of the Kalkallo Creek, where erosion in excess of 1.0
metre of depth has occurred.

In general, the correlations between sodic soil conditions and Emerson dispersion were strong, but in some cases
these correlations are not perfectly clear.  In some cases an elevated EC level may be inhibiting dispersion, as
observed in 5 of the 15 deep subsoil samples (Quirk & Schofield 1955).  This is not an unusual outcome and is
observed elsewhere on similar soils.  We maintain that the measure of sodicity with reference to ESP values has
been effective for inferring dispersive soil risks to erosion across the precinct.

A.4 Analytical results

Results from the laboratory were collated with additional information collected in the field.  Results from the
field and laboratory analysis of soils are also documented here in the following pages.
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Table 7.1: Beveridge North West Field Sheet.
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Table A.1: Beveridge North West Field Sheet (Continued).
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Table 7.2: Beveridge North West 0-10cm Sample Analytical Results.
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Table A.2: Beveridge North West 0-10cm Sample Analytical Results (Continued).
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Table A.2: Beveridge North West 0-10cm Sample Analytical Results (Continued).
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Table A.2: Beveridge North West 0-10cm Sample Analytical Results (Continued).
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Table 7.3: Beveridge North West 30-40cm Sample Analytical Results.
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Table A.3: Beveridge North West 30-40cm Sample Analytical Results (Continued).
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Table A.3: Beveridge North West 30-40cm Sample Analytical Results (Continued).
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Table A.3: Beveridge North West 30-40cm Sample Analytical Results (Continued).



Beveridge North West Precinct Area

8 46

Table 7.4: Beveridge North West >40cm Sample Analytical Results.
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Table A.4: Beveridge North West >40cm Sample Analytical Results (Continued).
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Executive Summary 

Jacobs was engaged by Melbourne Water to complete a preliminary assessment of waterway corridor extents and 

concepts to feed into future revisions of the Kalkallo Creek Development Services Scheme (DSS). 

This investigation focuses on Kalkallo Creek and eastern tributaries located in the Beveridge North West Precinct 

Area.  Kalkallo Creek is a degraded waterway, with sections experiencing ongoing erosion and channel 

adjustment.  The sequence of channel changes is typical for incised channel systems.  The lower 600 m section of 

Kalkallo Creek has recovered from past incision and re-established a new stable form. 

Hydrological and hydraulic modelling was undertaken to inform a recommendation of the future waterway 

corridor width and high level concepts for future DSS infrastructure assets.  We have established a number of 

performance objectives upon which the waterway corridor width determination for Kalkallo Creek is based: 

▪ Resilience to Climate Change - The waterway is to be wide enough to convey the 1% AEP with climate 

change (1% AEP + CC) design flow 

▪ Stable Waterway - The future waterway will have a form that is stable 

▪ Minimal Intervention - Remediation works will be necessary, softer approaches are preferred rather than 

harder engineering works in order to provide visual amenity and livability for the local community 

▪ Setback - Provision is also made for a 30 m setback with reference to the 1% AEP + CC design flow.  This 

setback is to function as a vegetated buffer and also provide space for inclusion of utilities and amenity 

features such as pedestrian paths. 

Based on these Performance Criteria, the recommended waterway corridor width for Kalkallo Creek has been 

determined and applied to three reaches as follows: 

▪ Reach 1 – The recommended waterway corridor width in Reach 1 is 150-180 m. The 2021 exhibited Draft 

Precinct Structure Plan varies from 90-120 m. We recommend an additional 30 m setback on each side.  

▪ Reach 2 & 3 - A 170 m wide waterway corridor is recommended. This is based on 110 m wide waterway 

corridor to convey the 1% AEP +CC flow and an additional 30 m setback on each side.  

The recommended waterway corridor widths are wider than those mapped in the 2021 Draft Precinct Structure 

Plan.  It may be possible to adopt a narrower width in some sections but this is with the acknowledgment that 

additional investment is likely to be needed to stabilise the channel in these reaches (i.e. harder engineering 

works).  Some flexibility may also be considered with respect to the position of the waterway corridor in the 

landscape, particularly for Reach 2.  It is however recommended that any reduction in width on one side of the 

creek is compensated for by extension of the creek corridor on the opposite side. 

A preliminary design for constructed waterways was developed for the Eastern Tributaries.  Modelling of these 

waterways indicates that they have sufficient capacity to contain design flows, but further refinements to the 

design with the inclusion of rock riffles/grade control structures are recommended to reduce the energy slope 

and shear stresses.  There is also provision for an additional 20 to 25 m setback extending back from the top of 

the high flow channel.  These setbacks and the waterway corridor widths mapped in the 2021 Draft Precinct 

Structure Plan are considered to provide a reasonable buffer to the constructed waterways. 

A high level concept plan has been prepared for the future remediation of Kalkallo Creek.  This includes a series 

of grade control structures along the length of the creek, a wetland/retarding basin in the upper section of Reach 

2 and wetlands strategically located at points where drainage outfalls into the waterway corridor.  
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Important note about your report 

The purpose of this report and the associated services performed by Jacobs is to determine the appropriate 

waterway corridor width and potential drainage scheme assets for the Beveridge North West Precinct Area.  The 

key deliverable for this project is a preliminary assessment of waterway extents and concepts to feed into the 

design process.  The work has been conducted in accordance with the scope of services set out in the contract 

between Jacobs (Australia) and Melbourne Water. 

In preparing this report, Jacobs has relied upon, and presumed accurate information provided by Melbourne 

Water and/or other sources as referenced in the report. Except as otherwise stated in the report, Jacobs has not 

attempted to verify the accuracy or completeness of any such information. If the information is subsequently 

determined to be false, inaccurate or incomplete, the observations and conclusions in this report may change. 

The passage of time, manifestation of latent conditions or impacts of future events may require further 

examination of the project and subsequent data analysis, and re-evaluation of the data, findings, observations 

and conclusions expressed in this report. Jacobs has prepared this report in accordance with the usual care and 

thoroughness of the consulting profession following applicable standards, guidelines, procedures and practices 

at the date of issue of this report. No other warranty or guarantee, whether expressed or implied, is made as to 

the data, observations and findings expressed in this report, to the extent permitted by law. 

This report should be used in full, and no excerpts are to be taken as representative of the findings. No 

responsibility is accepted by Jacobs for use of any part of this report in any other context.  

This report has been prepared on behalf of, and for the exclusive use of, Melbourne Water subject to, and issued 

in accordance with, the provisions of the contract between Jacobs and Melbourne Water. 
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1. Introduction 

1.1 Background 

Jacobs was engaged by Melbourne Water (MW) to assist in further revisions to the Kalkallo Creek Development 

Services Scheme (DSS) in light of planned development in the Beveridge North West Precinct Area (Figure 1-1).  

The revised DSS is to consider the existing form of the waterways and how these can be made more resilient to 

stormwater runoff from surrounding future development.  The sodic and dispersive nature of the soils also need 

to be explicitly considered in the design of the DSS infrastructure assets. 

 

Figure 1-1. Beveridge North West Precinct Structure Plan – Site locality and context (Victorian Planning 
Authority 2021). 

1.2 Scope 

The project has been broken down into two stages as described below: 

▪ Stage 1: Preliminary assessment of waterway corridor extents and concepts to feed into DSS design. 

▪ Stage 2: Concept and functional design of waterways and DSS infrastructure assets.  

This report documents the outcomes of Stage 1.  The outcomes of Stage 1 also include any recommendations 

for Stage 2.  The proposed staging is broadly aligned with the Melbourne Water Constructed Waterway Manual 

(Melbourne Water 2019) where Stage 1 is a preliminary assessment to establish the visions, outcomes and 

criteria for the waterways, whereas Stage 2 is to develop the concept and functional design.  The concept design 
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provides a description of the design objectives and criteria that will deliver the desired outcomes and realise the 

vision, whereas the functional design will test and evaluate options identified at a reach-scale to ensure the 

proposed design meets the objectives of the waterway. 

1.3 Report structure 

This report has been structured as follows: 

▪ Section 2 describes our approach to completing this preliminary assessment of waterway corridor widths 

and conceptual options. 

▪ Section 3 provides an overview of the catchment areas, condition of waterways, hydrology and hydraulics.  

▪ Section 4 presents the outcomes of the waterway corridor analysis and development of conceptual options 

for future remediation of creeks and stormwater management. 

▪ Section 5 documents gaps in knowledge/requirements for further investigations to refine the waterway 

corridor recommendations and design of DSS infrastructure assets. 
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2. Method 

2.1 Background review 

As part of our assessment we have completed a review of existing work conducted in the Kalkallo Creek and 

neighboring catchment areas with dispersive sodic soils issues.  This includes: 

▪ Work by Jacobs (2020) that maps sodic soil and erosion risks and provides advice on treatment options in 

light of future development in the Beveridge North West Precinct Area.  Background information on the 

study area is also included in Jacobs (2014).  We have also drawn upon our understanding gained from 

another Jacobs project Kalkallo Retarding Basin Design of stormwater assets in dispersive soils. 

▪ Reports by Alluvium documenting preliminary environmental assessment for the Kalkallo DSS (Alluvium 

2012), pre-planning watering assessments for the Wallan-Beveridge area (Alluvium 2021) and earlier work 

completed in the Strathaird Creek area (Alluvium and DesignFlow 2010).   

Information pertaining to existing hydrological and hydraulic models was also reviewed.  Spatial data for the 

study areas was collated (i.e. land use and asset layers, LiDAR, waterway corridor extents, aerial imagery). 

2.2 Field assessment 

A field assessment of Kalkallo Creek and neighbouring catchment areas was completed on the 25 January 2021.  

The focus of this assessment was the geomorphological condition of Kalkallo Creek, in particular taking notes 

and photographs of different sections experiencing erosion as well as the condition of historical bed and bank 

stabilisation works.  Measurements were also made of culvert dimensions to inform the development of hydraulic 

models and geomorphological analysis.  Time and access constraints limited our assessment of the tributaries on 

the eastern side of the precinct area.  

In completing the field assessments of the Kalkallo Creek channel reaches, it quickly become apparent from the 

observed changes in physical form of the waterways, that their current condition and behaviour followed a 

progression that is typical for incised channel systems (Schumm, Harvey et al. 1984, Simon and Darby 1999, 

Watson, Biedenharn et al. 2002, Wallerstein and Thorne 2004, Hawley, Blesdoe et al. 2010, Vietz, Donges et al. 

2019). 

The sequence of changes in channel form and processes can be described with reference to the Channel 

Evolution Model (CEM).  Channels undergoing change due to increased catchment stressors are likely to undergo 

channel incision - deepen, then widen and this may continue through various stages (Figure 2-1. ).  Stressors 

could be drainage works, hydrological change (flood), clearing and removal of riparian vegetation or large wood. 

In the first stage of the CEM, waterways are stable (Type I).  The second stage (Type II) is the incision stage where 

the channel bed lowers (Type II), followed by channel widening (Type III) where failure of banks occurs as they 

become over-steepened.  The recovery stage (Type IV) occurs where the channel widens to a point where it can 

accommodate incoming flow energy without further erosion and received sediment from upstream to rebuild in-

channel features.  If recovery occurs, then a low-flow channel is re-established (Type V) within the new broader 

channel. 

Identifying which Stage of the CEM corresponds with the creek at a particular assessment location is helpful for 

understanding the present condition and stability of the waterway, likely future changes with a continuation of 

current land use and existing waterway management practices and consideration of management works to assist 

in facilitating recovery to a more stable form.  It is also helpful to consider what is the current stage of channel 

evolution and how future planned development has the potential to impact on the process of channel 

adjustment.  There is a risk that with increased flows from a developed catchment combined with any physical 
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disturbance to land within the waterway corridor, that this could reinitiate another cycle of incision and widening 

along Kalkallo Creek.   

 

Figure 2-1. Channel Evolution Model (Vietz, Donges et al. 2019). 

2.3 Hydrology and hydraulic modelling 

A review was undertaken of existing RORB models that have been developed for the Beveridge North West 

Precinct Area.  It was agreed following further discussion with Melbourne Water that Jacobs would develop a new 

set of RORB models for this project. ‘Pre development’ and ‘future development’ RORB models were established 

and design event flows were generated.  2D TUFLOW models were developed for the waterways using the 

available LiDAR.  For Kalkallo Creek, the hydraulic models are based on the existing LIDAR.  For the eastern 

tributaries, a modified terrain model was developed to represent a potential future constructed waterway corridor 

form.  For further information on the development of RORB and TUFLOW models refer to Appendix A. 

2.4 Waterway corridor analysis 

A meeting was convened with Melbourne Water following the completion of the field assessment and modelling 

to discuss preliminary results and outline the process for completing waterway corridor analysis and 

development of conceptual options.  The following process has been followed for determining preliminary 

waterway corridor widths and conceptual options: 

▪ Step 1: Review outcomes of hydraulic models – analysis of inundation, stream powers/shear stresses along 

waterways, implications for minimum waterway corridor extents, future remediation options and surface 

treatments.  The following questions are considered when working through Step 1. 
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- How do hydraulics vary along the waterways and are there any observable patterns in channel stability 

based on field assessments? 

- How do unit stream power/boundary shear stress values compare to threshold values (Table 2-1 and 

Table 2-2)? Where are we seeing exceedances? Are these localised at specific points or do they impact 

on a section or reach? 

- Where are the areas of greatest concern and what are the treatment options?  

▪ Step 2: Incorporate into waterway corridor width any additional requirements (i.e. layback of banks, utilities, 

pedestrian paths) 

▪ Step 3:  Develop map and spatial layers for recommended minimum waterway corridor extents and 

potential siting of drainage scheme assets (i.e. siting of online and offline ephemeral wetlands, retarding 

basins, swale/low flow channels, rock treatments/grade control structures). 

 

Table 2-1. Reference threshold values for unit stream power (DSE 2007). 

Design flow Unit Stream Power (Watts/m2)1 

50% AEP 20 - 60 

2% AEP 50 - 150 

1 Unit Stream Power Units are Watts/m2 or Newtons/m.s.  

 

Table 2-2. Erosion thresholds for different waterway boundary materials (Fischenich 2001, Melbourne Water 
2019). 

Boundary Category Boundary Type Shear Stress Erosion Threshold (N/m2) 

Soils Fine colloidal sand 1.5 

Alluvium silt and silty loam (non-colloidal) 3 

Fine loam and gravels 4 

Stiff clay and alluvial silts (colloidal) 12 

Gravel/Cobble/Boulder 25 mm, 51 mm, 152 mm and 305 mm 16, 32, 96 and 192 respectively 

Large boulders 630 mm 612 

Vegetation Turf 45 to 177 

Short native grass 45 

Long native grass 80 
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3. Catchment overview  

3.1 Background 

The Beveridge North West Precinct Area is located in the headwaters of Kalkallo Creek and an unnamed 

waterway draining to Kalkallo Creek (referred to as the eastern tributaries).  Kalkallo Creek has its headwaters in 

the north west corner of the site, and drains to the south west corner.  The eastern tributaries drain from the east 

of the site to the south of the site (Figure 3-1).  There are several farm dams on each of the waterways.  Kalkallo 

Creek is a tributary of Merri Creek, which is ultimately a tributary of the Yarra River (Jacobs 2014). 

 

Figure 3-1. Beveridge North West – Integrated Water Management Plan. Scope of waterways investigated in 
this assessment include Kalkallo Creek (WI-04) and Eastern tributaries (WI-01 and WI-03) (Victorian Planning 
Authority 2021). 

The current land use is agriculture (stock/crop) and forestry.  The soils across the precinct, in particular the 

subsoils are known to be sodic and dispersive and are susceptible to erosion when disturbed. Jacobs (2020) 

previously completed an assessment of the sodic and dispersive characteristics of these soils.  For further 

information on the characteristics of these soils, how they vary across the landscape, implications for future 

development and the range of treatment options that are available to manage these soils and erosion risks refer 

to this report.  Some photographs of the area showing land slopes and the degraded condition of Kalkallo Creek 

and erosion are present in Figure 3-2. 
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Figure 3-2. Selected photographs of Beveridge North West Precinct: steeper slopes and headwater areas (top 
left) saturated lower slopes and drainage depressions (top right), bed, bank, rill/gully and tunnel erosion 
along Kalkallo Creek waterway corridor (bottom left and right). Photos taken in June 2020 (Jacobs 2020). 

 

The erosion issues that Kalkallo Creek is experiencing reflect a legacy of historical changes to the landscape 

(clearing of vegetation and agricultural development).  Initiation of scour in drainage depressions arises as a 

result of increased runoff, exposure of subsoils and the dispersive nature of these soils.  A review of historical 

aerial photography indicates that erosion along Kalkallo Creek was already evident in the late 1960’s and that 

this continued unabated into the 1990s (see photos in Appendix B).  From that time on, it is apparent that there 

has a been a program of works to stabilise the waterway.  This is evident by the return of vegetated corridors 

along the waterway.  There have also been attempts to stabilise the bed and banks with rock structures (Jacobs 

2020). 

Further description of the waterways and their condition as observed from a field assessment completed on the 

25 January 2021 is documented in the following section. 

3.2 Condition of waterways 

The section of Kalkallo Creek assessed extends from Old Sydney Road to Camerons Lane.  The characteristics of 

the creek and issues are described with reference to three reaches, as shown in Figure 3-3: 
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▪ Reach 1: 1.6 km section of waterway extending from Old Sydney Road to track crossing.  This section is in 

the steeper headwaters of Kalkallo Creek. 

▪ Reach 2: 1.8 km middle section of waterway that extends from the base of the headwater Reach 1 to a track 

crossing, 0.6 km upstream of Camerons Lane. 

▪ Reach 3: 0.6 km section of waterway extending from track crossing to Camerons Lane. 

Kalkallo Creek in Reach 1 has the characteristics of an incised channel and has sections experiencing varied levels 

of stability.  The very upper section of the reach is still actively incising its bed (Incision Stage - Type II), although 

the rate of incision and channel adjustment is likely to be slow due to observed instances of Humevale Siltstone 

exposed in the channel bed and banks.  This then transitions to section of creek that has progressed on to the 

next stage of channel evolution, where bank erosion and widening is more dominant (Widening Stage - Type III).  

The downstream section of this reach has progressed to the recovery stage (Recovery – Type IV) 

Kalkallo Creek in Reach 2 has a short section in the upper parts in which the channel has re-established its form 

(Re-establishment – Stage V).  The channel in this section is still relatively narrow and confined, this probably 

attributable to rock beaching of banks and rock grade control structure, presumably installed by landholders in 

an attempt to manage incision.  Further downstream the creek passes through a long section where bank erosion 

and widening is dominant (Widening Stage - Type III).  This continues to the southern end of the Pine Tree 

Plantation.  At this point the creek transitions to a more stable channel form (Recovery – Type IV and Re-

establishment - Type V).   

Reach 3 of Kalkallo Creek is characterised by a stable channel, it has in the past incised but since recovered and 

re-established a new form (Re-establishment - Type V).  Recovery in this area is probably a result of the 

deposition of sediments liberated from upstream reaches. 

It is notable that there are a large number of rock grade control structures installed along the length of Kalkallo 

Creek.  These are not natural features of the waterway and were presumably installed in an attempt to limit 

erosion.  It was not possible in our field assessment to walk the entirety of the creek, so we have only made note 

of these structures where they were observed.  In Reach 3, the impression is that these are spaced every couple of 

hundred metres, they seem to be more widely spread in Reach 2 and largely absent in Reach 1.  The presence of 

these structures is likely to have assisted in limiting further incision and deepening of the creek. 

Rock beaching is also present in some sections and this appears to have been effective in preventing further bank 

erosion at those locations.  We have no knowledge of the timing of installation of rock structures, geotechnical 

investigations have not been undertaken to assess their stability and we cannot guarantee their integrity.  As part 

of the future remediation of the waterway these structures may need to be removed or replaced with new 

engineered structures. 

Figure 3-4 shows aerial photographs of the area in which the Eastern Tributaries are located.  The landscape is 

characterised by hillslopes that drain to a flat plain, the latter would be expected to pond water during wetter 

periods.  There are no clearly defined channels in this area, with the exception of some agricultural drains which 

have been constructed to drain water off the landscape.  
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Figure 3-3. Map and photos of Kalkallo Creek – shown are reach boundaries, rock grade control structures (x) 
and CEM Stages. Stable Stage (Type I), Incision Stage (Type II), Widening Stage (III), Recovery and Re-
establishment Stages (Type IV and V). 
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Figure 3-4. Photos of Eastern Tributaries taken from Drone (Victorian Planning Authority 2021). 

3.3 Hydrology and hydraulics 

RORB models were developed to generate design event flows for ‘pre development’ and ‘future development’.  

Figure 3-5 shows peak flows generated for selected design events along Kalkallo Creek. 

  

 

Figure 3-5. RORB ‘Pre development’ and ‘Future development’ peak flows for Kalkallo Creek.
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Figure 3-6 shows schematics of the RORB models for the Eastern Tributaries to represent existing and future 

drainage network.  The configuration of the drainage network and differences between the ‘pre development’ 

and ‘future development’ scenarios needs to be taken into account when considering the changes in modelled 

flows outlined in Figure 3-7. 

Key points of note are summarised here: 

▪ Much of the flow arriving downstream of Tributary 3 under ‘Pre development’ conditions is directed towards 

Tributary 1 under ‘Future development’ conditions. 

▪ Tributary 3 has a smaller upstream catchment area in ‘Future development’ model (2.6 km2) compared to 

‘Pre development’ (4.1 km2), resulting in lower flows in ‘Future development’ conditions. 

▪ Tributary 1 has a larger upstream catchment in the ‘Future development’ model, including 0.4 km2 which 

used to head west towards Kalkallo Creek.  The catchment area is 2.4 km2 in the ‘Future development’ 

model area vs 0.5 km2 in the ‘Pre development’ model resulting in higher flow in ‘Future development’ 

conditions. 

Flows generated by RORB were input into TUFLOW hydraulic models for Kalkallo Creek and Eastern Tributaries.  

For this report, our assessment is focused on ‘Future development’ scenario as these represent the flow 

conditions that the future waterway corridors will experience. 

     

Figure 3-6. Schematics highlighting differences in ‘Pre development’ and ‘Future development’ RORB models 
developed to represent existing and future drainage network for the eastern tributaries. 
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Figure 3-7. RORB ‘Pre development’ and ‘future development’ peak flows for Eastern Tributaries. 

 



Kalkallo Creek Development Services Scheme (DSS) Design: 

Preliminary assessment of waterways and conceptual options 
 

 

14 

4. Waterway Corridor Analysis 

4.1 Kalkallo Creek 

4.1.1 Review of hydraulic models 

Inundation extents 

Figure 4-1 shows modelled inundation extents for ‘future development’ 50%, 2%, 1% and 1% AEP with climate 

change (1% AEP + CC) design flows for existing channel conditions.  It can be seen that there are two points 

where flow breaks out of the channel.  The first of these is located at Chainage 2300, where approximately 100 m 

of channel has been filled in with rock, this is leading to breakout of flows on the western side of the creek and 

limiting the amount of water which continues to flow along the creek downstream. 

 

Figure 4-1. Kalkallo Creek modelled inundation extents for ‘future development’ 50% and 2% AEP (left) and 
1% and 1% + CC AEP (right) existing channel conditions.  Chainage distances along the creek are also noted.
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The second point is at CH1280, which coincides with a landholder crossing (culvert).  The channel at this point 

also appears to be quite restricted in its hydraulic capacity.  These flow breakouts are a concern, as they could 

lead to the generation of new areas of channel incision and erosion.  Flows may scour out a straighter channel at 

some distance away from the existing creek. 

Stream power assessment 

An analysis of stream power has been used here to assess the geomorphological stability of the creek and the 

likelihood of future channel changes to future flow events.  Unit Stream Power (Watts/m) was output from the 

hydraulic model and compared to stream power reference data that define the thresholds for streams that are 

not actively incising (Table 2-1). 

Stream power for Kalkallo Creek have been compared to the reference conditions for design flow for the 50% 

AEP and 2% AEP events (Figure 4-2).  The unit stream power for both the 50% AEP and 2% AEP flow events were 

above the threshold values in several sections of Kalkallo Creek.  Cases where stream power exceed reference 

values are likely to coincide with channels that are too narrow and deeply incised, or sections where the stream is 

steep.  In these sections there is a potential for the channel to undergo incision and widening.  These are 

identified as areas of potential instability: 

▪ Reach 1: Locations where unit stream power exceed thresholds appear to be associated with localised steep 

drops/steps in the bed.  The headwaters of this section of Kalkallo creek are also quite steep with a gradient 

of 0.0073 (1 in 136).   

▪ Reach 2: Two of the locations where there are stream power exceedances coincide with locations where 

there has been channel interventions.  The first location is at the downstream end of the channel blockage 

at CH2250.  The second is the location of a rock chute at CH1900.  At both locations, water is cascading 

down a steep drop, this is leading to the generation of high stream power values.  There is another area of 

potential instability identified at CH900-CH1200.  The gradient for Reach 2 is 0.0062 (1 in 161). 

▪ Reach 3: With the exception of the creek immediately downstream of the crossing at CH600, the remainder 

of this reach is characterised by unit stream powers that lie below the reference thresholds.  As observed in 

the field, this section of the creek appears to have recovered from past incision and widening processes and 

reestablished a stable channel form.  The gradient for this stable section of waterway is 0.0032 (1 in 312). 

While the lower Reach 3 appears to be largely stable, without intervention Reach 2 and 1 upstream will continue 

to undergo incision and widening leading to the mobilisation of sediments and potential water quality impacts.  

As the materials are very fine grained, they are likely to be transported in suspension considerable distances 

downstream.  This threatens to undermine water quality assets downstream and any future stormwater 

harvesting systems.  Reach 3 is stable at present, however there is the risk that with a change in flows upstream 

this could reinitiate incision in this section of the creek. 

It needs to be highlighted that for sections of Kalkallo Creek where there are flow breakouts across the waterway 

corridor, flow along the channel may be reduced and lower Stream Powers are expected in these sections.  If a 

decision is to be made to limit flow breakouts and confine water in a narrower waterway corridor/channel, it is 

recommended that additional modelling is undertaken to assess the impact of these works on the creek.  Higher 

Stream Powers are anticipated if works are undertaken to confine flows. 

Shear stress assessment 

The hydraulic models were also used to estimate shear stress on the channel boundary.  Shear stress is the metric 

used to describe the hydraulic force applied to the boundary by flowing water.  Applied shear stresses should be 

within tolerable limits of the boundary material. 
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The shear stress for the study reaches for the 50% and 2% AEP are compared to the maximum threshold shear 

stress (Table 2-2).  The maximum shear stress for non-colloidal silty loams is 3 N/m2.  The soils in the area are 

sodic, and simple wetting can lead to dispersion without any applied shear stress.  We have chosen 3 N/m2 as a 

suitable threshold for exposed sodic soils in the area. 

If the surface is covered in short or long native grass the threshold is approximately 45-80 N/m2.  Rock armoring 

of the surface increases the threshold, and we have referred to two different sizes of rock, 305 mm (threshold 

192 N/m2) and 630 mm (threshold 612 N/m2).  It was noted in the field, that boulders were often significantly 

larger than this. 

Analysis of the shear stress results in Figure 4-3 shows that the exposed sodic soils threshold of 3 N/m2 is 

exceeded throughout the entire section of the creek.  The areas in which shear stresses have high peaks do follow 

a similar pattern to that observed for stream power, these generally coincide with sections with steeper gradient 

and immediately downstream of structures (channel blockage, crossing/culverts, rock chutes).  These areas may 

be resistant to the flows due to the added protection provided by large boulders in association with these 

structures.  However, there remain concerns in relation to the structural integrity of these structures.  Failure of 

these structures could trigger further erosion and deepening. 

There are also sections where shear stresses are consistently above thresholds of long native grasses.  This would 

suggest that in these sections, if not already treated, there may be a need for additional bed and bank works to 

prevent further erosion.  Reducing the slope, through construction of weirs/rock chutes or localised widening of 

the channel (reducing flow depth) may also be effective in reducing shear stresses in these areas.  It is notable 

that in Reach 3, shear stresses remain below the thresholds for long native grasses.  This section of the creek with 

its low gradient and vegetated channel form is expected to remain stable but it is vulnerable to erosion.  It is 

imperative for the stability of the creek in this reach that the vegetated condition of this section of creek is 

maintained.  If vegetation is degraded through disturbance (i.e. fire, vehicles, overspray of herbicides) incision 

could be re-initiated.   

It needs to be highlighted that for sections of Kalkallo Creek where there are flow breakouts across the waterway 

corridor, flow along the channel may be reduced and lower Shear Stresses are expected in these sections.  If a 

decision is to be made to limit flow breakouts and confine water in a narrower waterway corridor/channel, it is 

recommended that additional modelling is undertaken to assess the impact of these works on the creek.  Higher 

Shear Stresses are anticipated if works are undertaken to confine flows. 
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Figure 4-2. Kalkallo Creek ‘future development’ 50% AEP (above) and 2% AEP Unit Stream Power (below). 
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Figure 4-3. Kalkallo Creek ‘future development’ 50% AEP (above) and 2% AEP Boundary Shear Stress (below)
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4.1.2 Waterway Corridor Recommendations 

Following review of hydraulic models we have developed a recommendation on waterway corridor width for the 

future protection and management of Kalkallo Creek.  We have established a number of performance objectives 

upon which the waterway corridor width determination is based: 

▪ Resilience to Climate Change – The waterway corridor is to be wide enough so that it can convey the 1% AEP 

+CC design flow for ‘future development’. 

▪ Stable Waterway – The aspiration is that the future waterway will have a form that is stable.  We have 

considered the morphology of sections of the creek (Reach 3) that are currently stable and are expected to 

remain stable for 50% and 2% AEP events for ‘future development’ (Reach 3, Figure 4-4). 

▪ Minimal Intervention – We recognise that remediation works will be necessary along the creek.  In terms of 

approaches, we favour softer approaches (battering, topsoiling and vegetation) rather than harder 

engineering works (grade control structures, rocked bank stabilisation). A wider corridor provides greater 

opportunity and flexibility to explore a range of alternatives for the remediation of the creek. 

▪ Setback – We have made provision for a 30 m setback with reference to the 1% AEP + CC design flow.  This 

30 m setback is consistent with the guidance provided by Melbourne Water for a third order stream 

(Melbourne Water 2013).  This setback is to function as a vegetated buffer and also provide space for 

inclusion of utilities (buried infrastructure assets) and amenity features such as pedestrian paths.    

We pay particular attention to the characteristics of the channel and hydraulic outputs in Reach 3 (Figure 4-4).  

The channel in this section is stable, and analysis of design flows shows that Unit Stream Power and Boundary 

Shear Stress are below the thresholds in which erosion is expected to occur.  The broad dimensions of the 

channel, its comparatively lower gradient, series of rock structures in the bed and established vegetation all 

contribute to the stability and resilience of this section.  The 1% AEP + CC design flow has an approximate width 

of 110 m through this reach.  This is considered a minimum for any waterway corridor width in Reach 3.  We 

recommend that an additional 30 m setback is included, which would take the recommended waterway corridor 

width to 170 m (30 m + 110 m + 30 m).  

  

Figure 4-4. Photographs of stable channel conditions in Reach 3.  

Reach 3 is also used as a reference, for establishing the recommended waterway corridor width in Reach 2.  We 

recognise that the creek in this section has a steeper gradient and there is considerable variation in channel 

morphology and stability, with the lower sections potentially recovering but further upstream bank erosion and 

widening processes are still active.  There are also a number of blockages and points where there are restrictions 
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on hydraulic capacity of the channel which creates complexities in hydraulic modelling and interpretations.  

Further modelling could be undertaken to explore the implications of removing these blockages and constraints.  

It is anticipated that some additional slope reduction/grade control structures, channel modifications (widening 

of channel, battering of banks) and bank stabilisation works may be required in Reach 2, with the intent being to 

shift the channel to a more stable state as is the case in Reach 3.  Without completing additional hydraulic 

modelling work that investigates further channel modifications , our recommendation at this time is to apply the 

same waterway corridor width recommendations in Reach 3 to Reach 2 (170 m = 110 m 1% AEP + CC and 

additional 30 m setback on each side). 

The 170 m corridor width recommendation is what is recommended to meet the stated performance objectives.  

We recognise that an immediate question that will arise is whether the waterway corridor width recommendation 

be revised and is it possible to narrow this in some sections.  Our response is as follows: 

▪ It may be possible to adopt a narrower width in some sections but this is with the acknowledgment that 

additional investment is likely to be needed to stabilise the channel in these reaches (i.e. harder engineering 

works). 

▪ Some flexibility may also be considered with respect to the position of the waterway corridor in the 

landscape, particularly for Reach 2.  In certain circumstances, or if there is a risk to infrastructure the position 

of the boundary of the waterway corridor on one side of the creek could be shifted.  It is however 

recommended that any reduction in width on one side of the creek is compensated for by extension of the 

corridor width on the opposite side. 

▪ The 30 m setback width recommendation is based on the guidance provided in Melbourne Water (2013), 

which refers to these as minimum standard setback widths.  They provide a balance between achieving river 

health and biodiversity objectives, providing for recreation and visual amenity and maximising developable 

land (Melbourne Water 2013). 

▪ The requirement for a 30 m setback could be reconsidered, if authorities consider it acceptable for utilities 

(buried infrastructure assets) and pedestrian paths to be located within the 1% AEP + CC flow extents. 

However, a reduction in the setback could also adversely impact on river health and biodiversity objectives, 

that provide for recreational and visual amenity values. 

Our approach to setting a waterway corridor width in Reach 1 is different to Reach 2 and 3.  In this reach, 

modelled design flows are confined within the existing channel.  We have considered the potential for future 

incision and widening to occur in this reach as well as the scope of future remediation works (battering and 

treatment of banks).   The waterway corridor mapped in the 2021 exhibited Draft Precinct Structure Plan varies 

from 90-120 m.  This is considered sufficient to accommodate any ongoing channel changes and future 

remediation works.  We also recommend an additional 30 m setback to function as a vegetated buffer and also 

provide space for inclusion of utilities (buried infrastructure assets) and amenity features such as pedestrian 

paths.  This would take the recommended waterway corridor width in Reach 1 to 150-180 m.   

Figure 4-5 shows a selection of representative cross-sections along Kalkallo Creek.  Plotted on the cross-sections 

are the flow levels and extents for 50%, 2% and 1% AEP +CC design events.  Also shown is the position of the 

waterway corridor boundary as taken from the Draft Precinct Structure Plan, compared to Jacobs proposed 

boundary.  Jacobs recommended corridor width is wider than the VPA corridor width in Reach 2 and 3 as 

represented by CH2280 (+52 m), CH1898 (+70 m), CH1332 (+80 m), CH542 (+77 m) and CH172 (+61 m).  In 

Reach 1, Jacobs recommended corridor width is 60 m wider than the PSP corridor width as represented by 

CH3319 and CH2695. 
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Figure 4-5. Kalkallo Creek cross-sections and flow extents.  Mapped ‘future development’ 1% AEP +CC flow 
extent and location of cross-sections (Left).  Selected cross-sections with ‘future development’ 50%, 2% and 
1% AEP +CC flow levels.  Extent of Victorian Planning Authority Waterway Corridor Boundary from exhibited 
draft PSP and recommended Jacobs waterway boundary also shown on cross-sections (Right). 

Figure 4-6 is a map of Kalkallo Creek showing recommended minimum waterway corridor extents and 

conceptual options for the future remediation of the creek.  This includes the following: 

▪ Series of grade control structures along the length of the creek, the objective being to reduce the gradient 

and hence the energy of flows that are scouring bed and banks.  The location and dimensions of these would 

need to be determined through a design process.  There may be benefits in siting these at points where 

waterway crossings are located. 
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▪ A Wetland/Retarding Basin located in the upper section of Reach 2 and which would receive flows and 

provide opportunity for some stormwater treatment of runoff generated from upper catchment areas. 

▪ Wetlands strategically located at points where drainage outfalls into the waterway corridor. 

 

Figure 4-6. Maps showing recommended minimum waterway corridor extents and potential siting of drainage 
scheme assets along Kalkallo Creek.  Reach 1 Narrow buffer is consistent with VPA waterway corridor.  In Reach 
2 and 3, Narrow buffer is based on 1% AEP +CC extent in Reach 3.  Wider buffer includes an additional 30 m. 

In addition to these DSS concepts, there is a need to develop a remediation program for the waterway corridor.  

The specifics of this would need to be worked out further but it is expected that this may include: 

▪ Battering back of steep banks and stabilising these areas – treatment will need to be designed but could 

include rock beaching of lower banks, topsoil and revegetation of upper banks. 

▪ Areas experiencing tunnel erosion would need to be ripped so as to break up the tunnel network, soil 

compaction and chemical amelioration of sodic/dispersive soils (application of gypsum), followed up topsoil 

and revegetation.   
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4.2 Eastern tributaries 

4.2.1 Preliminary channel design 

Channel designs were developed for the Eastern Tributaries with reference to and, where possible, in accordance 

with the Constructed Waterway Design Manual (Melbourne Water 2019).  To summarise design aspects: 

▪ Longitudinal gradient: Corridor gradients vary between 1 in 60 and 1 in 110, which are considered relatively 

steep.  A compound waterway profile (low flow channel within a larger high flow channel) has been adopted 

for all three tributaries, in accordance with the Design Manual.  

- Pending the results of the TUFLOW modelling, it is expected that rock riffles will be required to reduce 

the energy slope and shear stresses. Due to the preliminary nature of this design, rock riffles have not 

been modelled. 

▪ Hydraulic capacity: Mannings calculations, assuming a Mannings n of 0.05, has been completed to 

determine a ‘first pass’ channel geometry.  

- The low flow channel (LFC) has been sized to accommodate the 63% AEP peak flow, and the high flow 

channel has been sized to accommodate the 1% AEP peak flow, with an additional 300 mm depth 

allowance for freeboard.  

▪ LFC sinuosity: A sinuosity of approximately 1.05 to 1.10 has been adopted for the LFC.  

- Minimum bend radii are typically based on the LFC top width x 3.  Larger bend radii have been adopted 

in some instances to provide a more irregular/natural planform.  Length of straight sections have been 

minimized. 

▪ LFC cross section. As these tributaries are near the top of the catchment, the peak flows are relatively low.  

As such, the LFC bed width has been reduced less than the recommended 3m minimum for 3 of 4 reaches 

with the intent that flows exceeding the 63% AEP event spill onto the benched area of the waterway - high 

flow channel (HFC). The LFC depth is constant 0.5 m, and all have 1 in 3 batters.  

▪ HFC cross section. From the top of the LFC, benches grade up at approximately 1 in 30 to the toe of the 

HFC. Bed width of the HFC typically varies between 12 and 15 m, which has been adopted based on the 

Mannings calculation and ensuring sufficient room for the LFC to achieve the desired sinuosity. Depth of the 

HFC above the LFC is approximately 1.0 m including 300 mm freeboard.  HFC batters are 1 in 6. 

 

Figure 4-7. Rendered image showing topography of low flow and high flow channel. 

It should be noted that the extent of the channels that have been designed and modelled is limited to the area 

that will be a constructed waterway corridor (i.e. WI-01 and WI-03 in Figure 3-2).  Modelled outputs are shown 

for the area where a future wetland/retarding basin is proposed (WI02 in Figure 3-2).  The terrain remains 

unmodified in this area and flows are just shown to be draining to this area.  The functioning of this 

wetland/retarding basin has not been modelled. 
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4.2.2 Review of hydraulic models 

Inundation extents 

Figure 4-8 shows modelled inundation extents for ‘future development’ 50%, 2%, 1% and 1% AEP +CC design 

flows. 

 

Figure 4-8. Eastern tributaries modelled inundation extents for ‘future development’ 50% and 2% AEP 
(above) and 1% and 1% + CC AEP (below). 

Stream power assessment 

An analysis of stream power has been used to assess the geomorphological stability of the constructed 

waterways.  Unit Stream Power (Watts/m) was output from the hydraulic model and compared to stream power 

reference data that define the thresholds for streams that are not actively incising (Table 2-1). 

Stream power for the constructed waterways have been compared to the reference conditions for design flow for 

the 50% AEP and 2% AEP events (Figure 4-9, Figure 4-10 and Figure 4-11).  Unit stream powers were above the 

threshold values in a number of sections. 

Cases where stream power exceed reference values are likely to coincide with channels that are too narrow and 

deeply incised, or sections where the stream is steep.  In these sections there is a potential for the channel to 

undergo incision and widening.  These are identified as area of potential instability: 

▪ Tributary 1: Unit stream power exceeds thresholds at a number of locations along this waterway (Figure 4-9)  

The overall gradient is 0.013 (1 in 72). 

▪ Tributary 2: Unit stream power is generally within the range of the reference conditions (Figure 4-10). The 

overall gradient is 0.009 (1 in 106). 

▪ Tributary 3: Unit stream power exceeds thresholds along the majority of the length of the waterway (Figure 

4-11).  The overall gradient is 0.014 (1in 74), ranging from 0.011 (1 in 91) for the reach upstream of 

Tributary 2 and 0.017 (1 in 60) for the reach downstream of Tributary 3.
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Figure 4-9. Tributary 1 ‘future development’ 50% AEP (above) and 2% AEP Unit Stream Power (below). 
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Figure 4-10. Tributary 2 ‘future development’ 50% AEP (above) and 2% AEP Unit Stream Power (below). 
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Figure 4-11. Tributary 3 ‘future development’ 50% AEP (above) and 2% AEP Unit Stream Power (below). 
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Shear stress assessment 

The hydraulic models were also used to estimate shear stress on the channel boundary.  Shear stress is the metric 

used to describe the hydraulic force applied to the boundary by flowing water.  Applied shear stresses should be 

within tolerable limits of the boundary material.  The soils in the area are sodic, and simple wetting can lead to 

dispersion without any applied shear stress.  We have chosen 3 N/m2 as a suitable threshold for exposed sodic 

soils in the area. 

The shear stress for the study reaches for the 50% and 2% AEP are compared to the maximum threshold shear 

stress (Table 2-2).  If the surface is covered in short or long native grasses the threshold is approximately 45-80 

N/m2.  Turf can potentially withstand higher stresses (up to 177 N/m2).  Rock armouring of the surfaces increases 

the threshold, and we have referred to two different sizes of rock, 305 mm (threshold 192 N/m2) and 630 mm 

(threshold 612 N/m2). 

A summary of shear stress results for each of the three tributaries are presented here: 

▪ Tributary 1: Shear stresses are within the reference values for native grasses (45-80 N/m2).  There are two 

areas where shear stresses exceed these thresholds (CH500 and CH1300). 

▪ Tributary 2: Shear stresses are within the reference values for native grasses (45-80 N/m2). 

▪ Tributary 3: Shear stresses generally exceed the reference values for native grasses (45-80 N/m2). 

Whilst the shear stresses for Tributary 1 and 2 are within the reference values for native grasses, there are risks 

associated with a grassed treatment of surfaces.  If grass cover is degraded and bare areas are then exposed, 

there is potential for scour of these areas, which may lead to more significant instabilities developing in the 

channel (i.e. erosion headcuts). 

The shear stresses modelled for Tributary 3 are considered too high to rely on vegetation treatments alone.  It is 

expected that rock riffles/grade control structures will be required along this tributary to reduce the energy slope 

and shear stresses.  Further modelling work to explore options to reduce shear stress along this tributary is 

recommended. 
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Figure 4-12. Tributary 1 ‘future development’ 50% AEP (above) and 2% AEP Boundary Shear Stress (below)
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Figure 4-13. Tributary 2 ‘future development’ 50% AEP (above) and 2% AEP Boundary Shear Stress (below).
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Figure 4-14. Tributary 3 ‘future development’ 50% AEP (above) and 2% AEP Boundary Shear Stress (below).
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4.2.3 Waterway Corridor Recommendations 

The waterway corridor requirements for eastern tributaries need to be considered differently to Kalkallo Creek as 

they will be constructed waterways and aspects of the design will still need to be developed.  Nevertheless, the 

performance objectives that have been described for Kalkallo Creek are still relevant and should apply to these 

tributaries: 

▪ Resilience to Climate Change – The waterway corridor is to be wide enough so that it can convey the 1% AEP 

+ CC design flow for ‘future development’. 

▪ Stable Waterway – The aspiration is that the future waterway will have a form that is stable.  The results of 

our modelling suggest that there are some sections where there may be an additional need for rock 

riffle/grade control structures to reduce the energy slope and shear stresses. 

▪ Minimal Intervention – In terms of approaches we favour softer approaches (battering, topsoiling and 

vegetation) rather than harder engineering works (grade control structures, rocked bank stabilisation).  

▪ Setback –  An additional provision should be included for a setback to function as a vegetated buffer, 

including utilities (buried infrastructure assets) and amenity features such as pedestrian paths. 

Figure 4-15 shows a map of the eastern tributaries with flow extents for the 1% AEP + CC design event.  Selected 

cross-sections have been chosen along the channel network and these are presented in Figure 4-16, Figure 4-17 

and Figure 4-18 with flow extents for 50%, 2% and 1% AEP + CC events.  Also shown on these plots is the 

position of the waterway corridor boundary from the exhibited draft PSP.  These plots show that modelled flows 

are contained within the high flow channel.  There is also the provision of an additional setback extending back 

from the top of the high flow channel.  This setback ranges in width from 20 to 25 m and is applied to both sides 

of the high flow channel.  This is considered to provide a reasonable buffer to the constructed waterways. 

 

Figure 4-15. Eastern tributaries ‘future development’ 1% AEP + CC flow extent and location of cross-sections.
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Figure 4-16. Tributary 1 - selected cross-sections with ‘future development’ 50%, 2% and 1% AEP + CC flow 
levels.  Extent of Victorian Planning Authority Waterway Corridor Boundary from exhibited draft PSP also 
shown on cross-section.  Refer to Figure B-2 for chainage location of cross-sections. 

 

Figure 4-17. Tributary 2 - selected cross-sections with ‘future development’ 50%, 2% and 1% AEP + CC flow 
levels.  Extent of Victorian Planning Authority Waterway Corridor Boundary from exhibited draft PSP also 
shown on cross-section.  Refer to Figure B-2 for chainage location of cross-section.  

 

Figure 4-18. Tributary 3 - selected cross-sections with ‘future development’ 50%, 2% and 1% AEP + CC flow 
levels.  Extent of Victorian Planning Authority Waterway Corridor Boundary from exhibited draft PSP also 
shown on cross-section.  Refer to Figure B-2 for chainage location of cross-sections. 
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5. Knowledge gaps and recommendations for further 
investigations 

5.1 Knowledge gaps 

The field assessment was limited to one day and as such is based on a selected a number of sites along Kalkallo 

Creek.  There also appears to have been an extensive program of works to manage ongoing erosion issues along 

Kalkallo Creek (rocking bed and bank of waterways, channel straightening and diversions, dams).  As part of the 

future development of the DSS it is recommended that more time is spent in the field assessing channel 

conditions.  This will provide for an improved understanding of the system, issues and risks that need to be 

managed.  

Tunnel erosion is insidious and further investigations are recommended to identify where this poses a significant 

future potential risk to any future assets and utilities within the waterway corridor and the adjacent future urban 

structure.   

The scope of this investigation was limited to Kalkallo Creek and eastern tributaries.  It did not include the section 

of waterway that is located in the southwestern corner of the precinct area (Figure 5-1).  We have not established 

a position on waterway corridor width for this section of waterway.  

 

Figure 5-1. Beveridge North West Precinct Structure Plan, highlighting section of waterway not investigated in 
south western corner (blue polygon).
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5.2 Recommendations for further investigations 

This report documents the outcomes of the first stage of the Kalkallo Creek DSS Design (Stage 1: Preliminary 

assessment of waterway corridor extents and concepts to feed into the DSS Design). 

Stage 2 of the project is to develop the concept and functional design of the DSS.  The following 

recommendations are made as further investigations to be completed as part of Stage 2 of the project: 

▪ Additional hydraulic modelling to investigate the impact of removing blockages and culvert/crossings on 

the geomorphological stability of the creek.  Some further modelling work could also be undertaken to 

investigate the hydraulic and erosive impacts of breakout flows and whether there are opportunities to 

incorporate these in the future DSS design.   

▪ Investigations into proposed option of a wetland/retarding basin at the commencement of Reach 2 and also 

inclusion of wetlands at drainage outfalls to Kalkallo Creek.  It is expected that this would entail Music 

modelling to assess improvements in stormwater treatment and management of flows along Kalkallo Creek. 

▪ Further survey/mapping and assessment of the structural integrity of existing rock treatments along the 

creek (rock chute/grade control structures, rock beaching).  There is unlikely to have been any design 

associated with these structures, rock has just placed in the channel. They may be in poor structural 

condition and at risk of failure, through scour and subsurface piping.  Failure of existing rock chutes has the 

potential to trigger further incision and channel widening. 

▪ Further investigations are recommended to identify where tunnel erosion poses a significant future potential 

risk to any future assets and utilities within the waterway corridor and the adjacent future urban structure.  

This is needed to feed into the future DSS design.  

▪ Development of a rehabilitation plan for Kalkallo Creek.  It is expected that this would include further testing 

of soils along Kalkallo Creek and advice from a Soil Scientist as to how these can be ameliorated.  An 

ecologist with experience in development of planting strategies should also provide advice on an 

appropriate revegetation plan and planting strategy.    
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Appendix A. Hydrology and Hydraulic Model Development 
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1. Hydrology 

This memorandum details the adopted methodology for assessing the hydrological and hydraulic conditions 
for Stage 1 of the Kalkallo Creek DSS Design Project.   

To undertake the hydrological assessment of the DSS, two new RORB models were developed to represent 
pre-development and post-development conditions for the DSS (the study area).  RORB is a runoff and 
streamflow routing program that is used to calculate flood hydrographs from rainfall and catchment 
characteristics.  The two RORB models were developed in general accordance with the Melbourne Water 
Technical Specifications (2020) and Australian Rainfall and Runoff (ARR) 2019.  Each RORB model included 
Kalkallo Creek and the eastern tributaries area upstream of Cameron’s Lane.  

RORB Catchment Files 

RORB catchment files, including nodes, reaches, sub-catchment and catchment files were created based on  
catchment topography from the 2017/2018 Greater Melbourne LiDAR dataset. Excavated/Unlined reach 
type 2 was assigned to areas where the Kalkallo Creek channel is eroded (following the Melbourne Water 
(2016) approach). Natural reach types were applied to the remainder of the catchment. Dummy reaches were 
used to provide RORB with a single catchment outlet given that Kalkallo Creek (west) and the Eastern 
Tributaries (east) drain to different outlet locations. 

To represent Post-Development conditions, the Pre-Development RORB catchment files were amended 
based on available information on planned development and land use found in the Beveridge North West 
Precinct Structure Plan (Victorian Planning Authority, 2021).  Reach types were updated from Natural to 
Excavated/Unlined where flow will travel through residential/developed areas, fraction impervious values 
were updated and reaches/sub-catchments were re-drawn where the flow paths/catchments were proposed 
to change.  

For both models, print statements were added at the bottom of each sub-catchment and at key junctions. 
This enabled validation against regional flow calculation methods. Rainfall excess outputs were also turned 
on.  The Pre-Development and Post-Development conditions RORB models are shown in Figure 1-1 and 
Figure 1-2.  

 

Figure 1-1: Pre and Post-Development RORB catchment GIS files. 

 

Cameron’s Ln 
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Impervious Fractions 

ARR 2019 and the Melbourne Water Technical Specification identify three types of land use with respect to 
impervious area, these are: 

- Effective Impervious Area (EIA) or Directly Connected Areas (DCA) – impervious areas directly 
connected to a drainage path, with low losses (typically 1mm for initial loss and 0mm/hr for 
continuing losses). 

- Indirectly Connected Area (ICA) – combination of impervious areas not connected directly to a 
drainage path and other pervious areas (gardens, etc.). These areas have initial losses that are 
typically 60-80% of pervious initial losses and continuing losses between 1-3 mm/hr. 

- Pervious Areas (PA) – large open space, rural or forest areas, with losses as per rural losses. 

The planning zone layer was obtained for the Study area and land use types were assigned a Total Impervious 
Area (TIA) value in-line with those found in Appendix 14 of the Melbourne Water Technical Specifications 
(2020). Aerial imagery was used to check and adjust values and assign values in areas where none were 
available.  The EIA was calculated by factoring the TIA using the relationship specified in the Melbourne Water 
Technical Specifications, in most cases, EIA = 0.6 x TIA, linearly increasing to 1 for TIAs above 80%. The 
following areas were assumed to be pervious with no EIA area: 

Pre-Development Conditions RORB Model 

Post-Development Conditions RORB Model 

Figure 1-2: Pre- and Post-Development RORB CATG files as viewed in RORB’s Graphical Editor. 



Memorandum 

 

Jacobs  41

 

 Farming Zone 

 Public Park and Recreation Zone 

 Urban Floodway Zone  

 Urban Growth Zone 

TIA and EIA values are presented in Figure 1-3 and Table 1-1.  For this assessment it was assumed that the FI 
values given in the Melbourne Water Technical Specifications are the measure of impervious area. The EIA has 
been calculated to estimate areas that are either directly or indirectly connected. This approach has been 
adopted to simplify the RORB calculation process and enable a single equivalent FI value to be modelled in 
RORB.  A grid of the catchment EIA was then produced and sampled for each sub-catchment and a weighted 
EIA calculated for each subarea. For the Post-Development conditions model, FI values were adjusted based 
on the proposed land use shown in the Beveridge North West Precinct Structure Plan (Victorian Planning 
Authority, 2021).  The Pre- and Post-Development conditions grids of the catchment EIA are provided in 
Figure 1-4. 

 

Figure 1-3: Planning Zone layers for the Study area. 
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Table 1-1: Fraction impervious factors and adopted EIA values. 

Zone  TIA (Tech Spec) Adopted TIA Adopted EIA 

CDZ2 - Comprehensive *Development 
Zone - *Schedule 2 

0.4-0.8 0.7 0.42 

FZ - Farming Zone Site assessment 0 0 

RCZ - Rural *Conservation Zone Not listed 0 0 

RDZ1 - Road Zone - *Category 1 Site assessment 0.8 0.48 

UFZ - Urban *Floodway Zone 0-0.05 0 0 

UGZ - Urban *Growth Zone Not listed 0 0 

 

 

Figure 1-4: Adopted Pre- and Post-Development EIA values. 

RORB Design Inputs 

The following section details the RORB design inputs for the hydrological model, given in Table 1-2. The 
design inputs listed are consistent across Pre and Post-Development conditions models. Rainfall inputs were 
sourced for the Bureau of Meteorology (Addendum A) whilst hydrological inputs were sourced from the ARR 
Data Hub (Addendum B).   

Table 1-2: RORB modelling design inputs. 

Parameter Adopted in RORB 

IFD Rainfall 
(Addendum A)  

Bureau of Meteorology data (Lat: -37.453 Long: 144.947) 

Climate Change 
rainfall factor  

18.5% 

Aerial Reduction 
Factors 

Based on ARR 2019 equations; applied using RORB inbuilt function. 

The catchment area was fixed using the average of the western and eastern catchment sizes. 

Initial Loss 20 mm 

Selected based on discussions with Melbourne Water regarding expected values for the area, 
previous assessments, and alignment with Data Hub recommendations. 

Continuing Loss 3 mm 

Pre-Burst Median pre-burst values adopted. 
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Parameter Adopted in RORB 

Study area within Loss region 3 (ARR, 2019a), where ARR 2019 recommends the 75th 
percentile-burst values (HARC, 2020). Following discussion with Melbourne Water it was agreed 

that this approach was too conservative and as such, median pre-burst values were adopted. 

Pre-Burst Temporal 
Patterns 

Based on Minty and Meighan (1999). 

Storm Temporal 
Pattern 

ARR Data Hub point temporal patterns (30 for each storm duration), filtered using the inbuilt 
RORB function. 

Spatial Pattern Uniform (catchment area <20km2) 

Routing Parameter -
m 

0.8 

RORB Version 6.47 

Routing Parameter - kc  

The kc value was calculated based on the Melbourne Water (2016) Merri Creek RORB model, using the same 

kc/dav ratio of 1.35. A kc of 3.61 was selected and was found to fall within the range of kc values generated 

with regional equations (Table 1-3). 

Model Validation 

As no gauged data is available for the Study area, model validation checks were carried out using the Pre-
Development conditions RORB model (representative of existing catchment conditions). Flows were 
compared between the current model outputs, previous Melbourne Water (2016) model outputs and 
regional peak flow estimation methods (Table 1-4). No calibration of the model was performed; these 
methods provide the only verification of flows for the catchment. The flow validation exercise results were 
communicated to and discussed with Melbourne Water to ensure prior to full RORB runs taking place. 
Modelled peak flows were found to be reasonable, largely in agreement with the Melbourne Water (2016) 
model flows and within an acceptable range of regional estimation method flows. 

Table 1-3: Regional equation kc values. 

Regional equation Application Kc value 

Kc = 0.49 x A0.65 Areas with annual rainfall < 800mm 2.73 

Kc = 1.25 x dav Victoria (Pearse et al., 2002) 3.34 

Kc = 1.19 x A0.56 Yarra and Maribyrnong  5.22 

Table 1-4: RORB model validation checks (Pre-Development model). 

Method/Model 1% AEP Peak flow Kalkallo Creek 
at Cameron’s Lane (m3/s) 

1% AEP Peak flow Eastern Outlet 
at Cameron’s Lane (m3/s) 

Pre-Development RORB model  33.3 (2h) 15.1 (3h) 

MW (Ajaz) (2016) Merri Ck RORB 
Existing Conditions model re-run (IL 
15, CL 2.5; ARF reduced for 
catchment area upstream of 
Cameron’s Lane) 

35.7 (4.5h) 

N/A 

(no comparable print location in   
Melbourne Water 2016 model) 

RFFE 1% flow (lower/upper 
confidence limits) 

19.2 (6.3/59) 12.6 (4.2, 38.7) 

Nikoloau/vont Steen Rural 1% flow 21.6 13.6 

Nikoloau/vont Steen Urban 1% flow 42.9 27.9 

Melbourne Water Rule of Thumb 
Rural 1% flow 

22.4 12.2 

Melbourne Water Rule of Thumb 
Urban 1% flow 

74.6 40.7 
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Climate Change 

Climate change was calculated for the year 2100 following the Melbourne Water Technical Specifications 
(2020). The data for Representative Concentration Pathway (RCP) 8.5 was extrapolated to 2100 for both the 
temperature and percentage increase in rainfall. The extrapolated temperature increase was 3.5 degrees, and 
the extrapolated rainfall intensity was 18.4%.  

Using equation 1.6.1 from ARR 2019 Chapter 6.3.5 (replicated below), the percentage increase in rainfall 
intensity was also calculated to be 18.5%. Therefore 18.5% rainfall intensity increase (applied to IFD rainfall 
depths) was adopted for the climate change scenario.  

 

Critical Event Selection 

Critical durations and temporal patterns for Pre and Post-Development conditions were identified in RORB for 
the 63.2%, 50%, 20%, 10%, 5%, 2%, 1% AEP and the 1% AEP with climate change events using the 
following method steps: 

 Run RORB in Monte Carlo mode to identify critical duration for both west (Kalkallo Creek) and east 
(Eastern Tributaries) catchment outlets. 

 Run RORB in Ensemble mode for critical duration identified by Monte Carlo outputs, including 
durations either side of critical duration (if peak flows were similar). 

 Events (including duration and temporal pattern) that produced the median peak flow at each 
catchment outlet were selected. As such, two critical events were selected per AEP to be used as 
inputs into the hydraulic model, presented in Table 1-5 and Table 1-6. 

 The above steps were repeated for each RORB model (Pre- and Post-Development models). 

Table 1-5: Pre-Development critical events identified and resulting peak flows for both west and east 
catchment outlets. 

AEP 

Western Outlet (Kalkallo Creek) Eastern Outlet 

Duration Temporal 
Pattern 

Peak Flow 
(m3/s) 

Duration Temporal 
Pattern 

Peak Flow 
(m3/s) 

1% + CC 2h 22 42.1 3h 25 19.4 

1% 3h 27 33.3 4.5h 27 15.1 

2% 3h 27 26.4 4.5h 28 11.9 

5% 3h 17 18.3 4.5h 18 7.7 

10% 3h 16 12.5 6h 17 5.4 

20% 12h 7 7.6 9h 3 3.2 

50% 9h 7 3.2 9h 5 1.1 

63.2% 9h 5 2.1 9h 7 0.8 

Table 1-6: Post-Development critical events identified and resulting peak flows for both west and east 
catchment outlets.  

AEP 

Western Outlet (Kalkallo Creek) Eastern Outlet 

Duration Temporal 
Pattern 

Peak Flow 
(m3/s) 

Duration Temporal 
Pattern 

Peak Flow 
(m3/s) 

1% + CC 1.5h 28 50.0 3h 27 17.0 

1% 1.5h 27 38.3 3h 29 13.6 

2% 3h 25 30.2 4.5h 28 9.9 



Memorandum 

 

Jacobs  45

 

AEP 

Western Outlet (Kalkallo Creek) Eastern Outlet 

Duration Temporal 
Pattern 

Peak Flow 
(m3/s) 

Duration Temporal 
Pattern 

Peak Flow 
(m3/s) 

5% 2h 19 21.4 4.5h 17 6.8 

10% 2h 19 15.6 4.5h 17 5.3 

20% 3h 5 10.7 4.5h 3 3.7 

50% 4.5h 5 5.1 6h 7 2.0 

63.2% 4.5h 2 4.1 9h 4 1.5 
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2. Hydraulic Modelling 

Two TUFLOW hydraulic models were built for the project area for the purposes of this Study, one to each 
represent the Pre-Development and Post-Development conditions. The design flows for the events listed in 
Table 1-5 and Table 1-6 were applied to the models to simulate the Study area’s response to flooding across 
the range of AEP’s. Details of the TUFLOW hydraulic model builds are provided in Table 2-1. 

Table 2-1: Hydraulic model build features for Pre and Post-Development TUFLOW models. 

TUFLOW model feature Description 

TUFLOW version/solution 
scheme 

TUFLOW 2020-10-AB (iSP) - HPC 

Grid size 2m 

Timestep Adaptive (HPC) – reduces to approx. 0.5s 

Topography 2017-18 Greater Melbourne LiDAR project used to define model terrain.  

For the Post-Development model, a DEM developed for this project based on the 
Melbourne Water (2019) Constructed Waterway Design Manual was stamped into 
LiDAR to define the eastern tributary channel design and alter the overland flow path 
(see Figure 2-1). 

Manning’s roughness Defined as shown in Figure 2-2 for Pre- and Post-Development models. 

1d network (pipes/culverts) Existing culverts along Kalkallo Creek recorded during site visit added as 1d_nwk to 
Pre- and Post-Development models. 

Boundary conditions – inflows RORB routed hydrographs and rainfall excess hydrographs were applied across the 
model extent as shown in Figure 2-3 for Pre and Post-Development models.  The 
application of flows follows waterway/channel location and configuration for each of 
the models. The streamline option in TUFLOW was adopted to concentration flows 
into waterways/channels.  

Boundary conditions – 
downstream boundary 

A HQ (level vs flow) boundary adopted on the downstream boundary where overland 
flow interacts with the code boundary, downstream of Cameron’s Lane for Pre and 
Post-Development models. 

IWL Initial water level applied to fill up farm dams for Pre and Post-Development models. 

Key model outputs h, V, d, BSS, SP 

 

Figure 2-1: Model extent and elevation for Pre- and Post-Development conditions TUFLOW models. 

 

DEM applied to define eastern tributaries 
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Figure 2-2: Manning’s roughness values adopted. 

 

Figure 2-3: TUFLOW model inflows, existing culverts and downstream HQ boundary. 
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Addendum A – BOM IFD Depths 
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Addendum B – ARR Data Hub 
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Kalkallo Creek Development Services Scheme (DSS) Design: 

Preliminary assessment of waterways and conceptual options 
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Appendix B. Historical Aerial Photos 
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Figure B-1. Historical Aerial Photo – 1968 (Jacobs 2014).  
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Figure B-2. Historical Aerial Photo – 1974 (Jacobs 2014).  
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Figure B-3. Historical Aerial Photo – 1977 (Jacobs 2014).  
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Figure B-4. Historical Aerial Photo – 1984 (Jacobs 2014).  
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Figure B-5. Historical Aerial Photo – 1990 (Jacobs 2014).  
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Figure B-6. Historical Aerial Photo – 2009 (Jacobs 2014).  
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Figure B-7. Historical Aerial Photo – 2013 (Jacobs 2014).  
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Figure B-8. Historical Aerial Photo – 2021 (Jacobs, ESRI World Imagery).   




