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1. Introduction 

Afflux Consulting were engaged by Urban Land Developments to investigate the surface water 
implications for the proposed development of a collection of properties to be rezoned into Hopetoun 
Park North (Stormwater Management Strategy (SWS)) in mid 2020. This report set the high level 
drainage details for all of the properties associated with this area as described in this report.  

Relevant authorities that were consulted at the time included: 

• Moorabool Shire Council – Building, Planning and Maintenance Requirements 
• Melbourne Water – Drainage and Waterway Interaction 
• Southern Rural Water – Melton Reservoir Interaction 

Background information about the site and drainage requirements in the area have been obtained 
from these sources where possible, however many of the outcomes for this report have been guided 
by the Infrastructure Design Manual (IDM, 2019). 

This report is a Stormwater Management Plan (SWMP) for the western part of the catchment only. 
This area will not be a Melbourne Water Scheme – as it is under 60 hectares. This report will outline 
investigations that have been undertaken to determine: 

• Site hydrology and localised flood extents and levels 
• Flood safety in roads, channels and storages 
• Outfall requirements and limitations including potential outfall upgrades 
• Water quality requirements as per best practice environmental management (BPEM) 

guidelines  
• Greater detail on outfall configuration 
• Greater detail on geotechnical risks 

To meet these requirements a range of hydrological, hydraulic and water quality modelling has been 
undertaken. The modelling in this report shows that all of the stormwater requirements can be met for 
this western catchment with relatively standard IDM solutions. This report has been written with 
significantly more detail than would generally be provided at this stage and should provide comfort 
that design solutions are available for the multiple approval stages that will be required for this site.  

Finally, as we move towards an integrated water sensitive city, aspects associated with stormwater 
harvesting, potable water use reduction, and alternative water supply should be considered as part of 
the development. Excerpts from the Bacchus Marsh IWM will be used to inform this development.  
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2. Background Greater Area  

The strategy area originally assessed approximately 150ha including both developable and non 
developable land. At this stage the status of the eastern portion is not part of this assessment, and as 
such this report concentrates on Property 1, Property 9 and  Property 2 only. For completeness, the 
greater strategy area is described here, but this should not be read as an endorsement or 
investigation of the greater area.  

The area is bounded by the Western Freeway to the north, Djerriwarrh Creek to the east, Pyrites 
Creek to the west and low density development forming Hopetoun Park to the south. The properties 
are undulating with areas of existing storage and some farm drains present across the site as will be 
discussed.  

The area is intersected by Hopetoun Park Rd, forming the highpoint of the site with properties sloping 
generally south west and south east respectively. Steep embankments for the existing flow paths to 
the gullies and waterways make outfall arrangements important and will be discussed in detail in this 
report. This study only addresses the western area as shown in blue.  

 
Figure 1. Aerial of Site 

2.1. Information Sources 
A number of information sources have been used in the formation of this report, these include: 

- DEPI planning scheme and cadastral information as accessed online June 2020 
- Lidar Data sourced Commercially 
- Survey of Property 1 and Hopetoun Park Rd by Millar Merrigan 
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2.2. Site Visit 
A site visit was conducted on the 27th of May 2020. Key drainage features are shown below.  

 
South-west outlet of Property 1 – Pyrites Crk 

 
South-west outlet of Property 1 – Basin Location 

 
Looking west from Hopetoun Prk Rd 

 
North West outlet of Property 1  

Figure 2. Site visit 

Site Controls 
There are no direct site controls of flood management concern with this site. The current hydrology is 
directed to a number of site dams, or discharges to the gullies at the north western and south western 
corners of the land. These gully outlets are expected to have a limit on flow capacity (see 
geomorphology reports), whether piped or overland and will be considered in this report. 
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3. Catchment Design Objectives 

All development has the potential to adversely affect downstream environments through the effects of 
stormwater runoff. Increased impervious areas resulting in increased volumetric and peak flows have 
been extensively researched and linked to downstream environmental degradation. Contaminants 
contained in the runoff have also been linked with adverse changes to both water quality and stream 
ecology. Finally, the contribution of increased runoff can be linked to downstream flooding and 
capacity constraints.  

To combat these affects a range hydrological and water quality mitigation measures have been 
researched and legislated in Victorian planning schemes. The design objectives for this catchment 
are considered below. 

General Considerations 
The Victorian State Planning Policy Framework includes provisions incorporating the provisions for 
stormwater management in its integrated water management clauses.  

Water Quality Requirements 
Current water quality requirements as listed by the Victorian EPA Best Practice Environmental 
Management (BPEM) Guidelines are: 

- 80% Total Suspended Solids (TSS) reduction 
- 45% Total Nitrogen reduction 
- 45% Total Phosphorus reduction 
- 70% Gross Pollutant capture 

Flood Storage Requirements 
New developments are typically required to be designed to ensure that flows are not to increase 
above the pre-development levels. Generally, this would be applied to the 100-year Average 
Recurrence Interval (ARI) storm only and checked at each of the site discharge points. Given the 
proximity to the major water storage, Melton Reservoir, flood storage is not a major environmental 
concern. The capacity and peak flow stability of the out falling gullies will however be the key 
constraint to flood storage. Southern Rural Water have agreed to this approach.  

Flood Protection Requirements 
All lots within the development will be provided at least 300mm freeboard above any predicted 100-
year ARI flood level. All retarding basins will be designed to be cut into the natural surface where 
possible to avoid any potential dam wall construction issues.   
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Ecological Objectives 
A number of ecological studies have been completed for this area, and should be referred to for 
comprehensive coverage of issues. .At this stage the waterways and treatment systems have been 
nominated to compliment any existing major vegetation areas. More broadly the sites will discharge 
into the Melton Reservoir, and as such a particular focus on site derived nutrients should be given.  

Specific Challenges 
A number of catchment specific challenges have presented themselves in the review of the site. 
These include: 

- The site topography results in steep outfall conditions, posing challenges in reducing 
stormwater velocity and flows at the outfall of site 

- The climate in this location will promote significant drying of the water storages. The design of 
these systems to deal with these wetting and drying cycles will be critical to their future 
success. From the outset a preference for a wetland treatment highlighted from this point.  

These challenges are noted as they are unique to this stormwater management plan and will be 
addressed as part of this document.  
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4. Hydrology 

The hydrology for this site has been updated into a RORB model as per request from authorities. The 
model was calibrated to the previous (SWS) hydrology.  

4.1. Catchment delineation and reconciliation 
As the internal area of the site is relatively flat, catchments have been determined based on clear 
existing site outfalls and logical division of developed catchments based on property ownership as 
well as topography. Figure 3 outlines the major catchment areas and existing and developed fraction 
imperviousness.  

To maintain the internal consistency with the SWS, the hydrology calibration has been adopted, as 
such all four catchments described in this section. The existing catchments, shown in Figure 4, show 
four major site outlets with a significant central section of the site discharging towards the existing 
development to the south. Note again that this report is for the western portion only.  

The preference of the strategy was to consolidate all site flows to four well defined site outlets shown 
in Figure 4 (two main outlets for western portion shown only). This simplifies treatment of all site 
outflows and reduces flooding risk in the downstream areas. It also simplifies the geomorphological 
interactions, allowing for precautionary engineering solutions. The site has therefore been considered 
to consist of four major catchments with relevant sub-catchments based on internal expected 
topography and road alignment. There is significant independence between the eastern and western 
catchments, however high interdependence within these two macro divisions.  

The current existing catchments are shown in Table 1 , along with the revised Western developed 
catchments.  

Table 1. Existing and developed catchment summary 

Outfall Existing 

Catchment (ha) 

Existing  

FI 

Developed 

Catchment (ha) 
North-West 21.6 0.05 9.9 

South-West 14.5 0.05 50.8 

North-East 11.9 N/A N/A 

South-East 25.4 N/A N/A 

Central 64.4 N/A N/A 
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Figure 3.  Existing Catchment Area contributing to site discharge points (note only western catchments to be considered here) 
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Figure 4. Proposed Development Catchment Area for West only (note subdivisional plan indicative only)
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4.2. Existing Conditions flow reconciliation 
Several methods were examined and compared, to provide a range of probable existing peak flows at 
the catchment outlets. These methods include the Rational Method, regression curves, and various 
calibration values advised for DRAINS and RORB.  

The following section summarises the peak flows calculated using these methods. The ultimate 
hydrology method selected should be in accordance with current hydrological estimation methods of 
Australian Rainfall & Runoff 2019 (ARR19).  

Rational Method 

Rational Method estimates were used to estimate the peak 1% Annual Exceedance Probability (AEP) 
flows. The Adam’s formula for rural Victorian catchments was the preferred method of calculating the 
time of concentration for this site. Intensity Frequency Duration curves for Hopetoun Park North were 
used (Figure 5).  

 
Figure 5. Intensity Frequency Duration curves for Hopetoun Park North 

The rational calculation results are included in Table 2. 
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Regional DSE Regression Curves 

Another comparison flow rate is the data set known as the DSE Regression Curves for 105 sites 
either side of the Great Dividing Range in Victoria. Historical data for events approaching or 
exceeding the 1% AEP events were collated as can be seen in Figure 6. The results for each 
catchment are shown in Table 2. 

Rural Catchments   4.67A^0.763 

 
Figure 6. DSE Regression Curves 

DRAINS Modelling 

A DRAINS model of the site was formed to gauge the peak flows and estimated storage volumes 
required. A DRAINS model was selected over the traditional RORB model in this catchment due to 
the varying flat and steep flow paths and small catchments (Rorb averages slopes, and is calculated 
in km²) . Any solution requires a detail analysis of these outfalls, and in this case a combined 
hydraulic and hydrologic model was justified.  

The model splits the two catchments into multiple sub catchments to replicate ownership and staging 
assumptions. The model setup is shown with existing conditions results in Figure 9 below. 

The ARR Data Hub was used to provide recommendations for losses as shown below. The ARR16 
tool estimates losses and reduction factors using the information from Data Hub.  
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ARR Data Hub Pervious Losses 

Initial Loss    = 15 mm 

Continuing Loss   = 1.1 mm/h 

In this case, the supplied losses were taken as a starting point for the flow reconciliation undertaken in 
the following section. These losses resulted in much higher flows than expected from previous 
checks. In an attempt to rationalise these flows more to the calibration, the final estimated loss factors 
are shown in Figure 7.  Although these losses still result in higher than expected flow estimations, 
they are closer to expected values and represent a conservative estimation with ARR19 methodology.
   
  

 

 
Figure 7. Revised loss model 
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Figure 8. Drains Model Layout and Existing Conditions peak flows 

 

Typical model catchment assumptions are shown in below. The full ensemble of storms and temporal 
patterns was run from 5 minutes to the 30 hours as per ARR19. The maximum of all average flows 
was accepted as the peak flow for the existing and developed scenarios. Results are shown in Figure 
8 to Figure 11 below with the peak flow values highlighted below. As can be seen, this ARR19 
methodology has resulted in a higher estimated existing flow – probably associated with the longer Tc 
and temporal pattern variabilities (initial TC based on Adams Estimate).  

  
Figure 9. Assumed Catchment Conditions 

Existing FI 

North-West 

South-West 

Central 

South-East 

North-East 
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Figure 10. North-West Catchment - Existing Conditions Flows 1% AEP 

 
Figure 11. South-West Catchment - Existing Conditions Flows 1% AEP 

RORB Model  Western Catchment Development 

On request by Council and Melbourne Water, the hydrology model has also been contructed in  
RORB. Generally, for catchments this small RORB models begin to become difficult to calibrate given 
the resolution of catchment size. RORB catchments are created in km² areas, and as such small 
catchments run out of significant figures. Regardless, an Existing conditions model has been created 
as detailed below in Table 2 and Figure 12. Derived flows are shown in Figure 13 and Figure 14 

Table 2. Rorb Model Calibration Parameters 

Rorb Model Parameter Value Comment 

Kc 1.34 Rorb Default Kc – gives reasonable estimates 

M 0.8 Default Value 

Initial Loss 15 75% median loss applied/ Full loss applied 

Continuing Loss 1.1 As per Data Hub 
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Figure 12. Existing Conditions Rorb Catchment Model 

 
Figure 13. Existing Conditions Rorb ARR19 Box Plots 75% IL 

 
Figure 14. Existing Conditions ARR19 and ARR87 Comparison Flows 75% IL 
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Figure 15. Existing Conditions NW Catchment Full IL 

 
Figure 16. Existing Conditions SW Catchment Full IL 
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 Hydrology Discussion 
As discussed in the SWS, this area provides some difficulty in assessing the best hydrological fit for 
flows generated from the existing catchments. As pointed out in the SWS, “It is suspected and it is 
born out in the modelling, that this region is on the edge of both hydrological isopleth and significant 
soil losses. This is conclusion is supported in both the vegetation seen on site, and general lack of 
surface water. Given this, the larger than normal loss models are probably still conservative.” 

The RORB models for the site were reconciled with this in mind, and using full losses and the ARR19 
temporal patterns a reasonable fit has been found using the default RORB Kc. A number of other Kc 
approaches were considered including Pearce and MAR<800mm, but were found to produce much 
higher flows than this approach. Given the results in Table 3, and the information in the SWS, the 
below highlighted flows (and subsequent calibration parameters) were adopted.    

 

Table 3. Reconciliation of RORB model to existing peak 1% AEP flow estimations 

 

*SWS, 2020 Adopted DRAINS Calibration 

4.3. Developed Conditions Flows 
The developed flow conditions were modelled for the reconciled Rorb model. The developed 
catchment model can be seen in Figure 17, with reaches and Fraction Impervious levels adjusted in 
line with the development. The model Kc was adjusted through the Kc/Dav ratio and the model re-run 
for all storms 15m through 96 hours. The model flows and results are shown in Figure 18 through 
Figure 20. Note the extremely steep NW catchments significantly influence the peak flow.  

Table 4. Development Rorb Model 

Rorb Model Parameter Value Comment 

Kc 2.07 Adjusted Kc/Dav ratio  

M 0.8 Default Value 

Initial Loss 15 Full loss applied 

Continuing Loss 1.1 As per Data Hub 

Reaches (black) Type 3 All roads and development reaches.  

Reaches (green) Type 2 Excavated but unlined.  

 

Catchment 
Size 

(ha) 

Rational 

Calc 

DSE 

Regression 

DRAINS 

DataHub 

Losses 

DRAINS 

Revised  

Losses* 

RORB 

ARR19 

75%IL 

RORB 

ARR87 

75%IL 

RORB 

ARR19 

100%IL 

North-West 21.6 0.9 1.5 2.8 2.1 2.2 2.7 2.1 

South-West 14.5 0.7 1.1 2.1 1.6 1.9 2.2 1.7 

North-East 11.9 0.6 0.9 1.7 1.4 N/A N/A N/A 

South-East 25.4 1.0 1.6 3.1 2.4 N/A N/A N/A 

Central 64.4 2.0 3.3 6.4 5.3 N/A N/A N/A 
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Figure 17. Developed Conditions Catchments (note underlying subdivision indicative only) 

 

 

 

 
Figure 18. Developed Conditions ARR19 Flows Box Plots 
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Figure 19. Developed Conditions Northwest Catchment Flows 10% and 1% 

 
Figure 20. Developed Conditions (Critical) Southwest Catchment Flows 10% and 1% 
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4.4. Comparison of Flow Events Northwest 
Catchments 

No attenuation feature is proposed for the Northwest catchment as the proposed development 
catchment area is significantly reduced. To check the development flows in comparison to the existing 
conditions flows in this catchment, the flows for all durations and all common design events can be 
seen below. As can be seen the proposed development catchment maintains lower flows throughout 
the full suite of design events.  

 
Figure 21. Developed All Critical Durations Northwest Catchment 

 
Figure 22. Existing Conditions All Critical Durations Northwest Catchment 
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5. Geomorphological Study 

A geomorphological study was undertaken for the site and is included as an appendix to this report. 
The key geomorphological outcomes include: 

• The steep escarpments indicate a significant risk of erosion if flows in the natural gullies were 
to be increased, or open channels constructed  

• Piped drainage outfalls are required for all outfalls to minimise construction risk, or flows 
maintained at existing flow rates 

• Water tanks and or other reuse options should be considered to reduce the total volume and 
frequency of flows in the catchment 

• Water retention should be minimised on the site, and in particular towards the escarpment 
areas. Period of retention should be minimised as much as possible. No lakes or long term 
storages, preference for ephemeral wetlands.  

• Constructed pool and riffle sequences are unlikely to be able to be constructed or supported 
by the soils (as is typically used to convey flows down escarpments) 

• Soil treatment (addition of gypsum) should be considered as part of the water treatment areas 
to chemically enrich the soils 

• A further specific soil study should be conducted as part of the detailed design of these 
features 

 
Figure 23. Major underlying formations (Brizga & Seymour)  

These recommendations have been included as part of the development assessment and 
incorporated into the development solutions.  
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6. Geotechnical Investigations 

Black Geotechnical were engaged to undertake a geotechnical investigation of the site. This report is 
included as an appendix to this report, however the major recommendations are: 

• There are no landslide risk concerns impacting the subject site, and the proposed building 
setbacks are appropriate. The landslide risk assessment determined a risk to loss of life of less 
than 10-6 per annum, which is at least 10 times better than the limit of 10-5 commonly adopted for 
new developments. 

• The observed surface erosion and springs on the western escarpment are due to overland and 
subterranean flow. These are a large distance from the proposed setbacks, are progressing slowly 
and do not impact the proposed development. 

• The rate of these erosion process will be reduced by the development due to the substantial 
improvement in drainage conditions proposed. 

• •The failure of the fill in the DOTP road reserve is outside of the property boundary and does not 
affect the development, however, the DOTP should be advised of this issue. 

• The proposed pipeline routes are appropriate and either the Frankische or traditional concrete 
pipelines proposed would be suitable. 

 

 
Figure 24. Borehole locations Western Properties (Black,2023) 
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7. Vegetation Assessment 

A vegetation assessment of the property including the proposed drainage outfalls has been 
completed. The vegetation assessment summary can be seen in Figure 25. The executive summary 
points from this report, and there impact on drainage include: 

• The majority of the study area is currently used for wheat cropping and does not support any 
significant ecological values 

• Retain all existing Grey Box trees and Grey Box woodland areas in the east of the study area in a 
reserve. Site nearby development a minimum of 15m from the trunks of any treed native 
vegetation to avoid consequential impacts. (Maintain hydrology in these areas) 

•  Site entrances to the proposed subdivision to avoid impacts to native vegetation recorded in the 
road reserve of Hopetoun Park Road. (Minor catchment delineation Implications) 

• Retain a minimum 20m buffer adjoining the edge of the escarpment in the west of the study area 
as a reserve and a 5m buffer around retained grasslands to prevent impacts to remnant 
vegetation, namely the area of EPBC-Act listed NTGVVP in HZ 1E and FFG-Act listed Melbourne 
Yellow Gum and Buloke. (Escarpment Recommendations) 

• In addition, while the majority of the escarpment and bank of Pyrites Creek west of the study area 
were not included in this investigation, they were noted to support native vegetation. Any 
development near to the western edge of the study area will be designed to minimise erosion and 
potential damage to vegetation through water runoff as specified in a stormwater management 
plan. 

 
Figure 25. Vegetation Assessment including Drainage Outfalls 

For more information see Hopetoun Park North Western Section Flora and Fauna Assessment (2023) 
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8. Escarpment Treatment 

An assessment of the escarpment and appropriate setbacks has been conducted based on the 
geotechnical and vegetation assessments. The proposed setbacks can be seen in Figure 26 below. 
As can be seen this has the following drainage implications: 

• The road network should be used to control and direct water away from the escarpment areas.  

• Road network to be directed towards controlled discharge systems 

• Revegetation strip to protect upper toe of escarpment from local runoff events.  

• 20m wide reserve proposed  

 

 
Figure 26. Proposed Escarpment Setbacks 
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9. Development Assessment 

This development assessment has focussed on the design of estimated major drainage alignments 
and waterbodies proposed throughout the site (Figure 27). As the site is to be redeveloped changing 
both terrain levels and land imperviousness, a new RORB model has been constructed, building on 
pervious loss assumptions from the existing model to assess the impact of the ARR19 ensemble of 
storms.  

9.1. Proposed Drainage Scenario 
The assets included in the drainage concept include: 

• A “South-West” retarding basin and wetland located at the south-west of the drainage 
strategy area in Property 2. This asset has the dual purpose of limiting discharge flow to a 
new piped outlet down the existing embankment and providing water quality treatment. The 
basin has been designed to minimise holding periods, with minimal storage volume required.  

• An outfall drain to the Melton Reservoir/Werribee River floodplain. A number of outfall drain 
construction methods have been investigated to prove the engineering outcomes 

• Recommendations for Integrated Water Management outcomes 
• Discharge recommendations for the North West Catchments 

 

The Mitigation Rorb model simulates the proposed drainage concept for the hydraulics of the region. 
Retarding basins have been included in this modelling, with wetlands being considered in later water 
quality modelling. 

The macro drainage concept can be seen in Figure 27. 
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Figure 27. Drainage Development Concept (Note indicative layout only for Stormwater calculations) 



 

 

31 Hopetoun Park Nth Western SWMP  |  407-02 

9.2. RORB Model 
A new Mitigated RORB model was constructed for the site to simulate the catchment conveyance and 
storage volumes underdeveloped conditions. The features of the RORB model are outlined below. The 
model setup is shown in Figure 28. 

• All storms from the 1EY to the 1% AEP 
• Selection of durations from 10min to 96hr 
• Rainfall data sourced from ARR Datahub and BOM 
• IL/CL model applied as per estimated values 

o IL: 15mm 
o CL: 1.1mm/hr  

• Limned flow links were used to estimate the timing of the catchment 
• Initial concept retarding basin sizing to determine storage volume estimates as discussed 
• Calibration as listed in Table 4 

 

 
Figure 28. RORB Model Layout 

9.3. Mitigated Model Results 
The peak flow and critical storage flow graphs are presented below. The critical storage volume storm is 
shown in Figure 29, with the peak inflow shown in Figure 30. A summary of the peak flows and volumes can 
be seen in Table 5. 
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Figure 29. South West Catchment Critical Volume Storm (1.5h) Basin Inflow and Outflow 

 
Figure 30. South-West Catchment Peak Flow Storm Basin Inflow and Outflow 

 

Table 5.  Developed model summary 1% AEP flows 

Catchment Size (ha) Peak 1%AEP Outflow Critical Storm Volume (m³) Peak Level (m AHD) 

North-West 6.3 0.83 m³/s 45m N/A  

South-West 56 3.5m³/s (5.7m³/s) 1.5h 11,300 125.35 

  2.7m³/s (8.85m³/s) 20m 8,530 125.08 
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9.4. Modelled Basin Assumptions 
To convey the design flows (Table 5) down the monocline, it is recommended that the entire 1% AEP flow be 
piped. This is born out in the associated geomorphological and geotechnical studies. To meet this 
requirement a compromise between land use at the top of the escarpment for retardation, and pipe size and 
quantity to convey the flow. All flows have been assumed to be piped in an 900mm pipe, with a number of 
options explored below.  

North – West Outfall 
No basin is required in the north west area. No piped system. The existing drainage catchment of ~22ha has 
been reduced to ~6ha, of which 2ha is low impervious development (the remainder being ecological 
reserve). This maintains the peak flows below existing conditions. 

South-West Basin 
The retarding basin assumptions at this location are outlined in Table 6. As can be seen in Figure 31, an 
900mm outlet down the steep grade has resulted in a peak 1% AEP storage of ~12,000m³.  

Table 6. South-West retarding basin concept stage-storage 

Surface Area (m²) Volume (m³) Comments 

5268 525 New 900mm Black Poly Pipe         

Outlet at invert 

5329 1585  

5391 2657  

5452 3741  

5513 4838  

5574 5947  

5636 7068  

5697 8201  

5758 9346  

5820 10504  

5881 11674 Weir Level (TWL) 

5942 12856  

6004 14051  
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Figure 31. South-West retarding basin modelled storage concept 

 

9.5. Climate Change impact on Flows 
The impacts of climate change on urban development will be many and varied, with much of the health and 
lifestyle impacts outside of the scope of this report. However, the ARR19 guidelines provide advice on 
potential rainfall impacts due to the increased macro temperatures. This advice is purely based on the 
holding capacity of air as temperatures increase and results in a factoring of current rainfall. The impacts on 
loss models (including long term antecedent moisture changes), weather patterns and generation of rainfall 
for any particular region is less well known. Regardless, as requested by Council this management plan has 
explored the impact of flow increases only.  

 Flow Impacts 
The ARR19 guidelines recommends a range of rainfall factoring for rainfall to measure the impact of 
potential climate change. The Interim Climate Change Factors can be seen in Figure 32. For this study the 
impact on 2090 flows using the Representative Concentration Pathways (RCP 6.0) impacts has been used.  

The flow impacts for the basin inflows can be seen in Figure 33, with the impact on the proposed basin levels 
and outflows shown in Table 7. As can be seen the flow increase is around 10% for the critical duration, 
which results in an increase in flood level of approximately 200mm (170mm).  
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Figure 32. Climate Change Rainfall Factors 

 

Table 7. Flow impacts with Climate Chage Factors on Basin 

 

 
Figure 33. Peak Basin Inflows 2090 Climate Change Impacts 

 Implications of Increased flows 
The increase in flows and volumes associated with the Climate change factors are relatively easy to mitigate 
during the design phase of this development (though would be much harder to implement after the 

Catchment Size (ha) Peak 1%AEP Outflow Critical Storm Volume (m³) Peak Level (m AHD) 

North-West 6.3 0.83 m³/s 45m N/A  

South-West 56 4.24m³/s (6.29m³/s) 1.5h 12,400 125.52 
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development phase). To mitigate the effects the following mitigation measures are recommended for the 
detailed design phases (assuming Council requirements to be outside of IDM): 

• Increase trunk drainage design to 10% AEP. This would apply to Road E, or the main collector road. This 
change has been incorporated into the design calculations later in this report 

• Consider increasing pipe outfall into Melton reservoir by one pipe size to allow for future capacity 
constraints. A peak outflow design of around 4.2m³/s is recommended over the current 3.5m³/s 

9.6. Modelled Outfall Options 
The construction of the outfall pipe has been the subject of a number of technical enquiries by drainage 
authorities stemming from the Stormwater Strategy. To provide a comprehensive response, a number of 
options have been investigated to pipe the outflows from the proposed basin. The investigation has included: 

• Investigation of traditional construction methods and RCP pipes on other steep sites within Melbourne’s 
development corridors 

• Use of alternative pipe types on steep sites 

• Pipe supplier recommendations and product details 

Based on this four concept designs have been developed with drawings attached in the appendix to this 
report. Where possible, design pipe technical information has also been provided. To compare the four 
different options a quantitative assessment has been provided in Table 8 below.  

It should be noted that all options are constructable, and have been designed to meet as closely as possible 
the design standards available. The final detailed design would be subject to future engineering review and 
approval, however this options analysis should give confidence that there are a number of design solutions 
that are available for the site.  

Table 8. Pipe Outfall Construction Options Quantitative Assessment 

Design Option Constru
ction 
Method 

Qualitative 
Risk 

Cost Comment 

RCP Option ● 
● ● 

Standard option compliant with IDM. 
Velocities limited to >7m/s. Costly due to 
number of pits 

Hel-Core 
Option ● ● ● 

Higher allowable velocity. Generally used in 
Aus for single culvert crossings 

Rail Pipe 
Option ● ● ● 

Used extensively in the Austrian Alps. Used 
in Geelong attached example. Provides 
limitless velocity profile so can reduce pits.  

Welded PP 
Option ● ● ● 

Will comply with sewer standards. Fully 
sealed option. Minimal pits and low 
construction difficulty 

Above Ground 
Option ● ● ● Easiest construction option. Could use 

either Hel-Core or Welded PP options.  

Low/Easy     ●   Medium        ●  High/Difficult   ● 
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The final pipe alignment has been based on the following principles: 

• Alignment to follow existing access tracks/disturbed areas 

• Alignment to follow existing road reserves and easements.  

• Alignment to place all pits in accessible locations and avoid sewer interactions 

• Discharge to SRW floodplain 

• Vegetation assessment on alignment as per Nature Advisory Report  

• Outfall drainage assessed by the Black Geotechnical report and deemed appropriate 

9.7. Outfall Structure 
The outfall of the escarpment pipe system will require an energy dissipation structure to reduce velocity 
before discharging to the floodplain. Southern Rural Water have recommended that this velocity be limited to 
2 m/s at this location. A number of ‘off the shelf’ dissipation structures are available (with many installed on 
the adjacent Hopetoun Park subdivision. The exact detailed design is outside of the scope of this report 
however a number of example structures can be seen below. Reference to the Federal Highway 
Administration, Hydraulic Design of Energy Dissipators for Culverts and Channels (2006) report or any of the 
Austroads investigations into these structures is recommended.  

 

 
Figure 34. Potential Outfall Structures 
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10. Water Quality 

In order to achieve water quality objectives, a number of treatment elements will be required.  

The MUSIC software program has been used to develop and evaluate an ultimate treatment train for the 
catchment comprising of: 

• A Rocla CDS 0708 gross pollutant trap at the North-West outfall of property 1 
• A 1200m² sediment basin and a 4300m² wetland within the South-West retarding basin 

10.1. MUSIC Modelling 
MUSIC modelling is an industry standard approach to determine water quality treatment and sequencing.  

Guidance for model inputs was sourced from the IDM as well as Melbourne Water’s MUSIC guidelines. 10y 
rainfall data was taken from the Little River rainfall station as shown in Figure 35. 

 
Figure 35. Greater Melbourne rainfall distribution - Melbourne Water MUSIC Guidelines 

Treatment elements used in the model are discussed below. 

Approximate Site 
Location 
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 Sediment Control 

Control of sediment from a developed area is an important consideration for both the hydraulic function of 
drainage and water quality assets. 

Build-up of sediment can lead to the failure of pipe networks (through blockage) and biological systems 
(through blockage and bypass). 

Given the scale of the residential development, sediment ponds are recommended as a suitable intervention. 
Maintenance requirements are an important consideration when allowing for reserve areas, with access and 
sediment dry out areas adding up to 20% to the required footprint area. It is recommended that all local pipe 
network outlets where possible end in a sediment pond before discharge to the waterway or wetland. Fair 
and Geyer calculation for the minimum pond size for the south west catchment is shown in Figure 36. 

Southwest Catchment Sediment Pond  

 

 
Figure 36. Fair and Geyer – South West sediment basin 
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Northwest Catchment 

Council have indicated a strong preference for no GPT structure to be applied to the north west catchment. 
Therefore to ensure that sedimentation is minimised from this catchment a ZAM (Zero Additional 
Maintenance) sediment treatment is recommended. The following points are noted: 

• Houses will be connected to rainwater tanks, reducing the possibility of sediment from dust sources.  

• The small section of road associated with this catchment (~0.8Ha) can be treated with the ZAM sediment 
groves and grass capture system. An example of this system can be seen in Figure 38. This type of 
design is intended for small road catchments only, and in combination with the planned linear reserve 
would work well in this situation. A standard drawing has been included in the Appendix to this report.  

 

 
Figure 37. Proposed ZAM grassed concept 
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Figure 38. ZAM sediment treatment system 
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 Wetland Treatment 

Biological treatment of stormwater reduces the loads of nutrients entering receiving waters, an important 
aspect of best practice guidelines. Wetland surface area dictates the potential effectiveness of these 
treatments, with plant selection and density being limited by available treatment area. Sediment ponds were 
modelled as ‘Inlet Ponds’ when in the same drainage reserve as the wetland nodes as per MUSIC 
guidelines. The proposed basin treatment can be seen in Figure 39 

 
Figure 39. MUSIC Wetland Design Inputs – South-West wetland 

10.2. MUSIC Model Setup 
The modelled MUSIC setup ( shows the general layout of the nodes in the model for the ultimate developed 
treatment.  Sub catchments have been modelled on the basis of area with an impervious fraction as 
suggested from MUSIC guidelines.  The basin contains the following nodes: 

• Residential Catchments  (Mixed Node) based on FI (60% for 800m², 30% for larger blocks) 

• A Buffer strip to represent the ZAM treatments 

• Wetland Treatment inclusive of sediment ponds (2x) 
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• Rainwater Tanks of 3KL with some freeboard (2.5KL effective) for all lots 

 
Figure 40. MUSIC model layout 

The results of the MUSIC modelling taken at the receiving node are shown in. These results indicate that 
best practice objectives can be met or exceeded in all categories.  

 
Figure 41. Model results for total proposed treatment train 
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 Treatment Summary 
The treatment asset sizing achieving the above water quality outcomes is outlined in Table 9 below. 

Table 9. Concept water quality treatment asset sizing 

 
Catchment Area 

(ha) 

1 Year Flow  

(m³/s) 

Approx SB Size 

(m²) 

Macrophyte 

Treatment Area 

(m²) 

South-West 

Wetland 
56 0.68 1050 2500 

Rainwater Tanks 387 2.5KL (Usable)   

 

 
Figure 42. Wetland Concept Plan with Areas 

10.3. Stormwater Re-Use and IWM Approaches 
The Bacchus March IWM strategy (BMIWM) was completed in consultation with Moorabool Shire Council, 
Greater Western Water, and Melbourne Water in late 2021. The report analysis a number of possible water 
use and reduction methods to provide a number of recommendations for development in this region. Whilst 
this area is adjacent to the BMIWM, and has many of the same drivers, there are distinct differences that 
may differentiate the final outcome, these include: 

• This catchment is on the edge of the lower rainfall region to the east of BMIWM. The rainfall is less 
certain than further west (and BOM loss models much harder to calibrate too) 

• This area is on top of the escarpment and discharges fully (and directly) to the Werribee Reservoir. In 
effect all water from this development is discharged directly to a very large stormwater harvesting system 



 

 

45 Hopetoun Park Nth Western SWMP  |  407-02 

• The soils in this area as described are different to the BMIWM and are not recommended to hold 
significant water volumes for long periods of time i.e. storages are not recommended 

Based on this it is recommended that the major items from the recommended BMIWM Portfolio 1 be 
adopted. These are shown in Figure 43, with modifications listed further below.  

 
Figure 43. Bacchus Marsh IWM Recommended Portfolios 

• Rainwater Tanks to all homes – Recommended, see below analysis 

• Passively irrigated street trees – Recommended, in particular for northwest catchment and incorporated 
into ZAM treatment. All escarpment vegetation treatments to be passively irrigated.  

• Local harvesting – not recommended due to storage issues and lack of demand. Recommend discharge 
direct to Werribee reservoir (through alluvial plain) for larger harvesting 

• End of line infiltration – recommended and included in part of outfall design to the alluvial plain 

• Recycled water – recommended if available – unlikely and in conflict with rainwater tanks 
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 Rainwater Tank Sizing and Recommendations 
Household scale stormwater reuse presents an opportunity to both reduce the impact of increased runoff 
from the catchment whilst also reducing the communities reliance on potable water. Rainwater reuse at a 
household level can contribute to a decrease in total stormwater to receiving waters, reducing nutrient loads. 
Rainwater tanks may be considered for individual sites depending on viability of entrenching the requirement 
on title. As seen in the geomorphic report, rainwater tanks are also highly recommended to reduce the 
volumetric impacts on the soils in the area.  

NOTE – Rainwater tanks have not been assumed in any of the flood calculations. There is no flood or 
drainage risk associated with this approach. 

The impact of rainwater tanks on overall wetland requirements has been assessed for the South-West 
wetland. The modelling assumptions used are outlined below: 

• 387* household rainwater tanks installed with minimum 2,500L capacity for reuse 
• All toilets and garden taps plumbed to rainwater tanks 
• Conservative garden watering of a 300m² area of lawn, yearly demand of 37.5kL as shown in Figure 

44 
• An average occupancy of 2.6 people per dwelling as per the 2016 ABS census and a daily toilet 

flushing demand of 20L/person/day as outlined in Figure 45 

*note final lots approximate 

 
Figure 44. SmartGardenWatering.org.au estimated garden watering demand 
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Figure 45. Litres used per household item per day (Melbourne Residential Water Use Final Report 2011) 

The rainwater tank MUSIC node inputs are shown in Figure 46 below. With this tank capacity and household 
reuse assumption, around 20% of development runoff is expected to be reused, with an 85% of demand 
met. Given the demand achievement, there is no advantage in increasing the tank size above 3KL from a 
harvesting perspective.  

Overall developed catchment setup and water use results are shown in Figure 47. 

 
Figure 46. Rainwater tank assumptions for western catchment 
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Figure 47. Reuse demand met Southwest Catchment 

 

There is strong commitment to implementing appropriate title protections to the western catchments (173 
agreements) as per the geomorphic, IWM, geotechnical, and stormwater management recommendations. 
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11. Treatment Concept 

The major site treatment assets have been approximately sized within each estimated available reserve. 
Where possible all batters are to be kept to 1 in 6 grades with subsurface wetland grades as per Melbourne 
Water safety guidelines. These concept designs are indicative only and further investigation into practicality 
and constructability is recommended. Concept layouts are shown below 

 
Figure 48. South-West wetland concept 

SB: 1200m² 
WL: 4300m² 

Outfall to follow 
existing track 
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12.  Design Considerations 

This section highlights unique drainage considerations specific to the stormwater management and design of 
this site. 

12.1. Steep Outfall Considerations 
The steep outfalls have been thoroughly investigated in this SWMP (Section 9.6). No recommendation has 
been made in this report, as all options are viable, but have different maintenance, risk and cost implications. 
The purpose of a SWMP is to provide a plan for the management of stormwater, and the possible design 
solutions and land takes. In this case it is felt that enough information has been provided to prove the outfall 
construction, and the finer details can be worked through at the design and approvals stages.  

 
Figure 49. Polyethylene (black) pipe installed on a steep slope (Source: Google Images, 2020) 
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12.2. Street Capacity 
It is noted that whilst we are not assessing a subdivision application at this stage (only a rezoning 
application), that the work on the final street layouts and drainage connections is preliminary only. However, 
Council do require some comfort that the overall SWMP can meet its macro requirements and as such an 
indicative major flow paths assessment through the subdivision has been undertaken for hazard parameters. 
The flow path check locations can be seen in Figure 50. The flows have been derived from the RORB model, 
and cross section checks can be seen in Figure 51. It is recommended that a 10% AEP be used for the 
collector streets to maintain safe flows.  

A typical 24m street cross section has been used for the collector roads as per the IDM guidelines.  

 
Figure 50. Flow Cross Section Checks 

A 

B 
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Figure 51. Gap Flow analysis with 10% AEP pipe Section B 

 
Figure 52. Gap Flow analysis with 10% AEP pipe Section A 
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12.3. Temporary Requirements 
Given the well documented discharge arrangements required down the escarpments, the pipe outfall and 
associated basin structures should be considered as early as possible in the development phasing. If 
temporary works are considered they should meet the following criteria: 

• The existing flow rates down the escarpment cannot be varied. Figure 22 and Figure 53 in this report can 
be used to determine these limits 

• Any temporary structure should take into account the recommendations of the Geotechnical 
investigations and may require significant basin liners 

• Any structure should be located some distance from the escarpment areas. Typically a value of at least 
50m is often specified, but specific geotechnical advice should be sought 

 

 
Figure 53. Southwest Catchments All critical Durations 

 

12.4. Stormwater Asset Maintenance 
The treatments for the Northwest Catchments and Southwest Catchments are significantly different with 
recommended maintenance requirements listed below.  

 Northwest Catchments 
The treatments in the northwest catchment are specifically designed to be Zero Additional Maintenance 
requirements. Regular street sweeping will remove the majority of the sediment from the sediment grooves. 
Any additional sediment will become incorporated into the grassed embayment. No pipes required.  
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 Southwest Catchments 
The southern catchments are discharging to a retarding basin and incorporated wetland system. Typically on 
final design of the system the following maintenance items would be submitted with the designs: 

• A wetland maintenance plan would be submitted with the designs. An Example plan is shown in the 
appendix to this report 

• A retarding basin maintenance plan would be submitted with final designs. Similar to the wetland 
maintenance plan a schedule of inspections would be included in this plan. Actions may include: 

 Inspections of the outfall for blockages or other possible failures 

 Maintenance of embankment for inspection. Includes grass mowing and inspection schedule 

 Inspections of outfall pipes 

• The stormwater infrastructure should not have any major maintenance requirements to much of Councils 
other stormwater infrastructure.  

 

12.5. Sodic Soils Implications on Stormwater Development 
Council have agreed that a full Sodic Soil assessment will be completed as part of the subdivisional 
assessment stage. However, based on drainage management experience on similar sites with identified 
sodic soil interactions, the following design requirements are commonly applied. These items, and 
recommendations for stormwater assets include: 

• All stormwater pipes to be Rubber Ring Jointed to avoid future leakage and potential interaction with sub 
soils 

• A wetland system was recommended based on the soils discussion over other potential treatment types. 
It is recommended that this system be largely ephemeral, with a lower average depth (0.3m) than MW 
guidelines suggest and appropriate planting to manage the longer periods of dry. This vegetation and 
depth consideration needs to be made in consultation with the best geotechnical recommendations. 

• Use of geosynthetic liners for the wetland and retarding basin system as per the geotechnical 
recommendations 

• Use of Rainwater tanks as recommended in the geomorphology reports to minimise volume changes 

 

 
Figure 54. Rubber Ring Jointed pipes on other sodic soil sites 
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12.6. South East Catchments 
A number of inquires have been made from authorities regarding the influence of the proposal on existing 
ephemeral assets within Hopetoun Park. There is a small section of the existing land that drains south and 
east based on the existing contour information. These catchments are discussed here: 

• Around 4ha drains directly south towards Hammond Cct, and whilst there are a number of lifestyle dams 
in this flow path no direct ephemeral system connection can be seen. As such this area has not been 
further investigated 

• Around 2Ha drains east towards an existing dam on Hopetoun Park Rd as shown in Figure 55 below. 
This dam could then in large events overflow and drain south along Riverview Dr towards the ephemeral 
system. There is however significant hydraulic barriers to this occurring (median strip on Riverview) and it 
is unlikely that other than in the most extreme events any water would reach the system at 5 Riverview 
Dr. As such this property development is unlikely to change the exiting low flow hydrology of this system.  

Based on this high level investigation no further detailed hydrological analysis has been performed. An 
allowance for a small section of catchment and treatment has been accounted for in the conceptual 
development plans, but this area is not advanced enough at a rezoning stage for detailed analysis. When the 
staging of this area is contemplated a further investigation can be completed.  

 

 
Figure 55. Existing South East Catchment 

 

Existing Dam 
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13. Conclusion 

This stormwater management plans sets out the major requirements for the development of the western 
catchments of land in Hopetoun Park North and provides important background information for the rezoning 
of this land. These catchments are under the Melbourne Water 60Ha limit, and as such all stormwater 
management will be undertaken by Council. Through the calculations shown in this report, it has been shown 
that: 

• Safe management of flows and flow paths can be achieved through the proposed management 
interventions 

• All stormwater management items are relatively standard and can be constructed in line with the IDM 
(although there are alternative solutions that may want to be explored further at future stages) 

• The BPEM requirements can be met 

• The Bacchus Marsh IWM requirements can be met with no adverse change in risk to the development 

• The Climate Change potential rainfall increase changes can be accounted for in the design 

• The unique soil and hydrology of this catchment can be accounted for 

The macro drainage features including flow conveyance and storages, have been considered for the site, 
and reasonable design constraints given. The micro (pipe network) systems have also been considered in 
concept, along with water quality treatment. In summary the following elements are required for this site to 
meet contemporary drainage outcomes: 

• Around 12,000m³ of retention storage required at the South-West outfall 

• Outfall to be considered in detail for individual asset design including outfall structures. A number of 
options for this have been provided including IDM compliant options 

• ZAM treatments for minor sediment and nutrient controls on the NW catchment 
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14. Abbreviations and glossary 

For clarification, provided are terms referred to within this report and their definitions as applicable to 
stormwater and water engineering. 

TERM (Abbreviation) DEFINITION 
Afflux A measure of the increase in water elevation (or flood level 

difference) at a given location, relative to the water elevation that 
would have occurred. 

Alluvium\alluvial material Extensive deposits of sand, silt and/or clay formed by a river or flood, 
typically forming a floodplain. Alluvium is generally unconsolidated. 

Annual Exceedance 
Probability (AEP) 

The likelihood of a storm event or flood occurring or being exceeded 
within any year. Where, 

𝐴𝐸𝑃 = 1 − 𝑒(
−1
𝐴𝑅𝐼

) 

Attenuation Reduction in the magnitude of a flood peak 

Australian Rainfall and 
Runoff (ARR) 

Australian Rainfall and Runoff guidelines document. 

Average Recurrence 
Interval (ARI) 

A statistical estimate of the average length of time (in years) 
between equivalent (or larger) flood events.  

Note. Events do not occur at regular intervals. This is an average 
and not the expected elapsed time until the next exceedance.  

e.g. a “100 year ARI flood event” has a 1% exceedance probability 
each year. 

Australian Height Datum 
(AHD) 

Vertical height in meters above the mean sea level. 

Baseflow The slow component of catchment runoff, not immediately in 
response to a storm event. Encompasses interactions with seepage 
and groundwater discharge into a waterway. 

BPEM Best practice environmental management guidelines used for 
planning, designing or managing stormwater systems or urban land 
uses 

Catchment The upstream land and water surface area that drains to a specified 
location under consideration. 

Consequence Outcome or impact of an event. 

Critical Sorm Duration The length of time of a rainfall event that results in the peak flow or 
level at a particular location of interest for a given AEP.  

Cumec An abbreviation of cubic meters per second, a unit of discharge 
(m³/s) 

Drainage Network 

or System 

A system of natural or constructed flow paths within a catchment 
used to convey runoff to its outlet. This may include surface or 
subsurface systems such as pipes, channels, gutters, overland flow 
paths, culverts, water storages, etc. 
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Design Event A probabilistic or statistical flood or rainfall event used for flood/flow 
estimation processes for a given AEP. 

DELWP Department of Environment, Land, Water and Planning 

EPA Environmental protection agency 

Extended Detention Distance above normal water level in where stormwater is 
temporarily stored 

Evaporation The transfer of water, as vapour, from a water surface to the air 

Evapotranspiration The transfer of water, as vapour, from near the earth’s surface to the 
air. Includes open water surfaces, ice, frost, soil and transpiration 
from plants. 

Freeboard The difference in height between the calculated water surface 
elevation and the top, obvert, crest of a structure or the floor level of 
a building, provided for the purpose of ensuring a safety margin 
above the calculated design water elevation. 

Flood Inundation of normally dry land by water that has exceeded the 
capacity of the normal confines of waterbodies, water storages or 
watercourses. 

Flood Frequency Descriptor for the annual exceedance probability or average 
recurrence interval of a flood 

Floodplain The land area which experiences flooding during high discharge 
events.  

Hazard Potential for damage or harm. Considered alongside consequence 
and likelihood of occurrence.   

Hydrological Analysis Developing and understanding a set of relationships to determine 
how rainfall is converted into runoff or streamflow (includes 
consideration of climate, losses, soil types, etc). 

Hydraulic Design The process of numerically analysing actual or expected flow 
conditions (such as water surface elevation and velocity) associated 
with a given hydraulic structure or overland flow. 

Infiltration The downward movement of water into a catchment surface or 
infiltration system. Largely governed by soil conditions, vegetation 
and antecedent moisture content. 

Loss rate Removal (loss) of water from the rate of rainfall that occurs during 
the process of forming stormwater runoff. Usually measured in units 
of mm/hr. The assumed loss rate usually varies across the drainage 
catchment in accordance with known or assumed surface conditions. 

Local Authority Any local or regional external authorities (including local and State 
Governments or non-government authorities) that have a legal 
interest in the regulation or management of a given activity, or the 
land on which the activity is occurring, or is proposed to occur. 

Manning's ‘n’ Roughness 
Coefficient 

The numerical representation of the hydraulic roughness of a 
conduit, flow path or channel as used in the Manning’s formula. 

Rainfall Excess The portion of rainfall that contributes to streamflow 

Rainfall Intensity The rate at which rain falls, typically measured in mm/hour.  
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Runoff The part of rainfall (or snow/hail) not lost to infiltration, evaporation, 
transpiration or depression storage that flows from the catchment 
area past a specified point. 

Sedimentation Basin A basin or tank in which sediment collects primarily through the 
actions of gravitational settlement.  

The basin facilitates low-velocity, low-turbulent flows to facilitate the 
settling of coarse sediment particles from stormwater runoff. 

Soil Erosion The detachment and transportation of soil and its deposition at 
another site by wind, water or gravitational effects. Although a 
component of natural erosion, it becomes the dominant component 
of accelerated erosion as a result of human activities, and includes 
the removal of chemical materials. 

Stage Elevation of the water surface in a stream measure to some 
convenient datum 

Storm In hydrology this includes any rainfall event. Unlike common usage 
implying a period of extreme weather with intense rain and strong 
wind.  

Stormwater Flooding Inundation by local runoff caused by heavier than usual rainfall. 
Stormwater inundation is caused by local runoff before it has entered 
a watercourse or joined watercourse flow. In a rural setting and 
within large rural allotments, we define stormwater flooding as sheet 
flow caused by local runoff before it has concentrated into a 
watercourse, including a drainage channel, stream, gully, creek, 
river, estuary, lake or dam, or any associated water holding 
structure. 

Surface Water or 
Inundation 

Any water collecting on the ground or in an open drainage system or 
receiving water body. In this report we use these terms to discuss 
water before it is categorised into flood, stormwater or other. 

Temporal pattern The time sequence of rainfall intensity. A representation of the 
variability of rainfall throughout a storm event. 

Water Balance An account of all the water in a specified system. Includes 
measurement of all inflows, outflows and changes in stored water 
volumes. 

Wetland A natural or constructed area of land inundated temporarily or 
permanently with shallow water that is usually slow moving or 
stationary 
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16. Appendix 

Appendices:  

• Geomorphological Study 

• Black Geotechnical Study 

• Draft Wetland Maintenance Plan 

• Outfall Investigation 
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1 Introduction 
A development scheme is being prepared for Hopetoun Park, Victoria. The study area is situated 

between Pyrites and Djerriwarrh Creeks in the Werribee River catchment (Figure 1). The study area 

is mainly situated on a broad plateau but also includes escarpments and gullies that fall steeply to 

the adjacent valleys on the western and eastern sides.  The delivery of flows from developed areas 

on the elevated plateau to the streams at the base of the escarpment is a key challenge for the 

development scheme. This report provides an assessment of the geomorphology of the study area 

and implications for drainage, with particular emphasis on potential drainage arrangements for the 

escarpments.  

This report is based on the following sources of information: 

• site inspections on 11 and 26 May 

• desktop review, including aerial imagery, geological and topographic mapping, and previous 

relevant reports including Sites of Geological and Geomorphological Significance1  

• review of preliminary proposals for drainage arrangements including hydrologic and 

hydraulic information provided by  Afflux Consulting 

The report is presented in two sections. The first section provides a review and analysis of the 

existing geomorphology of the study area. The second section examines the implications of the 

geomorphology for future drainage arrangements associated with development.  

 
1 http://vro.agriculture.vic.gov.au/dpi/vro/portregn.nsf/pages/port_lf_ppsites_sig 
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Figure 1 Study area 
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2 Geomorphological Context 

2.1 Topography 
The study area includes a central elevated plateau located between Pyrites Creek and Djerriwarrh 

Creek as well as the escarpments and gullies on the eastern and western sides of the central plateau 

that fall towards these streams (Figure 2, Figure 3).  To the west of the study area, Pyrites Creek 

flows across a wide alluvial plain sometimes referred to as the ‘Bacchus Marsh Basin’, which it shares 

with the Lerderderg and Werribee Rivers (Roberts 1984). To the east of the study area, Djerriwarrh 

Creek flows through a deeply incised gorge-like valley and is subject to tailwater inundation as part 

of the Melton Reservoir. The elevation of the central plateau is 140 m AHD, 50 m higher than the 

adjacent Bacchus Marsh Basin and Djerriwarrh Creek valley. Natural drainage from the central 

elevated plateau flows towards the streams below via small steep gullies on the western and eastern 

escarpments. 

 

Figure 2 Aerial image and contour plan of the Hopetoun Park  study area 
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Figure 3 Topographic map showing the Hopetoun Park study area, including the central plateau, the broad alluvial plain of 
the Bacchus Marsh Basin to the west and narrow, gorge-like valley of Djerriwarrh Creek to the east 

2.2 Geology 
The geology of the study area consists Ordovician basement rock (shale and greywacke) overlain by 

Cainozoic sedimentary and volcanic formations (Figure 4).  The surficial formations and outcrops in 

the study area are all Cainozoic.  The western escarpment is aligned with the Djerriwarrh Fault. 
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Figure 4 Extracts from geology maps showing the Hopetoun Park study area 

The Ordovician basement rock is overlain by Tertiary sediments. The Tertiary sediments along the 

western escarpment have been mapped as the Werribee Formation ( ‘Tew’ on Figure 4).  The 

Werribee Formation consists mainly of clay, sand, brown coal and gravel (Roberts 1984).  Roberts 

(1984) drew attention to a silica sand deposit within the Werribee Formation in the western 

 

 

 

 

 

 

Extracts from geology maps: 

 Melbourne 1:250,000 

 

 Bacchus Marsh 1:50,000 

 

 Melton 1:63.360 
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escarpment, near the northern end of the study area, which has been quarried (as shown on the 

extract from the Bacchus Marsh 1:50,000 geology map).  Outcrops of the Werribee Formation were 

observed during the site inspections along the western escarpment (Figure 5).  

 
Figure 5 View of the northern end of the western escarpment showing basalt outcrops at the top of the escarpment and 
Werribee Formation exposures in the escarpment 

The Tertiary sediments overlying the Ordovician basement rock In the eastern part of the study area, 

have been mapped as ‘Brighton Group’ on the Melbourne 1:250,000 geology map or ‘Bullengarook 

Gravel’ on the Sunbury 1:63,360 geology map (Figure 4). The formation consists gravel, sand and silt. 

No outcrops of this formation were observed during the site inspection.  

The Werribee Formation and Brighton Group/Bullengarook Gravel sediments are overlain by the 

Newer Volcanics – a formation consisting of basalt with minor occurrences of other volcanic rocks 

including scoria, tuff and agglomerate.  Basalt outcrops were observed at the tops of both 

escarpments.  

The Newer Volcanics basalt is overlain by sedimentary deposits that have been mapped as either 

late Tertiary or Pleistocene age. The Bacchus Marsh 1:50,000 geology map shows these deposits as 

‘Tpg’, a generalised unit of late Tertiary non-marine deposits of mainly gravel and sand, with a sandy, 

silty or clayey matrix (Roberts 1984).  An important characteristic of ‘Tpg’ is that it underlies, overlies 

or interfingers with the Newer Volcanics (Roberts 1984).  The Melbourne 1:250,000 geology map 

shows the same deposits as ‘Qrc’ – Quaternary gully alluvium or colluvium (gravel, sand, silt).   The 

Sunbury 1:63,360 Geology map (1973) mapped these deposits as Darley Gravel (‘Qpe’) – gravel, sand 

and gritty silt of Pleistocene age, with no formative process specified. No exposures were observed 

in the study area during the site inspection; however, sedimentary deposits overlying the Newer 

Volcanics basalt are evident at Anthony’s cutting (Figure 6). 

Basalt outcrops and boulders 

Werribee Formation 
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Figure 6 Anthony’s Cutting showing intercalation of Newer Volcanics basalt with overlying and underlying sedimentary 
formations (Source: Google Maps) 

2.3 Sites of Geological and Geomorphological Significance 
Two sites of geological and geomorphological significance relevant to the present study have been 

identified from Rosengren (1986) (Table 1).  

 Site L12 (Bacchus Marsh Basin) includes part of the western escarpment south of the study area. 

The geomorphological values identified by Rosengren (1986) for site L12 are also relevant to the 

section of the western escarpment that is included in the study area (Figure 5, Figure 7).  

Site L11 is a road cutting on the Old Western Highway (north of the study area). It  provides a clear 

exposure of three of the geological formations that occur in the study area and their stratigraphic 

relationships.  

Basalt 

Basalt 

Sedimentary 

Werribee Formation 
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Table 1 Sites of geological and geomorphological significance (from Rosengren 1986) 

Site Significance Comments Relevance 
L12 - Bacchus 
Marsh Basin 

Regional Site L12 includes part of the western escarpment 
south of the study area. It was selected as an 
example to illustrate the major characteristics of 
the valley floor and lava flow slopes that 
surround much of the basin.  
Rosengren (1986) recommended that ‘The valley 
side slopes could be retained in agricultural land 
use to maintain site significance’ 

The western escarpment 
to the north of site L12 has 
similar values 

L11 - Anthony's 
Cutting  

State Site L11 is a road cutting displaying the 
stratigraphic relationship of the Newer Volcanics 
basalt to overlying and underlying sedimentary 
formations.  

The road cutting displays 
exposures of geological 
formations that occur in 
the study area 

 

 
Figure 7 Western escarpment and Bacchus Marsh Basin alluvial plain 

2.4 Rainfall and Hydrology 
The study area has relatively low rainfall (average rainfall ~500mm/year and 95th percentile rainfall ~ 

700 mm/year) (Figure 8).  Regional-scale climate change projections published by the Bureau of 

Meteorology (2020)2 indicate likely reductions in mean annual rainfall (particularly resulting from 

reductions in winter and spring rainfall as well as possible changes to summer and autumn rainfall) 

and increased intensity of the more intense rainfall events.  At a local scale, the study  area is likely 

 
2 https://www.climatechangeinaustralia.gov.au/en/climate-projections/future-climate/regional-climate-
change-explorer/sub-clusters/?current=SSVWC&tooltip=true&popup=true 
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to have enhanced reduction in rainfall due to the rain shadow effect of the Brisbane Ranges with a 

tendency to become more arid. 

 

Figure 8 Average annual rainfall 1961-1990 (Source: Bureau of Meteorology3) 

2.5 Soil Characteristics 
The study area spans volcanic plains (on an elevated plateau) and the sides of dissected eroded 

valleys to the west (Pyrites Creek / Lerderderg River / Werribee River) and east (Djerriwarrh Creek).  

The weathering of the plateau has been slower than many areas around Melbourne due to the 

relatively dry climate and low rainfall (Section 2.4).  The soil profile on the Newer Volcanics basalt 

shows weathered clays graduating to weathered rock at about 2-3m and then fractured rock for a 

depth of about 5 m through to the Tertiary material below.  The Tertiary formations underlying the 

basalt are highly erodible once exposed and include dispersive clays such as Kaolinite.   

The basaltic clays include lumps of Calcium Carbonate about 300-500mm below the surface 

indicating that long term leaching of Calcium has been very slow.  This makes the soils high in pH and 

well as being sodic and saline.  The basaltic clay also exhibits a mild cracking characteristic associated 

with a moderate shrink swell.  Examination of nearby cuttings indicates moisture passing through 

the fractured rock as well, so the rock cannot be considered as impermeable.  Due to the sodic and 

high pH nature of the soils, the area is not highly fertile and trees take a long time to establish. 

  

 
3 http://www.bom.gov.au/water/nwa/2010/melbourne/climateoverview.html  

http://www.bom.gov.au/water/nwa/2010/melbourne/climateoverview.html
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3 Geomorphological Zones 
The study area has been divided into three geomorphological zones based on distinctive 

topographic, geological and geomorphological attributes: Western Escarpment, Central Plateau and 

Eastern Escarpment. The key geomorphological features of each zone are outlined and their 

implications for drainage arrangements are discussed.  

3.1 Western Escarpment 
The western escarpment has basalt outcrops at the top of the slopes (Figure 9) with eroded more 

weathered material overlying the rock. Bluffs in the Werribee Formation sediments in the middle 

and lower parts of the slopes occur near the northern end of the study area (Figure 5).  Two steep 

gullies define the main natural drainage lines down the western escarpment in the study area 

(Figure 1).  On a geological timescale, this is an area of active ongoing erosion, although erosion 

rates under the present regime (climate, base level and land use) are moderate compared to areas 

of more rapid erosion, such as the Parwan Valley. On management timeframes, , erosion under the 

present rural land use appears to be slow but insidious. Erosion processes include mass movement, 

subaerial erosion and fluvial erosion in the gullies.   The western escarpment is at high risk of 

accelerated erosion if disturbed due to the steep slopes and underlying geology. 

 
Figure 9 Basalt outcrops at the top of the western escarpment 

The geology of the western escarpment (Werribee Formation capped with Newer Volcanics Basalt) is 

similar to the geology of the nearby ‘Tabletop – Landslips’ site of geological and geomorphological 

significance (Site L18 in Rosengren 1986), which is situated 4 km west of Bacchus March, on the 

southern slope of Tabletop Hill. ‘Tabletop – Landslips’ is a site where extensive mass movement has 
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occurred, including rotational slumps and earthflows (Rosengren 1986).  Spring discharges at the 

base of the basalt in such situations has been identified as a contributing factor for landslips and 

salinity in the Rowsley Valley (Dalhaus et al. 2004). 

Saline seepage was observed at the base of the western escarpment and hummocky ground raises 

suspicion of past mass movement or landslips (Figure 10).  The Werribee Formation has been 

associated with major historical soil erosion and numerous landslips in the Parwan Valley (Forbes 

1948, Lubczenko et al. 1994).  The Werribee Formation exposure in Anthony’s Cutting displays 

extensive rilling due to the exposure of the Kaolinite Clays (Figure 6).  

 
 

Figure 10 Werribee Formation exposure  near base of western escarpment showing saline seepage and basalt boulders that 
appear to have fallen from the outcrop at the top of the escarpment 

The steep slopes and presence of the Werribee Formation indicate a significant risk of erosion and 

landslip if flows in the natural gullies were to be increased as a result of development, or open 

channels were to be constructed to provide additional drainage.  The steep escarpment slopes and 

Werribee Formation are not conducive to the establishment of a stable natural or quasi natural 

stream channel morphology down the western escarpment due to  a significant risk of severe 

erosion.  

The natural template for a stable watercourse on such a steep gradient would be a series of 

cascades or waterfalls in hard bedrock.  The Newer Volcanics basalt is likely to have sufficient 

strength to support such a channel, but it only occurs in a thin layer at the top of the western 

escarpment and therefore would not provide support  down the escarpment batters. The much 

more erodible Werribee Formation is predominant and highly unlikely to support a stable natural 

channel at a steep gradient.   
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Constructed rock riffles or armouring are unlikely to be safe and effective at such a steep gradient. 

Pool and drop/riffle sequences do not naturally occur at such steep gradients unless supported by 

extensive bedrock controls. Constructed rock riffles are likely to cause a landslip or debris flow 

hazard if they fail for any reason, including infiltration at the interfaces.  

It is strongly recommended that drainage from the developed areas on the central plateau be piped 

down the western escarpment to minimise stability risks and prevent uncontrollable erosion. Care 

needs to be taken with the construction of the pipeline, to ensure that the trench does become a 

preferential flow path for overland flows or groundwater surcharge and thereby exacerbating 

erosion and landslip risk.  Saline seepage is likely to require salt-tolerant species to be used for 

ground cover and soil stabilisation. 

Water should not be retained at the top or near the face of the escarpment for any significant length 

of time, due to the risk of surcharging the local groundwater and exacerbating the landslip hazard.  

Any proposed waterbodies such as wetlands must be lined with a low permeability clay.  

The western escarpment is a prominent large-scale geomorphological feature that is visible across 

the Bacchus Marsh Basin, including from the Western Highway, and this relationship is of 

geomorphological and geological significance (Rosengren 1986).  Any works on the escarpment 

should be designed so as to minimise the visual impact on the escarpment and its relationship to the 

elevated plateau at the top of the escarpment and  alluvial plain at the base.  

3.2 Central Plateau 
The central plateau extends across areas of the Newer Volcanics and Cainozoic sediments.  Soil and 

substrate conditions will vary depending on geology and location, and will need to be further 

investigated in detail as part of the design of any constructed channels or drains.  

The plateau grades generally from the North to South, but with lateral east and west gradients over 

the edge of the plateau.  Long term low gradient erosion has provided a number of discharge lines 

over the edge of the plateau both east and west and south.   

Although the land surface is relatively flat, the Cainzoic sediments appear to be readily erodible (as 

observed in Anthony’s Cutting – Figure 6),  and a channel cut into this formation may be affected by 

bank erosion even if the bed is stable. 

Water quality management will be complicated by the presence of sodic material and unsettleable 

turbidity and suspended solids.  The construction and building phases will be particularly 

problematic.  Once developed the establishment of good grass cover is unlikely to be achieved due 

to the soil characteristics and low summer autumn rainfall.  It is probable that the addition and 

incorporation of Gypsum into the soils will be required across all the disturbed areas prior to 

topsoiling.  

3.3 Eastern Escarpment 
The eastern escarpment forms one side of the gorge-like valley of Djerriwarrh Creek (Figure 11).  

Steep gullies provide natural drainage down the eastern escarpment. Newer Volcanics basalt 

outcrops occur along the top of the escarpment as in the western escarpment. No outcrops of the 

underlying Tertiary sediments (Brighton Group / Bullengarook Gravel) were observed but it would be 

prudent to assume that erosion risks  are  similar to the western escarpment.  
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Figure 11 View of eastern scarp near Hopetoun Park Road, looking north, showing very steep slopes with basalt outcrops in 
the upper part of slope. The floodplain at the base is periodically inundated as part of Melton Reservoir pondage. 

The steep slopes of the eastern escarpment indicate a significant risk of erosion if flows in the 

natural gullies were to be increased, or open channels were to be constructed to provide additional 

drainage. The erodibility of Brighton Group/Bullengarook Gravel formation at this site is unknown 

but the steep batter slopes indicate a high risk.  Melton Reservoir has been significantly affected by 

high rates of sedimentation (Chanson 1988) although this has been attributed primarily to 

catchment erosion (Forbes 1948). 

The geomorphological issues associated with drainage on the eastern escarpment are similar to 

those for the western escarpment. The  Brighton Group / Bullengarook Gravel formation is 

potentially susceptible to erosion and landslip than the Werribee Formation, although further 

investigations would be required to confirm this.  

The very steep slopes of the eastern escarpment mean that piped drainage over the escarpment and 

down the steep batter would present lower risks than constructed open channels, which would be 

highly likely to be unstable and dangerous.  

Again, as on the western side, water should not be retained at the top or face of the escarpment for 

any significant length of time, due to the risk of surcharging the local groundwater and exacerbating 

the landslip hazard. 
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4 Implications for Drainage Management  
Management of drainage for Precinct Structure Plan (PSP) requires flows from five catchments to be 

drained off the plateau to adequately service the development.  In addition, consideration needs to 

be given to mechanisms to reduce flow – through reuse of roof runoff via minimum 10,000 litre 

storages and also use of reuse mechanisms on each lot created.   

A soils investigation needs to be undertaken to confirm soil properties within the development area 

to ensure appropriate management, including confirmation of the soil types associated with basaltic 

and sedimentary geologies as well as relevant details of soil chemistry.  For example, the application 

of Gypsum may assist to aid soil erosion management on basaltic soils but this needs to be informed 

by a soil scientists’ investigation for Gypsum requirement.  The soils investigation will inform soil 

erosion management of both the subdivision construction and also the building phases. 

4.1 Middle - Southern Catchment 
This catchment straddles the North South portion of Hopetoun Park Road and land into the existing 

lots 1, 2, 3 and 5.  There are two drainage lines from this area that head south, one via Riverview 

Drive and a drainage line through a property west of Carderry Drive, both finding their way through 

a succession of natural and enhance seasonal wetland depressions colonised by Tangled Lignum 

Muehlenbeckia florulenta.  These ultimately discharge overland to a south facing valley draining to 

the Melton Reservoir.    

Given that the connections between each of these assets is via small capacity shallow channels, it is 

not seen as an option for conveying increased flows from the development unless flows are 

restricted to current rural rates.  Accordingly, it is recommended that the majority of flows derived 

for this catchment from properties 1, 2, 3 and 5 and are discharged to the west via a small RB in the 

SW corner of Property 1. Base flows would continue to follow the existing route to sustain the 

existing wetlands, but higher flows be directed by a flow control balance pipe to the west to a new 

RB created for the SW corner of property 1. 

The RB in the SW corner of property 1 would be near the escarpment and needs to be designed to 

avoid surcharging groundwater percolation into the escarpment formations (e.g. sealing and 

minimising storage times, as discussed in Section 4.2).  

Flows from the balance of Properties 5, 6 and a small portion of Property 7 should be controlled 

back to rural rates and allowed to pass down the existing flow path.  Water quality treatment should 

also be applied.  An alternative to this latter portion, is for a pipe to be run eastwards through the 

natural catchment break to discharge to Djerriwarrh Creek via a pipe down the escarpment at the 

eastern end of Hopetoun Park Road  

4.2 South West Catchment 
This catchment is currently indicated as only being about 13 Ha.  However, due to the constraints 

with attaining a discharge point for the north west and also south east of Property 1 and flows from 

portions of property 5, it is suggested that expansion of this catchment to be able to take the 

majority of the flows from Property 1.  It will be important that flows from the North west portions 

of the catchment be diverted to the SW corner as the ability to establish a large outfall in the NW 

corner of Property 1 appears problematic.  

Under this scenario, all flows will be subject to retardation back to existing rural flows in an RB 

located adjacent to the SW corner of the property with discharge being down the escarpment along 
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the old road reserve to discharge at Lerderderg River, via a sealed high wall thickness continuously 

seamed HDPE Pipe and energy dissipation structure.  Multiple cut offs and anchor blocks will be 

required on this pipeline along with erosion control. The trenching through the escarpment will be 

difficult and liable to involve deep step benching and even blasting.  The trench should be fully back 

filled and stabilised for erosion control and planted, before the rock escarpment is re-established.  

Care may be needed with access near the existing sewer pump station.  Water quality treatment will 

have to be applied in the upstream end of the RB in a lined portion of the RB. 

Establishing an RB in this locality will be guided by a thorough engineering and geotechnical design 

process that considers the need to have a seal and probably concrete cut off/anchor into the bed 

rock for the RB wall and a full low permeability liner in the base.  The Retarding Basin should not 

have any permanent water against the RB wall.  Further, the RB should consider ANCOLD design 

guidelines with greater than 100-year ARI overflows being allowed to traverse the existing valley 

line.  

4.3 North West Catchment 
The terrain in this part of the site is very steep and discharge to Pyrites Creek down the existing gully 

is expected to be problematic due to the steep slope and high risk of erosion in the Werribee 

Formation once disturbed.   

The catchment area to this site should be diverted as much as possible to the south west corner to 

reduce the size of any RB and also size of outfall pipe.  If possible, the creation of larger lots with 

reduced runoff would also be an approach that should be considered to further reduce flows. 

With suitable diversion of flows to the southwest, only a small RB and wetland may need to be 

installed in the head of the valley – again with appropriate consideration of structural needs of the 

wall,  no permanent water against the RB wall and consideration of sealing of the storage.  Saline 

groundwater seepage is already evident near the base of the escarpment in this general area. 

Discharge from this site would best be in a hermetically sealed HDPE pipe that traverses the slope at 

a low gradient below the rock outcrops heading northwards towards the Western Freeway Drain.  

This is likely to need the approval of VicRoads. This pipe should be a small diameter continuously 

seamed, high wall strength HDPE pipe with appropriate energy dissipation at the end. 

Again, the RB should consider ANCOLD design guidelines with greater than 100-year ARI overflows 

being allowed to traverse the existing valley line. 

4.4 South Eastern Catchment 
The flows to this site should be reduced as much as possible by maximising on site detention and 

reuse for vegetation retention.  Without considering a pipe along the south side of Hopetoun Park 

Road, the outfall should serve the natural catchments of lots 6, 7 and 8.  As Council require a piped 

outfall, this must be via a Retarding Basin and water quality treatment.  The pipe size down the 

escarpment should be kept as small as possible and again be a hermetically sealed high wall strength 

HDPE pipe.   

Due to the very steep nature of the grades from the top of the escarpment to the valley floor of 

Djerriwarrh Creek, the provision of an outfall is liable to require a deep pipe through the 

escarpment.  As with the south west site this is technically difficult and liable to involve steep bench 

cutting and cut-offs along the pipe before full reestablishment of the terrain.  Use of the existing 
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valley line for the pipeline is not recommended due to the high erosion potential and post 

construction erosion control needs. 

4.5 North East Catchment. 
This area drains the majority of Property 4.  It is possible to develop the plateau lands and then have 

an RB near the SW corner of Lot 7 with the outfall pipe traversing the existing track down the slope 

to Djerriwarrh Creek with suitable use of a hermetically sealed high wall strength HDPE pipe and 

energy dissipation structure.  Discharge over the escarpment in the south east corner of Property 4 

is not recommended due to the existing steep terrain and Tertiary sedimentary formation.  The 

water quality control should be established up on the plateau before discharge. 

The re-establishment of the trench will require cut offs and erosion control treatment.   

  



 

18 
 

5 References 
Chanson, H. (1998) Extreme reservoir sedimentation in Australia: a review. UN Resources Journal 

December 1998, 96-102. 

Dahlhaus P.G., Heislers D.S., Brewin D., Leonard J.L., Dyson P.R. & Cherry D.P. (2004). Port Phillip and 

Westernport Groundwater Flow Systems. Port Phillip and Westernport Catchment Management 

Authority, Melbourne, Victoria. 

Forbes, I. G. (1948) Erosion on the Melton Reservoir Catchment. State Rivers and Water Supply 

Commission, Victoria.  

Lubczenko, V. et al. (1994) From land despair to Landcare: ‘Reading the land’ around Bacchus Marsh. 

Department of Conservation and Natural Resources, Victoria.  

Roberts, P.S. (1984) Explanatory Notes on the Bacchus Marsh and Ballan 1:50,000 Geological Maps. 

Geological Survey of Victoria Report No. 76.  

Rosengren, N. (1986) Sites of Geological and Geomorphological Significance in the Western Region 

of Melbourne.  

 

 

 



 
 
 

Consulting Geotechnical Engineers 
 

ACN 005 777 060 

Black Geotechnical Pty Ltd 
258 Hyde Street, Yarraville, Victoria 3013, Australia 

Ph: 03 9689 0200 
office@blackgeotechnical.com.au    www.blackgeotechnical.com.au 

 
BACCHUS MARSH PROPERTY GROUP PTY LTD 

 
HOPETOUN PARK NORTH  

RESIDENTAL DEVELOPMENT 
 

INTERPRETIVE GEOTECHNICAL INVESTIGATION  
 

REPORT NO V2211-1R1, MARCH 2023 
 
 

  

mailto:office@blackgeotechnical.com.au
http://www.blackgeotechnical.com.au/


Hopetoun Park Road, Hopetoun Park North 2 
Report No V2211-1R1, March 2023 

Black Geotechnical Pty Ltd continued... 

DOCUMENT INFORMATION 
 

project number: V2211 

author: Billy Burke      

name of client: Bacchus Marsh Property Group Pty Ltd 
name / address of project: Hopetoun Park Road, Hopetoun Park North 

document version: R1 
 
 

version date issued reviewed by issued to 

RD1 23/02/2023 

George Black 

Ross Closter, Urban Land Developments 
(ross@urbanld.com.au) 

 
Mike Jordon, Urban Land Developments 

(mike@urbanld.com.au) 

RD2 10/03/2023 

R1 20/03/2023 

 
 

version version description/comments 

RD1 draft for client review 

RD2 second draft for client review 

R1 final issue 

 
 
Information about this document 
 
This document has been produced for Bacchus Marsh Property Group Ptd Ltd with specific reference to the proposed 
development or specific structures as detailed in this document.  The use of this document for development or structures 
outside of those detailed may not be suitable.  The use of this document is restricted to the client only and may only be 
relied upon by others with written permission from Black Geotechnical.  This document must be viewed as a whole with 
no part used in isolation. This document presents the conditions encountered at the time of the fieldwork and is not 
intended to be a complete and exhaustive statement of all conditions present.  The information in this document is 
limited by the investigation scope and/or extent, as well as other information provided to, or obtained by, Black 
Geotechnical. 
Site conditions and legal requirements may change over time from various influences, including (but not limited to) 
anthropogenic, climatic and regulatory variations, which may invalidate recommendations provided in this document. 
Conditions may differ between investigation points or below investigation depths, which may invalidate 
recommendations provided in this document.© Black Geotechnical Pty Ltd 2023 
 
  

mailto:ross@urbanld.com.au
mailto:mike@urbanld.com.au


Hopetoun Park Road, Hopetoun Park North 3 
Report No V2211-1R1, March 2023 

Black Geotechnical Pty Ltd continued... 

CONTENTS 
 

1.0 GENERAL ............................................................................................................................................... 4 

1.1 Purpose of investigation .......................................................................................................................... 4 

1.2 Proposed development ............................................................................................................................ 5 

2.0 ENGINEERING GEOLOGY .................................................................................................................... 6 

2.1 Engineering geology review .................................................................................................................... 6 

2.2 Sites of geological and geomorphological significance ........................................................................... 8 

2.2.1 Anthony’s Cutting – L11 ................................................................................................................ 8 

2.2.2 Tabletop Hill – site L18 .................................................................................................................. 9 

2.2.3 Cut Hill Landslide – site i6 ........................................................................................................... 10 

2.3 Engineering geology walkover ............................................................................................................... 10 

2.3.1 Engineering geology walkover summary .................................................................................... 10 

2.3.2 Eastern escarpment .................................................................................................................... 10 

2.3.3 Western escarpment ................................................................................................................... 17 

2.4 Historical aerial imagery ........................................................................................................................ 26 

2.5 Slope stability ......................................................................................................................................... 28 

2.5.1 Landslide risk assessment .......................................................................................................... 28 

2.5.2 Slope erosion .............................................................................................................................. 28 

3.0 CONCLUSION ....................................................................................................................................... 30 

 



Hopetoun Park Road, Hopetoun Park North 4 
Report No V2211-1R1, March 2023 

Black Geotechnical Pty Ltd continued... 

1.0 GENERAL 

1.1 Purpose of investigation 

This report presents the results of a geotechnical investigation performed at the proposed Hopetoun Park 
Road residential subdivision.   

An open space network plan provided by Weir and Co is shown in Image 1 with the proposed building lots 
area shown in pale yellow (800 m2 lots) and orange (1,500 m2 lots). 

Image 1 – Open space network plan Hopetoun Park North by Weir and Co. 

The purpose of the investigation is best described in the brief provided by Urban Land Developments in 
October 2022, reproduced below. 

1. That the proposed setbacks from the top of the escarpment are appropriate. As mentioned
above, we have agreed to increase the width of the lineal reserve from the top of the escarpment from
10m to 20m as recommended by DELWP. This lineal reserve will contain a shared path for pedestrian
and cyclists. (Please see attached Millar Merrigan definition of the top of the escarpment). Note that in
various sections the lineal reserve will be greater than 20m where there are various ‘jut outs’.
Adjoining the lineal reserve will be an active road frontage. (Whilst local roads are proposed in a
17.3m road reservation it is hoped that this might be reduced slightly as the reserve can act as the
verge on the reserve side.) The lots fronting the road along the escarpment are all required to be
1,500m2 minimum in size with a minimum 10m front setback. This means that dwelling will be setback
a minimum of 47.3m from top of escarpment (or slightly less if 17.3m road reservation reduced but still
likely to be 45m). We will require a geotechnical assessment to confirm the appropriateness of these
setbacks.

2. The appropriateness of the proposed outfall locations and any design requirements. There are
proposed to be 1 drainage pipe down the west escarpment and one down the east. Piping the outfalls
was a recommendation from the Geomorphology assessment. Careful consideration has been given
to the proposed location of each outfall to be cognisant of: ensuring the stormwater engineering
requirements work, choosing an alignment which is less steep and able to be practically constructed
and likely to minimize erosion, avoiding vegetation loss where possible. Please see attached the
proposed alignments for west and east. We require an assessment of the appropriateness of these
locations from a geotechnical perspective and any specific design considerations.
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1.2 Proposed development 
 
The proposed subdivision occupies about 150 hectares and with potentially about 850 lots.  There is an 
existing residential subdivision (Hopetoun Park) immediately to the south of proposed subdivision.  The 
existing subdivision occupies about 350 hectares and contains about 280 lots, all of which appear to have 
been developed.  It is understood that the subdivision was developed in the early 2000s.  
 
The site is on an elevated plain with escarpments to the west towards Pyrites Creek and the Werribee 
River, and east towards Djerriwarrh Creek. 
 
Two piped stormwater outfalls are proposed, one in the south east corner of the site and one in the south 
west, connected to retarding basins.  It is understood the Frankische piped product is being considered as 
one option as it is suitable for construction on steep slopes (refer Afflux Consulting response to Melbourne 
Water comments).  Conventional concrete pipe design is also being considered. 
 
The location of the retarding basins and proposed pipeline routes down the escarpments is included in an 
image from Afflux Consulting, shown below in Image 2. 
 
It is important to note that the drainage report and proposed layout provided by Urban Land Development 
shows that overland flows will be substantially reduced. The roads are designed to act as overland flow 
paths which will limit surface flow, and combined with AG drains, and crushed rock backfilled service 
trenches flow through the soil will also be limited. Further flow reductions are made by the connection of 
houses to the underground drainage system. 
 
It is understood water tanks for the properties are being considered.  It is recommended these are 
adopted as they will further improve the drainage conditions. 
 

 
Image 2 – Proposed retarding basins and pipeline routes. 
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2.0 ENGINEERING GEOLOGY 
 
2.1 Engineering geology review 
 
The GeoVic3 online, 1: 50,000 Series, state wide geological database, indicates the site surface geology 
is relatively complex across the site.  The surface geology at the western and eastern escarpments is 
described below: 
 
Eastern escarpment 
 
The database shows Neogene - Quaternary Period Newer Volcanics (Neo - basalt) on the approach to the 
slope.  Going down the slope, Neogene – Quaternary Period conglomerate and sandstone (Czg – 
conglomerate, quartz sandstone and siltstone, conglomerate commonly ferruginised) is shown within the 
upper third, or so, of the slope, with much older Ordovician period Riddell Sandstone (Osrg – sandstone, 
black shale, black and grey siltstone) shown below. 
 
Western escarpment 
 
The database shows the Neogene – Quaternary Period Darley Gravel (Nxr – gravel, sand and silt) on the 
approach to the slope.  Going down the slope, the Newer Volcanics are shown within the top third, or so, 
of the slope, with Neogene Period Werribee Formation (-Pxe – sand, silt, clay, gravel) shown below this to 
the toe of the slope.  Beyond the toe of the slope, Quaternary period alluvium associated with Pyrites 
Creek and the Werribee River is shown. 
 
Central plain 
 
The database shows the Neogene – Quaternary Period Darley Gravel across much of the site, and 
Neogene – Quaternary period Newer Volcanics in the north and east of the site. 
 
An extract from the GeoVic3 database in shown below in Image 3. 
 

 
Image 3 – GeoVic3 database extract. 
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Historical information available on Geovic3 show boreholes were drilled in 1983 between the north west 
corner of the site and the old Western Highway.  Within the borehole information is a reference to a 
Soilmech Pty Ltd report titled “Report on Investigation for Proposed Sand Pits at Bacchus Marsh”, January 
27, 1984.  The report shows an existing sand pit located between the north west corner of the site and 
Cowans Road to the west of the site.  The historical sand pit extents are well away from the site 
boundaries and will not affect the development. 
 
These boreholes are also shown in the GeoVic3 database. 
 
Extracts from GeoVic3 database showing the borehole locations, and from the report showing the location 
of the sand pit are shown below in Images 4 and 5 
. 

 
Image 4 – GeoVic3 extract showing historical boreholes. 

 
Image 5 – Extract from 1984 Soilmech report showing same historical boreholes and the existing sand pit. 
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2.2 Sites of geological and geomorphological significance 
 
2.2.1 Anthony’s Cutting – L11 
 
Sites of geological and geomorphological significance are described on the Victorian Resources Online 
website (now archived). 
 
Site L11 is Anthony’s Cutting which is just to the north of the site on the old Western Highway, and is 
described by Neville Rosengren as follows: 
 
The cutting on the southern side of the Western Freeway reveals an important section into lava flows from 
Mount Bullengarook and Tertiary and Quaternary sediments. Flows of strongly jointed basalt outcrop at 
road level at the Melbourne end of the cutting and these are overlain by a 15 m thick deposit of cross-
bedded non-marine Pleistocene sands and gravels. One hundred meters along the cutting (towards 
Bacchus Marsh), sandy clays, sands and gravels of the middle Tertiary Werribee Formation that underlies 
the Bullengarook lava flow are exposed at road level and the lavas are 10 to 15 m above road level. At the 
top of the Werribee Formation (beneath the lava flow) is a reddish zone in the sediments that is the 
weathering horizon and soil of the pre-basaltic land surface. It is therefore an example of paleosol. 
Several types of jointing and weathering occur in the volcanics. 
 
This description matches the observed conditions on the western escarpment, except that the Darley 
Gravel (described as the non-marine Pleistocene sand and gravels by Rosengren) are much thinner on 
this site.  It is considered likely that historical extraction of the Darley Gravel has reduced the thickness on 
site to negligible amounts.  An image of Anthony’s Cutting is shown below in Image 6. 
 

 
Image 6 – Anthony’s Cutting, photo dated 2015.  Image source:  www.expressway.online 
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2.2.2 Tabletop Hill – site L18 
 
Rosengren describes the conditions at Tabletop Hill (which lies just west of Bacchus Marsh) as follows: 
 
Tabletop hill is capped by a remnant of Newer Volcanics basalt which overlies sediments of the Werribee 
Formation. The southern hillslope includes an extensive area of mass movement including rotational 
slumps and earthflows. Other extensive mass movements occur on the opposite valley slope above the 
alluvial floodplain of the Werribee River. 
 
The location of the Tabletop Hill landslides is shown below in Image 7. 

 
 
 
 
 
 
 
 
 
 
 
 

Image 7 – Tabletop Hill location from VRO website. 
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2.2.3 Cut Hill Landslide – site i6 
 
The geological setting of the Parwan Valley, to the south west of the site, is similar to the western 
escarpment.  A well-known study site, the Cut Hill Landslide (which is some 20 km to the west of the site), 
describes instability in the Werribee Formation in a report An Investigation of the Cut Hill Landslide, 
Rowsley (Parwan) Valley by R A Wilson in 1983/91.  This describes the slope failure types as follows: 
 
The slope failure types include: 
 
1. Slumping, gully and tunnel erosion, and/or creep of colluvium and other surface materials. These are 

common and are spread throughout the valley. Although minor in themselves, if not controlled by 
normal erosion prevention methods, they can lead to any of the following more massive types. 

2. Gully and tunnel erosion, and chemical weathering combining to reduce the resisting forces of the 
Werribee Formation. This can lead to non-circular failure along bedding planes at times of excess 
water head. The Cut Hill slip is an excellent example of this type of failure. 

3. Weathering and removal of the toe by failures of the above types can lead to circular-type failures 
through the 'weathered' basalt toe in the Werribee Formation. Once again excess water pressures will 
be the triggering mechanism. The slip approximately one kilometre to the north-west of the Slip is an  
example of this type of failure. 

4. Toppling type failure of the 'fresh' basalt of the Newer Volcanics. Examples of this type of failure are 
widespread along the escarpment. 

5. Large scale complex slump failures through the 'fresh' basalt cap which may toe out either in 
'weathered' basalt or in the Werribee Formation. This type of failure is potentially the largest type 
occurring in the valley. A possible recent example of this type is the failure about 2km north west of 
Cut Hill, and the basaltic block is an obvious ancient example. 
 

As a simplification the cycle of erosion in the Parwan Valley proceeds from slope failure type (1) to (5), but 
due to geological and hydrological non-homogeneity, any sequence of events is possible. 
 
2.3 Engineering geology walkover 
 
2.3.1 Engineering geology walkover summary 
 
An engineering geology walkover was conducted over four days, from 17 January to 20 January 2023.  
The walkover concentrated on the eastern and western escarpments. 
 
Conditions encountered in the walkover broadly aligned with the reported geology discussed in Section 
2.1 of this report. 
 
2.3.2 Eastern escarpment 
 
Generally, the eastern escarpment was observed to be steep, with a few gullies incised in the slopes.  The 
overall slope varies from around 2H : 1V in the south, flattening to 3H : 1V in the north.  The upper slopes 
include sub-vertical exposures of basalt. 
 
Two potential geological contacts were noted on site.  On the very steep path leading down from the 
eastern end of Hopetoun Park Road a contact between the Newer Volcanics basalt (Neo) and Ordovician 
Riddell Sandstone (Osrg) was observed at an elevation of 108 m AHD.  On the much less steep access 
track to the north of this, a contact between the basalt and likely Neogene – Quaternary Period 
ferruginised conglomerate (Czg) was observed at an elevation of 121 m AHD. 
 
Exposures of the Ordovician Riddell Sandstone were also noted at elevations of 103 m and 93 m AHD in 
the northern part of the site. 
 
Apart from the two contacts and two exposures noted, the site surface was comprised of basalt rock and 
residual soil at the top of the slope, and basalt colluvium downslope.  Some large boulders were visible 
well below the expected thickness of basalt indicating toppling occurs periodically. 
 
A small landslide was noted in the bank on the opposite side of the valley. This is likely due to 
undermining by the Djerriwarrh Creek. 
 
There were no signs of recent large-scale landslides on the eastern escarpment.  Some terracettes 
(indicative of soil creep) were noted near the northern end of the site.  Some potential ancient landslides 
could be present above the gentler track as evidenced by change in grade of the slopes and can be seen 
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in the LiDAR survey data provided by Urban Land Developments, however, this may be partially or 
entirely due to track construction. 
 
The thickness of basalt rock identified in the eastern escarpment was between 15 m thick in the south to 
about 6 m thick in the north, although this is difficult to determine accurately due to the presence of 
colluvium and soil creep. 
 
In general, no stability issues apart from slow, albeit ongoing, rock toppling and soil creep were identified.  
The lack of geological contact exposures in the gullies and partial substantial vegetation indicates that the 
gullies are replenished with basalt clay colluvium continually and exposure of the underlying units would 
not occur for a long period of time. 
 
The steepness of the escarpment means that piping stormwater to the base of the escarpment is sensible.  
Open drainage that concentrates flow could lead to rapid erosion and degradation of the slope. 
 
The conditions indicate that the eastern escarpment is handling the current levels of overland and 
subterranean flow.  No seepage from the slope was observed during the walkover. 
 
The proposed stormwater outfall location along the less steep access track is a good choice.  The steeper 
access track would present significant construction challenges (it is difficult for a human to stand up, for 
example).  The proposed track is still relatively steep and piping the stormwater to the toe of the slope is 
also a good choice as significant erosion would occur with an open drain. 
 
Images of the eastern escarpment are shown below in Images 8 to 16. 
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Image 8 – LiDAR contours on Nearmap image, supplied by Urban Land Developments. 

 

Potential ancient 
slope movement 
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Image 9 – Marked up Nearmap image with geological contacts and proposed pipeline route. 

 

 
Image 10 – Marked up Nearmap image with geological exposures. 
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Image 11 – Geological contact between basalt and underlying Riddell Sandstone.  Steepness of track is evident. 

 
Image 12 – The much less steep track / proposed pipeline route. 
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Image 13 – Base of basalt / potential contact with colluvium above less steep track. 

Image 14 – View of gullies and ridgelines, towards the north 
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Image 15 – Aerial view of gullies and ridgelines, towards the south. 

 
Image 16 – Aerial view towards the north. 
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2.3.3 Western escarpment 
 
The western escarpment was also generally steep, however, more variable than the eastern escarpment.  
Slopes varied from 1.8 H : 1 V to flatter than 3.5 H : 1 V.  The upper slopes include sub-vertical exposures 
of basalt. 
 
The top of the basalt was measured between 127 m AHD in the south, to 136.5 m AHD in the north, 
reflecting the overall general slope of the plateau to the south.  The contact with the Werribee Formation 
was noted in many locations, which was at around 119 m AHD in the south and 127 m in the north, 
indicating a basalt thickness of around 8 to 10 m.  The top of the plateau in the north west of the site is 
around 140 m AHD reducing to 130 m AHD in the south.  Darley Gravel was clearly present in the north 
half of the site, however, it reduced to negligible thickness towards the south.  
 
Many gullies are incised in the slopes.  On the ridgelines, many contacts between the basalt and the 
underlying Werribee Formation are visible.  Springs have previously formed at the contacts on these 
ridgelines, with four locations showing evidence of recent water flow and soil movement, with locations 
shown on Image 17 below.  No seepage was noted at the spring locations during the investigation.  It is 
not known how regularly the springs flow, although lack of vegetation at the spring outfall locations 
indicate it is not a rare event. 
 
The gullies generally appear similar to the eastern escarpment, where they are well vegetated and appear 
to be replenished with basaltic clay colluvium. 
 
A major erosion zone is present just to the north of the abandoned houses situated mid-slope.  The 
erosion is considerable and has formed large, deep, solution features and vertical to sub-vertical slopes.  
The runoff from the erosion crosses the track at the base of the escarpment and enters the apple orchards 
to the west of the site. 
 
The abandoned houses appear to be situated on an ancient landslide, evidenced by the change in grade 
and also the presence of basalt blocks at a much lower elevation than expected.  It is difficult to estimate 
the age of the landslide, however, the presence of established vegetation, the muted surface features, 
and difficulty in identifying the landslide in the first place indicates a minimum age in the thousands of 
years. 
 
To the north of the site, between the north west corner and the Western Highway, significant erosion is 
also noted.  This is in a different form to the erosion in the Werribee Formation, expressed mostly as near 
vertical piping erosion forming multiple holes spread throughout the slope, although concentrated near the 
top, below the base of the basalt, and near the toe, just above Cowans Road.  This area was previously 
occupied by the sand pit, discussed in Section 2.1, and is understood to have been filled by VicRoads 
(now the DOTP) as part of the Western Highway upgrade.  The fill is similar in appearance to the 
Werribee Formation (pale grey and white clay) and is dispersive.  It is likely that the Werribee Formation 
soils excavated as part of the cutting for the Western Highway was used as fill, and this has subsequently 
failed.  Although this is of little relevance to the geotechnical stability of the proposed Hopetoun Park 
development, it should be highlighted now to provide clarity that the development has not caused this 
failure.   
 
The existing pumping station pipeline route, which contains sewer and stormwater lines, is along the side 
of an existing gully, and as with other gullies has basaltic clay colluvium within the gully, which appears to 
be protective, and is stable.  This is a good choice for the proposed stormwater outfall due to the 
favourable conditions and previous successful construction. 
 
Images of the western escarpment are shown below in Images 17 to 30. 
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Black Geotechnical Pty Ltd continued... 

 
Image 17 – LiDAR contours of western escarpment, provided by Urban Land Developments. 

Ancient slope 
movement 

Proposed piped stormwater 
route (follows existing route) 

Severe erosion / 
historical spring 

Piping failures in fill on 
DOTP land 

Gully erosion 

Historical 
springs 

Northern site boundary 
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Black Geotechnical Pty Ltd continued... 

 
Image 18 – Proposed pipeline route. 

 
Image 19 – Severe erosion below spring. 
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Black Geotechnical Pty Ltd continued... 

 
Image 20 – Broad view of severe erosion area. 

 
Image 21 – Detail of severe erosion. 
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Black Geotechnical Pty Ltd continued... 

 
Image 22 – Gully erosion. 

Image 23 – Clear geological contact between basalt and Werribee Formation. 
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Black Geotechnical Pty Ltd continued... 

 
Image 24 – Large solution feature above filled quarry/sand pit, located north of subject site in DOTP road reserve. 

 
Image 25 – 1.9 m deep solution hole towards base of filled quarry/sand pit in DOTP road reserve. 
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Black Geotechnical Pty Ltd continued... 

 

 
Image 26 – Aerial view of failing fill (grey and white material), located north west of subject site in DOTP road reserve. 

 

 
Image 27 – Aerial view towards western escarpment.  Springs seen as white patches.  Large erosion feature to the 
right. 
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Black Geotechnical Pty Ltd continued... 

 
Image 28 – Aerial view of large erosion feature. Abandoned house to the right on ancient landslide feature. 

 
 

 
Image 29 – Aerial view to south from north. 
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Black Geotechnical Pty Ltd continued... 

 
Image 30 – Aerial view to south from midway along western escarpment showing good vegetation cover in gullies. 
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Black Geotechnical Pty Ltd continued... 

2.4 Historical aerial imagery 
 
Historical aerial photos were obtained for the site.  Of note, the significant erosion noted on the western 
escarpment is evident as far back as the photos go (1946 is the earliest obtained) and does not appear to 
have changed much in nature in the intervening years.  This is a good indication that the erosion has been 
a slow process. 
 
38 aerial images in total were retrieved.  A select few are included below in Images 31 to 33. 
 

 
Image 31 – 1946 aerial photograph showing similar erosion features near the (now) abandoned houses. 
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Black Geotechnical Pty Ltd continued... 

 
Image 32 – 1968 aerial photograph showing similar spring and erosion features as today. 

Image 33 – 1985 aerial image showing similar spring and erosion features as today. 
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Black Geotechnical Pty Ltd continued... 

2.5 Slope stability 
 
2.5.1 Landslide risk assessment 
 
A landslide risk assessment following the Australian Geomechanics Society 2007 guidelines requires the 
estimation of the risk of a landslide occurring, the risk of the landslide impacting a building, the risk of the 
building behind inhabited at the time of the landslide, and the vulnerability of the inhabitants.  The most 
difficult parameter to estimate is the risk of a landslide occurring.  On this site, there is one ancient 
(possibly two) evident, but the exact age of this is not easy to determine.  However, as discussed in 
Section 2.3.3, the minimum age of the landslides is in the thousands of years, and in any case, the size of 
a future landslide would need to be unreasonably large to affect the proposed buildings due to the 
geometry of the site and the proposed setbacks. 
 
The continual erosion of the Werribee formation has the potential to initiate a landslide, however, the most 
severely eroded area is over 200 m away from the proposed setback on the western escarpment.  There 
is a smaller spring within the property boundary towards the north of the western escarpment, however 
this is still 40 m away from the edge of the escarpment, so at least 85 m away from the proposed 
buildings.  If another landslide similar to the ancient landslide identified on the western escarpment were 
to occur it would be far too small to affect the development. 
 
The risk to loss of life (RLOL) due to a landslide occurring is estimated to less than 10-6 per annum, which is 
well within the “broadly acceptable” limit for risk as defined by the landslide risk assessment guidelines.  It 
is worth noting that new developments usually proceed on the basis of achieving less than 10-5 per 
annum, which is defined as “tolerable” in the guidelines, i.e. the risk assessed for this site is at least 10 
times lower than this limit. 
 
There are no landslide risk concerns impacting the subject site, and the proposed building setbacks are 
appropriate.   
 
2.5.2 Slope erosion 
 
As discussed, slope erosion will be well controlled, and the risk of continued slope erosion will be reduced 
as the development will improve overland and subterranean flow to the escarpments. 
 
If overland and subterranean flows were instead increased, erosion could accelerate and potentially 
impact the development.  This is not to say that flows are expected to increase but serves as a 
comparison to other sites with similar geological settings where landslides have occurred.  The Cut Hill 
Landslide is an example of where poor slope practises contributed to the ongoing landslide which is still 
being managed today.  It is also a good example of the various environmental factors which can affect the 
stability of the Hopetoun Park Slope. 
 
As discussed in the Cut Hill Landslide report, that landslide required multiple factors to initiate instability, 
described by R A Wilson as follows: 
 
As discussed in this report the factors which have contributed to the Cut Hill Slip include: 
 
1. Lithologies susceptible to erosion and mass movement. 
2. Uplift of the Parwan Valley. 
3. Unfavourable dip. 
4. Montmorillonite on or near the assumed failure plane. 
5. Poor surface drainage. 
6. Aquifers leading water into the failure plane. 
7. Heavy rainfall, which ultimately triggered the failures. 
8. Uneven topography promoting ponding of water. 
9. Poor vegetation cover. 
10. Seepage erosion. 
 
Items 1, 3, 5, 6, 7, 8, 9, and 10 are relevant to this site and are addressed below. 
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Black Geotechnical Pty Ltd continued... 

The lithology is similar at both sites.  The dip of the Werribee Formation was difficult to measure as 
bedding was mostly not apparent, and the formation is likely to be more massive and homogeneous at 
this site compared to Parwan Valley.  The dip direction was measured in two places on the western 
escarpment which indicated relatively steep dips to the north west and south west, which is unfavourable.  
Montmorillonite (high plasticity clay) was not noted, however, it was also not specifically targeted during 
the investigation.  Items 5 – 10 are all in the same category in that they involve drainage and are the most 
relevant for the subject site. 
 
The basalt rock is highly permeable and acts as an aquifer.  The presence of springs at the subject site 
may be associated with thicker deposits of basalt.  The pre-basaltic surface would have included gullies, 
which were subsequently buried by the basalt flow (paleochannels) forming deeper aquifers and higher 
seepage flow in these areas.  It is suspected that the spring areas on the western escarpment align with 
deeper basalt deposits (which have formed ridgelines on the escarpment). 
 
In comparison to the subject site including the proposed drainage systems, the Cut Hill landslide drainage 
was very poor, with a roadway and culverts directing significant water flow to the Werribee formation 
upslope, and resulted in removal of material from the toe, destabilising the slope. 
 
Item 8 above is relevant as ponding of water on uneven ground may lead to increased subterranean flow 
due to increased ground water levels.  No ponding will be introduced by the development.  The proposed 
retarding basins will have impermeable bases and will not increase any flow to the escarpments. 
 
Due to the overall better drainage conditions at the subject site, and the proposed further improvement of 
these conditions, there is no conceivable risk that the conditions that lead to the Cut Hill landslide can 
occur at the subject site. 
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Black Geotechnical Pty Ltd 

3.0 CONCLUSION 

• There are no landslide risk concerns impacting the subject site, and the proposed building setbacks
are appropriate.  The landslide risk assessment determined a risk to loss of life of less than 10-6 per
annum, which is at least 10 times better than the limit of 10-5 commonly adopted for new
developments.

• The observed surface erosion and springs on the western escarpment are due to overland and
subterranean flow.  These are a large distance from the proposed setbacks, are progressing slowly,
and do not impact the proposed development.

• The rate of these erosion process will be reduced by the development due to the substantial
improvement in drainage conditions proposed.

• The failure of the fill in the DOTP road reserve is outside of the property boundary and does not affect
the development, however, the DOTP should be advised of this issue.

• The proposed pipeline routes are appropriate and either the Frankische or traditional concrete
pipelines proposed would be suitable.

BLACK GEOTECHNICAL PTY LTD 
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MAINTENANCE PLAN OBJECTIVES

Hopetoun Nth- Wetland Maintenance Plan

Objective: The objective of this wetland maintenance plan is to ensure the health, functionality, and 
sustainability of the wetland ecosystem through regular monitoring, management, and restoration 
activities. A generic wetland, labelling the wetland zones and functions is shown below. 
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WETLAND MONITORING

Hopetoun Nth- Wetland Maintenance Plan

1. Regular Monitoring: Conduct regular monitoring of the wetland area to 

assess its ecological health, including water quality, vegetation 

composition, and wildlife populations. Monitoring should be conducted 

at least once per year, or more frequently if necessary, to detect any 

changes or issues early on.

2. Data Collection: Collect and record relevant data during monitoring 

efforts, including water quality parameters (such as pH, temperature, 

dissolved oxygen, and nutrient levels), vegetation species composition, 

and wildlife observations.

3. Analysis and Reporting: Analyse the collected data to identify any 

trends or changes in the wetland ecosystem, and prepare regular 

reports to document the findings. Use the data to inform decision-

making and adapt the management strategies as needed.
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VEGETATION MANAGEMENT

Hopetoun Nth- Wetland Maintenance Plan

1. Invasive Species Control: Regularly monitor and control invasive plant 

species that may threaten the native wetland vegetation. This may involve 

manual removal, chemical treatment, or other appropriate methods based 

on the severity and extent of the invasive species.

2. Planting and Restoration: Implement a wetland vegetation planting and 

restoration program using native species appropriate for the specific 

wetland type. This may involve re-vegetation of disturbed areas, re-

establishment of native plant populations, and removal of non-native 

vegetation to promote the growth of native species.

3. Wetland Buffer Management: Maintain a buffer zone around the wetland 

area to protect it from adjacent land uses. This may include controlling 

encroaching vegetation, limiting access to the wetland, and implementing 

best management practices to minimize pollution and sediment runoff 

from surrounding areas.
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WATER QUALITY MANAGEMENT

Hopetoun Nth- Wetland Maintenance Plan

1. Pollution Prevention: Implement measures to prevent pollution from entering the 

wetland, including runoff from nearby agricultural fields, parking lots, and other 

human activities. This may involve installing sediment basins, vegetative buffers, or 

other erosion control measures.

2. Nutrient Management: Monitor nutrient levels in the wetland and adjacent water 

sources, and implement measures to manage excessive nutrient inputs that may cause 

water quality degradation. This may involve reducing fertilizer application, 

implementing vegetative buffer strips, or implementing nutrient management plans 

for nearby agricultural lands.

3. Water Level Management: Monitor and manage water levels in the wetland to 

maintain appropriate hydrological conditions for wetland vegetation and wildlife. This 

may involve installing water control structures, managing water inputs and outputs, 

and adapting water management practices based on seasonal and climatic changes.
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WETLAND MAINTENANCE 
INSPECTION SCHEDULE

Hopetoun Nth- Wetland Maintenance Plan

Seasonal Inspections:

• Conduct seasonal inspections to assess changes in wetland conditions and 

vegetation dynamics.

• Conduct vegetation surveys to track changes in species composition and 

density.

• Monitor water levels and hydrological conditions to ensure they are within 

the appropriate range for wetland health.

• Check for any signs of habitat degradation or disturbance, and take 

appropriate actions as needed.

Annual Comprehensive Inspections:

• Conduct annual comprehensive inspections to assess the overall health and 

functionality of the wetland ecosystem.

• Review and analyse monitoring data and reports from the previous year to 

identify any trends or changes.

• Assess the success of wetland management activities, such as invasive 

species control, vegetation restoration, and water quality management.

• Review and update the wetland management plan based on the findings 

and recommendations.

Event-driven Inspections:

• Conduct event-driven inspections in response to any significant 

weather events, such as storms, floods, or droughts, that may 

have an impact on the wetland ecosystem.

• Assess any potential damage or changes in wetland conditions 

resulting from the event.

• Take appropriate actions to mitigate any adverse impacts, such as 

repairing erosion, restoring vegetation, or addressing water 

quality issues.

Ad-hoc Inspections:

• Conduct ad-hoc inspections as needed in response to specific 

issues or concerns related to wetland health or management.

• Investigate any reported incidents, such as pollution, 

encroachment, or wildlife disturbances, and take appropriate 

actions to address the issues.

• Keep records of ad-hoc inspections and actions taken for 

documentation and reporting purposes.
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WETLAND LAYOUT AND FEATURES

Hopetoun Nth- Wetland Maintenance Plan
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SEDIMENT BASIN CLEANOUT

Hopetoun Nth- Wetland Maintenance Plan

Basin Parameter Value

Basin Sediment Storage Volume 250m³

Estimated Sediment Load 13m³/year

Sediment Volume @ 5 years 65m³

Area required to dry @0.5m 130m²

Estimated time till full ~20 years (requires major 
reset and dryout if left this 
long

https://www.melbournewater.com.au/sites/default/files/Res
etting-sediment-ponds-best-practice-guide.pdf

Resources
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SPECIFIC REQUIREMENTS 

Hopetoun Nth- Wetland Maintenance Plan

Inspection/Maintenance Requirement Frequency Action Required/Notes

Check outlet sidewinder weir All inspections (seasonal, 
annual, ad-hoc)

Check weir is clear of debris and free 
flowing. A blocked weir will result in NWL 
changes, and vegetation 
changes/dieback

Check for erosion exposures All – particular focus of 
post event/ad-hoc

Ensure no erosional heads, particularly at 
inlet and outlet locations

Check Sediment pond sediment depth Annual inspection Check depth of sediment to calculate 
when next de-silting is required

Vegetation Health Annual/Seasonal Check for invasive species Typha/other 
aquatic species

Algae inspection Annual/Seasonal Check for algae infestations. May need 
algae removal treatments

Safety Inspections Annual Check safety batters exist around 
wetland. Check for general safety issues. 

Water Quality Monitoring Ad- Hoc Check water quality base parameters for 
indications of wetland degradation (DO, 
TSS, Nutrient levels)
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CONTACT

For all enquiries, please contact:

www.afflux.com.au

Afflux Consulting Pty Ltd
P.O. Box 457, VIC 3782
t: +61 (3) 9036 2530

t:
e: chris@afflux.com.au

Chris Beardshaw

Hopetoun Nth- Wetland Maintenance Plan



Landscape Architecture
Land Surveying

Civil Engineering

Town Planning
Project Management

Urban Design

Millar & Merrigan Pty Ltd
2/126 Merrindale Drive, Croydon 3136

156 Commercial Road, Morwell 3840
PO Box 247 Croydon, Victoria 3136

(03) 8720 9500 (03) 5134 8611
www.millarmerrigan.com.au
admin@millarmerrigan.com.au

M R

SAI GLOBAL     Quality ISO 9001PRELIMINARY

HOPETOUN PARK ROAD DEVELOPMENT

Hopetoun Park Road, Hopetoun Park
Moorabool Shire Council

Millar | Merrigan
Land Development Consultants

ACN 005 541 668
Metro
Regional
Mail

Millar & Merrigan authorise the use of this
drawing only for the purpose described by the
status stamp shown below. This drawing should
be read in conjunction with all relevant

contracts, specifications, reports & drawings.

© Millar & Merrigan Pty. Ltd.

Initials Date
Designed

Drafted
Checked
Authorised
Approved by Council

Sheet of 8

Drainage Concept - HELCOR Pipe Plan

1

21702E 00 D1

No. Revision Description Designed Authorised Date



Landscape Architecture
Land Surveying

Civil Engineering

Town Planning
Project Management

Urban Design

Millar & Merrigan Pty Ltd
2/126 Merrindale Drive, Croydon 3136

156 Commercial Road, Morwell 3840
PO Box 247 Croydon, Victoria 3136

(03) 8720 9500 (03) 5134 8611
www.millarmerrigan.com.au
admin@millarmerrigan.com.au

M R

SAI GLOBAL     Quality ISO 9001PRELIMINARY

HOPETOUN PARK ROAD DEVELOPMENT

Hopetoun Park Road, Hopetoun Park
Moorabool Shire Council

Millar | Merrigan
Land Development Consultants

ACN 005 541 668
Metro
Regional
Mail

Millar & Merrigan authorise the use of this
drawing only for the purpose described by the
status stamp shown below. This drawing should
be read in conjunction with all relevant

contracts, specifications, reports & drawings.

© Millar & Merrigan Pty. Ltd.

Initials Date
Designed

Drafted
Checked
Authorised
Approved by Council

Sheet of 8

Drainage Concept - HELCOR Pipe Longitudinal Sections

1

21702E 00 D2

No. Revision Description Designed Authorised Date



Landscape Architecture
Land Surveying

Civil Engineering

Town Planning
Project Management

Urban Design

Millar & Merrigan Pty Ltd
2/126 Merrindale Drive, Croydon 3136

156 Commercial Road, Morwell 3840
PO Box 247 Croydon, Victoria 3136

(03) 8720 9500 (03) 5134 8611
www.millarmerrigan.com.au
admin@millarmerrigan.com.au

M R

SAI GLOBAL     Quality ISO 9001PRELIMINARY

HOPETOUN PARK ROAD DEVELOPMENT

Hopetoun Park Road, Hopetoun Park
Moorabool Shire Council

Millar | Merrigan
Land Development Consultants

ACN 005 541 668
Metro
Regional
Mail

Millar & Merrigan authorise the use of this
drawing only for the purpose described by the
status stamp shown below. This drawing should
be read in conjunction with all relevant

contracts, specifications, reports & drawings.

© Millar & Merrigan Pty. Ltd.

Initials Date
Designed

Drafted
Checked
Authorised
Approved by Council

Sheet of 8

Drainage Concept - Rail Pipe Plan

3

21702E 00 D3

No. Revision Description Designed Authorised Date



Landscape Architecture
Land Surveying

Civil Engineering

Town Planning
Project Management

Urban Design

Millar & Merrigan Pty Ltd
2/126 Merrindale Drive, Croydon 3136

156 Commercial Road, Morwell 3840
PO Box 247 Croydon, Victoria 3136

(03) 8720 9500 (03) 5134 8611
www.millarmerrigan.com.au
admin@millarmerrigan.com.au

M R

SAI GLOBAL     Quality ISO 9001PRELIMINARY

HOPETOUN PARK ROAD DEVELOPMENT

Hopetoun Park Road, Hopetoun Park
Moorabool Shire Council

Millar | Merrigan
Land Development Consultants

ACN 005 541 668
Metro
Regional
Mail

Millar & Merrigan authorise the use of this
drawing only for the purpose described by the
status stamp shown below. This drawing should
be read in conjunction with all relevant

contracts, specifications, reports & drawings.

© Millar & Merrigan Pty. Ltd.

Initials Date
Designed

Drafted
Checked
Authorised
Approved by Council

Sheet of 8

Drainage Concept - Rail Pipe Longitudinal Sections

4

21702E 00 D4

No. Revision Description Designed Authorised Date



Landscape Architecture
Land Surveying

Civil Engineering

Town Planning
Project Management

Urban Design

Millar & Merrigan Pty Ltd
2/126 Merrindale Drive, Croydon 3136

156 Commercial Road, Morwell 3840
PO Box 247 Croydon, Victoria 3136

(03) 8720 9500 (03) 5134 8611
www.millarmerrigan.com.au
admin@millarmerrigan.com.au

M R

SAI GLOBAL     Quality ISO 9001PRELIMINARY

HOPETOUN PARK ROAD DEVELOPMENT

Hopetoun Park Road, Hopetoun Park
Moorabool Shire Council

Millar | Merrigan
Land Development Consultants

ACN 005 541 668
Metro
Regional
Mail

Millar & Merrigan authorise the use of this
drawing only for the purpose described by the
status stamp shown below. This drawing should
be read in conjunction with all relevant

contracts, specifications, reports & drawings.

© Millar & Merrigan Pty. Ltd.

Initials Date
Designed

Drafted
Checked
Authorised
Approved by Council

Sheet of 8

Drainage Concept - Welded PE Pipe Plan

5

21702E 00 D5

No. Revision Description Designed Authorised Date



Landscape Architecture
Land Surveying

Civil Engineering

Town Planning
Project Management

Urban Design

Millar & Merrigan Pty Ltd
2/126 Merrindale Drive, Croydon 3136

156 Commercial Road, Morwell 3840
PO Box 247 Croydon, Victoria 3136

(03) 8720 9500 (03) 5134 8611
www.millarmerrigan.com.au
admin@millarmerrigan.com.au

M R

SAI GLOBAL     Quality ISO 9001PRELIMINARY

HOPETOUN PARK ROAD DEVELOPMENT

Hopetoun Park Road, Hopetoun Park
Moorabool Shire Council

Millar | Merrigan
Land Development Consultants

ACN 005 541 668
Metro
Regional
Mail

Millar & Merrigan authorise the use of this
drawing only for the purpose described by the
status stamp shown below. This drawing should
be read in conjunction with all relevant

contracts, specifications, reports & drawings.

© Millar & Merrigan Pty. Ltd.

Initials Date
Designed

Drafted
Checked
Authorised
Approved by Council

Sheet of 8

Drainage Concept - Welded PE Pipe Longitudinal Sections

6

21702E 00 D6

No. Revision Description Designed Authorised Date



Landscape Architecture
Land Surveying

Civil Engineering

Town Planning
Project Management

Urban Design

Millar & Merrigan Pty Ltd
2/126 Merrindale Drive, Croydon 3136

156 Commercial Road, Morwell 3840
PO Box 247 Croydon, Victoria 3136

(03) 8720 9500 (03) 5134 8611
www.millarmerrigan.com.au
admin@millarmerrigan.com.au

M R

SAI GLOBAL     Quality ISO 9001PRELIMINARY

HOPETOUN PARK ROAD DEVELOPMENT

Hopetoun Park Road, Hopetoun Park
Moorabool Shire Council

Millar | Merrigan
Land Development Consultants

ACN 005 541 668
Metro
Regional
Mail

Millar & Merrigan authorise the use of this
drawing only for the purpose described by the
status stamp shown below. This drawing should
be read in conjunction with all relevant

contracts, specifications, reports & drawings.

© Millar & Merrigan Pty. Ltd.

Initials Date
Designed

Drafted
Checked
Authorised
Approved by Council

Sheet of 8

Drainage Concept - Above Ground Pipe Plan

7

21702E 00 D7

No. Revision Description Designed Authorised Date



Landscape Architecture
Land Surveying

Civil Engineering

Town Planning
Project Management

Urban Design

Millar & Merrigan Pty Ltd
2/126 Merrindale Drive, Croydon 3136

156 Commercial Road, Morwell 3840
PO Box 247 Croydon, Victoria 3136

(03) 8720 9500 (03) 5134 8611
www.millarmerrigan.com.au
admin@millarmerrigan.com.au

M R

SAI GLOBAL     Quality ISO 9001PRELIMINARY

HOPETOUN PARK ROAD DEVELOPMENT

Hopetoun Park Road, Hopetoun Park
Moorabool Shire Council

Millar | Merrigan
Land Development Consultants

ACN 005 541 668
Metro
Regional
Mail

Millar & Merrigan authorise the use of this
drawing only for the purpose described by the
status stamp shown below. This drawing should
be read in conjunction with all relevant

contracts, specifications, reports & drawings.

© Millar & Merrigan Pty. Ltd.

Initials Date
Designed

Drafted
Checked
Authorised
Approved by Council

Sheet of 8

Drainage Concept - Above Ground Pipe Longitudinal Sections

8

21702E 00 D8

No. Revision Description Designed Authorised Date







FSL

FLOW

~3
00

GEOTEXTILE
WRAPPING
(SEE NOTE d)

~500

300
NOM

-
C

NOTES on Figure 205-A:
If the main is welded PE, thrust restraints or maintenance hole connections to counteract shrinkage will be required at both ends of the PE main.
Refer to drawing MRWA-W-205-A or Figure 310-F for details.

20 SINGLE
SIZE COARSE
AGGREGATE

PVC DRAINAGE
PIPE (MIN DN 100/SN
8) TO DRAIN /
WATERWAY

PROVIDE NON-CORROSIVE
MESH SCREENING TO
PREVENT LOSS OF
AGGREGATE

FIGURE 205-B: TRENCHSTOP WITH DRAIN (SECTION)

GEOTEXTILE FILTER
WRAPPING (SEE NOTE d)

MRWA SEWERAGE STANDARDS

VERSIONISSUED

MELBOURNE RETAIL WATER AGENCIES
DATE:

DATE:

CHECKED:
DRAWN:
DESIGNED:

1 2 6 7 8 9 10 12113 4 5

H H
GWW

SEW

YVW

DATENAME APPROVED:

GWW

SEW

YVW

DATENAME

APPROVEDDATEDESCRIPTIONREV

A

1 2 63 4 5

B

C

D

A

E

F

G

1 2 6 7 8 9 10 12113 5

A

B

C

D

E

F

G

H

Planning Design Construction

R. JAGGER
R. JAGGER

D. MOORE
C. PAXMAN
K. DAWSON

R. CARRUTHERS

J. TOMASI

1 JULY 2015
1 JULY 2015

PRE-PUBLISHED DRAFT1

2 PUBLISHED FIRST ISSUE 01/10/15 CP / JT / KD / RJ

2015 1
CP / JT / KD / RJ

D. O'DONOVAN
01/09/15
01/09/15
01/09/15

01/09/15
01/09/15
01/09/1501/03/15

ALL DIMENSIONS IN mm UNLESS STATED OTHERWISE NOT TO SCALE

SLOPING MAINS
AND TRENCH DRAINAGE

3 CHANGES TO MAXIMUM GRADE LIMITS & REQ'S 01/04/19 CP / GA / ST MRWA-S-205

FIGURE 205-C: TRENCHSTOP DRAIN (ELEVATION)

FIGURE 205-A: SEWER MAINS IN STEEP TERRAIN

Notes on Figures 205-B & C:
a. Trenchstops and bulkheads shall be drained as shown where the location is likely  (or is known) to have high ground water or the surface

water is not directed away from the sewer alignment.
The designer shall nominate all required drainage points and drainage arrangements.

b. Provide a restricted (to slow the flow of ground water) continuous drainage path between drainage points.
· through bulkheads and trenchstops.
· around maintenance structures.
· along embedment.

c. Drainage pipes to discharge ground water into authorised water discharge areas (as agreed by the drainage authority) shall be shown in
the design drawings.

d. Lay geotextile filter fabric in trench such that it fully encapsulates the drainage material (coarse aggregate).
Provide minimum of 250 overlap at all filter fabric joints.

SLOPE Steeper than 1 in 20 Steeper than 1 in 15
100m 75mSOC MAIN (PP / GRP)

WELDED MAIN (PE / SCJ PVC) 200m 150m

MAXIMUM TRENCHSTOP / BULKHEAD SPACING
TABLE  205-A: TRENCHSTOP & BULKHEAD PLACEMENT AND PIPELINE SELECTION CRITERIA

NOTES Regarding Trenchstops:
A. Mains flatter than 1 in 20 slope do not typically require trenchstops or bulkheads.
B. Where welded PE mains or solvent welded PVC DWV mains are used for steep slopes, these shall be constructed in accordance with Figure 205-A.
C. PVC mains at grades steeper than 1 in 20 shall be solvent welded and this joint type shall be specified in the design where PVC DWV pipes have been selected.
D. Mains laid steeper than 1 in 20 grade require cement stabilized Type B embedment as per MRWA-S-202.
E. For details of trenchstop design, refer to MRWA-S-206.
F. Where the slope length is less than the spacing nominated, a trenchstop or bulkhead is only required at the bottom of the slope.
G. Where the slope length is < 12 the spacing nominated, no trenchstop is required.
H. Trenchstops are required on both sides of any road crossing where there is a slope steeper than 1 in 20 across the road.
I. Spacings based on the equation in Table 5.7 from AS/NZS 2566.2. L (spacing) = [ 80 x Pipe Length (nominally 6m)]  / Grade (%)

FSL

< VALUE FROM TABLE 205-A
DRAINAGE IF REQUIRED
AS PER FIGURE 205-C & B

DRAINAGE IF REQUIRED
AS PER FIGURE 205-B & C

TRENCHSTOP OR
BULKHEAD AS PER
MRWA-S-206.
EXTEND TO 300 BELOW FSL

FSL

PIPE DN
MAXIMUM SAFE GRADE 1 in 20

100 & 150 525375225 300
1 in 30 1 in 45 1 in 60

450
1 in 75 1 in 90

900600
1 in 110

750
1 in 130 1 in 160

> 900
1 in Ø /6

TABLE 205-B: MAXIMUM ALLOWABLE GRADES

NOTES Regarding Table 205-B:
a. Water Agency approval is required where proposed grades exceed those nominated in Table 205-B, .

Calculations for velocity and Froude number shall be provided for the steep sewer and sewer downstream.
b. Velocities shall be kept below 3 m/s.
c. Exceeding Table 205-B grades will likely result in super-critical flow and deterioration of the sewerage system

through the formation of hydraulic jumps downstream.
d. Where the downstream sewer is a sub-critical grade, controls to limit the damage from hydraulic jumps at this

location shall be implemented. Controls may consist of:
d.1. Reducing grade of the upstream sewer(s)
d.2. Increasing grade &/or diameter of the downstream sewer (to reduce relative height of the hydraulic jump).
d.3. Directing high velocity inflows towards the outflow of the Maintenance Structure (if base connection).
d.4. Discharging high velocity flows to a MH drop as per Table 307-D and Figures 311-C to E.

e. Steeply graded gravity sewers present similar challenges to pressure main discharges. The controls and
requirements presented in MRWA-S-317 and 319 are therefore often suitable for steep gravity sewers.

MUST BE WELDED IF GRADIENT > 1 in 5

300

300

MAINTENANCE
STRUCTURE
(IF REQUIRED)

USE TYPE B EMBEDMENT
SYSTEM (CEMENT
STABILISED)

Steeper than 1 in 10
50m
100m

Flatter than 1 in 20
NOT REQUIRED
NOT REQUIRED

ITEM k FROM TABLE 202-C.

TRENCHSTOP, BULKHEAD OR
INLINE THRUST RESTRAINT AS
PER MRWA-S-206

DRAINAGE PIPE (SEE NOTE c)

CEMENT
STABILISED
EMBEDENT

TRENCHSTOP, BULKHEAD OR
INLINE THRUST RESTRAINT AS
PER MRWA-S-206
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