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1 Introduction  

1.1 Background 

Lot 124 and 125 South Coast Highway, Marbelup Local Water Management Strategy (LWMS), has been 

prepared by Bio Diverse Solutions on behalf of Dora Porter and Brian Fuller (the land owners) in support of a 

Scheme Amendment (SA)/rezoning and subsequent future subdivision prepared for the site. 

The LWMS provides the framework for the application of total water cycle management to the proposed SA. 

This is consistent with the Department of Water and Environmental Regulation (DWER) principles of Water 

Sensitive Urban Design (WSUD), described in the Stormwater Management Manual (DoW, 2007). 

1.2 Key Design Principles and Objectives 

The LWMS employs the following key documents to define its content, key principles and objectives: 

• Stormwater Management Manual for Western Australia (DoW, 2007). 

• Better Urban Water Management (WAPC, 2008). 

A summary of the key design principles and objectives from these documents is summarised below and 

provided in Table 1. 

1.2.1 Stormwater Management Manual (DoW, 2007) 

The Department of Water (DoW), now Department of Water and Environmental Regulation (DWER), released 

A Manual for Managing Urban Stormwater Quality in Western Australia in 1998. The manual defines and 

practically describes Best Management Practices (BMP’s) to reduce pollutant and nutrient inputs to stormwater 

drainage systems. The Manual also aims to provide guidelines for the incorporation of water sensitive design 

principles into urban planning and design, which would enable the achievement of improved water quality from 

urban development. 

The document was released to provide a guideline for best planning and management practices and was 

intended for use by the DoW (now DWER), but also by other State and Local Government Authorities and 

sectors of the urban development industry.  

DoW completed a major review of the manual in consultation with a working team comprising industry and 

government representatives. The revised manual was officially launched in August 2007. 

DWER’s current position on urban stormwater management in Western Australia, is outlined in Chapter 2: 

Understanding the Context of the Stormwater Management Manual for Western Australia (DoW, 2007), which 

details the management objectives, principles and a stormwater delivery approach for WA. Principle objectives 

for managing urban water in WA are stated as: 

• Water Quality: To maintain or improve the surface and groundwater quality within development areas 

relative to pre-development conditions. 

• Water Quantity: To maintain the total water cycle balance within development areas relative to the pre-

development conditions. 

• Water Conservation: To maximise the reuse of stormwater. 

• Ecosystem Health: To retain natural drainage systems and protect ecosystem health. 

• Economic Viability: To implement stormwater systems that are economically viable in the long-term. 

• Public Health: To minimise public risk, including risk of injury or loss of life to the community. 

• Protection of Property: To protect the built environment from flooding and water logging. 
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• Social Values: To ensure that social aesthetic and cultural values are recognised and maintained when 

managing stormwater. 

• Development: To ensure the delivery of best practice stormwater management through planning and 

development of high-quality developed areas, in accordance with sustainability and precautionary 

principles. 

1.2.2 Better Urban Water Management (WAPC, 2008) 

The guideline document Better Urban Water Management (BUWM; WAPC, 2008), focuses on the process of 

integration between land use and water planning. The document specifies the level of investigation and 

documentation required at various decision points in the planning process, rather than the provision of any 

specific design objectives and criteria for urban water management. 

This LWMS complies with the BUWM process. 

Table 1: Summary of design principles and objectives 

Key Guiding Principles  

• Facilitate implementation of sustainable best practice urban water management. 

• Provide integration with planning processes and clarity for agencies involved with implementation. 

• To minimise public risk, including risk of injury or loss of life.  

• Protection of infrastructure and assets from flooding and inundation. 

• Encourage environmentally responsible development. 

• Facilitate adaptive management responses to the monitored outcomes of development. 

Category Key Design Principles & Objectives LWMS Criteria 

Surface Water 
Management 

• Minimise changes in hydrology to prevent 
impacts on receiving environments. 

• Manage water flows from major events to protect 
infrastructure and assets. 

• Apply the principles of WSUD. 

• Adopt nutrient load reduction design objectives 
for stormwater runoff. 

• Floodplain management and urban drainage. 

• Adopt treatment train approach.  

• Post-development critical peak flows will be consistent with pre-
development peak flow at the discharge point of each catchment 
within the Subject Site up to the 1% AEP. 

• First 15 mm of rainfall from storm events will be treated at source 
where possible. 

• Manage surface water flows from major events to protect 
infrastructure and assets from flooding and inundation. 

Groundwater 
Management 
 

• Manage groundwater levels to protect 
infrastructure and assets. 

• Maintain groundwater regimes for the protection 
of groundwater-dependent ecosystems. 

• Protect the value of groundwater resources. 

• Adopt nutrient load reduction design objectives 
for discharges to groundwater. 

• Managing and minimising changes in groundwater levels and 
groundwater quality following development.  

 

Monitoring and 
Implementation 

• Adopt an adaptive management approach. 

• Maintain drainage and treatment structures.  

• Design based on methodology in Stormwater Management Manual 
of adopting a treatment train including:   
• structural treatment measures (infiltration storages, plus bio-
retention treatment structures). 
• Non-structural measures to reduce applied nutrient 
loads.                                                                         

• Maintain groundwater quality at pre-development levels (median 
winter concentrations) and, if possible, improve the quality of water 
leaving the development area to maintain and restore ecological 
systems. 

Water 
Conservation 

• Adopt drinking water consumption target.  

• Ensure that non-potable water supply systems 
deliver a net benefit to the community.  

• Ensure that non-potable water supply systems 
are designed as part of an integrated water 
supply.   

• Aim to achieve the State Water Plan target for water use and 
reduce water use where possible. 

• Consider alternative fit for purpose water sources where 
appropriate and cost-effective. 
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1.3 Suitable Qualified Hydrologist 

This LWMS has been prepared by Chiquita Cramer, who has 15 years of experience working as a hydrologist 

and hydrogeologist. 

Chiquita Cramer currently has the following tertiary qualifications: 

• Bachelor of Science in Natural Resource Management (University of Western Australia); and 

• Graduate Certificate in Hydrogeology (University of Western Australia). 

Chiquita completed a Bachelor of Science in Natural Resource Management in 2008 at the University of 

Western Australia. Chiquita worked as a hydrologist and senior hydrologist at JDA Consultant Hydrologists in 

Perth for 8 years. Chiquita’s experience includes preparation of multiple local and urban water management 

strategies, hydrological and hydraulic investigations, surface water and groundwater monitoring reports and 

hydrogeological reports. Chiquita completed a Graduate Certificate in Hydrogeology and in 2017 joined Bio 

Diverse Solutions (BDS) to provide expertise in hydrology and hydrogeology to the company. 

1.4 Location 

The Subject Site is defined as Lots 124 and 125 South Coast Highway, Marbelup WA within the City of Albany. 

The site comprises of ~109 ha and is bound by South Coast Highway to the north, rural residential properties 

to the south and west and a City of Albany reserve to the east. The Subject Site is shown in Figure 1. 

 

Figure 1: Location Plan 

Lot 124 

Lot 125 



 Lot 124 & 125 South Coast Hwy, Marbelup - LWMS 

MSC063-001    1 May 2024  4 

2 Proposed Development 

The Subject Site is zoned as ‘General Agriculture’ under the City of Albany’s Local Planning Scheme No. 1 

(DPLH, 2014). It is proposed the Subject Site be rezoned to ‘Rural Residential’ and ‘Rural smallholdings’, and 

forms part of a larger plan area that includes Lot 9001 Lower Denmark Road to the southwest of the Subject 

Site. The Scheme Amendment plan for the site is shown in Figure 2.    
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Figure 2: Scheme Amendment Plan. Subject Site is defined by red square. 
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3 Pre-development Environment 

3.1 Existing Land Use 

The site currently consists of agricultural land used for mixed cropping and livestock (Photo 1 and 2). There 

are two residential dwellings on the Subject Site, one to the west of Five Mile Creek, on Lot 124 (Photo 3 and 

4) and one to the east on Lot 125. The land immediately south and west of the Subject Site is currently utilised 

for rural residential living. 

        

 

        

 

3.2 Topography 

The Subject Site is elevated in the eastern and central portions of the site with a slight elevation in the 

northwest. Elevation ranges from a high point of 54 mAHD in the east of the Subject Site, to a lowest point of 

12 mAHD in the southwest. Topographic contours (2 metre) are shown in Figure 3.    

Photo 1: East elevation of agricultural land within the 

Subject Site. 

Photo 2: View to the east of cattle within the Subject 

Site. 

Photo 3: View to the east northeast of dwelling within the 

Subject Site in the northwest. 

Photo 4: View to the north northwest of rural residential 

area to the west of the Subject Site. 
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Figure 3: Topography 

3.3 Climate 

The Albany area is characterised by a Mediterranean climate with warm dry summers and cool wet winters.  

Rainfall data is from the nearby Bureau of Meteorology (BoM, 2022), Albany Station (Site No. 9500). 

The closest open Bureau of Meteorology (BoM) station to the Subject Site, is the Albany Station (009500). The 

average annual temperature at Albany Station ranges from 8.3-22.9°C. The average summer temperature 

ranges between 14.1-22.9°C, whilst average winter temperatures range between 8.3-16.7°C. The annual 

mean rainfall for Albany station is 920.8 mm (BoM, 2023). On average the months of May - September are the 

months with the highest rainfall (Figure 4). There was a higher than average rainfall recorded in the months of 

April and June 2022, and October and November 2023.  

The average annual pan evaporation for the Albany area is approximately 1397 mm (Luke et al 1988). 
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Figure 4: Climate Data for Albany BoM Weather Station No. 009500 

3.4 Geology and Soils 

Soil mapping – Zones (DPIRD, 2017a) shows the Subject Site lies within one soil zone being; the Albany 

Sandplain Zone (242). The Albany Sandplain Zone is described as ‘Gently undulating plain dissected by a 

number of short rivers flowing south. Eocene marine sediments overlying Proterozoic granitic and metamorphic 

rocks. Soils are sandy duplex soils, often alkaline and sodic, with some sands and gravels.’. 

Soil mapping – Systems (DPIRD, 2018) shows the Subject Site lies within one soil systems being; the King 

System (242Kg). The King System is described as ‘Dissected siltstone and sandstone terrain, on the southern 

edge of the Albany Sandplain Zone, with shallow gravel, sandy gravel, grey sandy duplex and pale deep sand. 

Jarrah-marri-sheoak woodland and mallee-heath.’.  

The Subject Site is also located within several sub-systems of the King system as defined by DPIRD (2017b). 

The sub-systems are shown and described in Figure 5.  
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Figure 5: Soil Mapping (DPIRD, 2017b) 

Site soil testing was conducted on the 19th of October 2021, by Great Southern Geotechnics, under late winter 

conditions. Testing involved site soil analysis, photographic recording, logging of soil types, measuring of water 

table and laboratory analysis. In total, 22 test holes were constructed up to a depth of 2 m and left open for a 

minimum of 1 hour to identify any water table present. The soil investigation for the site is shown in            

Appendix A, test hole locations are shown in Figure 6.  
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Figure 6: Soil Testing Locations and Soil Mapping 

The 22 test pits (TP) revealed that soils across the Subject Site generally comprised of four soil profiles to 2 m 

depth, being; 

• Topsoil (sand with silt), over sand with silt to the depth of the hole; 

• Topsoil (sand with silt) over sand with silt (to a depth of between 460 and 1050 mm), over sandy 

gravel, over sandy clay/clayey sand; 

• Topsoil (sand with silt or sandy gravel) over sandy gravel/gravelly sand (to a depth of between 300 

and 920 mm), over sandy clay/clayey sand; and 

• Topsoil (sand with silt), over sand with silt, over bedrock. 

The four soil profiles identified at the Subject Site via the test pits, are mapped in Figure 6. Comprehensive 

soil logs for each soil testing hole are shown in Appendix A. TP17 was the only test hole to encounter refusal 

of drilling, which was encountered at 1300 mm depth, refusal was likely a result of hitting bedrock. 

3.4.1 Phosphorous Retention Index 

Phosphorous Retention Index (PRI) is a measure of the soils ability to absorb and treat nutrients within the soil 

(i.e., Soil microbe disinfecting ability). Soils with a PRI less than 1 have a very poor ability to treat effluent 

waters, whilst soils with a PRI of >5 having a high ability to treat effluent waters. PRI testing was conducted at 

TP4, TP7 and TP12. The PRI results are presented in Table 2. 
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Table 2: Phosphorus retention index results (CSBP, 2021)  

Test Pit Depth (mm) Soil Type Phosphorus Retention Index 

TP4 160-1050 Sand with silt 327.4 

TP7 180-400 Gravelly sand 810.8 

TP12 200-800 Sand with silt 4.9 

TP12 800-1000 Gravelly sand 844.0 

PRI within the subsurface layers, varied consistent with soil type, as shown in Table 2. The PRI of the gravelly 

sand layers were found to be extremely high, whereas the PRI of the sand with silt layer varied from moderate 

to very high, likely dependant on the percentage of silt content.  

3.4.2 Permeability 

Silts and clay soils generally record poor permeability results whereas coarse sands and loose gravels 

generally record high permeability, as shown in Figure 7.  

 

Figure 7: Hydraulic Conductivity of Soil Types (Artiola et al, 2004) 

In-field permeability testing was conducted during the site soil investigation by BDS, adjacent to TP4, within 

the sand with silt layer (at 500 mm depth BGL) and adjacent to TP7, within the clayey sand with gravel layer            

(Figure 6). Permeability testing was conducted using the Talsma-Hallam method. The Talsma-Hallam 

permeameter is suitable for use in soils with permeability in the range 0.009 to 2.9 metres/day (1x10-7 to 3x10-

5m/s). Hydraulic conductivity was found to be 1.50 x 10-5 m/sec (1.3 m/day) adjacent to TP4, which is 

considered a moderate to rapid permeability and 3.4 x 10-6 m/sec (0.29 m/day) adjacent to TP7, which is 

considered a moderate permeability. 

3.5 Acid Sulphate Soils 

Acid sulphate soils (ASS) are naturally occurring soils and sediments containing sulphide minerals, 

predominantly pyrite (an iron sulphide). When undisturbed below the water table, these soils are benign and 

not acidic (potential acid sulphate soils). However, if the soils are drained, excavated or exposed by lowering 

of the water table, the sulphides will react with oxygen to form sulphuric acid. ASS Risk Mapping indicates the 

Subject Site lies within an area with moderate to low risk of ASS occurring within 3 metres of natural soil 

surface (DWER, 2017). ASS Risk Mapping (DWER, 2017) is shown in Figure 8. 
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Figure 8: ASS Risk Mapping 

An ASS Preliminary Investigation was conducted on the property directly southwest of the Subject Site (Lot 

9001 Lower Denmark Road, Cuthbert), on the 15th January 2008, as part of a Land Capability Assessment 

(Opus, 2007) for the site. Lot 9001 Lower Denmark Road has similar geological and hydrological features as 

the Subject Site. In summary, the investigation found the peat layers investigated at Lot 9001 Lower Denmark 

Road, Cuthbert had acidity levels which exceeded DWER Guidelines. However, the acidity was found not to 

be caused by sulfur and likely to be caused from the mobilisation of hydrolysed ions, likely attributed to iron or 

aluminium leaching through the soil profile (Opus, 2007). 

Soil analysis showed the surface soils had high Electrical Conductivity (EC) and corresponding acidity, which 

Opus (2007) found is likely attributed to bicarbonate salts and not sulfur salts. Sulfur acidity (ASS) was detected 

in the soil layers from approximately 1000 mm BGL (Opus, 2007). 

Opus (2007) recommended that the site not be excavated deeper than 500 mm to avoid mobilisation and 

oxidation of ASS. The top 500 mm of soil will still require treatment with lime upon disturbance and ASS shall 

be managed in accordance with ASS guidelines (Opus, 2007). 
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3.6 Surface Water Hydrology 

The whole of the Subject Site drains towards Five Mile Creek. Five Mile Creek runs through the Subject Site 

from the central north to the south west of the site. Five Mile Creek connects to Seven Mile Creek to the 

southwest of the Subject Site and Seven Mile Creek discharges to Lake Powell and ultimately the Torbay Inlet 

further west. The surface hydrology of the Subject Site is shown in Figure 9. 

There are no other major waterways or waterbodies within the Subject Site other than Five Mile Creek. There 

are several farm dams that are likely to be decommissioned as part of development works. There is also a 

tributary of Five Mile Creek that runs adjacent to the southern boundary of the Subject Site. 

The Subject Site is located within one hydrographic catchment being Torbay Inlet and one hydrographic sub-

catchment being Seven Mile Creek (DWER, 2018a). 

According to flow modelling conducted for Five Mile Creek by DWER (Pers Comms N.Sykora, 2023), the 

maximum daily flow rate recorded in Five Mile Creek at the downstream end of the LSP area (DWER station 

No. 6031115), between 1997 and 2022 is 199,000 m3. This equates to 2.3 m3/sec. According to data results 

for site No. 603115, the highest recorded water level in Five Mile Creek at the downstream end of the LSP 

area is 10.3 m AHD, which was recorded on the 30th August 2001. 

 

Figure 9: Surface Water Hydrology 
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3.6.1 Hydrological site assessment 

A site investigation of the hydrological features of the site was conducted on the 19th of October 2021 to confirm 

the surface water hydrology and to assist the development of the stormwater management plan. Rainfall in the 

Albany area (BoM Station No. 009500) prior to the site investigation, was significantly higher than for the same 

time in an average year. The increased rainfall resulted in increased surface water expressions in the area 

compared to an average late winter period providing an adequate depiction of the ‘worst case scenario’ in 

terms of seasonal inundation. Photographs 5 to 8 show the hydrological features of the site during the site 

investigation. 

     

 

 

      

 

  

In-situ water quality testing was conducted at three waterway locations on site. Water quality testing results 

are presented in Table 3. The surface water monitoring locations are shown in Figure 9. 

  

Photo 5: A northeast elevation of Five Mile Creek, 

centrally located within the Subject Site. This is a general 

view of Five Mile creek within the Subject Site. 

Photo 6: A northeast elevation of a seasonally inundated 

area adjacent to Five Mile Creek. 

Photo 8: A northeast elevation of farm dams along the 

southern boundary of the Subject Site. 

Photo 7: A southwest elevation of a farm dam in the 

northwest of the Subject Site. 
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Table 3: Water quality of Subject Site water bodies 

Creek Temperature 

(o C) 
pH 

Electrical 

Conductivity 

(mS/cm) 

Dissolved 

Oxygen 

(mg/L) 

Total Dissolved 

Solids 

(g/L) 

Dam 1 

(Central west) 
17.23 5.84 0.339 2.55 0.220 

Dam 2 

(North west) 
17.10 5.81 0.344 3.70 0.225 

Five Mile Creek 

(Central) 
15.70 5.85 0.460 5.73 0.299 

Five Mile Creek* 

(South) 
11.44 5.93 1.33 5.80 0.851 

Note: * Water quality sampling was conducted on a different day (12th Oct 2021) 

Water quality testing results found that surface water within Five Mile Creek was slightly saline at the 

downstream end and reasonably fresh within the central portion of the creek within the Subject Site. The 

difference in salinity readings within Five Mile Creek is likely due to the different time of sampling and the 

varying rainfall received prior to the two sampling events. pH in Five Mile Creek and the dams was found to 

be slightly acidic. A slightly acidic pH is typical of waterways in low-lying areas in the south-west of Western 

Australia. Dissolved oxygen in Five Mile Creek was slightly lower than expected in a flowing creek and just 

below the ANZECC & ARMCANZ (2000) trigger value for low-lying rivers in South-west Australia. Dissolved 

oxygen in the farm dams was also low. 

The surface water quality found in Five Mile Creek shall be maintained or improved in the post-development 

scenario. 

3.7 Hydrogeology 

Australian Geoscience Mapping and Department of Water and Environmental Regulation 250K 

Hydrogeological mapping (DWER, 2001) places the Subject Site within two hydrogeological zones as 

described in Table 4. 

Table 4: 250K Hydrogeological zones within Subject Site 

Geology Unit Geology Time Aquifer Description Geology Description 

TP 

Tertiary – 

Cainozoic – 

Phanerozoic 

Sedimentary aquifer with 

intergranular porosity - extensive 

aquifers, major groundwater 

resources. 

PLANTAGENET GROUP - siltstone, 

spongolite; minor sandstone, peat, and 

conglomerate. 

P_g Proterozoic 

Fractured and weathered rocks - 

local aquifer, minor groundwater 

resources. 

Granitoid rock, porphyritic and even-

grained, generally weathered to clayey 

sand. 

The Subject Site is not situated within a Priority Drinking Water Catchment Area (DWER, 2018b). Desktop 

analysis of the site indicates that the nearest designated Public Drinking Water Source Area (PDWSA) is the 

“South Coast Water Reserve”, as defined by the Country Areas Water Supply Act 1947 located approximately 

950 m south of the Subject Site.   
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3.1 Groundwater, Waterlogging and Seasonal Inundation 

As determined by the Site Soil Investigation (Great Southern Geotechnics, 2021) on the 19th October 2021, 

the depth to the peak annual water-table varied across the Subject Site from at ground level in the lower lying 

areas, to not encountered to 2 m BGL in the elevated areas. The depth to the peak annual water-table at each 

test hole during the Site Soil Investigation is shown in Table 5, with test hole locations shown in Figure 10. 

Table 5: Depth to peak annual water-table  

Test Hole 
Depth to peak 

annual water-table 
(mm BGL) 

Test Hole 
Depth to peak 

annual water-table 
(mm BGL) 

TP1 0 TP12 850 

TP2 50 TP13 400 

TP3 1020 TP14 800 

TP4 350 TP15 Not encountered 

TP5 50 TP16 0 

TP6 Not encountered TP17 Not encountered 

TP7 Not encountered TP18 Not encountered 

TP8 Not encountered TP19 Not encountered 

TP9 Not encountered TP20 150 

TP10 Not encountered TP21 0 

TP11 Not encountered TP22 550 

 

It is assumed that areas within the Subject Site that have 0.5 m or less separation to the peak annual water-

table, are classified as being subject to seasonal waterlogging. The approximated areas subject to seasonal 

waterlogging at the Subject Site, during the site investigation, along with the peak annual water-table levels 

recorded at each test hole, on the 19th October, are shown in Figure 10. Figure 10 also shows the areas subject 

to seasonal inundation (water sitting on the surface for extended periods of time) during the site assessment.  

The majority of the area subject to seasonal waterlogging was found to be in the low-lying elevations. TP13 

was the only exception to this, situated mid slope, TP13 had a peak annual water-table of 400 mm BGL, this 

is likely a result of a perched water-table between soil layers in this area. 
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Figure 10: Groundwater levels, seasonal waterlogging and seasonal inundation 

3.2 Wetlands 

There are no significant wetlands within the Subject Site or within close proximity of the Subject Site. The 

nearest significant wetland is located approximately 1.1 km to the northwest of the Subject Site, being the 

Seven Mile Creek wetland. The Subject Site is located down-gradient of the Seven Mile Creek wetland (DBCA, 

2017).   
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4 Wastewater Management 

The Subject Site is situated in an area that does not have access to deep or reticulated sewerage. The health 

and environmental requirements for wastewater treatment and disposal for developments not serviced by deep 

sewerage systems are contained in the Government Sewerage Policy (GSP; DPLH, 2019). The GSP (DPLH, 

2019) states minimum requirements apply for all on-site sewage disposal systems.  

A Site Soil Evaluation (SSE; BDS, 2024) has been prepared for the Subject Site in conjunction with this LWMS. 

The SSE details the site soils under late winter conditions and assesses the suitability for on-site effluent 

disposal across the site in relation to the planning proposal.   

In summary, the SSE identifies the areas within the Subject Site suitable for onsite effluent disposal as those 

that have free draining soil, are not located in heavily waterlogged or seasonally inundated areas and are a 

minimum of 100 m from Five Mile Creek and it’s tributaries, and 30 m from other less significant 

waterways/waterbodies such as retained dams and seasonal drains (BDS, 2024). Given the shallow depth to 

groundwater across the western and southern portion of the site, imported fill and special design requirements 

and distribution techniques will be necessary to ensure that effluent disposal systems are free draining and 

meet the minimum separation to groundwater requirement stipulated in the GSP (DPLH, 2019). 

Leach drains and irrigation systems (surface or subsurface) in conjunction with a secondary treatment system, 

have been identified as the most suitable land application systems for future lots, depending on localised site 

constraints. Areas deemed as suitable for LAAs and LAA specifications are described in more detail in the 

SSE (BDS, 2024). 
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5 Local Water Management Strategy 

5.1 Water Sustainability Initiatives 

5.1.1 Water Supply 

Water supply to households is to be via extension of the scheme water system. The project civil engineer will 

negotiate the extension of the system with Water Corporation Western Australia.  

5.1.2 Water Efficiency Measures 

To achieve water efficiency targets, households are to be built consistent with current Building Code of 

Australia (BCA) water efficiency standards. Water efficiency initiatives are proposed to reduce potable water 

demand for irrigation of residential lots. These include encouragement of: 

• Minimising turf areas; 

• Selection of predominantly local native, drought tolerant plants; 

• Use of waterwise gardens, restricted lawn areas and water wise lawn varieties; 

• Use of rainwater tanks, and 

• Community education initiatives on water conservation and reuse. 

5.2 Stormwater Management 

5.2.1 Design Capacity 

The stormwater management system for the development has been designed in accordance with DWER 

guidelines, through the Better Urban Water Management framework and the requirements of the local 

government. The stormwater drainage system has been designed using a major/minor approach. 

The stormwater drainage system is designed to manage a range of rainfall events up to 1% AEP.  

The major drainage system is designed for rainfall events greater than the 20% AEP, up to the 1% AEP. The 

major system uses overland flow paths, which includes grading the road network to direct flow to the lowest 

point of the catchment for flood mitigation. 

The minor drainage system has capacity for frequent rainfall events up to the 20% AEP and includes the pipe 

drainage system and use of bio-retention storages. The minor drainage system is designed to also provide the 

structural controls for water quality treatment. 

5.2.2  Stormwater Modelling 

The stormwater modelling has been completed utilising the Rational Method and the Boyd Equation. A critical 

design criterion for both these methods includes the runoff coefficients. The pre-development and post-

development runoff coefficients assumed for the Subject Site, are shown in Table 6. 

Table 6: Runoff coefficients 

LAND USE 

RUN OFF COEFFICIENT 

First 15mm 20% AEP 1% AEP 

Agricultural land 0 0.2 0.3 

Road Reserve 0.8 0.8 0.9 

Rural Residential 0 0.3 0.35 
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The general pre-development hydrological regime (Figure 9), is maintained in the post-development scenario, 

with the majority of the Subject Site proposed to discharge to Five Mile Creek either directly, via the internal 

road network or via the creek running along the southern boundary of the site. 

The majority of the area proposed as Rural residential lots, will discharge unattenuated from the site towards 

Five Mile Creek or the creek along the southern boundary that discharges to Five Mile Creek, consistent with 

the existing hydrological regime. It is assumed that the majority of the lot area will remain grassed and/or 

vegetated with roofed areas connected to rainwater tanks, soakwells and/or rain gardens and therefore there 

will be little change in the runoff coefficient of these areas compared to the pre-development scenario. Where 

lots are upgradient of the internal road network, the road network will intercept runoff from the lots and direct 

it to the road’s drainage system. Lot areas that discharge to the internal road network therefore form part of 

the site’s drainage sub-catchments, as shown in Figure 11. The total area of each sub-catchment and the 

estimated land use area for each sub-catchment is presented in Table 7.  

 

Figure 4: Post-development Drainage Catchments 
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Table 7: Post-development catchment areas 

Land Use 
Catchment 

A B C D 

Road Reserve (ha) 1.3 2.2 2.3 0.8 

Rural Residential (ha) 7.5 9.3 15.8 0 

Total Area (ha) 8.8 11.5 18.1 0.8 

Runoff from the Subject Site’s internal road network will be retained on site within bio-retention storages with 

outflows from the bio-retention storages directed to Five Mile Creek. Outflow from the bio-retention storages 

will be consistent with estimated pre-development flow rates. 

Multiple storm events have been modelled utilising the Rational Method, as described in Australian Rainfall 

and Runoff (AR & R) (Engineering Australia, 2001). Pre-development outflow rates have been calculated 

based upon peak flow stream discharge as determined by Section 1.4 of AR & R.  

Rainfall intensities for the various storm events and storm durations are calculated and provided by the Bureau 

of Meteorology (BoM) computerised design Intensity Frequency Duration (IFD) Data System 

(www.bom.gov.au). Calculations have been undertaken utilising up to date IFD charts. 

The Boyd method has been utilised to calculate the stormwater storage volume required for each sub-

catchment based on the post-development runoff from the site and the allowable outflows set for the 

stormwater storages, which are determined by the peak pre-development outflow rate. The Boyd method is 

considered a conservative estimate of stormwater storage volume calculation. 

5.2.3 Drainage System Requirements 

Key elements of the proposed drainage system are as follows: 

Lot Attenuation 

• It is the landowner’s responsibility to manage stormwater runoff from buildings, hard stand 

(impervious) areas and gardens within the property boundary consistent with the City of Albany’s lot 

attenuation guidelines. I.e., 0.5 m³ of storage is required per 100 m² of impervious area. Lot stormwater 

management systems should be assessed and approved by the City of Albany upon Development 

Application. 

• Rainwater tanks are recommended on all lots and shall be plumbed into homes using a mixed demand 

system or a trickle feed system to provide available storage for recurrent storm events.  

• Soakwells shall only be utilised where there is adequate separation to the peak annual water-table 

from the base of the soakwell (>300 mm) and adequate gradient for graduated pipe overflow pipes. In 

areas with shallow depth to groundwater, attenuation basins integrated into the garden landscaping 

will provide the most effective attenuation mechanism. When designing lot stormwater management 

systems, overland flow routes directing runoff away from buildings and adjoining properties shall be 

considered. Lot stormwater management systems should be assessed and approved by the City of 

Albany upon Development Application. 

Stormwater Conveyance 

• Roadside swales designed to convey storm events up to the 20% AEP and where required, pipe drains 

to connect sections of swale sized to convey the 20% AEP storm event. Pipe drains include lot 

crossovers which shall be constructed prior to subdivision to ensure the integrity of the drainage 

system is maintained.  

• Roadside swales shall have a minimum side slope of 1:4 between the road and swale and 1:5 between 

the lot boundary and swale for ease of maintenance. The swales shall be designed with adequate 
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grade for peak runoff conveyance, the minimum longitudinal grade criterion for the swales is 1:200 

(0.005). The estimated capacity and top water level of each section of swale shall be calculated using 

the Manning’s formula or appropriate modelling software subsequent to earthwork design, once the 

incoming sub-catchment to each swale section is confirmed. 

• Road drainage from storm events greater than the peak 20% AEP event up to the peak 1% AEP event 

will be directed to the lowest point in each catchment via overland flow along the road pavement. The 

ultimate road low point will be located adjacent to Five Mile Creek in each sub-catchment to ensure 

road runoff is directed off site during storm events greater than the 20% AEP. Runoff from storm events 

greater than the 20% AEP event will be directed off site unattenuated. Attenuation of flows for storm 

events greater than the peak 20% AEP event, up to the peak 1% AEP event are likely to have 

negligible impact on the flood regime of the downstream area. 

Bio-retention and Stormwater Storage 

• Drainage treatment train utilising bio-retention storages, designed to treat the first 15 mm of rainfall, 

by providing infiltration close to source. Bio-retention storages shall be designed to convey up to the 

20% AEP storm event. Storages will be located at the low point of the sub-catchments, to direct runoff 

away from infrastructure in the case that the capacity of the storage is exceeded. The bio-retention 

storages shall be located outside of Five Mile Creek and its flood/riparian vegetation zone. A 

conceptual cross section of the bio-retention storage is shown in Figure 12 and sizing of the 

bioretention storages for each sub-catchment is shown in Table 8. 

• The maximum side slopes of the bio-retention storages shall be 1:6, with at least 0.3 m of freeboard 

provided between the 20% AEP top water level and top of bank. A stabilised low point in the bank 

shall be provided at the 20% AEP top water level, located downstream in the bio-retention storage so 

that overflow is directed off site when/if the capacity of the storage is exceeded.  

• The base of the bio-retention treatment area shall be underlain with 0.4 m depth of amended soil, 

0.15m depth of a transition layer (coarse sand) and 0.15 m depth of a drainage layer with 100 mm 

(maximum) perforated collection pipes (subsoils), as shown in Figure 12. Bio-retention treatment areas 

shall be planted, the specifications for the amended soil and the planting are provided in Section 5.4. 

• Outflow from the bio-retention treatment area of the storage for minor storm events (up to the 20% 

AEP) shall be set at the top water level of the first 15 mm runoff event, this is set at a maximum depth 

of 0.3 m to allow for adequate water quality treatment across a larger surface area. Outflow from the 

treatment area will be via an overflow pit sized to match the peak pre-development outflow for the 20% 

AEP storm event for each catchment (Table 8).  

• Outflow from the bio-retention storages for minor storm events (up to the 20% AEP) shall be set at the 

top water level of the first 15 mm runoff event, this is set at a maximum depth of 0.5 m to allow for 

adequate water quality treatment across a larger surface area. Outflow from the storages will be via 

an overflow pit sized to match the peak pre-development outflow for the 20% AEP storm event for 

each sub-catchment (Table 8).  

• Outflow from bio-retention storages in Sub-catchments A and B will discharge to Five Mile Creek. 

Outflow from Sub-catchment C will discharge to the Five Mile Creek tributary to the south of the Subject 

Site, whilst Sub-catchment D will discharge to South Coast Highway and ultimately Five Mile Creek 

further downstream. The Sub-catchment D bio-retention storage is proposed to be a swale within the 

road reserve with side slopes consistent with that specified for roadside swales and all other 

specifications consistent with a bio-retention storage. Measures shall be taken at the downstream end 

of the storage outlets to ensure scouring and movement of sediment is minimal, this may include rock 

pitching and stabilisation matting.  

• All bio-retention/stormwater storages shall be contained within easements and have adequate access 

for maintenance. Bio-retention storages located adjacent to Five Mile Creek shall be located outside 

of the designated creek easement. 
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Flood Protection 

• All building pad finished levels shall have a minimum of 0.3 m separation above the estimated 20% 

AEP top water level in the bio-retention storages and above the 1% AEP top water level in nearby 

waterways and waterbodies consistent with the Local Government Guidelines for Subdivisional 

Development (IPWEA, 2017). 

• All roads shall have a minimum separation of 0.3 m above the 20 % AEP top water level in the bio-

retention storages and nearby waterways and waterbodies.  

• Building pads shall be set back a minimum of 100 m from Five Mile Creek for both flood protection 

and environmental protection of the waterway. 

The First 15mm, 20% AEP and 1% AEP storage requirements are presented in Table 8. The stormwater 

management plan for the Subject Site is shown in Figure 12.  

Table 8: Drainage system requirements (bio-retention storages) 

  
Catchment 

A B C D 

First 15mm 

Runoff Volume (m3) 156 264 276 96 

Storage Volume required (m3) 156 264 276 96 

Maximum Ponding Depth (m) 0.5 0.5 0.5 0.5 

20% AEP 

Critical Storm Duration (hours) 1 1 1 1 

Storm Duration Runoff Volume (m3) 671 928 1342 131 

Storage Volume (m3) 312 459 604 98 

Maximum Ponding Depth (m) 0.9 0.9 0.9 0.6 

Allowable Outflow from Storage (L/s)  100 130 205 9 

 
 
 

 

Figure 5: Conceptual cross-section of bio-retention storage/swale 
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Figure 6: Stormwater Management Plan 

AT 
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5.3 Groundwater Management 

The groundwater management objectives for the Subject Site are to: 

• Manage groundwater levels to protect infrastructure and assets; 

• Maintain groundwater regimes for the protection of groundwater dependent ecosystems; 

• Protect the value of groundwater resources; and 

• Adopt nutrient load reduction design objectives for discharges to groundwater.  

The following strategies will be implemented for the proposed development of the Subject Site to ensure the 

above objectives are met: 

• To protect infrastructure from high seasonal groundwater levels. Building pads and foundations shall 

be set in accordance with applicable building standards based on soil type and separation to 

groundwater. Imported fill will be required where there is a low separation to groundwater, to ensure 

there is adequate separation between groundwater and building pads/foundations. A minimum 

separation of 1.5 m (in sands) is required between the land application of effluent disposal and peak 

groundwater levels (BDS, 2024). Where imported fill is required for the LAA, the same minimum fill 

depth shall be required for building pads. 

• Subsoil drains shall be installed where the road finished level is less than 2 metres above the peak 

annual water-table. Subsoil drains shall have free draining outlets directed to bio-retention/stormwater 

storages for treatment prior to discharge. 

• Bio-retention storages to have subsoils beneath the amended soil layer to prevent long standing water. 

Subsoil drains shall have a free draining outlet directed to Five Mile Creek. 

5.4 Water Quality Management 

The effective implementation of the structural and non-structural controls as part of the development will 

enhance water quality from this site as a result of the land use change from agricultural to rural residential. 

The Subject Site uses a treatment train of structural and non‐structural controls to treat up to the first 15 mm 

of rainfall from storm event. 

Structural controls include the use of: 

• Lot attenuation through the use of plumbed in rainwater tanks, soakwells and/or rain gardens to 

capture runoff from rooves and hardstand areas reducing runoff from the site. Infiltration of rainwater 

at source allows for treatment of water as it moves through the soil profile. 

• Bio-retention storages which will receive runoff from the development’s internal road network. Bio-

retention storages are designed to treat the first flush event (first 15 mm) and retain up the 1% AEP 

storm event. Bio-retention storages will allow for infiltration at source, they will be underlain with 

amended soil and subsoils, and planted to allow for uptake of nutrients and heavy metals. The 

minimum specifications for all bio-retention storages are presented in Table 9. 

• Revegetation of Five Mile Creek and the associated flood plain is proposed in the central north of the 

Subject Site where Five Mile Creek enters the Subject Site. This area receives untreated runoff from 

a relatively large section of South Coast Hwy and also receives inflow from the upstream catchment 

of Five Mile Creek, predominantly from agricultural areas. Revegetation shall be consistent with 

minimum requirements for the bio-retention storages (Table 9) with larger native shrubs suitable for 

the outer creek line. Figure 12 shows the area proposed to be revegetated. The existing fringing 

vegetation along Five Mile Creek within the drainage easement shall not be impacted as part of 

development works and as such has been categorised as a Vegetation Protection Zone (Figure 12).  
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• Any revegetation or bioretention planting has been accounted for in the Bushfire Management Plan 

(BMP), as Forest Type A or Shrubland Type C. Refer to details in the overall BMP for the rezoning. 

Table 9: Minimum requirements for bio-retention storages 

Item Specification 

Amended soil media 

 

• Well graded sand. 

• Clay and silt content <3%. 

• Organic content between 3 and 5%. 

• Hydraulic Conductivity (sat) >150mm/hour. 

• Light compaction only. 

• Infiltration testing of material prior to installation and again once construction is 
complete. On-going testing as per the monitoring program. 

Plant selection • In accordance with Vegetation Guidelines for Stormwater Biofilters in the South-
West of WA (Monash University, 2014). 

• Tolerant of periodic inundation and extended dry periods. 

• Spreading root system. 

• Preferential selection of endemic and local native species.  

• Planting to provide 70-80% coverage at plant maturity. 

Planting density and distribution • Planting density appropriate for species selection. 

• Even spatial distribution of plant species. 

The bio-retention systems should be sized to function correctly with a hydraulic conductivity (K) (saturated) of 

at least 3 m/day. Research conducted by the Facility for Advancing Water Biofiltration (FAWB, 2008) indicates 

that the desired Ksat is in the range of 2.5 to 7 m/day, to fulfil the drainage requirements as well as retain 

sufficient moisture to support the vegetation. The FAWB (2008) research also specifies that for vegetated 

systems, some clogging will occur in the first few years until the vegetation is established. Once the plants are 

established, the roots and associated biological activity maintain the conductivity of the soil media over time.  

Bio-retention systems are to be planted in a low fuel manner so as to not increase the bushfire risk of the area. 

Non-structural source controls to reduce nutrient export from the Subject Site will focus on reducing the need 

for nutrient inputs into the landscape. The following strategies are proposed; 

• Promotion of the use of local native plants for landscaping to new lot owners. The use of local native 

plants will reduce the need for fertilisers across the site; and 

• Undertake education campaigns regarding source control practices to minimise pollution runoff into 

stormwater drainage system.  
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6 Implementation 

6.1 Construction Management 

Any temporary stormwater storage required during construction shall be built where the final storage area will 

be located. The temporary storage will be sized to contain the ultimate capacity of stormwater runoff from the 

connected area. Measures shall be taken to prevent the transportation of sediment during the construction 

phase, including infiltrating at source where possible and sand bagging/rock placement at the inlet of any pipe 

systems discharging outside the Subject Site. Remedial measures shall be undertaken by the developer if any 

disturbances to the surrounding areas are caused during construction.    

6.2 Maintenance of Drainage Systems 

The bio-retention swales and drainage system will require regular maintenance to ensure its efficient operation. 

It is considered the following operating and maintenance practices will be required and undertaken by the client 

periodically, until successful practical completion of the development and handover to the City of Albany. 

Following handover, it is the City of Albany’s responsibility to maintain drainage structures accordingly: 

• Removal of debris to prevent blockages; 

• Maintenance of vegetation in bio-retention swales; and 

• Cleaning of sediment build up and litter layer on the bottom of storages. 

6.3 Monitoring Program 

The monitoring program has been designed to allow a quantitative assessment of hydrological impacts of the 

proposed development. 

6.3.1 Hydraulic Performance Monitoring 

The hydraulic performance monitoring will aim to measure the movement of storm water through the 

stormwater storage structures to determine if stormwater conveyance is consistent with the intended design.  

Where amended soil profiles have been installed in the bio-retention swales, infiltration testing shall be 

completed to test the hydraulic conductivity of the media. Testing should be repeated every 12 months to 

ensure clogging of the storages does not occur. 

Water levels in the stormwater swales and the drainage basin east of the Subject Site shall be observed during 

significant storm events to ensure they are consistent with design and not overflowing. 

6.3.2 Groundwater Monitoring 

Two years of post-development groundwater level monitoring (quarterly) shall be conducted with results 

compared to the peak annual water-table levels recorded in the test pits constructed during the October 2021 

Soil Investigation (GSG, 2021). A minimum of 8 groundwater monitoring bores shall be installed adjacent to 

eight test pit locations that intercepted groundwater during the Soil Investigation (GSG, 2021). If groundwater 

levels are found to exceed pre-development groundwater levels by more than 500 mm with no significant 

change in rainfall a review of the development design and operations will be required and 

alterations/modifications to the development will be conducted to reduce groundwater levels accordingly.  



 Lot 124 & 125 South Coast Hwy, Marbelup - LWMS 

MSC063-001    1 May 2024  28 

7 References 

ANZECC & ARMCANZ, Australian and New Zealand Environment and Conservation Council and Agricultural 

and Resource Management Council of Australia and New Zealand (2000) Australian and New Zealand 

Guidelines for Fresh and Marine Water Quality, National Water Quality Management Strategy, October 2000. 

Artiola, J.F., Pepper, I.L, & Brusseau, M.L. (2004) Hydraulic Conductivity Characterisation.  

Bio Diverse Solutions (2024) Site Soil Evaluation – Lot 124 and 125 South Coast Hwy, Marbelup. 

Unpublished report prepared for client. 

Bureau of Meteorology (2021) Climate Data Online. http://www.bom.gov.au/climate/data/ 

DBCA, Department of Biodiversity and Conservation (2021) South Coast Significant Wetlands Mapping. 

DPLH, Department of Planning, Lands and Heritage (2019) Government Sewerage Policy, Government of 

Western Australia. 

DPIRD, Department of Primary Industries and Regional Development (2017a) Soil Landscape Mapping – 

Zones Dataset (DPIRD-017). Dataset last updated 18/07/2022. 

DPIRD, Department of Primary Industries and Regional Development (2017b) Soil Landscape Mapping - 

Best Available Dataset (DPIRD-027). Dataset last updated 13/07/2022. 

DPIRD, Department of Primary Industries and Regional Development (2018) Soil Landscape Mapping - 

Systems Dataset (DPIRD-064). Dataset last updated 18/07/2022. 

DWER, Department of Water and Environmental Regulation (2018a) Hydrographic Catchments Mapping 

Dataset (DWER-028). Dataset last updated 19/06/2018. 

DWER, Department of Water and Environmental Regulation (2018b) Public Drinking Water Source Areas 

(PDWSA) Mapping dataset (DWER-033), Government of Western Australia. Dataset last updated 

26/05/2022. 

DWER, Department of Water and Environmental Regulation (2017) Acid Sulfate Soil Risk Mapping, Lower 

Southwest (DWER-052) dataset, Government of Western Australia. 

DWER, Department of Water and Environmental Regulation (2001) 1:250 000 Hydrogeological Map Series, 

Government of Western Australia. 

DoW, Department of Water (2007) Stormwater Management Manual for Western Australia, August 2007. 

Engineers Australia (2001) Australian Rainfall Runoff (ARR) A Guide to Flood Estimation. 

FAWB, Facility for Advancing Water Bio-filtration (2008) Guidelines for Soil Filter Media in Bioretention 

Systems. 

Great Southern Geotechnical (2021) Site Soil Investigation Lot 124 & 125 South Coast Highway, Marbelup. 

Unpublished report prepared for Bio Diverse Solutions. 

IPWEA, Institute of Public Works Engineering Australasia (2017) Local Government Guidelines for 

Subdivisional Development. 

Luke, G.L, Burke, K.L. & O’Brien, T.M. (1988) Evaporation data for Western Australia. 

Opus (2007) Land Capability Assessment – Lot 800 South Coast Hwy, Cuthbert. Unpublished report 

prepared for client. 

Personal Communications N. Sykora, to C. Cramer via email (2023) 

WAPC, Western Australian Planning Commission (2008) Better Urban Water Management. 

  

http://www.bom.gov.au/climate/data/


 Lot 124 & 125 South Coast Hwy, Marbelup - LWMS 

MSC063-001    1 May 2024  29 

 

 

 

 

Appendix A 

Site Soil Investigation (Great Southern Geotechnics, 2021) 

 

 

 

 



Report

Presented By: A.Purdie

Great Southern Geotechnics Pty Ltd

5a 209 Chester Pass Rd, Albany WA 

Report  5175/1

Site Investigation

Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330

Monday, 25 October 2021



1.0 INTRODUCTION 

 

As authorised by Bio Diverse Solutions an investigation for the proposed Development on Lot 

2.0 GENERAL 

 

The intent of the investigation was to determine the following: 

3.0 SITE INVESTIGATION 

 

Test pits logs/ soil profiles are noted in Appendix B - Test Pit Logs

The field investigation consisted of Boreholes excavated on-site to depths of up to meters

using a Kubota KX41-3V mini excavator  with a 300mm Auger. 

4.0 LABORATORY TESTING

This report and associated documentation was undertaken for the specific purpose described in the 

report and shall not be relied on for other purposes. 

This report was prepared solely for the use by Bio Diverse Solutions any reliance assumed by other 

parties on this report shall be at such parties own risk.

IMPORTANT NOTE: The test pits have been spread so that they are representative of the subsurface 

materials across the intended reconstruction area, however, soil conditions may change dramatically 

over short distances and our investigations may not locate all soil variations across the site.

22

Test pits were spread across the the proposed development as locations specified by the client.

All soil layers encountered were visually assessed and classified on-site. 

2

N/A

GREAT SOUTHERN GEOTECHNICS

124 & 125 South Cst Hwy, Marbellup WA 6330 was performed on the 19/10/2021

• Depth of groundwater

• In Situ soil types and profiles, and

Site conditions and test pit locations were recorded and are displayed in Appendix A - Maps. 
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 Material Description 

   SOIL TYPE, Plasticity, Colour, 

Particle characteristics, Secondary and other minor components

   Excavation Method :      

   Position:

Logged By

A.Purdie

Contains roots and root fibres.

CO - Compact

L-MD

VD - Very Dense

W

VL - Very Low

L - Low

M - Medium

H - High

Samples Taken ✓

Non-Cohesive

VL - Very Loose

L - Loose

MD - Medium Dense

D - Dense

General

2000

Flooding

VSt - Very Stiff

D - Dry      M - Moist     W - Wet

w1726_5175G'1-22_0



Job No:

Client:

Project:

5175/1

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330

Excavation

Spoil

Test Pit No.1

Sheet 2 of 44Bio Diverse Solutions

w1726_5175G'1-22_0



Client:  

Project:  

Project No. 

Location: 

Refusal

Cave In

D - Dry      M - Moist     W - Wet

1350 - 2000

200 - 1350

650 SAND with silt: Dark grey/black, fine to medium. (*Refer to comments) M MD

0 - 200

Contains roots and root fibres.

1150 SAND with silt: Grey to light grey, fine to medium.

of 44
5175/1 5175/1 2 5175G2

Report Report No Test Pit No. Sample No.
Sheet 3

QU-0578 Logged By    Excavation Method :      300mm Auger

34°59'57.79"S 117°47'40.05"E A.Purdie    Position: Refer to site plan

Bio Diverse Solutions Date Commenced    Operator/Contractor: GSG

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330 19/10/2021    Equipment type: Kubota KX41-3V
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 Material Description 

   SOIL TYPE, Plasticity, Colour, 

Particle characteristics, Secondary and other minor components
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200 (Topsoil) SAND with silt: Dark grey, fine to medium. W L-MD

M-W L-MD

* Moderately cemented from 1550 to 2000 Flooding

St - Stiff

VS - Very Soft VL - Very Loose EL - Extremely Low IN - Indurated

Cohesive Non-Cohesive Rock Cementation

D - Dense M - Medium
MC - moderately Cemented

VSt - Very Stiff VD - Very Dense

EH - Extremely High

Lack of Reach

Samples Taken Target Depth ✓ 2000

Comments Near Refusal

N/A - Not Applicable

S - Soft L - Loose VL - Very Low
PC - Poorly Cemented

General

F - Firm MD - Medium Dense L - Low

H - High

H - Hard CO - Compact VH - Very High
WC - Well Cemented

N/D - Not Determined

w1726_5175G'1-22_0



Job No:

Client:

Project:

44Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330

Test Pit No.2

Excavation

Spoil

5175/1

Sheet 4 of

w1726_5175G'1-22_0



Client:  

Project:  

Project No. 

Location: 

500 - 1200

General

380 SAND with silt: Grey to light grey, fine to medium. M L-MD

Sandy GRAVEL: Dark/light brown, fine to coarse, sub-rounded to sub-angular. M D-VD

0 - 120

120 - 500

Contains roots and root fibres.

of 44
5175/1 5175/1 3 5175G3

Report Report No Test Pit No. Sample No.
Sheet 5

QU-0578 Logged By    Excavation Method :      300mm Auger

35° 0'2.80"S 117°47'39.61"E A.Purdie    Position: See site plan

Bio Diverse Solutions Date Commenced    Operator/Contractor: GSG

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330 19/10/2021    Equipment type: Kubota KX41-3V
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 Material Description 

   SOIL TYPE, Plasticity, Colour, 

Particle characteristics, Secondary and other minor components
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120 (Topsoil) SAND with silt: Dark grey, fine to medium. W L-MD

Fine to medium grained sand. (*Refer to comments)

800 SANDY CLAY: Low to medium plasticity, light brown/grey with red and orange mottle. M F-St

Fine to medium grained sand.

1200 - 2000

* Layer excavates as a Sandy GRAVEL, however consists of a conglomerate formation. Flooding

Lack of Reach

Samples Taken Target Depth ✓ 2000

Comments Near Refusal

Cave In

Refusal

VS - Very Soft VL - Very Loose EL - Extremely Low IN - Indurated

Cohesive Non-Cohesive Rock Cementation

D - Dense M - Medium
MC - moderately Cemented

N/A - Not Applicable

VSt - Very Stiff VD - Very Dense H - High

S - Soft L - Loose VL - Very Low
PC - Poorly Cemented

D - Dry      M - Moist     W - Wet

F - Firm MD - Medium Dense L - Low

700

H - Hard CO - Compact VH - Very High
WC - Well Cemented

N/D - Not Determined

EH - Extremely High

St - Stiff

w1726_5175G'1-22_0



Job No:

Client:

Project:

44Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330

Test Pit No.3

Excavation

Spoil

5175/1

Sheet 6 of

w1726_5175G'1-22_0



Client:  

Project:  

Project No. 

Location: 

0 - 160

160 - 1050

1680 - 2000

Cave In

Refusal

General

N/A - Not Applicable

VS - Very Soft VL - Very Loose EL - Extremely Low IN - Indurated

Lack of Reach

Cohesive Non-Cohesive Rock Cementation

S - Soft L - Loose VL - Very Low

Bio Diverse Solutions Date Commenced    Operator/Contractor: GSG

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330 19/10/2021    Equipment type: Kubota KX41-3V

QU-0578 Logged By    Excavation Method :      300mm Auger

35° 0'11.19"S 117°47'38.64"E A.Purdie    Position: See site plan

160 (Topsoil) SAND with silt: Dark grey, fine to medium. W

of 44
5175/1 5175/1 4 5175G4

Report Report No Test Pit No. Sample No.
Sheet 7
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 Material Description 

   SOIL TYPE, Plasticity, Colour, 

Particle characteristics, Secondary and other minor components
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L-MD

890 SAND with silt: Grey to light grey, fine to medium. M W

Contains roots and root fibres.

630 Sandy GRAVEL: Dark/light brown, fine to coarse, sub-rounded to sub-angular. M MD PC

Fine to medium grained sand.

1050 - 1680

320 SAND: Light brown/grey, fine to medium. W L-MD
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Flooding

Samples Taken Target Depth ✓ 2000

Comments Near Refusal

PC - Poorly Cemented
D - Dry      M - Moist     W - Wet

F - Firm MD - Medium Dense L - Low

St - Stiff D - Dense M - Medium
MC - moderately Cemented

VSt - Very Stiff VD - Very Dense H - High

H - Hard CO - Compact VH - Very High
WC - Well Cemented

EH - Extremely High

N/D - Not Determined

w1726_5175G'1-22_0



Job No:

Client:

Project:

Test Pit No.4

Excavation

Spoil

5175/1

Sheet 8 of 44Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330
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Client:  

Project:  

Project No. 

Location: 

1780 SAND with silt: Grey to light grey, fine to medium. M-W L-MD220 - 2000

Refusal

Cave In

General

N/A - Not Applicable

N/D - Not Determined

Flooding

Comments Near Refusal

VS - Very Soft VL - Very Loose EL - Extremely Low IN - Indurated

Lack of Reach

Cohesive Non-Cohesive Rock Cementation

S - Soft

Bio Diverse Solutions Date Commenced    Operator/Contractor: GSG

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330 19/10/2021    Equipment type: Kubota KX41-3V

QU-0578 Logged By    Excavation Method :      300mm Auger

34°59'56.34"S 117°47'51.54"E A.Purdie    Position: See site plan

220 (Topsoil) SAND with silt: Dark grey, fine to medium. W
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5175/1 5175/1 5 5175G5

Report Report No Test Pit No. Sample No.
Sheet 9
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 Material Description 

   SOIL TYPE, Plasticity, Colour, 

Particle characteristics, Secondary and other minor components
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L-MD0 - 220
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Contains roots and root fibres.

Samples Taken Target Depth ✓ 2000

L - Loose VL - Very Low
PC - Poorly Cemented

D - Dry      M - Moist     W - Wet

F - Firm MD - Medium Dense L - Low

St - Stiff D - Dense M - Medium
MC - moderately Cemented

VSt - Very Stiff VD - Very Dense H - High

H - Hard CO - Compact VH - Very High
WC - Well Cemented

EH - Extremely High

w1726_5175G'1-22_0



Job No:

Client:

Project:

Test Pit No.5

Excavation

Spoil

5175/1

Sheet 10 of 44Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330
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Client:  

Project:  

Project No. 

Location: 

250 - 325

780 - 2000

325 - 780

75 Sandy GRAVEL: Brown/orange, fine to medium, sub-rounded to sub-angular. M MD

Contains roots and root fibres.

Refusal

General

N/A - Not Applicable

Cave In

* Contains fine to medium, sub-rounded to sub-angular gravel to 450mm. Flooding

Comments Near Refusal

VS - Very Soft VL - Very Loose EL - Extremely Low IN - Indurated

Lack of Reach

Cohesive Non-Cohesive Rock Cementation

Bio Diverse Solutions Date Commenced    Operator/Contractor: GSG

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330 19/10/2021    Equipment type: Kubota KX41-3V

QU-0578 Logged By    Excavation Method :      300mm Auger

34°59'59.96"S 117°48'22.33"E A.Purdie    Position: See site plan
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Report Report No Test Pit No. Sample No.
Sheet 11
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 Material Description 

   SOIL TYPE, Plasticity, Colour, 

Particle characteristics, Secondary and other minor components
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L-MD0 - 250 (Topsoil) SAND with silt: Grey, fine to medium. M-W
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250

Fine to medium grained sand.

455 Sandy CLAY: Low to medium plasticity, yellow. M F-St

Fine to medium grained sand. (*Refer to comments)

1220 Sandy CLAY: Dark brown/red with yellow and grey mottle. M F-St

N
o
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fine to medium grained sand.

Samples Taken Target Depth ✓ 2000

PC - Poorly Cemented
D - Dry      M - Moist     W - Wet

F - Firm MD - Medium Dense L - Low

St - Stiff D - Dense M - Medium
MC - moderately Cemented

VSt - Very Stiff VD - Very Dense H - High

S - Soft L - Loose VL - Very Low

H - Hard CO - Compact VH - Very High
WC - Well Cemented

EH - Extremely High

N/D - Not Determined

w1726_5175G'1-22_0



Job No:

Client:

Project:

Test Pit No.6

Excavation

Spoil

5175/1

Sheet 12 of 44Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330
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Client:  

Project:  

Project No. 

Location: 

Refusal

General

N/A - Not Applicable

N/D - Not Determined

Cave In

VS - Very Soft VL - Very Loose EL - Extremely Low IN - Indurated

Lack of Reach

Cohesive Non-Cohesive Rock Cementation

S - Soft L - Loose VL - Very Low
PC - Poorly Cemented

Logged By    Excavation Method :      300mm Auger

34°59'55.20"S 117°48'23.90"E A.Purdie    Position: See site plan

L-MD

220 Gravelly SAND: Dark grey, fine to medium.

Contains roots and root fibres.

of 44
5175/1 5175/1 7 5175G7

Report Report No Test Pit No. Sample No.
Sheet 13
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Bio Diverse Solutions Date Commenced    Operator/Contractor: GSG

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330 19/10/2021    Equipment type: Kubota KX41-3V

QU-0578

0 - 180 180 (Topsoil) SAND with silt: Grey, fine to medium. M
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 Material Description 

   SOIL TYPE, Plasticity, Colour, 

Particle characteristics, Secondary and other minor components
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180 - 400

Contains roots and root fibres. (*Refer to comments)

1600 Clayey SAND with gravel: Low to medium plasticity, light brown, fine to medium. M F400 - 2000

Fine to coarse, sub-rounded to sub-angular gravel.

M L-MD

N
o
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* Contains cobbles and boulders Flooding

Samples Taken Target Depth ✓ 2000

Comments Near Refusal

D - Dry      M - Moist     W - Wet

F - Firm MD - Medium Dense L - Low

St - Stiff D - Dense M - Medium
MC - moderately Cemented

VSt - Very Stiff VD - Very Dense H - High

H - Hard CO - Compact VH - Very High
WC - Well Cemented

EH - Extremely High

w1726_5175G'1-22_0



Job No:

Client:

Project:

Test Pit No.7

Excavation

Spoil

5175/1

Sheet 14 of 44Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330
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Client:  

Project:  

Project No. 

Location: 

1600 - 2000

Refusal

General

N/A - Not Applicable

N/D - Not Determined

Cave In

VS - Very Soft VL - Very Loose EL - Extremely Low IN - Indurated

Lack of Reach

Cohesive Non-Cohesive Rock Cementation

S - Soft L - Loose VL - Very Low
PC - Poorly Cemented

Logged By    Excavation Method :      300mm Auger

34°59'57.21"S 117°48'17.10"E A.Purdie    Position: See site plan

L-MD

Fine to coarse, sub-rounded to sub-angular gravel.

of 44
5175/1 5175/1 8 5175G8

Report Report No Test Pit No. Sample No.
Sheet 15
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Bio Diverse Solutions Date Commenced    Operator/Contractor: GSG

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330 19/10/2021    Equipment type: Kubota KX41-3V

QU-0578

0 - 180 180 (Topsoil) SAND with silt and GRAVEL: Grey, fine to medium. M
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 Material Description 

   SOIL TYPE, Plasticity, Colour, 

Particle characteristics, Secondary and other minor components
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320 Sandy GRAVEL: Light brown/grey, fine to coarse, sub-rounded to sub-angular. M MD

Fine to medium grained sand. (*Refer to comments)

180 - 500

Contains roots and root fibres.

Fine to coarse, sub-rounded to sub-angular gravel.

1100 Clayey SAND with gravel: Low to medium plasticity, light brown, fine to medium. M MD500 - 1600
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Fine to medium grained sand.

400 Silty SAND with clay: Low plasticity, pale yellow with white mottle. M MD

* Contains cobbles and boulders Flooding

Samples Taken Target Depth ✓ 2000

Comments Near Refusal

D - Dry      M - Moist     W - Wet

F - Firm MD - Medium Dense L - Low

St - Stiff D - Dense M - Medium
MC - moderately Cemented

VSt - Very Stiff VD - Very Dense H - High

H - Hard CO - Compact VH - Very High
WC - Well Cemented

EH - Extremely High

w1726_5175G'1-22_0



Job No:

Client:

Project:

Test Pit No.8

Excavation

Spoil

5175/1

Sheet 16 of 44Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330
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Client:  

Project:  

Project No. 

Location: 

140 - 420

420 - 2000

Refusal

General

N/A - Not Applicable

N/D - Not Determined

Flooding

Comments Near Refusal

Cave In

VS - Very Soft VL - Very Loose EL - Extremely Low IN - Indurated

Bio Diverse Solutions Date Commenced    Operator/Contractor: GSG

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330 19/10/2021    Equipment type: Kubota KX41-3V

of 44
5175/1 5175/1 9 5175G9

Report Report No Test Pit No. Sample No.
Sheet 17

QU-0578 Logged By    Excavation Method :      300mm Auger

35° 0'5.39"S 117°48'23.06"E A.Purdie    Position: See site plan

140 (Topsoil) Gravelly SAND: Dark grey/brown, fine to medium. M L-MD0 - 140
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 Material Description 

   SOIL TYPE, Plasticity, Colour, 

Particle characteristics, Secondary and other minor components
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Contains roots and root fibres.

Fine to medium, rounded to sub-angular gravel.

280 Sandy CLAY with gravel: Low to medium plasticity, M F

Fine to medium, rounded to sub-angular gravel.

brown/orange with red and white mottle.

1580 Sandy CLAY: Low to medium plasticity, red/brown with yellow and grey mottle. M F-St

Fine to medium grained sand.
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Samples Taken Target Depth ✓ 2000

Lack of Reach

Cohesive Non-Cohesive Rock Cementation

S - Soft L - Loose VL - Very Low
PC - Poorly Cemented

D - Dry      M - Moist     W - Wet

F - Firm MD - Medium Dense L - Low

St - Stiff D - Dense M - Medium
MC - moderately Cemented

VSt - Very Stiff VD - Very Dense H - High

H - Hard CO - Compact VH - Very High
WC - Well Cemented

EH - Extremely High

w1726_5175G'1-22_0



Job No:

Client:

Project:

Test Pit No.9

Excavation

Spoil

5175/1

Sheet 18 of 44Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330
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Client:  

Project:  

Project No. 

Location: 

1200 - 200

120 - 350

350 - 670

670 - 1200

Refusal

General

N/A - Not Applicable

N/D - Not Determined

* Contains cobbles and boulders Flooding

Comments Near Refusal

Cave In

VS - Very Soft VL - Very Loose EL - Extremely Low IN - Indurated

Bio Diverse Solutions Date Commenced    Operator/Contractor: GSG

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330 19/10/2021    Equipment type: Kubota KX41-3V

of 44
5175/1 5175/1 10 5175G10

Report Report No Test Pit No. Sample No.
Sheet 19

QU-0578 Logged By    Excavation Method :      300mm Auger

35° 0'13.73"S 117°48'23.43"E A.Purdie    Position: See site plan

120 (Topsoil) Sandy GRAVEL: Dark brown, fine to coarse, sub-rounded to sub angular. M MD0 - 120

W
a
te

r 
T

a
b

le

C
la

s
s
if

ic
a
ti

o
n

 S
y
m

b
o

l

S
a
m

p
le

/T
e
s
t

D
e
p

th
 B

e
lo

w
 S

u
rf

a
c
e

(m
m

)

L
a
y
e
r 

D
e
p

th

(m
m

)

 Material Description 

   SOIL TYPE, Plasticity, Colour, 

Particle characteristics, Secondary and other minor components
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230 Sandy GRAVEL: Brown, fine to coarse, sub-rounded to sub-angular. M MD

Fine to medium grained sand. (*Refer to comments)

Fine to medium grained sand.

320 Sandy CLAY: Medium plasticity, yellow with red mottle. M St

Fine to medium grained sand.

530 Sandy CLAY: Low to medium plasticity, brown/red with white mottle. M F-St
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Fine to medium grained sand.

800 Silty SAND with clay: Low plasticity, pale yellow with white mottle. M F-St

Fine to medium grained sand.

Samples Taken Target Depth ✓ 2000

Lack of Reach

Cohesive Non-Cohesive Rock Cementation

S - Soft L - Loose VL - Very Low
PC - Poorly Cemented

D - Dry      M - Moist     W - Wet

F - Firm MD - Medium Dense L - Low

St - Stiff D - Dense M - Medium
MC - moderately Cemented

VSt - Very Stiff VD - Very Dense H - High

H - Hard CO - Compact VH - Very High
WC - Well Cemented

EH - Extremely High

w1726_5175G'1-22_0



Job No:

Client:

Project:

Test Pit No.10

Excavation

Spoil

5175/1

Sheet 20 of 44Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330

w1726_5175G'1-22_0



Client:  

Project:  

Project No. 

Location: 

170 - 330

330 - 1150

1150 - 2000

Refusal

General

N/A - Not Applicable

N/D - Not Determined

Flooding

Comments Near Refusal

Cave In

VS - Very Soft VL - Very Loose EL - Extremely Low IN - Indurated

Bio Diverse Solutions Date Commenced    Operator/Contractor: GSG

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330 19/10/2021    Equipment type: Kubota KX41-3V

of 44
5175/1 5175/1 11 5175G11

Report Report No Test Pit No. Sample No.
Sheet 21

QU-0578 Logged By    Excavation Method :      300mm Auger

35° 0'16.44"S 117°48'18.40"E A.Purdie    Position: See site plan

170 (Topsoil) SAND with silt: Dark grey, fine to medium. M L-MD0 - 170
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 Material Description 

   SOIL TYPE, Plasticity, Colour, 

Particle characteristics, Secondary and other minor components
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160 SAND with silt: Grey, fine to medium. M L-MD

Contains roots and root fibres.

Fine to medium grained sand.

820 Sandy GRAVEL: Light brown, fine to coarse, sub-rounded to sub-angular. M D WC

850 Sandy CLAY: Low to medium plasticity,brown/orange. M F

Fine to medium grained sand.
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Samples Taken Target Depth ✓ 2000

Lack of Reach

Cohesive Non-Cohesive Rock Cementation

S - Soft L - Loose VL - Very Low
PC - Poorly Cemented

D - Dry      M - Moist     W - Wet

F - Firm MD - Medium Dense L - Low

St - Stiff D - Dense M - Medium
MC - moderately Cemented

VSt - Very Stiff VD - Very Dense H - High

H - Hard CO - Compact VH - Very High
WC - Well Cemented

EH - Extremely High

w1726_5175G'1-22_0



Job No:

Client:

Project:

Test Pit No.11

Excavation

Spoil

5175/1

Sheet 22 of 44Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330

w1726_5175G'1-22_0



Client:  

Project:  

Project No. 

Location: 

200 - 800

800 - 1000

1000 - 2000

Refusal

General

N/A - Not Applicable

N/D - Not Determined

Flooding

Comments Near Refusal

Cave In

VS - Very Soft VL - Very Loose EL - Extremely Low IN - Indurated

Bio Diverse Solutions Date Commenced    Operator/Contractor: GSG

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330 19/10/2021    Equipment type: Kubota KX41-3V

of 44
5175/1 5175/1 12 5175G12

Report Reort No Test Pit No. Sample No.
Sheet 23

QU-0578 Logged By    Excavation Method :      300mm Auger

35° 0'16.70"S 117°48'8.39"E A.Purdie    Position: See site plan

200 (Topsoil) SAND with silt: Dark grey, fine to medium. M L-MD0 - 200
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 Material Description 

   SOIL TYPE, Plasticity, Colour, 

Particle characteristics, Secondary and other minor components
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600 SAND with silt: Grey/light grey, fine to medium. M L-MD

Contains roots and root fibres.

Fine to coarse, sub-rounded to sub-angular gravel.

200 Gravelly SAND: Brown to dark brown, fine to medium. M MD

1000 Clayey, Silty SAND: Low plasticity, light brown/orange. M-W L-MD

Fine to medium grained sand.
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Samples Taken Target Depth ✓ 2000

Lack of Reach

Cohesive Non-Cohesive Rock Cementation

S - Soft L - Loose VL - Very Low
PC - Poorly Cemented

D - Dry      M - Moist     W - Wet

F - Firm MD - Medium Dense L - Low

St - Stiff D - Dense M - Medium
MC - moderately Cemented

VSt - Very Stiff VD - Very Dense H - High

H - Hard CO - Compact VH - Very High
WC - Well Cemented

EH - Extremely High

w1726_5175G'1-22_0



Job No:

Client:

Project:

Test Pit No.12

Excavation

Spoil

5175/1

Sheet 24 of 44Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330

w1726_5175G'1-22_0



Client:  

Project:  

Project No. 

Location: 

1580 - 2000

120 - 460

460 - 980

980 - 1580

Refusal

General

N/A - Not Applicable

N/D - Not Determined

Flooding

Comments Near Refusal

Cave In

VS - Very Soft VL - Very Loose EL - Extremely Low IN - Indurated

Bio Diverse Solutions Date Commenced    Operator/Contractor: GSG

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330 19/10/2021    Equipment type: Kubota KX41-3V

of 44
5175/1 5175/1 13 5175G13

Report Report No Test Pit No. Sample No.
Sheet 25

QU-0578 Logged By    Excavation Method :      300mm Auger

35° 0'10.14"S 117°48'3.72"E A.Purdie    Position: See site plan

120 (Topsoil) SAND with silt: Grey, fine to medium. M L-MD0 - 120
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 Material Description 

   SOIL TYPE, Plasticity, Colour, 

Particle characteristics, Secondary and other minor components
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340 SAND with silt: Light grey, fine to medium. M L-MD

Contains roots and root fibres.

Fine to medium grained sand.

520 Sandy GRAVEL: Brown/orange, fine to coarse, sub-rounded to sub-angular. M D MC

600 Sandy CLAY: Low to medium plasticity, brown/orange with red mottle. M F

Fine to medium grained sand.
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Fine to medium grained sand.

420 Silty SAND with clay: Low plasticity, pale yellow with white mottle. M F

Samples Taken Target Depth ✓ 2000

Lack of Reach

Cohesive Non-Cohesive Rock Cementation

S - Soft L - Loose VL - Very Low
PC - Poorly Cemented

D - Dry      M - Moist     W - Wet

F - Firm MD - Medium Dense L - Low

St - Stiff D - Dense M - Medium
MC - moderately Cemented

VSt - Very Stiff VD - Very Dense H - High

H - Hard CO - Compact VH - Very High
WC - Well Cemented

EH - Extremely High

w1726_5175G'1-22_0



Job No:

Client:

Project:

Test Pit No.13

Excavation

Spoil

5175/1

Sheet 26 of 44Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330

w1726_5175G'1-22_0



Client:  

Project:  

Project No. 

Location: 

300 - 720

720 - 990

990 - 2000

Refusal

General

N/A - Not Applicable

N/D - Not Determined

Flooding

Comments Near Refusal

Cave In

VS - Very Soft VL - Very Loose EL - Extremely Low IN - Indurated

Bio Diverse Solutions Date Commenced    Operator/Contractor: GSG

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330 19/10/2021    Equipment type: Kubota KX41-3V

of 44
5175/1 5175/1 14 5175G14

Report Report No Test Pit No. Sample No.
Sheet 27

QU-0578 Logged By    Excavation Method :      300mm Auger

35° 0'8.35"S 117°48'12.72"E A.Purdie    Position: See site plan

300 (Topsoil) SAND with silt: Dark grey, fine to medium. M L-MD0 - 300
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 Material Description 

   SOIL TYPE, Plasticity, Colour, 

Particle characteristics, Secondary and other minor components
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420 Sandy GRAVEL: Brown, fine to coarse, sub-rounded to sub-angular. M MD-D

Contains roots and root fibres.

Fine to medium grained sand.

270 Sandy CLAY with gravel: Medium plasticity, light brown/grey with red and orange mottle. W S-F

Fine to medium grained sand.

Fine to medium , sub-rounded to sub-angular gravel.
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1010 Sandy CLAY: Medium plasticity, red with grey and orange mottle. M F

Fine to medium grained sand.

Samples Taken Target Depth ✓ 2000

Lack of Reach

Cohesive Non-Cohesive Rock Cementation

S - Soft L - Loose VL - Very Low
PC - Poorly Cemented

D - Dry      M - Moist     W - Wet

F - Firm MD - Medium Dense L - Low

St - Stiff D - Dense M - Medium
MC - moderately Cemented

VSt - Very Stiff VD - Very Dense H - High

H - Hard CO - Compact VH - Very High
WC - Well Cemented

EH - Extremely High

w1726_5175G'1-22_0



Job No:

Client:

Project:

Test Pit No.14

Excavation

Spoil

5175/1

Sheet 28 of 44Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330

w1726_5175G'1-22_0



Client:  

Project:  

Project No. 

Location: 

200 - 810

810 - 1550

1550 - 2000

Refusal

General

N/A - Not Applicable

N/D - Not Determined

Flooding

Comments Near Refusal

Cave In

VS - Very Soft VL - Very Loose EL - Extremely Low IN - Indurated

Bio Diverse Solutions Date Commenced    Operator/Contractor: GSG

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330 19/10/2021    Equipment type: Kubota KX41-3V

of 44
5175/1 5175/1 15 5175G15

Report Report No Test Pit No. Sample No.
Sheet 29

QU-0578 Logged By    Excavation Method :      300mm Auger

35° 0'13.50"S 117°47'58.91"E A.Purdie    Position: See site plan

200 (Topsoil) SAND with silt: Dark grey, fine to medium. M L-MD0 - 200
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 Material Description 

   SOIL TYPE, Plasticity, Colour, 

Particle characteristics, Secondary and other minor components
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610 Sandy GRAVEL: Light brown, fine to coarse, sub-rounded to sub-angular. M MD-D

Contains roots and root fibres.

Fine to medium grained sand.

740 Sandy CLAY: Low plasticity, brown/orange with red mottle. M F

Fine to medium grained sand.

450 Silty SAND with trace clay: Low plasticity, pale yellow with white mottle. M F
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Fine to medium grained sand.

Samples Taken Target Depth ✓ 2000

Lack of Reach

Cohesive Non-Cohesive Rock Cementation

S - Soft L - Loose VL - Very Low
PC - Poorly Cemented

D - Dry      M - Moist     W - Wet

F - Firm MD - Medium Dense L - Low

St - Stiff D - Dense M - Medium
MC - moderately Cemented

VSt - Very Stiff VD - Very Dense H - High

H - Hard CO - Compact VH - Very High
WC - Well Cemented

EH - Extremely High

w1726_5175G'1-22_0



Job No:

Client:

Project:

Test Pit No.15

Excavation

Spoil

5175/1

Sheet 30 of 44Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330

w1726_5175G'1-22_0



Client:  

Project:  

Project No. 

Location: 

0 - 160

160 - 750

750 - 1250

1250 - 1700

1700 - 2000

Refusal

General

N/A - Not Applicable

N/D - Not Determined

Flooding

Comments Near Refusal

Cave In

VS - Very Soft VL - Very Loose EL - Extremely Low IN - Indurated

of 44
5175/1 5175/1 16 5175G16

Report Report No Test Pit No. Sample No.
Sheet 31

QU-0578 Logged By    Excavation Method :      300mm Auger

35° 0'19.95"S 117°47'57.96"E A.Purdie    Position: See site plan

Bio Diverse Solutions Date Commenced    Operator/Contractor: GSG

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330 19/10/2021    Equipment type: Kubota KX41-3V
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 Material Description 

   SOIL TYPE, Plasticity, Colour, 

Particle characteristics, Secondary and other minor components
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Contains roots and root fibres.
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160 (Topsoil) SAND with silt: Dark grey, fine to medium. W L-MD

590 SAND with silt: Grey, fine to medium. M L-MD

500 SAND with silt: Light grey, fine to medium. W L-MD

450 SAND with silt: Dark grey, fine to medium. W L-MD

300 SAND with silt: Dark grey, fine to medium. M MD-D WC

Samples Taken Target Depth ✓ 2000

Cohesive Non-Cohesive Rock Cementation

S - Soft L - Loose VL - Very Low
PC - Poorly Cemented

D - Dry      M - Moist     W - Wet

F - Firm MD - Medium Dense L - Low

St - Stiff D - Dense M - Medium
MC - moderately Cemented

VSt - Very Stiff VD - Very Dense H - High

Lack of Reach

H - Hard CO - Compact VH - Very High
WC - Well Cemented

EH - Extremely High

w1726_5175G'1-22_0



Job No:

Client:

Project:

5175/1

Sheet 32 of 44Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330

Test Pit No.16

Excavation

Spoil

w1726_5175G'1-22_0



Client:  

Project:  

Project No. 

Location: 

200 - 760

760 - 1300

1300

Refusal ✓ 1300

General

N/A - Not Applicable

N/D - Not Determined

Flooding

Comments Near Refusal

Cave In

VS - Very Soft VL - Very Loose EL - Extremely Low IN - Indurated

Bio Diverse Solutions Date Commenced    Operator/Contractor: GSG

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330 19/10/2021    Equipment type: Kubota KX41-3V

of 44
5175/1 5175/1 17 5175G17

Report Report No Test Pit No. Sample No.
Sheet 33

QU-0578 Logged By    Excavation Method :      300mm Auger

35° 0'1.30"S 117°48'1.12"E A.Purdie    Position: See site plan

200 (Topsoil) SAND with silt: Grey, fine to medium. M L-MD0 - 200
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 Material Description 

   SOIL TYPE, Plasticity, Colour, 

Particle characteristics, Secondary and other minor components
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SAND with silt: Light grey, fine to medium. M L-MD

540 SAND with silt: Brown, fine to medium. M VD WC

0 REFUSAL
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o
 w

a
te

r 
ta

b
le

 e
n
c
o
u
n
te
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.

Samples Taken Target Depth

Lack of Reach

Cohesive Non-Cohesive Rock Cementation

S - Soft L - Loose VL - Very Low
PC - Poorly Cemented

D - Dry      M - Moist     W - Wet

F - Firm MD - Medium Dense L - Low

St - Stiff D - Dense M - Medium
MC - moderately Cemented

VSt - Very Stiff VD - Very Dense H - High

H - Hard CO - Compact VH - Very High
WC - Well Cemented

EH - Extremely High

w1726_5175G'1-22_0



Job No:

Client:

Project:

Test Pit No.17

Excavation

Spoil

5175/1

Sheet 34 of 44Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330

w1726_5175G'1-22_0



Client:  

Project:  

Project No. 

Location: 

130 - 920

920 - 2000

Refusal

General

N/A - Not Applicable

N/D - Not Determined

Flooding

Comments Near Refusal

Cave In

VS - Very Soft VL - Very Loose EL - Extremely Low IN - Indurated

Bio Diverse Solutions Date Commenced    Operator/Contractor: GSG

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330 19/10/2021    Equipment type: Kubota KX41-3V

of 44
5175/1 5175/1 18 5175G18

Report Report No Test Pit No. Sample No.
Sheet 35

QU-0578 Logged By    Excavation Method :      300mm Auger

34°59'57.11"S 117°48'5.08"E A.Purdie    Position: See site plan

130 (Topsoil) SAND with silt: Grey, fine to medium. M L-MD0 - 130
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 Material Description 

   SOIL TYPE, Plasticity, Colour, 

Particle characteristics, Secondary and other minor components
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Fine to medium grained sand.

Sandy GRAVEL: Light brown, fine to coarse, sub-rounded to sub-angular. M D

Fine to medium grained sand.

1080 Silty sandy CLAY: Low to medium plasticity, light brown with grey mottle. M F

N
o
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u
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d
.

Samples Taken Target Depth ✓ 2000

Lack of Reach

Cohesive Non-Cohesive Rock Cementation

S - Soft L - Loose VL - Very Low
PC - Poorly Cemented

D - Dry      M - Moist     W - Wet

F - Firm MD - Medium Dense L - Low

St - Stiff D - Dense M - Medium
MC - moderately Cemented

VSt - Very Stiff VD - Very Dense H - High

H - Hard CO - Compact VH - Very High
WC - Well Cemented

EH - Extremely High

w1726_5175G'1-22_0



Job No:

Client:

Project:

Test Pit No.18

Excavation

Spoil

5175/1

Sheet 36 of 44Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330
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Client:  

Project:  

Project No. 

Location: 

250 - 740

740 - 2000

Refusal

General

N/A - Not Applicable

N/D - Not Determined

St - Stiff D - Dense M - Medium
MC - moderately Cemented

VSt - Very Stiff VD - Very Dense H - High

S - Soft L - Loose VL - Very Low
PC - Poorly Cemented

D - Dry      M - Moist     W - Wet

F - Firm MD - Medium Dense L - Low

VS - Very Soft VL - Very Loose EL - Extremely Low

H - Hard CO - Compact VH - Very High
WC - Well Cemented

EH - Extremely High

IN - Indurated

Lack of Reach

Cohesive Non-Cohesive Rock Cementation

* Contains cobbles and boulders Flooding

Samples Taken Target Depth ✓ 2000

Comments Near Refusal

Cave In

N
o
 w

a
te

r 
ta

b
le

 e
n
c
o
u
n
te

re
d
.

Fine to medium grained sand.

Sandy GRAVEL: Brown, fine to coarse, sub-rounded to sub-angular. M MD-D

0 - 250

490

1260 Silty sandy CLAY: Low to medium plasticity, light brown with red and white mottle. M F

250 (Topsoil) SAND with silt: Grey, fine to medium. M L-MD

Fine to medium grained sand. (*Refer to comments)

QU-0578 Logged By    Excavation Method :      300mm Auger

35° 0'8.81"S 117°47'54.01"E A.Purdie    Position: See site plan
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 Material Description 

   SOIL TYPE, Plasticity, Colour, 

Particle characteristics, Secondary and other minor components
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Bio Diverse Solutions Date Commenced    Operator/Contractor: GSG

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330 19/10/2021    Equipment type: Kubota KX41-3V
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Job No:

Client:

Project:

5175/1

Sheet 38 of 44Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330

Test Pit No.19

Excavation

Spoil
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Client:  

Project:  

Project No. 

Location: 

200 - 1100

1100 - 1200

1200 - 2000

Near Refusal

General

N/A - Not Applicable

N/D - Not Determined

St - Stiff D - Dense M - Medium
MC - moderately Cemented

VSt - Very Stiff VD - Very Dense H - High

S - Soft L - Loose VL - Very Low
PC - Poorly Cemented

D - Dry      M - Moist     W - Wet

F - Firm MD - Medium Dense L - Low

VS - Very Soft VL - Very Loose EL - Extremely Low

H - Hard CO - Compact VH - Very High
WC - Well Cemented

EH - Extremely High

IN - Indurated

Lack of Reach

Cohesive Non-Cohesive Rock Cementation

Flooding

Samples Taken Target Depth ✓ 2000

Cave In

Refusal

Comments
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800 SAND with silt: Light brown, fine to medium. W L-MD

Contains roots and root fibres.

0 - 200

100 SAND with silt: Dark brown, fine to medium. M MD MC

200 (Topsoil) SAND with silt: Dark grey, fine to medium. W L-MD

900 SAND with silt: Light grey, fine to medium. M-W L-MD

QU-0578 Logged By    Excavation Method :      300mm Auger

35° 0'13.22"S 117°47'51.81"E A.Purdie    Position: See site plan
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 Material Description 
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Job No:

Client:

Project:

5175/1

Sheet 40 of 44Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330

Test Pit No.20

Excavation

Spoil
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Client:  

Project:  

Project No. 

Location: 

300 - 900

900 - 1600

1600 - 2000

Refusal

General

N/A - Not Applicable

N/D - Not Determined

St - Stiff D - Dense M - Medium
MC - moderately Cemented

VSt - Very Stiff VD - Very Dense H - High

S - Soft L - Loose VL - Very Low
PC - Poorly Cemented

D - Dry      M - Moist     W - Wet

F - Firm MD - Medium Dense L - Low

VS - Very Soft VL - Very Loose EL - Extremely Low

H - Hard CO - Compact VH - Very High
WC - Well Cemented

EH - Extremely High

IN - Indurated

Lack of Reach

Cohesive Non-Cohesive Rock Cementation

Flooding

Samples Taken Target Depth ✓ 2000

Comments Near Refusal

Cave In
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400 SAND with silt: Brown, fine to medium. W L-MD

Contains roots and root fibres.

0 - 300

700 SAND with silt: Light grey, fine to medium. W L-MD

300 (Topsoil) SAND with silt: Dark grey, fine to medium. W L-MD

600 SAND with silt: Dark grey/grey, fine to medium. W L-MD

QU-0578 Logged By    Excavation Method :      300mm Auger

35° 0'20.29"S 117°47'50.80"E A.Purdie    Position: See site plan
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 Material Description 

   SOIL TYPE, Plasticity, Colour, 

Particle characteristics, Secondary and other minor components
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Job No:

Client:

Project:

5175/1

Sheet 42 of 44Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330

Test Pit No.21

Excavation

Spoil
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Client:  

Project:  

Project No. 

Location: 

300 - 1600

1600 - 2000

Refusal

General

N/A - Not Applicable

N/D - Not Determined

St - Stiff D - Dense M - Medium
MC - moderately Cemented

VSt - Very Stiff VD - Very Dense H - High

S - Soft L - Loose VL - Very Low
PC - Poorly Cemented

D - Dry      M - Moist     W - Wet

F - Firm MD - Medium Dense L - Low

VS - Very Soft VL - Very Loose EL - Extremely Low

H - Hard CO - Compact VH - Very High
WC - Well Cemented

EH - Extremely High

IN - Indurated

Lack of Reach

Cohesive Non-Cohesive Rock Cementation

Flooding

Samples Taken Target Depth ✓ 2000

Comments Near Refusal

Cave In
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Contains roots and root fibres.

0 - 300

400 SAND with silt: Dark grey/ black , fine to medium. W L-MD PC

300 (Topsoil) SAND with silt: Dark grey, fine to medium. W L-MD

1300 SAND with silt: Grey , fine to medium. W L-MD

QU-0578 Logged By    Excavation Method :      300mm Auger

35° 0'16.39"S 117°47'46.39"E A.Purdie    Position: See site plan
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 Material Description 

   SOIL TYPE, Plasticity, Colour, 

Particle characteristics, Secondary and other minor components
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Client:

Project:

5175/1

Sheet 44 of 44Bio Diverse Solutions

Lot 124 & 125 South Cst Hwy, Marbellup WA 6330

Test Pit No.22

Excavation

Spoil
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COLOURS 

 
BLACK - BROWN (bk) 

 
BLUE (bl) 

 
ORANGE (or) 

 
BROWN (br) 

 
BLUE – GREEN (bl/gr) 

 
RED (rd) 

 
GREY – BROWN (gy/br) 

 
GREEN (gr) 

 
RED – BROWN (rd/br) 

 
GREY (gy) 

 
YELLOW  (yl) 

 
PINK (pk) 

 
BLUE – GREY (bl/gy) 

 
YELLOW – BROWN (yl/br) 

 
PURPLE (pr) 

 
 

MOISTURE CONDITION OF SOIL 

TERM DESCRIPTION 
  

Dry Cohesive soils; hard and friable or powdery, well dry of plastic limit. Granular soils; cohesionless and free-running. 

Moist Soil feels cool, darkened in colour. Cohesive soils can be moulded. Granular soils tend to cohere. 

Wet Soil feels cool, darkened in colour. Cohesive soils usually weakened and free water forms on hands when handling. Granular soils tend 
to cohere and free water forms on hands when handling. 

 
 

PARTICLE SHAPES 

ANGULAR SUB-ANGULAR SUB-ROUNDED ROUNDED 

    

 
 

PARTICLE SIZES 

BOULDERS COBBLES 
COARSE 
GRAVEL 

MEDIUM 
GRAVEL 

FINE 
GRAVEL 

COARSE 
SAND 

MEDIUM 
SAND 

FINE 
SAND 

SILT CLAY 

          

>200mm 63- 
200mm 

20- 
63mm 

6- 
20mm 

2.36- 
6mm 

0.6- 
2.36mm 

0.2- 
0.6mm 

0.075- 
0.2mm 

0.002-
0.075mm 

<0.002mm 

 
 

GRAIN SIZE 
SOIL TYPE 
(ABBREV.) 

CLAY 
(CL) 

SILT 
(SI) 

SAND 
(SA) 

GRAVEL 
(GR) 

COBBLES 
(CO) 

SIZE < 2μm 2–75μm 
Fine 

0.075-
0.2mm 

Medium 
0.2-0.6mm 

Coarse 
0.6-2.36mm 

Fine 
2.36-6mm 

Medium 
6-20mm 

Coarse 
20-63mm 63-200mm 

SHAPE & 
TEXTURE Shiny Dull angular or sub angular or sub rounded or rounded 

FIELD 
GUIDE 

Not visible 
under 10x 

Visible under 
10x 

Visible by 
eye 

Visible at 
< 1m 

Visible at 
< 3m 

Visible at 
< 5m 

Road gravel Rail ballast Beaching 
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CLASSIFICATION CHART   

FIELD IDENTIFICATION PROCEDURES 
(Excluding particles larger than 60mm and basing fractions on estimated mass) 

GROUP 
SYMBOLS TYPICAL NAMES 

CO
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SE
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ED

 S
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S 

M
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e 
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an
 5
0%

 o
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m
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ss
 t
ha
n 
63
 m

m
 i
s 
la
rg
er
 t
ha
n 
0.
07
5 
m
m
 

G
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0%
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 f
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m
 

CL
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N 
G
RA
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LS
 

(L
itt
le
 o
r 
no
 

fin
es
)
 

Wide range in grain size and substantial amounts of all intermediate sizes, not enough 
fines to bind coarse grains, no dry strength GW Well graded gravels, gravel-sand mixtures, 

little or no fines 

Predominantly one size or range of sizes with some intermediate sizes missing, not 
enough fines to bind coarse grains, no dry strength GP Poorly Graded gravels and gravel-sand 

mixtures, little or no fines, uniform gravels 

G
RA

VE
LS
 

W
IT
H 

FI
NE

S 
(A

pp
re
cia
bl
e 

am
ou
nt
 o
f 

fin
es
)
 

Dirty’ materials with excess of non-plastic fines, zero to medium dry strength GM Silty gravels, gravel-sand-silt mixtures 

‘Dirty’ materials with excess of plastic fines, medium to high dry strength GC Clayey gravels, gravel-sand-clay mixtures 

SA
ND

S 
M
or
e 
th
an
 5
0%

 o
f 
co
ar
se
 f
ra
cti
on
 

is 
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.3
6m

m
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S 

(L
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r 
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es
)
 

Wide range in grain size and substantial amounts of all intermediate sizes, not enough 
fines to bind coarse grains, no dry strength SW Well graded sands, gravelly sands, little or 

no fines 

Predominantly one size or range of sizes with some intermediate sizes missing, not 
enough fines to bind coarse grains, no dry strength ‘ SP Poorly graded sands and gravelly sands; 

little or no fines, uniform sands 

SA
ND

S 
W
IT
H 

FI
NE

S 
(A

pp
re
cia
bl
e 

am
ou
nt
 o
f 

fin
es
)
 

Dirty’ materials with excess of non-plastic fines, zero to medium dry strength SM Silty sands, sand-silt mixtures 

‘Dirty’ materials with excess of plastic fines, medium to high dry strength SC Clayey sands, sand-clay mixtures 

FI
NE

 G
RA

IN
ED

 S
O
IL
S 

M
or
e 
th
an
 5
0%

 o
f 
m
at
er
ia
l 
le
ss
 t
ha
n 
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0.
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m
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IDENTIFICATION PROCEDURES ON FRACTIONS <0.2mm 
 

SI
LT
S 

AN
D 

CL
AY

S 
Li
qu
id
 l
im
it 
le
ss
 t
ha
n 
50
 

DRY STRENGTH DILATANCY TOUGHNESS 

None to low Quick to slow None ML 

Inorganic silts and very fine sands, rock 
flour, silty or clayey fine sands with low 
plasticity. Silts of low to medium Liquid 

Limit. 

Medium to high None to very slow Medium CL, CI Inorganic clays of low to medium plasticity, 
gravelly clays, sandy clays, silty clays. 

Low to medium Slow Low OL Organic silts and organic silt-clays of low 
to medium plasticity. 

SI
LT
S 

AN
D 

CL
AY

S 
Li
qu
id
 l
im
it 
gr
ea
te
r 
th
an
 

50
 

Low to medium Slow to none Low to medium MH 
Inorganic silts, micaceous or diatomaceous 
fine sandy or silty soils, silts of high Liquid 

Limit. 

High to very high None High CH Inorganic clays of high plasticity. 

Medium to high None to very slow Low to medium OH Organic clays of high plasticity 

HIGHLY ORGANIC SOILS Readily identified by colour, odour, spongy feel and frequently by fibrous texture Pt Peat and other highly organic soils 

CL 

CH 

ML or OL 

MH or OH 

60 
 
 
50 
 
 
40 
 
 
30 
 
 
20 
 
 
10 
 
 
0 

0           10           20          30           40          50          60          70           80          90          100 

PLASTICITY CHART 
For laboratory classification of fine grained soils 

A LINE 
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PLASTICITY 

DESCRIPTIVE TERM OF LOW PLASTICITY OF MEDIUM PLASTICITY OF HIGH PLASTICITY 
    

Range Of Liquid Limit (%) ≤ 35 > 35 ≤ 50 > 50 

 
 

DESCRIPTION OF ORGANIC OR ARTIFICIAL MATERIALS 

PREFERRED TERMS SECONDARY DESCRIPTION 
  

Organic Matter Fibrous Peat/ Charcoal/ Wood Fragments/ Roots (greater than approximately 2mm diameter)/ Root Fibres (less than 
approximately 2mm diameter) 

Waste Fill Domestic Refuse/ Oil/ Bitumen/ Brickbats/ Concrete Rubble/ Fibrous Plaster/ Wood Pieces/ Wood Shavings/ Sawdust/ Iron 
Filings/ Drums/ Steel Bars/ Steel Scrap/ Bottles/ Broken Glass/ Leather 

 
 

CONSISTENCY - Cohesive soils 

TERM VERY SOFT SOFT FIRM STIFF VERY STIFF HARD 
       

Symbol VS S F St VSt H 

Undrained Shear 
Strength (kPa) 

< 12 12 - 25 25 - 50 50 - 100 100 - 200 > 200 

SPT (N) 
Blowcount 

0 - 2 2 - 4 4 - 8 8 - 15 15 - 30 > 30 

Field Guide Exudes between 
the fingers when 

squeezed 

Can be moulded 
by light finger 

pressure 

Can be moulded 
by strong finger 

pressure 

Cannot be 
moulded by 

fingers. Can be 
indented by thumb 

nail 

Can be indented 
by thumb nail 

Can be indented 
with difficulty with 

thumb nail 

 
 

CONSISTENCY - Non-cohesive soils 

TERM VERY LOOSE LOOSE MEDIUM DENSE DENSE VERY DENSE COMPACT 
       

Symbol VL L MD D VD CO 

SPT (N) 
Blowcount 

0 - 4 4 - 10 10 - 30 30 - 50 50 - 100 > 50/150 mm 

Density Index 
(%) 

< 15 15 - 35 35 - 65 65 - 85 85 - 95 > 95 

Field Guide Ravels Shovels easily Shovelling very 
difficult 

Pick required Pick difficult Cannot be picked 

 
 

MINOR COMPONENTS 

TERM TRACE WITH 
   

% Minor Component Coarse grained soils: < 5% 
Fine grained soils: <15% 

Coarse grained soils: 5 – 12% 
Fine grained soils: 15 – 30% 

Field Guide Presence just detectable by feel or eye, but soil properties little 
or no different to general properties of primary components 

Presence easily detectable by feel or eye, soil properties 
little different to general properties of primary component 
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GEOLOGICAL ORIGIN 

 TYPE DETAILS 
   

TRANSPORTED SOILS Aeolian Soils Deposited by wind 

 Alluvial Soils Deposited by streams and rivers 

 Colluvial Soils Deposited on slopes 

 Lacustrine Soils Deposited by lakes 

 Marine Soils Deposited in ocean, bays, beaches and estuaries 

   

FILL MATERIALS Soil Fill Describe soil type, UCS symbol and add  ‘FILL’ 

 Rock Fill Rock type, degree of weathering, and word ‘FILL’. 

 Domestic Fill Percent soil or rock, whether pretrucible or not. 

 Industrial Fill Percent soil, whether contaminated, particle size & type of waste product, ie brick, concrete, metal 

 
 

STRENGTH OF ROCK MATERIAL 

TERM SYMBOL IS(50) (MPA) FIELD GUIDE TO STRENGTH 
     

Extremely Low EL ≤0.03  Easily remoulded by hand to a material with soil properties. 

Very Low VL >0.03 ≤0.1 Material crumbles under firm blows with sharp end of pick; can 
be peeled with knife; too hard to cut a triaxle sample by hand. 
Pieces up to 3 cm thick can be broken by finger pressure. 

Low L >0.1 ≤0.3 Easily scored with a knife; indentations 1 mm to 3 mm show in 
the specimen with firm blows of the pick point; has dull sound 
under hammer. A piece of core 150 mm long by 50 mm 
diameter may be broken by hand. Sharp edges of core may be 
friable and break during handling. 

Medium M >0.3 ≤1.0 Readily scored with a knife; a piece of core 150 mm long by 
50 mm diameter can be broken by hand with difficulty. 

High H >1 ≤3 A piece of core 150 mm long by 50 mm diameter cannot be 
broken by hand but can be broken by a pick with a single firm 
blow; rock rings under hammer. 

Very High VH >3 ≤10 Hand specimen breaks with pick after more than one blow; rock 
rings under hammer. 

Extremely High EH >10  Specimen requires many blows with geological pick to break 
through intact material; rock rings under hammer. 

 
 

ROCK MATERIAL WEATHERING CLASSIFICATION 

TERM SYMBOL DEFINITION 
   

Residual Soil RS Soil developed on extremely weathered rock; the mass structure and substance fabric are no 
longer evident; there is a large change in volume but the soil has not been significantly 
transported 

Extremely Weathered Rock XW Rock is weathered to such an extent that it has ‘soil’ properties, i.e. it either disintegrates 
or can be remoulded, in water. 

Distinctly Weathered Rock DW Rock strength usually changed by weathering. Rock may be highly discoloured, usually be 
iron staining. Porosity may be increased by leaching or may be decreased due to deposition 
of weathering products in pores. 

Slightly Weathered Rock SW Rock is slightly discoloured but shows little or no change of strength from fresh rock. 

Fresh Rock FR Rock shows no sign of decomposition or staining. 
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1 Introduction  

1.1 Background 

Lot 9001 Lower Denmark Road, Cuthbert WA Local Water Management Strategy (LWMS), has been prepared 

by Bio Diverse Solutions on behalf of Barry Panizza (the land owner), in support of a rezoning and subsequent 

future subdivision prepared for the site. 

The LWMS provides the framework for the application of total water cycle management to the proposed 

rezoning. This is consistent with the Department of Water and Environmental Regulation (DWER) principles 

of Water Sensitive Urban Design (WSUD), described in the Stormwater Management Manual (DoW, 2007). 

1.2 Key Design Principles and Objectives 

The LWMS employs the following key documents to define its content, key principles and objectives: 

• Stormwater Management Manual for Western Australia (DoW, 2007). 

• Better Urban Water Management (WAPC, 2008). 

A summary of the key design principles and objectives from these documents is summarised below and 

provided in Table 1. 

1.2.1 Stormwater Management Manual (DoW 2007) 

The Department of Water (DoW), now Department of Water and Environmental Regulation (DWER), released 

A Manual for Managing Urban Stormwater Quality in Western Australia in 1998. The manual defines and 

practically describes Best Management Practices (BMPs) to reduce pollutant and nutrient inputs to stormwater 

drainage systems. The Manual also aims to provide guidelines for the incorporation of water sensitive design 

principles into urban planning and design, which would enable the achievement of improved water quality from 

urban development. 

The document was released to provide a guideline for best planning and management practices and was 

intended for use by the DoW (now DWER), but also by other State and Local Government Authorities and 

sectors of the urban development industry.  

DoW completed a major review of the manual in consultation with a working team, comprising of industry and 

government representatives. The revised manual was officially launched in August 2007. 

DWER’s current position on urban stormwater management in Western Australia is outlined in Chapter 2: 

Understanding the Context of the Stormwater Management Manual for Western Australia (DoW, 2007), which 

details the management objectives, principles and a stormwater delivery approach for WA. Principle objectives 

for managing urban water in WA are stated as: 

• Water Quality: To maintain or improve the surface and groundwater quality within development areas 

relative to pre-development conditions. 

• Water Quantity: To maintain the total water cycle balance within development areas relative to the pre-

development conditions. 

• Water Conservation: To maximise the reuse of stormwater. 

• Ecosystem Health: To retain natural drainage systems and protect ecosystem health. 

• Economic Viability: To implement stormwater systems that are economically viable in the long-term. 

• Public Health: To minimise public risk, including risk of injury or loss of life to the community. 

• Protection of Property: To protect the built environment from flooding and water logging. 
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• Social Values: To ensure that social aesthetic and cultural values are recognised and maintained when 

managing stormwater. 

• Development: To ensure the delivery of best practice stormwater management through planning and 

development of high-quality developed areas in accordance with sustainability and precautionary 

principles. 

1.2.2 Better Urban Water Management (WAPC, 2008) 

The guideline document Better Urban Water Management (BUWM; WAPC, 2008) focuses on the process of 

integration between land use and water planning. The document specifies the level of investigation and 

documentation required at various decision points in the planning process, rather than the provision of any 

specific design objectives and criteria for urban water management. 

This LWMS complies with the BUWM process. 

Table 1: Summary of design principles and objectives 

Key Guiding Principles  

• Facilitate implementation of sustainable best practice urban water management. 

• Provide integration with planning processes and clarity for agencies involved with implementation. 

• To minimise public risk, including risk of injury or loss of life.  

• Protection of infrastructure and assets from flooding and inundation. 

• Encourage environmentally responsible development. 

• Facilitate adaptive management responses to the monitored outcomes of development. 

Category Key Design Principles & Objectives LWMS Criteria 

Surface Water 
Management 

• Minimise changes in hydrology to prevent 
impacts on receiving environments. 

• Manage water flows from major events to protect 
infrastructure and assets. 

• Apply the principles of WSUD. 

• Adopt water quality treatment design objectives 
for stormwater runoff. 

• Flood management. 

• Adopt treatment train approach.  

• Post-development critical peak flows will be consistent with pre-
development peak flows at the discharge point of each catchment 
within the Subject Site up to the 20% AEP. 

• First 15 mm of rainfall from storm events intercepting road network 
will be treated at source where possible. 

• Manage surface water flows from major storm events to protect 
infrastructure and assets from flooding and inundation. 

Groundwater 
Management 
 

• Manage groundwater levels to protect 
infrastructure and assets. 

• Maintain groundwater regimes for the protection 
of groundwater-dependent ecosystems. 

• Protect the value of groundwater resources. 

• Managing and minimising changes in groundwater levels and 
groundwater quality following development.  

 

Monitoring and 
Implementation 

• Adopt an adaptive management approach. 

• Maintain drainage and treatment structures.  

• Design based on methodology in Stormwater Management Manual 
of adopting a treatment train including:   
• Structural treatment measures (bio-retention treatment 
structures). 
• Non-structural measures to reduce applied nutrient 
loads.                                                                         

• Maintain groundwater quality at pre-development levels (median 
winter concentrations) and, if possible, improve the quality of water 
leaving the development area to maintain and restore ecological 
systems. 

Water 
Conservation 

• Adopt drinking water consumption target.  

• Ensure that non-potable water supply systems 
deliver a net benefit to the community.  

• Ensure that non-potable water supply systems 
are designed as part of an integrated water 
supply.   

• Aim to achieve the State Water Plan target for water use and 
reduce water use where possible. 

• Consider alternative fit for purpose water sources where 
appropriate and cost-effective. 
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1.3 Suitable Qualified Hydrologist 

This LWMS has been prepared by Chiquita Cramer, who has 15 years of experience working as a hydrologist 

and hydrogeologist. 

Chiquita Cramer currently has the following tertiary qualifications: 

• Bachelor of Science in Natural Resource Management (University of Western Australia); and 

• Graduate Certificate in Hydrogeology (University of Western Australia). 

Chiquita completed a Bachelor of Science in Natural Resource Management in 2008 at the University of 

Western Australia. Chiquita worked as a hydrologist and senior hydrologist at JDA Consultant Hydrologists in 

Perth for 8 years. Chiquita’s experience includes preparation of multiple local and urban water management 

strategies, hydrological and hydraulic investigations, surface water and groundwater monitoring reports and 

hydrogeological reports. Chiquita completed a Graduate Certificate in Hydrogeology and in 2017 joined Bio 

Diverse Solutions (BDS) to provide expertise in hydrology and hydrogeology to the company. 

1.4 Location 

The Subject Site is defined as Lot 9001 (No. 688) Lower Denmark Road, Cuthbert WA within the City of Albany. 

The site has an area of ~107 ha and is bound by Lower Denmark Road to the south, rural residential lots to 

the north and east, and agricultural land to the west. The location of the Subject Site is shown in Figure 1. 

 

Figure 1: Location plan 
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2 Proposed Development 

The Subject Site is zoned as ‘General Agriculture’ under the City of Albany’s Local Planning Scheme No. 1 

(DPLH, 2019). It is proposed the Subject Site be rezoned to ‘Rural residential’ and ‘Rural smallholdings’, and 

forms part of a larger structure plan area that includes Lots 124 and 125 South Coast Highway to the northeast 

of the Subject Site. The proposed rezoning for the site is shown in Figure 2.    
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Figure 2: Zone Plan (Harley Dykstra, 2022).  Note Subject Site area depicted by blue square.
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3 Pre-development Environment 

3.1 Existing Land Use 

The site currently consists of agricultural land used for mixed cropping and livestock (Photo 1). There is one 

residential dwelling, centrally located on the Subject Site (Photo 2 to 4). The land immediately north and east 

of the Subject Site is currently utilised for rural residential living. 

                

 

        

 

3.2 Topography 

The Subject Site is generally low lying and flat, with an elevated ridgeline running from northeast to southwest 

in the central west of the site. The northwest corner and the central eastern edge of the Subject Site are also 

elevated. Elevation ranges from a high point of 32 mAHD in the northwest of the Subject Site to a low point of 

10 mAHD in the central and southern portions of the site. Topographic contours are shown in Figure 3. 

Photo 1: View to the west of agricultural land within the 

Subject Site. 

Photo 2: View to the south southeast of driveway to 

Subject Site. 

Photo 3: View to the southwest of dwelling centrally 

located within the Subject Site. 

Photo 4: View to the east southeast of rural residential 

property to the east of Subject Site. 
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Figure 3: Topography 

3.3 Climate 

The Albany area is characterised by a Mediterranean climate with warm dry summers and cool wet winters.  

Rainfall data is from the nearby Bureau of Meteorology (BoM, 2023) Albany Station (Site No. 009500). 

The closest open Bureau of Meteorology (BoM) station to the Subject Site, is the Albany Station (009500). The 

average annual temperature at Albany Station ranges from 8.3-22.9°C. The average summer temperature 

ranges between 14.1-22.9°C, whilst average winter temperatures range between 8.3-16.7°C. The annual 

mean rainfall for Albany station is 920.8 mm (BoM, 2023). On average the months of May - September are the 

months with the highest rainfall (Figure 4). There was a higher than average rainfall recorded in the months of 

April and June 2022, and October and November 2023.  

The average annual pan evaporation for the Albany area is approximately 1397 mm (Luke et al., 1988). 
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Figure 4: Climate Data for Albany BoM Weather Station No. 009500 

 

3.4 Remnant Vegetation 

The Subject Site predominantly consists of cleared agricultural land with scattered paddock trees, and patches 

of remnant vegetation surrounding waterways/waterbodies and the ridge in the northwest. The Subject Site 

lies within the JF02 – Jarrah Forrest Interim Bio-geographic Regional Area (IBRA) and characterised by Jarrah-

Marri forest on laterite gravels. Eluvial and alluvial deposits support Agonis shrublands (DSEWPC, 2012). 

The vegetation has also been mapped on a broad scale by J.S. Beard (Shepherd et al., 2002) in the 1970’s, 

where a system was devised for state-wide mapping and vegetation classification based on geographic, 

geological, soil, climate structure, life form and vegetation characteristics. A GIS search of J.S. Beards 

vegetation classification places the Subject Site within two System and Vegetation Associations as shown in 

Table 2 (DPIRD, 2017a). 

Table 2: Vegetation Associations (DPIRD, 2017a) 

System Association 

Name 

Vegetation 

Association Number 
Vegetation Description 

Albany 3 
Mainly jarrah and marri Eucalyptus marginata, 

Corymbia calophylla. 

Denmark 51 
Cyperaceae, Restionaceae, Juncaceae (mainly in 

the South-West). 

There are no Conservation Parks or Class “A” Reserves within the Subject Site or within the vicinity of the 

Subject Site. 

3.5 Acid Sulphate Soils 

Acid Sulphate Soils (ASS) are naturally occurring soils and sediments containing sulphide minerals, 

predominantly pyrite (an iron sulphide). When undisturbed below the water table, these soils are benign and 

not acidic (potential ASS). However, if the soils are drained, excavated or exposed by lowering of the water 

table, the sulphides will react with oxygen to form sulphuric acid. ASS Risk Mapping indicates that the low-

lying areas within the Subject Site are situated within an area of moderate to low risk of ASS occurring within 

3 metres of natural soil surface, as shown in Figure 5 (DWER, 2017). 
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Figure 5: ASS risk mapping 

An ASS Preliminary Investigation was conducted at the Subject Site by Opus on the 15th January 2008 as part 

of an Addendum to the Land Capability Assessment (Opus, 2007). In summary, the investigation found the 

peat layers at the Subject Site had acidity levels which exceeded DWER Guidelines. The acidity was found 

not to be caused by sulphur and likely to be caused from the mobilisation of hydrolysed ions, attributed to iron 

or aluminium leaching through the soil profile (Opus, 2007). 

Soil analysis showed the surface soils had high Electrical Conductivity (EC) and corresponding acidity, which 

Opus (2007) found likely to be attributed to bicarbonate salts and not sulphur salts. Sulphur acidity (ASS) was 

detected in the soil layers from approximately 1000 mm BGL (Opus, 2007). 

Opus (2007) recommended that the site not be excavated deeper than 500 mm to avoid mobilisation and 

oxidation of ASS. The top 500 mm of soil will require treatment with lime upon disturbance and ASS shall be 

managed in accordance with ASS guidelines (Opus, 2007). 
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3.6 Geology and Soils 

Soil Mapping – Zones (DPIRD, 2017c) shows the Subject Site is within the Albany Sandplain Zone (242) and 

described as ‘Gently undulating plain dissected by a number of short rivers flowing south. Eocene marine 

sediments overlying Proterozoic granitic and metamorphic rocks. Soils are sandy duplex soils, often alkaline 

and sodic, with some sands and gravels.’  

Soil mapping – Systems (DPIRD, 2018) shows the Subject Site lies within two soil systems being; the King 

System (242Kg) and the Torbay System (242Tb). The King System is described as ‘Dissected siltstone and 

sandstone terrain, on the southern edge of the Albany Sandplain Zone, with shallow gravel, sandy gravel, grey 

sandy duplex and pale deep sand. Jarrah-marri-sheoak woodland and mallee-heath.’ and the Torbay System 

(242Tb) is described as ‘Narrow swampy coastal plain, on the southern edge of the Albany sandplain Zone. 

Non-saline wet soil and pale deep sand. Sedgelands, ti-tree heath and wattie-paperbark thickets’ (DPIRD, 

2018).  

The Subject Site is located within four sub-systems of the King and Torbay Systems, as defined by DPIRD 

(2017b). The sub-systems are shown and described in Figure 6.  

 

Figure 6: Soil mapping 
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3.6.1 Soil Classification (BDS, 2013) 

Site soil testing was conducted on the 1st August 2013 by Bio Diverse Solutions under late winter conditions. 

Testing involved site soil analysis, photographic recording, logging of soil types and measuring of water table. 

In total, eight test/bore holes were constructed to a minimum depth of 2 metres and left open for a minimum 

of 1 hour to identify any water table present. The soil test hole (bore hole) locations are shown in Figure 7.  

 

Figure 7: BDS (2013) soil testing and bore locations 

The eight test holes revealed that soils across the Subject Site were relatively consistent and found to be peaty 

sand/sandy peat over sand/silty sand with pebbles and coffee rock encountered at TP6 (1.2-2.0 mm BGL) and 

TP8 (1.7-2.0 mm BGL) only. Details of the site soils as classified by BDS (2013) are summarised in Table 3.   
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Table 3: Soil testing results (BDS, 2013) 

Test Pit Depth (mm) Soil Type and Description 

TP1 0-25 

25-350 

350-750 

750-1070 

1070-2000 

2000-2500 

Dark brown peaty sand, organic matter.  

Dark grey, sandy peat, organic matter. 

Dark brown sand, moist.  

Light brown sand, wet. 

Brown silty sand.  

Brown silty sand. 

TP2 0-25 

25-300 

300-900 

900-2000 

2000-2500 

Dark brown peaty sand. 

Dark grey sand.  

Grey sand. 

Light brown silty sand. 

Brown silty sand, wet. 

TP3 

 

 

0-30 

30-300 

300-600 

600-900 

900-1800 

1800-3000 

Dark brown peaty sand, organic matter, wet. 

Dark brown peaty sand, organic matter, moist. 

Dark grey silty sand.  

Light brown silty sand.  

Light grey silty sand.  

Light brown silty sand. 

TP4 0-40 

40-300 

300-750 

750-1300 

1300-2000 

Dark brown peaty sand, organic matter. 

Dark grey sandy silt, organic matter.  

Grey sandy silt. 

Light grey sand silt. 

Brown silty sand, wet. 

TP5 0-240 

240-400 

400-700 

700-1000 

1000-1500 

1500-1800 

1800-2000 

Dark brown peaty sand, organic matter. 

Dark grey sandy peat, organic matter. 

Dark grey sandy silt. 

Light grey silty sand.  

Light brown silty sand. 

Brown silty sand. 

Brown silty sand.  

TP6 0-200 

200-750 

750-1200 

1200-1800 

1800-2500 

Brown peaty sand. 

Dark brown silty sand. 

Light brown silty sand. 

Dark brown silty sand with pebbles (5-10mm). 

Dark brown silty sand, coffee rock, cemented.  

TP7 0-250 

250-600 

600-1800 

1800-2000 

2000- 

Dark brown sandy silt. 

Dark grey silty sand.  

Grey silty sand. 

Light brown silty sand, wet. 

Rock refusal.   

TP8 0-100 

100-450 

450-750 

750-1700 

1700-2000 

Dark brown silty sand, organic matter. 

Dark grey silty sand. 

Grey silty sand. 

Light grey silty sand.  

Dark brown silty sand, coffee rock. 

3.6.2 Soil Classification (Opus, 2007)  

A Land Capability Assessment (LCA; Opus, 2007) was conducted at the Subject Site to ascertain the ability 

of the land to sustain the Rural Residential development proposal. The LCA (Opus, 2007) has been included 

as Appendix A. 

Testing as part of the LCA involved site soil analysis, photographic recording, logging of soil types, measuring 

of water table, permeability testing and laboratory PRI testing. A total of 25 test holes were constructed to a 

depth of 2 m with a mechanical auger and left open for a minimum of 1 hour to identify any water table present. 

Test hole locations are shown in Figure 8.  
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Four soil types were identified across the Subject Site from the soil testing results. Soil types identified by Opus 

(2007) include; sand with silt, sand with silt over gravel, sand over gravel over rock and sand with silt and peat, 

as shown in Figure 8. The majority of the Subject Site is mapped as sand with silt. More detailed descriptions 

of soil types found at the Subject Site are presented in Appendix A. 

 

Figure 8: Soil mapping and test hole locations (Opus, 2007) 

3.6.1 Soil Phosphorus Retention Index  

Phosphorus Retention Index (PRI) testing was conducted by Opus (2007) on the sandy silt at Test Pits 4 and 

7 (150-2000 mm depth) and the sandy gravel at Test Pit 19 (100-700 mm depth). The PRI results showed that 

the sandy silt had a low PRI (<1.0) and the sandy gravel had a very high PRI (324) typical of soil type (Opus, 

2007). 

3.6.1    Soil Permeability  

Silts and clay soils generally record poor permeability results whereas coarse sands and loose gravels 

generally record high permeability, as shown in Figure 9.  
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Figure 9: Hydraulic conductivity of soil types (Artiola et al., 2004) 

In-field permeability testing was conducted during a site investigation by BDS on the 12th October 2021. 

Permeability testing was conducted adjacent to groundwater monitoring bore BH1 (Figure 7) within the silty 

sand layer (at 500 mm BGL). Permeability testing was conducted using the Talsma-Hallam method. Hydraulic 

conductivity adjacent to BH1 was found to be 4.20 x 10-5 m/sec (3.63 m/day) which is considered a rapid to 

moderate permeability, as shown in Figure 9. Permeability was also found to be consistent with Soil Category 

2 - Sandy loams (weakly structured) as shown in Table L1 of AS/NZS 1547:2012. 

Laboratory permeability testing was also conducted by Opus (2007) on sandy silt samples from TP4 and TP7 

(150 - 2000 mm depth) and sandy gravel samples from TP19 (100 – 700 mm). Results showed that the soils 

were free draining typical of the sandy soil types (Appendix A; Opus, 2007). 

3.7 Surface Water Hydrology 

Stormwater runoff from the southern and eastern portions of the site is directed directly to Five Mile Creek. 

Five Mile Creek runs through the Subject Site from the northeast corner of the site to the southwest corner.  

The northwest corner of the Subject Site discharges to the southeast and ultimately Five Mile Creek further 

downstream. Five Mile Creek connects to Seven Mile Creek to the southwest of the Subject Site and Seven 

Mile Creek discharges to Lake Powell and ultimately the Torbay Inlet further west. The surface hydrology of 

the Subject Site is shown in Figure 10. 

There are several less significant water bodies within the Subject Site, including a series of relatively small 

wetlands in the south, constructed farm dams in the central portion of the site and seasonally inundated 

pockets in the lower lying areas. There is also a constructed drain in the southwest corner of the site which 

discharges to Five Mile Creek, as shown in Figure 10. 

The Subject Site is located within one hydrographic catchment, being the Torbay Inlet and one hydrographic 

sub-catchment, being Seven Mile Creek (DWER, 2018a). 

According to flow modelling conducted for Five Mile Creek by DWER (Pers Comms N.Sykora, 2023), the 

maximum daily flow rate recorded at the downstream end of Five Mile Creek within the Subject Site (DWER 

station No. 6031115), between 1997 and 2022 is 199,000 m3. This equates to 2.3 m3/sec. According to data 

results for site No. 603115, the highest recorded level at the downstream end of Five Mile Creek within the 

Subject Site is 10.3 m AHD, which was recorded on the 30th August 2001. 
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Figure 10: Surface water hydrology 

3.7.1 Hydrological Site Assessment 

A site investigation of the hydrological features was conducted on the 12th of October 2021 to confirm the 

surface water hydrology and to assist the development of the stormwater management plan. Rainfall in the 

Albany area (BoM Station No. 9500), prior to the site investigation was significantly higher than for the same 

time in an average year. The increased rainfall resulted in increased surface water expressions in the area 

compared to an average late winter period, providing an adequate depiction of the ‘worst case scenario’ in 

terms of seasonal inundation. Photographs 5 to 12 show the hydrological features of the site during the site 

investigation. 

DWER staff  gauge  

No. 6031115 



  Local Water Management Strategy – Lot 9001 Lower Denmark Road, Cuthbert 

HD063-002    1 May 2024  16 

     

 

 

      

 

  

      

 
Photo 10: View to the southeast of seasonally 

inundated area in the northwest of Subject Site.  

Photo 5: A general view to the east northeast of 

Five Mile Creek in the south of the Subject Site. 

Photo 6: View to the west of Five Mile Creek at the 

western boundary of the Subject Site. 

Photo 8: View to the north northeast of seasonally 

inundated area in the low-lying central portion of the 

Subject Site. 

Photo 9: View to the east northeast of seasonally 

inundated area (wetland) in the south of the Subject 

Site.  

Photo 7: View to the south of constructed drain 

discharging to Five Mile Creek in the southwest of 

the Subject Site. 
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During the hydrological investigation, two drainage easements discharging into the Subject Site in the north 

were identified as having significant erosion and deposition of sediment in to the Subject Site. Photos of the 

two eroded drainage easements upstream of the Subject Site are shown in Photos 11 and 12. The location of 

the drainage easements discharging into the Subject Site are shown in Figure 10 (Seasonal Drainage lines).  

It is recommended the drainage easements be redesigned and stabilised to prevent future erosion of the 

easements and sedimentation into the Subject Site and Five Mile Creek. It shall be the responsibility of the 

City of Albany to redesign and stabilise the easements, as these easements are not within the management 

of the property owner. Upon development of the Subject Site, the drainage lines extending from the drainage 

easements through the Subject Site shall be continued and stabilised up until the drainage pathways have 

reached an existing waterway/waterbody. Stabilisation methods may include rock pitching, vegetating the 

drain, stabilisation matting and meandering of the swale to reduce velocity. In-situ water quality testing was 

conducted at three waterway locations on site. The location of the water quality testing sites is shown in Figure 

8. Water quality testing results are presented in Table 4. 

Table 4: Water quality of Subject Site waterways 

Creek 
Temperature 

(oC) 
pH 

Electrical 
Conductivity 

(dS/cm) 

Dissolved 
Oxygen 

(mg/L) 

Total Dissolved 
Solids 

(g/L) 

Five Mile Creek Upstream 13.99 6.04 0.366 6.35 0.234 

Five Mile Creek 
Downstream 

11.44 5.93 1.33 5.80 0.851 

Constructed Drain 
Downstream 

(In the southwest of Subject 
Site) 

12.41 6.36 1.28 9.32 0.819 

Water quality testing results found that surface water within Five Mile Creek was slightly saline to brackish at 

the downstream end, and fresh to slightly saline at the upstream end. The constructed drain that discharges 

to Five Mile Creek at the downstream end was also found to be slightly saline to brackish. pH in Five Mile 

Creek and the drain was found to be slightly acidic. A slightly acidic pH is typical of waterways in low-lying 

areas in the south-west of Western Australia. Dissolved oxygen in Five Mile Creek was slightly lower than 

expected in a flowing creek and just below the ANZECC (2000) trigger value for low-lying rivers in South-west 

Australia. Quarterly Surface water monitoring (water quality) was conducted from August 2013 to May 2015 

by BDS at two locations along the 5 mile creek at monitoring locations within the Subject Site. The Water 

Quality results are presented in Table 5.The surface water quality found in Five Mile Creek shall be maintained 

or improved in the post-development scenario.

Photo 11: View to the west northwest of eroded 

drainage easement to the west of eastern corner of 

Subject Site. Easement discharging runoff and 

sediment into the Subject Site. 

Photo 12: View to the north of eroded drainage 

easement to the north of Subject Site. Easement 

discharging runoff and sediment into the Subject 

Site. 



  Local Water Management Strategy – Lot 9001 Lower Denmark Road, Cuthbert 

HD063-002   1 May 2024  18 

Table 5: Water Quality Results -Surface Water (BDS, 2013-2015) 

  
  SAMPLING DATE EVENT 

  

Sampling Creek (CK001) 
0571244 
6125136 8/08/2013 12/11/2013 11/02/2014 8/05/2014 8/08/2014 12/11/2014 12/02/2015 11/05/2015 S

A
M

P
L

E
D

 P
A

R
A

M
E

T
E

R
 

Groundwater 
temperature (°C)  14.5 20.94 19.8 16.99 17.98 18.84 22.32 16.06 

pH 5.64 6.18 6.22 6.66 7.07 6.48 5.99 6.85 

Electrical conductivity 
(mg/cm) 0.616 1.01 0.532 0.744 0.52 0.529 0.51 0.738 

Dissolved Oxygen 
(mg/L) 7.58 8.85 3.67 5.24 5.62 6.48 5.14 5.54 

TDS 0.394 0.648 0 0.476 0.333 0.339 0.326 0.472 

Total N (Mg/L) 0.333 0.795 0.34 0.311 0.183 0.162 0.392 0.265 

Total P (Mg/L) 0.406 0.084 0.161 2.14 0.111 0.117 0.131 0.366 

Comments Med flow Low Flow Low Flows Low Flows   Low Flows very low flows Low flows 
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Table 5: Continued  
 

  SAMPLING DATE EVENT 

  

Sampling Creek (CK002) 
0572398 
6125982 8/08/2013 12/11/2013 11/02/2014 8/05/2014 8/08/2014 12/11/2014 12/02/2015 11/05/2015 S

A
M

P
L

E
D

 P
A

R
A

M
E

T
E

R
 

Groundwater 
temperature (°C)  16.22 20.49 20.08 16.91 17.06 18.8 23.96 15.9 

pH 6.03 5.91 6.02 6.22 6.09 6.09 5.93 6.46 

Electrical conductivity 
(mg/cm) 0.658 7.92 0.524 0.652 0.511 0.497 0.519 0.709 

Dissolved Oxygen 
(mg/L) 6.53 2.87 3.1 3.54 5.31 8.02 8.51 4.96 

TDS 0.421 0.507 0.335 0.417 0.327 0.323 0.332 0.454 

Total N (Mg/L) 0.113 0.481 <0.01 0.146 0.133 0.123 0.456 0.074 

Total P (Mg/L) 0.342 <0.001 0.0691 0.113 0.111 0.767 0.085 0.19 

Comments Med flow Low Flow 
Low Flows 

cattle evident Low flows   Low Flows very low flows Low flows 
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3.8 Hydrogeology and Groundwater 

3.8.1 Hydrogeology 

Australian Geoscience Mapping and Department of Water and Environmental Regulation 250K 

Hydrogeological mapping (DWER, 2001), places the Subject Site within one hydrogeological zone described 

as: 

Geology Type: TP. 

Geology Time: Tertiary – Cainozoic – Phanerozoic.  

Aquifer Description: Sedimentary aquifer with intergranular porosity - extensive aquifers, major groundwater 

resources. 

Geology Description: PLANTAGENET GROUP - siltstone, spongolite, minor sandstone, peat, and 

conglomerate. 

The Subject Site is not situated within a Priority Drinking Water Catchment Area (DWER, 2018b). Desktop 

analysis of the site indicates that the nearest designated Public Drinking Water Source Area (PDWSA) is the 

South Coast Water Reserve as defined by the Country Areas Water Supply Act 1947, located approximately 

80 m south of the Subject Site.   

3.8.2 Groundwater 

The original soil testing by Opus was conducted in June 2007, Opus consultants returned to the Subject Site 

to conduct late winter water-table monitoring in August 2007. Test pits were excavated to a depth of 2 m and 

the water table was encountered in 13 out of the 20 test pits. Five additional test pits (TP2a, TP2b, TP17a, 

TP20a and TP20b) were constructed alongside existing test pits to confirm soils and the high water-table level. 

Water-table measurements from these additional test pits were found to be the same or similar to the originally 

constructed test pits. The August 2007 water-table levels for each test pit are shown in Table 5.  

Table 6: Water-table observations (Aug 2007) 

Test Pit Water-table observations – August 2007 

1 Groundwater not encountered 

2 0 mm BGL (waterlogged) 

2a 500 mmm BGL (additional test pit) 

2b 450 mm BGL (additional test pit) 

3 0 mm BGL (waterlogged) 

4 760 mm BGL 

5 Groundwater not encountered 

6 

7 

 

Groundwater not encountered 

7 

 
150 mm BGL 

8 150 mm BGL 

9 1400 mm BGL 

10 Groundwater not encountered 

11 Groundwater not encountered 

12 100 mm BGL 

13 980 mm BGL 

14 550 mm BGL 

15 800 mm BGL 

16 220 mm BGL 

16a 600 mm BGL 



  Local Water Management Strategy – Lot 9001 Lower Denmark Road, Cuthbert 

HD063-002    1 May 2024  21 

Table 6: continued. 

Test Pit Water-table observations – August 2007 

17 Groundwater not encountered 

17a Groundwater not encountered (additional test pit) 

18 150 mm BGL 

19 Groundwater not encountered 

20a 1300 mm BGL (additional test pit) 

20b 1300 mm BGL (additional test pit) 

Quarterly groundwater monitoring (levels and water quality) was conducted from August 2013 to May 2015 by 

BDS at 8 groundwater monitoring locations within the Subject Site. The location of the groundwater monitoring 

bores is shown in Figure 7. The depth to groundwater for each monitoring bore is presented in Table 6 and 

the groundwater quality results are shown in Tables 7 and 8. 

Table 7: Groundwater monitoring levels 

Bore 

Sampling event 

Aug 2013 

(mm BGL) 

Nov 2013 

(mm BGL) 

Feb 2014 

(mm BGL) 

May 2014 

(mm BGL) 

Aug 2014 

(mm BGL) 

Nov 2014 

(mm BGL) 

Feb 2015 

(mm BGL) 

May 2015 

(mm BGL) 

BH1 1011 640 1330 - 890 1040 1550 - 

BH2 1236 1100 - - 1145 1310 dry - 

BH3 0 0 870 1175 360 640 1017 310 

BH4 150 670 1220 1105 635 1000 1400 1115 

BH5 0 0 720 450 40 410 940 590 

BH6 0 0 - 1006 165 1070 1600 840 

BH7 790 1330 - - 1470 1810 dry - 

BH8 530 1020 1830 - 1175 1510 dry - 

Groundwater level monitoring shows depth to groundwater varied across the site and throughout the year. 

Generally, the site has a shallow depth to groundwater. Groundwater was found to be at or near surface at 

BH3, BH4, BH5 and BH6 during the late winter period, noting that the depth to groundwater at BH4 was 

significantly greater in August 2014 (635 mm BGL) compared to August 2013 (150 mm BGL). Groundwater 

depths at BH1, BH2, BH7 and BH8 were still relatively shallow during the late winter period ranging between 

530 -1236 mm BGL in August 2013 and 890-1470 mm BGL in August 2014. 

Table 8: Average groundwater quality testing results 

Parameter 

ANZECC 

Guideline 

Trigger 

Value 

Bore Number 

BH1 BH2 BH3 BH4 BH5 BH6 BH7 BH8 

Temperature (°C) - 19.0 18.3 18.7 17.9 18.2 17.8 17.7 17.0 

pH 6.5 – 8.0 5.10 4.70 5.17 5.25 5.26 5.08 5.29 5.14 

EC (mS/cm) 0.12 - 0.3 0.58 0.77 0.37 0.43 0.32 0.36 0.57 0.59 

Dissolved Oxygen 
(%) 

80 – 120 49.4 29.0 40.4 29.0 43.7 44.6 46.4 22.7 

Total N (mg/L) 1.20 1.53 2.81 1.29 0.55 0.80 1.42 0.66 1.68 

Total P (mg/L) 0.065 2.39 1.77 2.05 0.54 0.37 0.54 1.07 1.21 

Note: Orange shading indicates recorded value has exceeded ANZECC and ARMCANZ (2000) guideline trigger value for lowland rivers 
in South-west Australia. 
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Groundwater monitoring of the physical parameters and nutrients shows groundwater quality is typical of that 

in agricultural areas of South-west Australia. pH was found to be below the ANZECC and ARMCANZ (2000) 

trigger value range for lowland rivers in the South-west of Australia, and Total N and Total P levels were 

generally found to be above trigger values. Salinity (EC) and dissolved oxygen levels were also found to be 

above and below (respectively) of the ANZECC and ARMCANZ (2000) trigger value range for lowland rivers 

in the southwest of Australia (Table 8). 

Table 9: Groundwater heavy metal concentrations 

Heavy Metals 

ANZECC 
Guideline 

Trigger 
Value 

Bore Number & Sampling Event 

BH3 BH4 BH5 BH6 

22/05/2015 27/05/2015 22/05/2015 27/05/2015 22/05/2015 27/05/2015 22/05/2015 27/05/2015 

Chromium (mg/L) - <0.01 0.003 0.017 0.012 <0.01 0.004 <0.01 0.015 

Cobalt (mg/L) - <0.01 <0.001 <0.01 <0.001 <0.01 <0.001 <0.01 <0.001 

Nickel (mg/L) - 0.036 <0.001 <0.01 0.04 <0.01 0.005 <0.01 <0.001 

Lead (mg/L) <0.0034 <0.01 <0.001 <0.01 <0.001 <0.01 <0.001 <0.01 <0.001 

Cadmium (μg/L) <0.0002 <0.002 <0.001 <0.002 <0.001 <0.002 <0.001 <0.002 <0.001 

Mercury (μg/L) 0.6 <0.01 0.056 0.078 <0.01 0.022 0.056 <0.01 <0.01 

Arsenic (ug/L) <13 4.73 4.07 3.23 2.05 <0.01 0.982 6.49 16.6 

Note: Orange shading indicates recorded value has exceeded ANZECC and ARMCANZ (2000) trigger value for toxicants in freshwater 
ecosystems at 95% level of protection. 

Groundwater testing of the heavy metals indicated levels are generally below the ANZECC and ARMCANZ 

(2000) guideline trigger values, with the exception of Arsenic at BH6 in May 2015, which was found to be just 

above the trigger value (Table 9). 

3.8.3 Waterlogging and Seasonal Inundation 

The areas subject to seasonal waterlogging and seasonal inundation were mapped by Opus (2007) as part of 

the LCA. Areas subject to seasonal waterlogging (groundwater < 0.5 m BGL) and seasonal inundation (water 

sitting on the surface for extended periods of time) were confirmed during the site assessment on the                 

12th October 2021 and using historical imagery of the site. Approximate areas found to be subject to seasonal 

waterlogging and seasonal inundation are shown in Figure 11. 
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Figure 11: Waterlogged and seasonally inundated areas 

3.9 Wetlands & Environmentally Sensitive Areas 

There are no significant wetlands within the Subject Site or within close proximity of the Subject Site. The 

nearest significant wetland is located approximately 1.0 km to the north of the Subject Site, being the Seven 

Mile Creek wetland (DBCA, 2017). Noting that the Subject Site is down-gradient of the Seven Mile Creek 

wetland.  

There are no Environmentally Sensitive Areas (ESA) within the Subject Site or within close proximity of the 

Subject Site. The nearest Environmentally Sensitive Area (ESA) is located approximately 2.5 km west of the 

Subject Site, being Lake Powell (DWER, 2018c). Noting that the Subject Site ultimately discharges to Lake 

Powell via Five Mile Creek and Seven Mile Creek.  

 

 

  

NORTH 
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4 Wastewater Management 

The Subject Site is situated in an area that does not have access to deep or reticulated sewerage. The health 

and environmental requirements for wastewater treatment and disposal for developments not serviced by deep 

sewerage systems are contained in the Government Sewerage Policy (GSP; DPLH, 2019). The GSP (DPLH, 

2019) states minimum requirements apply for all on-site sewage disposal systems.  

A Site Soil Evaluation (SSE) (BDS, 2024) has been prepared for the Subject Site in conjunction with this 

LWMS. The SSE details the site soils under late winter conditions and assesses the suitability for on-site 

effluent disposal across the site in relation to the planning proposal.   

The SSE identifies the areas within the Subject Site suitable for onsite effluent disposal as those that have free 

draining soil, are not located in heavily waterlogged or seasonally inundated areas and are a minimum of 100 

m from Five Mile Creek and its connected tributaries/drains, and 30 m from other less significant 

waterway/waterbody (BDS, 2024). Effluent disposal systems shall also be a minimum of 30 m from any 

stormwater storage area and 12 m from any down-gradient roadside drain.  

Given the shallow depth to groundwater across much of the Subject Site, imported fill and special design 

requirements and distribution techniques will be necessary in the low-lying areas to ensure the effluent disposal 

systems are free draining and meet the minimum separation to groundwater requirement, as stipulated in the 

GSP (DPLH, 2019). 

Leach drains and irrigation systems (surface or subsurface) in conjunction with a secondary treatment system 

have been identified as the most suitable land application systems for future lots depending on localised site 

constraints. Areas deemed as suitable for LAAs and LAA specifications are described in more detail in the 

SSE (BDS, 2024). 
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5 Local Water Management Strategy 

5.1 Water Sustainability Initiatives 

5.1.1 Water Supply 

Water supply to households is to be via extension of the scheme water system. The project civil engineer will 

negotiate the extension of the system with Water Corporation Western Australia.  

5.1.2 Water Efficiency Measures 

To achieve water efficiency targets, households are to be built consistent with current Building Code of 

Australia (BCA) water efficiency standards. Water efficiency initiatives are proposed to reduce potable water 

demand for irrigation of residential lots. These include encouragement of: 

• Minimising turf areas; 

• Selection of predominantly local native, drought tolerant plants; 

• Use of waterwise gardens, restricted lawn areas and water wise lawn varieties; 

• Use of rainwater tanks; and 

• Community education initiatives on water conservation and reuse. 

5.2 Stormwater Management 

5.2.1 Design Capacity 

The stormwater management system for the development has been designed in accordance with DWER 

guidelines through the Better Urban Water Management framework and the requirements of the City of Albany. 

The stormwater drainage system has been designed using a major/minor approach. 

The stormwater drainage system is designed to manage a range of rainfall events up to the 1% AEP.  

The major drainage system is designed for rainfall events greater than the 20% AEP up to the 1% AEP. The 

major system uses overland flow paths, which includes grading the road network to direct flow to the lowest 

point of the catchment for flood mitigation. 

The minor drainage system has capacity for frequent rainfall events up to the 20% AEP and includes any pipe 

drainage system, roadside swales and use of bio-retention storages. The minor drainage system is designed 

to also provide the structural controls for water quality treatment. 

5.2.2 Stormwater Modelling 

The stormwater modelling has been completed utilising the Rational Method and the Boyd Equation. A critical 

design criterion for both these methods includes the runoff coefficients. The pre-development and post-

development runoff coefficients assumed for the Subject Site are shown in Table 9. 
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Table 10: Runoff coefficients 

LAND USE 

RUN OFF COEFFICIENT  

First 15mm 20% AEP 1% AEP 

Agricultural land 0 0.2 0.3 

Road Reserve 0.8 0.8 0.9 

Rural Residential  0 0.3 0.35 

Rural Smallholdings 0 0.25 0.30 

The general pre-development hydrological regime (Figure 10) is maintained in the post-development scenario, 

with the north western portion of the Subject Site discharging to the southwest via a valley system and a 

seasonal creek line, and the remainder of the Subject Site discharging towards Five Mile Creek either directly 

or via seasonal creek lines or cut drains within the Subject Site.  

The post-development drainage sub-catchments have been determined ensuring that all road runoff up to the 

critical 20% AEP storm event is captured and retained within the Subject Site. Post-development sub-

catchments for the Subject Site are shown in Figure 12. The total area of each sub-catchment and the 

estimated land use area for each sub-catchment is presented in Table 10.  

 

Figure 12: Post-development drainage sub-catchments 
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Table 11: Post-development sub-catchment areas 

Land Use 
Catchment 

A B C D 

Road Reserve (ha) 2.4 1.2 1.3 1.8 

Rural Residential 
Lots (ha) 10.9 0 0 0 

Rural Small Holding 
lots (ha) 0 0.7 9.2 9.6 

Total Area (ha) 13.3 1.9 10.5 11.4 

The majority of the proposed lot area will discharge unattenuated from the site towards Five Mile Creek or the 

seasonal drainage line in the northwest of the site, consistent with the existing hydrological regime. It is 

assumed that the majority of the lot area will remain grassed and/or vegetated with roofed areas connected to 

rainwater tanks, soakwells and/or rain gardens, and therefore there will be little change in the runoff coefficient 

of these areas compared to the pre-development scenario. Where lots are up-gradient of the internal road 

network, the road network will intercept runoff from the lots and direct it to the road’s drainage system. Lot 

areas that discharge to the internal road network therefore form part of the site’s drainage sub-catchments, as 

shown in Figure 11. 

Runoff from the Subject Site’s internal road network will be retained on site within bio-retention storages with 

outflows from the bio-retention storages directed to Five Mile Creek. Outflow from the bio-retention storages 

will be consistent with estimated pre-development flow rates. 

Multiple storm events have been modelled utilising the Rational Method as described in Australian Rainfall and 

Runoff (AR & R) (Engineering Australia, 2016). Pre-development outflow rates have been calculated based 

upon peak flow stream discharge as determined by Section 1.4 of AR & R.  

Rainfall intensities for the various storm events and storm durations are calculated and provided by the Bureau 

of Meteorology (BoM) computerised design Intensity Frequency Duration (IFD) Data System 

(www.bom.gov.au). Calculations have been undertaken utilising up to date IFD charts. 

The Boyd method has been utilised to calculate the stormwater storage volume required for each sub-

catchment based on the post-development runoff from the site and the allowable outflows set for the 

stormwater storages, which are determined by the peak pre-development outflow rate. The Boyd method is 

considered a conservative estimate of stormwater storage volume calculation. 

5.2.3 Drainage System Requirements 

Key elements of the proposed drainage system are as follows: 

Lot Attenuation 

• It is the landowner’s responsibility to manage stormwater runoff from buildings, hard stand 

(impervious) areas and gardens within the property boundary consistent with the City of Albany’s lot 

attenuation guidelines (i.e., 0.5 m³ of storage is required per 100 m² of impervious area). Lot 

stormwater management systems should be assessed and approved by the City of Albany upon 

Development Application. 

• Rainwater tanks are recommended on all lots and shall be plumbed into homes using a mixed demand 

system or a trickle feed system to provide available storage for recurrent storm events.  

• Soakwells shall only be utilised where there is adequate separation to the peak annual water-table 

from the base of the soakwell (>300 mm) and adequate gradient for graduated pipe overflow pipes. In 

areas with shallow depth to groundwater, attenuation basins integrated into the garden landscaping 

will provide the most effective attenuation mechanism. When designing lot stormwater management 

systems overland flow routes directing runoff away from buildings and adjoining properties shall be 
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considered. Lot stormwater management systems should be assessed and approved by the City of 

Albany upon Development Application. 

Stormwater Conveyance 

• Roadside swales designed to convey storm events up to the 20% AEP and where required, pipe drains 

to connect sections of swale sized to convey the 20% AEP storm event. Pipe drains include lot 

crossovers which shall be constructed prior to subdivision to ensure the integrity of the drainage 

system is maintained.  

• Roadside swales shall have a minimum side slope of 1:4 between the road and swale and 1:5 between 

the lot boundary and swale for ease of maintenance. The swales shall be designed with adequate 

grade for peak runoff conveyance. The minimum longitudinal grade criterion for the swales is 0.003 

(absolute) and 0.005 (preferred). The estimated capacity and top water level of each section of swale 

shall be calculated using the Manning’s formula or appropriate modelling software subsequent to 

earthwork design once the incoming sub-catchment to each swale section is confirmed. 

• Road drainage from storm events greater than the peak 20% AEP event up to the peak 1% AEP event 

will be directed to the lowest point in each catchment via overland flow along the road pavement. The 

ultimate road low point will be located adjacent to Five Mile Creek in each sub-catchment to ensure 

road runoff is directed off site during storm events greater than the 20% AEP. Runoff from storm events 

greater than the 20% AEP event will be directed off site unattenuated. Attenuation of flows for storm 

events greater than the peak 20% AEP event, up to the peak 1% AEP event are likely to have 

negligible impact on the flood regime of the downstream area. 

• Where the two existing drainage easements discharge to the Subject Site in the north, the drains will 

be extended within the Subject Site discharging to Five Mile Creek in the northeast and the seasonally 

inundated low point in the northwest (Figure 13). The drains will be stabilised using rock pitching, 

vegetation and/or stabilisation matting. It is recommended the drains within the Subject Site be 

constructed subsequent to the re-establishment and stabilisation of the upstream sections of the drain, 

as discussed in Section 3.7.1, to prevent sedimentation and erosion within the newly constructed 

sections of drain. 

• Where the internal road network crosses Five Mile Creek culverts shall be installed and sized to convey 

up to the critical 1% AEP storm event within Five Mile Creek and the road level shall be set 0.3 m 

above the 1% AEP TWL. Given the highest TWL recorded between 1997 and 2022 was 10.3 mAHD 

(recorded on the 30th Aug 2001) and given the land between the location of the creek cross over and 

the DWER staff gauge is flat (on the same contour line). A top water level within the creek of                         

10.3 mAHD shall be used as the 1% AEP top water level at the creek cross over. Given the maximum 

daily flow rate in Five Mile Creek near the proposed culvert was modelled by DWER to be             

199,000 m3, equating to 2.3 m3/s. A 1% AEP flow rate of 4.6 m3/sec shall be adopted for the creek 

cross over culverts. This flow rate is double the modelled daily flow rate, to allow for shorter more 

intense rainfall events and subsequent flows. 

Bio-retention and Stormwater Storage 

• Drainage treatment train utilising bio-retention storages, designed to treat the first 15 mm of rainfall, 

by providing infiltration close to source. Bio-retention storages shall be designed to convey up to the 

20% AEP storm event. Storages will be located at the low point of the sub-catchments, to direct runoff 

away from infrastructure in the case that the capacity of the storage is exceeded. The bio-retention 

storages shall be located outside of Five Mile Creek and its flood/riparian vegetation zone. A 

conceptual cross section of the bio-retention storage is shown in Figure 13 and sizing of the 

bioretention storages for each sub-catchment is shown in Table 12. 

• The maximum side slopes of the bio-retention storages shall be 1:6, with at least 0.3 m of freeboard 

provided between the 20% AEP top water level and top of bank. A stabilised low point in the bank 

shall be provided at the 20% AEP top water level, located downstream in the bio-retention storage so 

that overflow is directed off site when/if the capacity of the storage is exceeded.  
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• The base of the bio-retention storage shall be underlain with 0.4 m depth of amended soil, 0.15 m 

depth of a transition layer (coarse sand) and 0.15 m depth of a drainage layer with 100 mm (maximum) 

perforated collection pipes (subsoils), as shown in Figure 13. Bio-retention storages shall also be 

planted, the specifications for the amended soil and the planting are provided in Section 5.4. 

• Outflow from the bio-retention storages for minor storm events (up to the 20% AEP) shall be set at the 

top water level of the first 15 mm runoff event, this is set at a maximum depth of 0.5 m to allow for 

adequate water quality treatment across a larger surface area. Outflow from the storages will be via 

an overflow pit sized to match the peak pre-development outflow for the 20% AEP storm event for 

each sub-catchment (Table 10).  

• Outflow from bio-retention storages in all sub-catchments (A, B, C and D) will discharge to Five Mile 

Creek. Measures shall be taken at the downstream end of the storage outlets to ensure scouring and 

movement of sediment is minimal, this may include rock pitching and stabilisation matting.  

• All bio-retention/stormwater storages shall be contained within easements and have adequate access 

for maintenance. Bio-retention storages shall be located outside of the designated Five Mile Creek 

easement. 

Flood Protection 

• All building pad finished levels shall have a minimum of 0.3 m separation above the estimated 20% 

AEP top water level in the bio-retention storages and above the 1% AEP top water level in nearby 

waterways and waterbodies consistent with the Local Government Guidelines for Subdivisional 

Development (IPWEA, 2017). 

• All roads shall have a minimum separation of 0.3 m above the 20 % AEP top water level in the bio-

retention storages and nearby waterways and waterbodies.  

• Building pads shall be set back a minimum of 100 m from Five Mile Creek for both flood protection 

and environmental protection of the waterway. Given the highest maximum flood level at the 

downstream end of Five Mile Creek was recorded to be 10.3 mAHD, a 100 m setback to Five Mile 

Creek, ensures building envelopes are outside of the 1% AEP flood levels. 

The First 15 mm and 20% AEP storage requirements are presented in Table 13. The stormwater management 

plan for the Subject Site is shown in Figure 14.  

Table 12: Drainage system requirements (bio-retention storages) 

  
Catchment 

A B C D 

First 15mm 

Runoff Volume (m3) 288 144 156 216 

Storage Volume required (m3) 288 144 156 216 

Maximum Ponding Depth (m) 0.5 0.5 0.5 0.5 

20% AEP 

Critical Storm Duration (hours) 1 1 1 1 

Storm Duration Runoff Volume 
(m3) 

1059 232 681 783 

Storage Volume (m3) 516 154 253 318 

Maximum Ponding Depth (m) 0.9 0.9 0.9 0.9 

Allowable Outflow from 
Storage (L/s)  

151 21 119 129 
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Figure 13: Conceptual cross-section of bioretention storage 
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Crossover surface level – 10.6 mAHD 

Culvert design – Allow for 4.6m3/s 

Revegetation area 

Figure 14: Stormwater Management Plan 

AT 
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5.3 Groundwater Management 

The groundwater management objectives for the Subject Site are to: 

• Manage groundwater levels to protect infrastructure and assets; 

• Maintain groundwater regimes for the protection of groundwater dependent ecosystems; 

• Protect the value of groundwater resources; and 

• Adopt nutrient load reduction design objectives for discharges to groundwater.  

The following strategies will be implemented for the proposed development of the Subject Site to ensure the 

above objectives are met: 

• To protect infrastructure from high seasonal groundwater levels. Building pads and foundations shall 

be set in accordance with applicable building standards based on soil type and separation to 

groundwater. Imported fill will be required where there is a low separation to groundwater, to ensure 

there is adequate separation between groundwater and building pads/foundations. A minimum 

separation of 1.5 m (in sands) is required between the land application of effluent disposal and peak 

groundwater levels (BDS, 2024). Where imported fill is required for the LAA, the same minimum fill 

depth shall be required for building pads. 

• Subsoil drains shall be installed where the road finished level is less than 2 metres above the peak 

annual water-table. Subsoil drains shall have free draining outlets directed to bio-retention/stormwater 

storages for treatment prior to discharge. 

• Bio-retention storages to have subsoils beneath the amended soil layer to prevent long standing water. 

Subsoil drains shall have a free draining outlet directed to Five Mile Creek. 

5.4 Water Quality Management 

The effective implementation of the structural and non-structural controls as part of the development will 

enhance water quality from this site as a result of the land use change from agriculture to rural residential/rural 

smallholdings. 

The Subject Site uses a treatment train of structural and non‐structural controls to treat up to the first 15 mm 

of rainfall from storm event. 

Structural controls include the use of: 

• Lot attenuation through the use of plumbed-in rainwater tanks, soakwells and/or rain gardens to 

capture runoff from roofs and hardstand areas reducing runoff from the site. Infiltration of rainwater at 

source allows for treatment of water as it moves through the soil profile. 

• Bio-retention storages which will receive runoff from the development’s internal road network. Bio-

retention storages are designed to treat the first flush event (first 15 mm) and retain up the 20% AEP 

storm event. Bio-retention storages will allow for infiltration at source, they will be underlain with 

amended soil and subsoils, and planted to allow for uptake of nutrients and contaminants. The 

minimum specifications for all bio-retention storages are presented in Table 12. 

• The revegetation of Five Mile Creek’s riparian zone in the northeast is proposed. Revegetation of the 

riparian zone shall be consistent with minimum requirements for the bio-retention storages (Table 12), 

with larger native shrubs suitable for the outer creek line. Figure 14 shows the area proposed to be 

revegetated, this area has been selected based on being the most degraded vegetation fringing the 

creek. The existing fringing vegetation along Five Mile Creek within the drainage easement and the 

proposed revegetation area shall not be impacted as part of development works and as such these 

areas along with other vegetated areas within the Subject Site are proposed to be categorised as a 

Vegetation Protection Zone (Figure 14).  
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• Any revegetation or bioretention planting has been accounted for in the Bushfire Management Plan 

(BMP), as Forest Type A or Shrubland Type C. Refer to details in the overall BMP for the rezoning. 

Table 13: Minimum requirements for bio-retention storages 

Item Specification 

Amended soil media 

 

• Well graded sand. 

• Clay and silt content <3%. 

• Organic content between 3 and 5%. 

• Hydraulic Conductivity (sat) >150mm/hour. 

• Light compaction only. 

• Infiltration testing of material prior to installation and again once construction is 
complete. On-going testing as per the monitoring program. 

Plant selection • In accordance with Vegetation Guidelines for Stormwater Biofilters in the South-
West of WA (Monash University, 2014). 

• Tolerant of periodic inundation and extended dry periods. 

• Spreading root system. 

• Preferential selection of endemic and local native species.  

• Planting to provide 70-80% coverage at plant maturity. 

Planting density and distribution • Planting density appropriate for species selection. 

• Even spatial distribution of plant species. 

The bio-retention systems should be sized to function correctly with a hydraulic conductivity (K) (saturated) of 

at least 3 m/day. Research conducted by the Facility for Advancing Water Biofiltration (FAWB, 2008) indicates 

that the desired Ksat is in the range of 2.5 to 7 m/day, to fulfil the drainage requirements as well as retain 

sufficient moisture to support the vegetation. The FAWB (2008) research also specifies that for vegetated 

systems some clogging will occur in the first few years until the vegetation is established. Once the plants are 

established, the roots and associated biological activity maintain the conductivity of the soil media over time.  

Non-structural source controls to reduce nutrient export from the Subject Site will focus on reducing the need 

for nutrient inputs into the landscape. The following strategies are proposed; 

• Promotion of the use of local native plants for landscaping to new lot owners. The use of local native 

plants will reduce the need for fertilisers across the site; and 

• Undertake education campaigns regarding source control practices to minimise pollution runoff into 

stormwater drainage system.  
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6 Implementation 

6.1 Construction Management 

Any temporary stormwater storage required during construction shall be built where the final storage area will 

be located. The temporary storage will be sized to contain the ultimate capacity of stormwater runoff from the 

connected area. Measures shall be taken to prevent the transportation of sediment during the construction 

phase including infiltrating at source where possible and sand bagging/rock placement at the inlet of any pipe 

systems discharging outside the Subject Site. Remedial measures shall be undertaken by the developer if any 

disturbances to the surrounding areas are caused during construction.    

6.2 Maintenance of Drainage Systems 

The bio-retention storages and drainage system will require regular maintenance to ensure its efficient 

operation. It is considered the following operating and maintenance practices will be required and undertaken 

by the proponent periodically until successful practical completion of the development and handover to the 

City of Albany. Following handover, it is the City of Albany’s responsibility to maintain drainage structures 

accordingly: 

• Removal of debris to prevent blockages; 

• Maintenance of vegetation in bio-retention swales; and 

• Cleaning of sediment build up and litter layer on the bottom of storages. 

6.3 Monitoring Program 

The monitoring program has been designed to allow a quantitative assessment of hydrological impacts of the 

proposed development. 

6.3.1 Hydraulic Performance Monitoring 

The hydraulic performance monitoring will aim to measure the movement of stormwater through the storage 

structures to determine if stormwater conveyance is consistent with the intended design.  

Where amended soil profiles have been installed in the bio-retention storages, infiltration testing shall be 

completed to test the hydraulic conductivity of the media. Testing should be repeated every 12 months to 

ensure clogging of the storages does not occur. 

Water levels in the bio-retention storages and the roadside swales shall be observed during significant storm 

events to ensure they are consistent with design and not overflowing. 
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6.3.2 Groundwater Monitoring 

A series of groundwater monitoring bores (BH1 - BH8) have been established across the Subject Site to 

determine pre-development groundwater levels. The location of the monitoring bores is shown in Figure 7.  

Groundwater levels have been measured quarterly and include one late winter period prior to development to 

establish baseline groundwater level data. Post-development groundwater level monitoring (quarterly) shall 

include two winter periods and be conducted at the same bore locations (or the nearest practical location 

where the same location is not possible) as the pre-development groundwater investigation, with results 

compared to pre-development levels. If groundwater levels are found to exceed pre-development groundwater 

levels by more than 500 mm with no significant change in rainfall, a review of the development design and 

operations will be required and alterations/modifications to the development will be conducted to reduce 

groundwater levels accordingly.  



  Local Water Management Strategy – Lot 9001 Lower Denmark Road, Cuthbert 

HD063-002    1 May 2024  36 

7 References 

ANZECC & ARMCANZ, Australian and New Zealand Environment and Conservation Council and Agricultural 

and Resource Management Council of Australia and New Zealand (2000) Australian and New Zealand 

Guidelines for Fresh and Marine Water Quality, National Water Quality Management Strategy, October 2000. 

BDS, Bio Diverse Solutions (2013) Site Soil Evaluation Lot 9001 Lower Denmark Road, Cuthbert. 

Unpublished report prepared for client. 

BDS, Bio Diverse Solutions (2024) Site Soil Evaluation Lot 9001 Lower Denmark Road, Cuthbert. 

Unpublished report prepared for client. 

Bureau of Meteorology (2023) Climate Data Online. http://www.bom.gov.au/climate/data/ 

DBCA, Department of Biodiversity and Conservation (2017) South Coast Significant Wetlands Mapping. 

DPLH, Department of Planning, Lands and Heritage (2019) Government Sewerage Policy, Government of 

Western Australia. 

DPIRD, Department of Primary Industries and Regional Development (2017a) Pre-European Vegetation 

(DPIRD-006) dataset. 

DPIRD, Department of Primary Industries and Regional Development (2017b) Soil Landscape Mapping - 

Best Available Dataset (DPIRD-027). Dataset last updated 13/07/2022 

DPIRD, Department of Primary Industries and Regional Development (2017c) Soil Landscape Mapping – 

Zones Dataset (DPIRD-017). Dataset last updated 18/07/2022. 

DPIRD, Department of Primary Industries and Regional Development (2018) Soil Landscape Mapping - 

Systems Dataset (DPIRD-064). Dataset last updated 18/07/2022. 

DSEWPC, Department of Sustainability, Environment, Water, Population and Communities. Commonwealth 

of Australia (2012) Australia’s Bioregions (IBRA). 

DWER, Department of Water and Environmental Regulation (2001) 1:250 000 Hydrogeological Map Series, 

Government of Western Australia. 

DWER, Department of Water and Environmental Regulation (2017) Acid Sulfate Soil Risk Mapping, Lower 

Southwest (DWER-052) dataset, Government of Western Australia. 

DWER, Department of Water and Environmental Regulation (2018a) Hydrographic Catchments Mapping 

Dataset (DWER-028). Dataset last updated 19/06/2018. 

DWER, Department of Water and Environmental Regulation (2018b) Public Drinking Water Source Areas 

(PDWSA) Mapping dataset (DWER-033), Government of Western Australia. Dataset last updated 

26/05/2022. 

DWER, Department of Water and Environmental Regulation (2018c) Clearing Regulations – Environmentally 

Sensitive Areas (DWER-046). Dataset last updated 09/11/2021. 

DWER, Department of Water and Environmental Regulation (2021) Water Information Reporting Tool. 

DoW, Department of Water (2007) Stormwater Management Manual for Western Australia, August 2007. 

FAWB, Facility for Advancing Water Bio-filtration (2008) Guidelines for Soil Filter Media in Bioretention 

Systems. 

IPWEA, Institute of Public Works Engineering Australasia (2017) Local Government Guidelines for 

Subdivisional Development. Available at 

https://secure.ipwea.org/Web/WA_Resources/Specifications_and_Guidelines/Local_gov_guidelines_sub_div

isional_dev.aspx  

http://www.bom.gov.au/climate/data/
https://secure.ipwea.org/Web/WA_Resources/Specifications_and_Guidelines/Local_gov_guidelines_sub_divisional_dev.aspx
https://secure.ipwea.org/Web/WA_Resources/Specifications_and_Guidelines/Local_gov_guidelines_sub_divisional_dev.aspx


  Local Water Management Strategy – Lot 9001 Lower Denmark Road, Cuthbert 

HD063-002    1 May 2024  37 

Luke, G.L, Burke, K.L. & O’Brien, T.M. (1988) Evaporation data for Western Australia. 

Opus (2007) Land Capability Assessment – Lot 800 South Coast Hwy, Cuthbert. Unpublished report 

prepared for client. 

Personal Communications N. Sykora, to C. Cramer via email (2023) 

Shepherd DP, Beeston GR, Hopkins AJM (2002) Native vegetation in Western Australia: extent, type and 

status. Department of Primary Industries and Regional Development, Western Australia, Perth. Report 249. 

WAPC, Western Australian Planning Commission (2008) Better Urban Water Management.  



  Local Water Management Strategy – Lot 9001 Lower Denmark Road, Cuthbert 

HD063-002    1 May 2024  38 

 

 

 

 

Appendix A 

Land Capability Assessment – Lot 800 South Coast Hwy, Cuthbert (Opus, 2007) 
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