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Executive Summary 

360 Environmental Pty Ltd (360 Environmental) was commissioned by I.Q. Project Management 

Pty Ltd (the Client) to prepare a Local Water Management Strategy (LWMS) to support the Local 

Structure Plan application for Lots 57, 58 and 70 Briggs Road and Lots 53, 81, 83, 100 and 105 

Larsen Road, Byford. 

Table 1 provides an overview of the site and a summary of the water management strategies 

that will enable the future development to achieve total water cycle management. 

Table 1: Key Elements of the LWMS 

Site Overview Description 

Location 

Section 1.1 

The Local Structure Plan application is for Lots 57, 58 and 70 Briggs 
Road and Lots 53, 81, 83, 100 and 105 Larsen Road, Byford.  

The site is within the Shire of Serpentine Jarrahdale 

The site is 16.7 ha 

Proposed Development 

Section 1.3 

 

The Structure Plan proposed for the site is shown in Figure 2 and 
includes: 

• 164 residential lots with an average lot size of 369 m2 (R20 to R60 
density) 

• 11 low density residential lots with an average lot size of 4.363 m2 
(R5 density). These lots already exit in the southern portion of the 
development and will be retained 

• 5,157 m2 of high density grouped dwellings 

• 1.29 ha of Public Open Space (POS) and Drainage Areas.  

Existing Landuse 

Section 2.1 

The site is currently used for rural residential and agricultural 
purposes and contains residence and sheds. A narrow area of POS 
abuts the northern and eastern boundary. 

Topography 

Section 2.2 

The site varies between 33 and 39 meters Above Height Datum 
(mAHD) and gently slopes from the south east to the north west 
(Figure 3). The topography (Section 4.2) indicates that the site drains 
northwest towards Oaklands Drain located outside the site’s northern 
boundary 

Soil Type 

Section 2.4 

The soil landscape subsystem (Department of Primary Industries and 
Regional Development (DPIRD) 2019) classifies the surface soils onsite 
as ‘Shallow pale sand to sandy loam over very gravelly clay, 
moderately well drained’. 

Wetland Mapping 

Section 2.6 

The site is mapped as a multiple use wetland (UFI  15797)  

Groundwater levels 

Section 2.7.2 

• A search of the Perth Groundwater Map (DWER, 2019c) was 
conducted and it is noted that the maximum groundwater level 
contours were found not to extend to the site 

• Four boreholes were installed on site to a depth of 5.5m to 7.5 m 
under the supervision of 360 Environmental staff in July 2019 for 
the purpose of determining the pre-development groundwater 
levels 
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Site Overview Description 

• Peak 2019 groundwater levels occurred in September, with the 
minimum separation from the groundwater to the existing ground 
level being 0.66 m in the east of the site and greater than 5m in the 
west and south of the site. 

Surface water 

Section 2.8 

• There are no surface water features located in the site 

• Oaklands Drain is located outside the sites northern boundary 

• A narrow strip in the north of the site is located in the floodway of 
the Oaklands Drain 

• The applicable 1% AEP flood levels are 39.75 m AHD to 33.71 m AHD. 

Water Servicing 

Section 3 

• The development will be connected to existing Water Corporation 
infrastructure for water supply and wastewater disposal 

• Public Open Space (POS) will be landscaped with waterwise species 
and irrigated with groundwater. 

Water Conservation 
Strategy 

Section 4.0 

• The use of waterwise landscaping and efficient irrigation design. 
Landscape Plans will be developed to align with neighbouring 
landscape works which have been completed along Oaklands 
Drain. The site contains mature trees which will be retained as far 
as possible to reduce the need to establish new vegetation in the 
POS which requires higher initial rates of irrigation 

• Groundwater will be used for irrigation of POS 

• The use of water efficient fixtures and fittings. 

Stormwater Management 
(Section 5) 

• Stormwater runoff will be managed via soakwells and/or lot 
connections for smaller lots to retain the first 15 mm of rainfall close 
to source  

• The first 15mm of rainfall will be infiltrated in the POS and 
streetscapes 

• Road drainage networks will be sized to convey up to the 20% AEP 
event 

• Stormwater runoff up to the 1% AEP event will be detained in a 
drainage basin located within the POS. Discharge from the basin will 
be controlled to ensure flows are similar to pre-development 
conditions entering Oaklands Drain. 

Flood Management 

(Section 6) 

• Development will be excluded from the floodway. The floodplain of 
Oaklands Drain extends into the POS area. Finish lot levels will be 
0.5m above the 1% AEP flood level and 0.3m above the 1% AEP 
static water level of the drainage basin.  

Groundwater Management 
(Section 7) 

• The groundwater monitoring program will continue to collect the 
2020 peak groundwater levels 

• The MGL will be determined once the groundwater monitoring 
program has been completed and the bores have been surveyed 

• The development will achieve a minimum separation between 
proposed finished lot levels and the maximum groundwater level 
(MGL) of at least 1.2 m 

• Fill will be required to achieve a suitable site classification which 
will provide adequate clearance to maximum groundwater levels 

• Groundwater quality will be maintained by the proposed 
stormwater management system. 

Monitoring and 
Maintenance (Section 8) 

• The impacts of the development on the receiving environment will 
be monitored by post development monitoring of groundwater 
quality 

• Regular maintenance is proposed to ensure the functionality of the 
proposed stormwater management system. 
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Site Overview Description 

Implementation (Section 9) 

• Subdivision design should conform to the strategy proposed in this 
LWMS and be the subject of an Urban Water Management Plan 
designed to provide a detailed description of how this will be 
achieved. 
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1 Introduction 

360 Environmental Pty Ltd (360 Environmental) was commissioned by I.Q. Project Management 

Pty Ltd (the Client) to prepare a Local Water Management Strategy (LWMS) to support the Local 

Structure Plan application for Lots 57, 58 and 70 Briggs Road and Lots 53, 81, 83, 100 and 105 

Larsen Road, Byford (Figure 1). 

1.1 Location 

The site is within the Shire of Serpentine Jarrahdale (the Shire) local government area and is 

approximately 16.7 ha. Briggs Road is to the west and Larsen Road is to the south.  Oaklands 

Drain is located outside the site’s northern boundary within the regional public open space.  

1.2 Planning Context 

The site is zoned ‘Urban’ and ‘Urban Deferred’ under the Metropolitan Region Scheme (MRS), 

and ‘Urban Development’ and ‘Rural Living A’ under the Serpentine-Jarrahdale Town Planning 

Scheme No.2 (TPS 2). This LWMS has been prepared to support a Local Structure Plan (LSP) 

application. 

1.2.1 District Planning 

The site lies within the area covered by the Byford District Structure Plan, which was approved 

in 2005 by the Shire and the Western Australian Planning Commission (WAPC). A Drainage and 

Water Management Plan (DWMP) was prepared by the Department of Water (now Department 

of Water and Environmental Regulation (DWER)) in 2008 and presented the proposed arterial 

drainage scheme for the Byford townsite in accordance with the responsibilities for drainage 

planning assigned to the DWER by the state government. 

1.2.2 Byford District Water Management Strategy 

A District Water Management Strategy (DWMS) (Urbaqua 2018) was prepared as part of the 

Byford District Structure Plan (Hames Sharley 2018). These documents were out for public 

comment when the LWMS was started. The DWMS has bene referred to but not strictly followed 

as we do not believe the regional scale flood mapping and volumes of storage to be provided 

for each sub catchment is correct, the volumes are extremely high for the size of some of the 

smaller sub catchments in particular. 

1.3 Proposed Developments 

The Structure Plan proposed for the site is shown in Figure 2 and includes: 

• 164 residential lots with an average lot size of 369 m2 (R20 to R60 density) 

• 11 low density residential lots with an average lot size of 4.363 m2 (R5 density). These 

lots already exit in the southern portion of the development and will be retained 

• 5,157 m2 of high density grouped dwellings 
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• 1.29 ha of Public Open Space (POS) and Drainage Areas. 

1.4 Guidance and Previous Studies 

The aim of a LWMS is to provide ‘proof of concept’ for water management at a proposed 

development, taking account of all forms of water management. 

The LWMS has been prepared in accordance with Better Urban Water Management (WAPC, 

2008), Guidelines for District Water Management Strategies (DoW, 2013), and Interim: 

Developing a Local Water Management Strategy (DoW, 2008). Additional guidance for the 

preparation of the LWMS is provided in: 

In addition to the documents previously mentioned, there are several State Government plans 

and policy documents relating to urban water management which have been used as a basis to 

prepare this LWMS including: 

• Decision Process for Stormwater Management in Western Australia (DWER, 2017) 

• Guidelines for district water management strategies (DoW, 2013) 

• Guidelines for local water management strategies (DoW, 2008) 

• Stormwater Management Manual of Western Australia (DoW, 2007) 

• Better Urban Water Management (WAPC, 2008) 

• State Water Plan 2007 (Government of Western Australia, 2007) 

• State Planning Policy 2.9 Water Resources (WAPC, 2006).  

1.5 Design Objectives 

The design objectives for this site are presented in Table 2. 

Table 2: Design Objectives 

Element Principle Objective 

Surface Water Management 

Manage catchments to maintain or 
improve water resources. 

Manage and treat stormwater as 
close to source as possible. 

Maintain pre-development surface 
water discharges from the site. 

Seek opportunities to gather 
stormwater for reuse. 

Where possible, apply stormwater 
collection and treatment system 
for stormwater reuse. 

Groundwater Management 

Manage stormwater infiltration 
where possible to maintain or 
improve groundwater quality. 

Maintain or improve groundwater 
quality.  

Maintain groundwater levels 
similar to pre-development 

Provide adequate separation 
distance to groundwater for built 
infrastructure. 
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Element Principle Objective 

Flood Risk Management 
Manage risks to human life and 
property. 

Protect people and the built 
environment from flooding and 
inundation onsite. 

No adverse impact in terms of 
flood risk to communities upstream 
and downstream of the 
development. 

Water conservation strategy 
(potable and wastewater) 

Management catchments to 
maintain or improve water 
resources. 

Achieve WA State Water Plan 
targets of household potable water 
consumption. 

Ensure the efficient use of water 
resources. 

Minimise the external use of 
potable water. 
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2 Existing Environment 

The pre-development environmental conditions provide opportunities and constraints for water 

management on the site. A summary of the environmental characteristics of the site is provided 

below. 

2.1 Land Use 

The site consists of approximately 16.7 hectares (ha) of land. Most of the site has been cleared, 

though Lot 58 is vegetated. The site is currently used for rural residential and agricultural 

purposes and contains residence and sheds. A narrow area of POS abuts the northern and 

eastern boundary. 

2.1.1 Land Use Change 

Aerial imagery of the site is available from Landgate dated from 1953 (Plate 1). The aerial images 

show that the land was cleared prior to 1953 and was undeveloped. Only one lot was developed 

in the western area of the site between 1953 and 1983. The buildings were constructed after 

1983 and planting increased vegetation, particularly along property boundaries and fencelines. 

No additional infrastructure has been built since 1995, and vegetation density in the north and 

southwestern area increased. 

 

Plate 1: Historical Imagery 
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2.2 Topography 

The site varies between 33 and 39 meters Above Height Datum (mAHD) and gently slopes from 

the south east to the north west (Figure 3). The topography (Section 4.2) indicates that the site 

drains northwest towards Oaklands Drain located outside the site’s northern boundary.  

A site survey is provided in Appendix A) 

2.3 Climate 

The site experiences a Mediterranean climate, with cool wet winters from June to August and 

hot dry summers from December to February. 

The closest weather station with recorded rainfall data to present is Jarrahdale Station (site 

number: 009023), located 13 km from the site. The monitoring station recorded daily rainfall 

data from 1882 to present. The average annual rainfall is approximately 1172.7 mm for the 

period 1882 – 2018. 

2.4 Soil Type 

2.4.1 Regional Data 

The soil landscape subsystem (Department of Primary Industries and Regional Development 

(DPIRD) 2019) classifies the surface soils onsite as ‘Shallow pale sand to sandy loam over very 

gravelly clay, moderately well drained’. The site’s surface geology is presented in Figure 4. 

2.4.2 Geotechnical Investigation 

A geotechnical investigation was undertaken (Douglas. Partners, 2019). Subsurface conditions 

are described as follows: 

• Topsoil (SITLY SAND) – brown, fine to medium grained, silty sand topsoil with trace 

roots, encountered from surface to depths of between 0.1 m and 0.2 m 

• FILL (GRAVELLY CLAY) – stiff gravelly clay with sand fill underlying the topsoil fill at Pit 8 

to a depth of 0.4 m 

• CLAYEY SAND, SANDY CLAY – generally hard, orange-brown clayey sand and sandy clay 

underlying the topsoil at test locations Pit 1 to Pit 7 and Pit 9 to depths of between 0.4 

m and test pit termination depths up to 1.65 m 

• SANDY GRAVEL – generally dense, sandy gravel underlying clayey sand at Pits 1 and Pit 

4 and fill and topsoil at Pit 8 and Pit 10 respectively, to test pit termination depths of 

between 1.0 and 1.3 m. An exception to this was encountered at Pit 8, where clayey 

sand was encountered below the sandy gravel between depths of 1.0 m and termination 

depth of 1.5 m. 

Permeability testing was undertaken using the constant head method, at two locations at depths 

of 0.14 m and 0.35 m. The permeability results were 9.5 m/day for Test Location 1 and 3.6 m/day 

for Test Location 11. The geotechnical report suggested that the results of these permeability 
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were influenced by the sandy topsoil, and the representative permeability values of the clayey 

soils at the site are lower than the results indicate. 

A preliminary permeability value in the order of 1 x 10-6 m/s (<0.1 m/day) or less is suggested 

for the clayey soils underlying at the site 2019 (Douglas. Partners, 2019). 

2.5 Acid Sulfate Soils 

Regional Acid Sulfate Soil (ASS) mapping indicates that there is moderate to low risk of ASS onsite 

(DWER, 2019a) (Figure 5). 

2.6 Wetland Mapping 

Geomorphic wetlands mapping indicates that the site is mapped as a Multiple Use wetland 

(Palusplain UFI 15797) (Figure 6). 

2.7 Groundwater 

2.7.1 Aquifers 

Water Register database (DWER, 2019b) indicates that the site is located within Serpentine 

Groundwater Management Area and belongs to Byford 3 subarea. Three aquifer resources are 

identified at the site location: Superficial Swan, Leederville and Cattamara Coal aquifers. The site 

is not located within a Public Drinking Water Source Area (PDWSA) (DWER, 2019c). 

An aquifer allocation report requested from DWER in July 2019 indicated that Leederville and 

Cattamara Coal aquifers are nearly fully allocated (Table 3). The superficial Swan aquifer is 

shown to have spare resource not allocated or committed. 

Table 3: Aquifer Allocations 

Aquifer 
Allocation 
Limit (kL) 

Allocated 
Volume (kL) 

Committed 
Volume 

(kL) 

Remaining 
Volume (kL) 

Allocated and 
Committed (%) 

Superficial 
Swan 

13,291,660 1,417,407 407,500 11,466,753 13.73% 

Leederville 2,270,000 2,293,360 0 -23,360 101.03% 

Cattamara 
Coal 

1,130,000 1,030,639 90,000 9,361 99.17% 

2.7.2 Groundwater Levels 

A search of the Perth Groundwater Map (DWER, 2019c) was conducted and it is noted that the 

maximum groundwater level contours were found not to extend to the site. 

Four boreholes were installed on site to a depth of 5.5m to 7.5 m under the supervision of 360 

Environmental staff in July 2019 for the purpose of determining the pre-development 

groundwater levels. The bore locations are shown on (Figure 7). Pre-development groundwater 

monitoring commenced in July 2018 and groundwater was initially proposed to be monitored 

for 18 months. As a majority of the site is recording a clearance to groundwater of greater than 
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5 m, the groundwater monitoring program has been scaled back. In addition, the Geotechnical 

Investigation (Douglas Partners, 2019) recommends 1.2 to 1.7m of sand fill is required, this will 

achieve even greater clearance to groundwater. The groundwater monitoring program will 

continue to collect the 2020 peak groundwater levels to confirm the site MGL, however this is 

no longer as important to the water management strategy as initially thought due to the site 

preparation requirements. The groundwater levels have been recorded in ‘meters below ground 

level’ (m bgl) only by the time of completion of this report (October 2019) are provided in Table 

4. 

Table 4: Site Groundwater Levels  

Date 
Groundwater Level (m bgl) 

GW01 GW02 GW03 GW04 

July 2019 Dry Dry 0.99 0.79 

August 2019 6.53 NA 0.90 1.26 

September 2019 5.51 6.21 0.66 0.79 

October 2019 6.00 NA 1.39 1.69 

November 2019 Dry 6.53 1.86 1.93 

N/A – no site access was possible  

It can be seen that the site peak groundwater level occurred in September, with the minimum 

separation from the groundwater to the existing ground level being 0.66 m. Groundwater levels 

recorded in GW01 and GW02 have a clearance to natural surface of more than 5 m. 

Groundwater levels in meters above Australian Height Datum (m AHD) can be determined once 

the survey of the monitoring wells is completed. 

2.7.3 Groundwater Quality 

The Perth Groundwater Map has been reviewed to assess groundwater quality. Groundwater 

underlying the site is expected to have salinity levels ranging between 500 – 1,000 mg/L, which 

is classified as ‘Marginally’ suitable for watering household gardens. The groundwater is 

considered to be ‘Unsuitable’ for garden bores. 

Groundwater quality has been assessed quarterly, both in-situ and using laboratory analysis. The 

groundwater quality results recorded by the completion of this report (October 2019), are 

shown in Table 5. 

Table 5: Site Groundwater Quality 

 
ANZEC C 
Values 

GW01 GW02 GW03 GW04 

In-situ 
Parameters 

  July 
2019 

October 
2019 

July 
2019 

October 
2019 

July 
2019 

October 
2019 

July 
2019 

October 
2019 

Temperature 
(˚C) 

- Dry 20.5 Dry NA 17.0 19.5 17.3 19.4 

pH 6.5-8.0 Dry 5.30 Dry NA 5.52 5.14 5.59 4.86 
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ANZEC C 
Values 

GW01 GW02 GW03 GW04 

Electrical 
Conductivity 

(mS/cm) 
0.12-0.30 Dry 0.25 Dry NA 0.90 0.92 0.65 0.74 

DO (%) 80-120 Dry 49.3 Dry NA 55.5 28.5 12.2 2.78 

Redox (mV) - Dry 176.6 Dry NA 218.3 178.9 111.6 201.9 

Nutrients 
(mg/L) 

          

Ammonia  0.08 Dry <0.02 Dry NA 0.03 <0.02 0.07 0.05 

NOx  0.15 Dry 1.2 Dry NA 0.06 0.07 0.05 <0.01 

TKN  - Dry <0.2 Dry NA <0.2 <0.2 <0.2 <0.2 

TN  1.2 Dry 1.3 Dry NA <0.2 <0.2 <0.2 <0.2 

TP  0.065 Dry 0.06 Dry NA 0.04 0.04 0.05 0.05 

OrthoP 0.04 Dry <0.01 Dry NA <0.01 <0.01 <0.01 <0.01 

2.8 Surface Water 

2.8.1 Oaklands Drain 

Oaklands drain runs adjacent, and outside the site’s northern boundary (Figure 8). The drain 

flows westwards under Briggs Road  

The 1% AEP flood mapping of the Oaklands Drain is included in the Byford DWMP (DWER, 2008).  

The DWMS (DWER 2008) indicates the 1% AEP flood level at the site is 39.75 m AHD (at node 

87) to 33.71 m AHD (at node 101). A longitudinal section of Oaklands Drain is provided in 

Appendix C.  

Minor areas in the north of the site are located in the floodway of the Oaklands Drain, as shown 

on Figure 8. 

The DWMP identified that the area west of Byford townsite, (which the site is nearby), 

experiences regular water logging. This is considered to be due to a combination of persistent 

winter rainfall and poor drainage which results in the elevation of the shallow groundwater. 

2.8.2 Regional and District Drainage Study 

The DWMP (DWER, 2008) presents the proposed arterial drainage scheme for the Byford 

townsite, which aims to protect wetlands and waterways from the impacts of urban runoff and 

protect infrastructure and assets from flooding and inundation. The DWMP promotes onsite 

retention of rainfall events up to one-year annual recurrence interval (ARI) and proposes to 

manage catchment runoff for up to and including a 100-year event within the development area 

to pre-development peak flow rates. 

The 2019 DWMS (Urbaqua 2019) follows principles similar to the 2008 DWMP. The DWMS 

considers a larger study area than the DWMP and presents a detailed review of the arterial 

drainage scheme for the Byford townsite. 
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2.8.3 Existing Catchment and Runoff 

Figure 9 shows the pre-development modelling catchment. The runoff from the lots along Larsen 

Road will remain unchanged as these lots are proposed to remain. Consequently, these lots have 

been excluded from the pre-development model 

XPSTORM has been used to model the pre-development runoff generated from the catchment 

area. Laurenson method is applied in the model as the hydrological method and model the peak 

flow rate. This method has been widely used in Western Australia for hydrological assessment 

and drainage design. 

The modelled catchment area is approximately 11.8 ha, consistent with the proposed 

development area in the LSP. The model input parameters in Table 6 are similar to the DWMP 

and DWMS for pervious areas. 

Table 6: Pre-development Runoff Model Parameters 

Model Input 
Catchment Area 

(ha) 
Slope (%) 

Initial Loss 
(mm) 

Continuing Loss 
(mm/hr) 

Values 11.8 1.4 10 2.9 

An initial-continuing loss method was applied in the model. This method has been 

recommended by the 2019 Australian Rainfall and Runoff guidelines (ARR, 2019). The loss values 

in Table 6 were used in the model and are similar to the DWMS. 

The model simulated multiple storm events based on the Bureau of Meteorology’s 2016 Design 

Rainfall Data System (BoM, 2019) and the temporal patterns from the 2016 Australian Rainfall 

and Runoff (ARR, 2016). Runoff model was run with 0.5 hr, 1hr,3 hr, 6 hr, 12hr, 24 hr, 48 hr and 

72 hr durations at 20% AEP and 1% AEP.  

The model results for peak flow rates in 20% and 1% AEP events are summarized in Table 7. 

Table 7: Pre-development Peak Flows 

 20% AEP 1% AEP  

Critical Duration (hr) 3 1 

Peak Flow (m3/s) 0.44 1.25 

The peak flow results will be used as the design criteria of the storage requirement onsite. 
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3 Water Servicing 

3.1 Potable Water Supply 

Potable water supply will be provided via extension of the existing Water Corporation 

distribution water mains along Larsen Road and Briggs Road. 

3.2 Wastewater Management 

Wastewater will be managed using the sewer pipe along Larsen Road. 

3.3 POS Irrigation 

POS irrigation water is proposed to be sourced from groundwater. 

There is an existing groundwater licence held by the owners of Lot 81 Larsen Road for the 

Leederville aquifer with an annual volume of 11,500 kl (Table 8). 

Table 8: Groundwater License Details 

Licence 
Number 

Licence 
Allocation 

Groundwater 
Area 

Groundwater 
Subarea 

Issue Date Expiry Date 

159693 11,500kL Serpentine Byford 3 16/06/2010 15/06/2020 

The total area of the proposed POS is approximately 1.29 ha. Based on an irrigation rate of 7,500 

kL/ha/year, the annual amount of water required for POS irrigation is 9,675 kL. As Lot 81 Larsen 

Road is currently included in the proposed development area, the intent will be to transfer its 

water licence to provide irrigation water for the site. 

In the unlikely event that the existing groundwater licence is not transferred to the eventual 

developer of the LSP, a new groundwater license will be applied for to irrigate the POS and MUC 

in the short term (if required by the Shire). An aquifer allocation report obtained from DWER in 

July 2019, as detailed in Table 3 indicates groundwater allocation is available in the Superficial, 

Leederville and Cattamarra Coal Measure aquifers at the site. 
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4 Water Conservation Strategy 

The proposed development will incorporate the following water conservation strategies: 

• The use of waterwise landscaping and efficient irrigation design. In consultation with 

the Shire, Landscape Plans will be developed to align with neighboring landscape works 

which have been completed along Oaklands Drain. The site contains mature trees which 

will be retained as far as possible to reduce the need to establish new vegetation in the 

POS which requires higher initial rates of irrigation. The active and unrestricted POS is 

shown in Appendix D 

• Groundwater will be used as the water source for irrigation to limit potable water 

consumption. An existing groundwater licence will be transferred for this use, or a new 

groundwater license will be applied for if required  

• The use of water efficient fixtures and fittings within the site: water efficient shower 

heads and tap fittings are already mandated as part of the Building Code of Australia 

(ABCB, 2011). 
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5 Stormwater Management Strategy 

5.1 Proposed Stormwater Management  

The objectives for stormwater management are to ensure that urban development does not 

increase the peak flows discharging to the receiving environment, and that runoff water quality 

is maintained or improved. The following details the proposed stormwater management 

designed to achieve these objectives 

5.1.1 The First 15 mm Runoff 

The runoff from constructed impervious surfaces generated by the first 15 mm of rainfall is 

proposed to be retained at-source for residential lots and road reserves as far as practical. This 

is consistent with Shire policy and what has been proposed in the 2008 DWMP and 2019 DWMS. 

It is the first 15 mm of rainfall that mobilises the majority of pollutants from the catchment. 

Consequently, the retention of runoff from the first 15mm provides the opportunity for at-

source treatment via bioretention structures (or similar) so that the runoff quality to the 

downstream receiving environmental is maintained. 

As there is no road layout in the proposed LSP, it is difficult to determine how much runoff from 

the first 15 mm of rainfall could be retained in the road reserves. For a conservative estimation, 

it has been assumed that the first 15 mm runoff from the road reserve could be treated within 

a bioretention area within the POS, in the case that the road layout does not allow in-situ 

retention and treatment. In such case, runoff from road reserves should be captured by pipe 

system and discharge to the bioretention area in POS, which will provide retain and treat the 

runoff. Flows above the first 15 mm event will overflow from the bioretention area into a 

detention basin (Section 5.1.2).  

Options to collect and infiltrate as much of the first 15mm as possible in the streetscapes will be 

investigated further at the detailed design phase and presented in the UWMP. The Geotechnical 

Investigation (Douglas. Partners, 2019) states that imported sand fill is needed to achieve the 

required site classification which will allow for infiltration to occur within lots and biofiltration 

areas. 

Table 12 details the volume of the bioretention area that will be required to retain the road 

reserve runoff in the first 15 mm. If in the future subdivision stage the in-situ retention within 

road reserve is possible, then the bioretention area in the POS can be smaller. 

5.1.2 Minor and Major Events (up to 1% AEP) 

The minor event management features of the road drainage pipes and the detention basin in 

POS, are as follows: 

• Lots and road reserves will retain the first 15 mm at source as far as practical 
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• Runoff generated in events larger than 15 mm will be conveyed by the road pipe 

drainage system. The drainage structures will be sized to convey up to the 20% AEP 

event to the drainage basin in POS, ensuring roads are serviceable 

• Runoff generated in larger than 20% AEP and up to the 1% AEP events will be allowed 

to drain to the basin within the POS via overland flow 

• The bioretention area within POS will overflow into the drainage basin 

• The drainage basin and its outlet in the POS have been designed to enable sufficient 

detention so that the flow to Oaklands Drain is no greater than pre-development flows 

for events up to 1% AEP 

• The main drainage basin is to be located outside the floodway of the Oaklands Drain. 

The key objective for managing minor and major events is to maintain the peak flow discharging 

the Oaklands Drain. Table 9 details the peak flows for 20% AEP and 1% AEP events. The allowable 

peak flow has been assessed based on the 2008 DWMP, the 2019 DWMS and the pre-

development model in this LWMS as the site is included in the nominated sub-catchment 

described in the DWMP and DWMS. 

Pro rata rates are also calculated and shown in Table 9. 

Table 9: Minor and Major Event Drainage Criteria 

Document Subcatchment 
Area 

Peak Discharge Flow 
(m3/s) 

Pro Rata Peak Flow 
(l/s/ha) 

(ha) 20% AEP 1 % AEP 20% AEP 1% AEP 

2008 DWMP 3C 68.1 0.4 3.5 5.9 51.4 

2019 DWMS BM_02 32.6 2.437 6.189 74.7 189.9 

LWMS Modelled Site 11.8 0.44 1.25 37 106 

It noted that the 2008 DWMP and 2019 DWMS modelled a much larger area than the area 

covered by this LWMS. Therefore, the peak flow criteria from these two documents are based 

on the critical duration for the entire model area. It is proposed that the determination of the 

storage requirement for the 20% and 1% AEP for this site should be based on the pre-

development peak flows detailed in this LWMS. 

Modelling of the post development scenario was undertaken to assess the storage requirement 

onsite, based on the proposed land use and hydrologic parameters detailed in Tables 10 and 11 

respectively. 

Table 10: Land Uses 

Type 
Group 

Housing 
Lots < 

300 m2 
Lots 300 
-600 m2 

Lots 600-
1000 m2 

Road 
Reserves 

POS Total 

Area (ha) 0.52 0.95 4.75 0.33 3.94 1.29 11.8 

Impervious 
(%) 

95% 90% 80% 70% 90% 10% 75% 
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Table 11: Post Development Model Parameters 

Parameters 
Group and 

Lots < 300 m2 

Impervious 

Lots > 300 m2 
Impervious 

Roads 
Impervious 

Pervious 

Area (ha) 1.32 4.03 3.68 2.72 

Impervious (%) 100 100 100 0 

Slope (%) 1.4 1.4 1.4 1.4 

Manning’s n 0.015 0.015 0.015 0.025 

Initial Loss (mm) 15 15 15 10 

Continuing Loss (mm/hr) 0 0.07 0 2.9 

The discharge pipe will drain water from the basin to Oaklands Drain.  A 450 mm diameter pipe 

located at the basin invert was modelled as the discharge pipe. This is because the soil onsite is 

clayey and accumulated water is not able to infiltrate within the required timeframe.  

Table 12 summarises the proposed stormwater management system. 

Table 12: Proposed Stormwater Management System 

 Frequent Event Management 

 First 15 mm 

Storage Feature Residential Lots: Soakwells (or similar) 

Road Reserve: Bioretention Area within POS (or similar) 

Storage Volume (m3) Residential Lots: 807 m3 

Road Reserves: 532.5 m3 

 Minor Event Management 

 20% AEP 

Storage feature Detention basin in POS, 450 mm diam outflow pipe at basin invert 

Full capacity of basin: 3,120 m3 

Critical duration (hr) 3 

Depth of storage (m) 1.2 

Bottom Area (m2) 1,800 

Side Slope (v:h) 1:6 

Depth of water (m) 0.62 

Top water surface area (m2) 2,626 

Stored volume (m3) 1,372 

Peak discharge (m3/s) 0.4 

Allowable maximum flow (m3/s) 0.44 

Basin emptying time (hr) 17 

 Major Event Management 

 1% AEP 
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 Frequent Event Management 

Storage feature Detention basin in POS, 450 mm diam outflow pipe at basin invert 

Full capacity of basin: 3,120 m3 

Critical duration (hr) 3 

Depth of storage (m) 1.2 

Bottom Area (m2) 1,800 

Side Slope (v:h) 1:6 

Depth of water (m) 1.155 

Top water surface area (m2) 3,340 

Stored volume (m3) 2,968 

Peak discharge (m3/s) 0.713 

Allowable maximum flow (m3/s) 1.25 

Basin emptying time (hr) 12 

The peak discharge rates in the 20% and 1% AEP events do not exceed the allowable maximum 

flows, which are based on the pre-development model. An orifice is proposed for the 450 mm 

discharge so that the outflow from events smaller than the 20%AEP can be restricted. The 

detailed design of the flow restriction structure shall be completed in the UWMP stage. 

The provided storage volumes by the basin are compared with the storage volumes modelled in 

the DWMP and DWMS in Table 13. 

Table 13: Stormwater Storage  

Document Subcatchment 
Area Storage Volume (m3) 

Pro Rata Storage 
Volume (m3/ha) 

(ha) 20% AEP 1 % AEP 20% AEP 1% AEP 

2008 DWMP 3C 68.1 9,000 20,100 132 295 

2019 DWMS BM_02 32.6 3,700 9,789 113.5 300.3 

LWMS Modelled Site 11.8 1,372 3,120 116.3 264 

The proposed drainage basin provided similar pro rata storage volume to the DWMP and DWMS. 

5.1.3 Basin Drain Time 

Stormwater Management Manual WA (DoW, 2007) and Australia Runoff Quality (Engineers 

Australia, 2006) provide recommendations for emptying times of stormwater management 

systems for different AEPs: 

• 20% AEP: 1.5 days 

• 1% AEP: 3.5 days. 

The emptying times for the proposed basin are within the recommended time for 20% and 1% 

AEP as shown in Table 12. There are no known mosquito concerns at the site, the drainage basin 
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is expected to drain within the recommended times and will not create additional breeding habit 

for mosquitos. Additionally, when the Oaklands Drain is carrying water, the water is expected to 

be flowing, which again will not provide mosquito breeding areas. 

5.1.4 Water Quality Management 

Frequent rainfall events (usually referred as the first 15 mm) mobilise the majority of pollutants 

from a catchment and DWER currently recommends that. where possible the frequent event 

runoff shall be treated and infiltrated at source. The proposed water quality management 

measures on this site are as follows: 

• Lots will retain the runoff from the first 15 mm as much as practical before discharging 

to road drainage pipe systems 

• Roads will retain the runoff from the first 15 mm in various structures wherever possible, 

including but not limited to: bottomless pits, roadside swales, median strip bioretention, 

and street tree pits. 

Details of the water quality treatment measures will be determined and designed in future 

subdivision stages and provided in the related UWMP(s). 
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6 Flood Management 

The floodplain management strategy typically recommended by DWER (2000) is as follows: 

• Development (i.e. filling, building, etc) that is located within the flood fringe is 

considered acceptable with respect to major river flooding. However, a minimum 

habitable flood level of 0.50 metre above the adjacent 100-year flood level is 

recommended to ensure adequate flood protection 

• Development (i.e. filling, building, etc) that is located within the floodway and is 

considered obstructive to major river flows is not acceptable as it will increase flood 

level upstream. 

The ‘flood fringe’ is defined as the area of the floodplain, outside of the floodway, which is 

affected by flooding but where development could be permitted provided appropriate measures 

are taken. These areas are generally covered by still or very slow-moving waters during a 100 

year ARI (equivalent to 1% AEP) flood. 

Following this advice, development has been excluded from the floodway and finish floor levels 

will be raised to provide 0.5m clearance to the 1% AEP flood level of 39.75 m AHD to 33.71 m 

AHD. 

As discussed further in Section 7.1.1 below, sand fill will be required to achieve lots with a site 

classification of Class A (or Class S). This filling will provide adequate clearance to the flood levels 

of the Oaklands Drain and maximum groundwater levels. 
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7 Groundwater Management Strategy 

7.1.1 Groundwater Levels 

Variability in the clay content found in the soils on site was observed during the drilling and 

installation of the groundwater monitoring bores which appears to be influencing the 

groundwater levels recorded on site in 2019.  The depth to groundwater significantly varies 

through the site with peak 2019 groundwater levels in the west and south west being 

approximately 5.5 m bgl (GW01) to 6.2 m bgl (GW02), while groundwater levels recorded in the 

east of the site were significantly closer to the natural surface with GW03 recording a peak 

groundwater level 0.66 m bgl and 0.79 m bgl at GW04. 

The Geotechnical Investigation (Douglas Partners, 2019) provided in Appendix E states that the 

site is underlain by reactive clay material with varying sand and gravel content. The preliminary 

analysis by the geotechnical report indicated that amending the site classification to Class S 

would require enough non-reactive fill to produce a separation of at least 0.8 m from the 

finished surface level to reactive material. To achieve a site classification of Class A, which is 

typically provided for urban development, approximately 1.7 to 1.8 m of compacted sand filling 

would be required.  

Urban development usually requires the finished lot levels to have a minimum clearance of 1.2 

m to the MGL. The calculation of MGL separation is presented for the follwoing scenarios: 

• Scenario A: The site will achieve Class A with the import of 1.7 m of sand fill. 

In this scenario, the minimum separation from the finished lot levels to the MGL will be 

equal to 2.36 m (existing minimum groundwater separation 0.66 m, with 1.7 m fill). 

• Scenario B: The site will achieve Class S with the import of 0.8 m of sand fill. 

In this scenario, the minimum separation from the finished lot level to the MGL will be 

equal to 1.46 m (existing minimum groundwater separation 0.66 m, with 0.8 m fill) 

In both scenarios, the minimum separation from the finished levels to the MGL will be greater 

than 1.2 m, which would provide sufficient clearance to groundwater levels across the entire 

site. At this stage of the planning process, it would appear that subsoil drainage is not required 

to manage groundwater levels post development. 

The predevelopment groundwater monitoring program will continue to collect the peak 2020 

groundwater levels. This data, along with a comparison of other publicly available groundwater 

monitoring data will be completed, to confirm the peak groundwater levels in the future UWMP. 

The need to import fill to provide suitable site conditions for urban development is likely to 

dictate the earthworks strategy rather than providing adequate clearance to groundwater. 

7.1.2 Groundwater Quality 

The proposed lot sizes and stormwater management practices will assist with maintaining 

groundwater quality. Other key strategies for managing groundwater quality at the site include: 
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• Use of reticulated sewerage 

• Maximising native vegetation within POS 

• Fertiliser and pesticide use on site to be minimised through the use of waterwise and or 

native landscaping, minimal community open space and private gardens due to the style 

of development. 
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8 Monitoring and Maintenance Plan 

8.1 Post Development Monitoring 

Post development monitoring is proposed to be implemented to ensure the functionality of the 

stormwater management structures throughout the site. The final post development 

monitoring schedule will be confirmed in the future UWMP, the below provides an example of 

possible monitoring requirements. 

8.1.1 Drainage Basin 

It is proposed that the drainage basin will be visually monitored on a quarterly basis to ensure 

there is no standing water and the discharge structures are not blocked.  

8.1.2 Groundwater Quality 

Depending on the final earthworks strategy and clearance to groundwater, groundwater 

monitoring may be required to ensure that the development will not have adverse impact on 

the groundwater quality post development. 

To allow an assessment of the water quality parameters, it is proposed that post development 

groundwater quality will be compared to baseline values that are established in pre-

development monitoring (Section 2.7). Once the pre-development monitoring is finished, the 

baseline values shall be determined and included in the future UWMP. 

At this stage, trigger values for water quality is calculated by increasing the pre-development 

maximum recorded values by 20% (Table 14). If the calculated values are lower than the ANZECC 

guideline values then the ANZECC guideline values are to be used. The trigger values provided 

in Table 14 can be refined in the future UWMP when more water quality data is available. 

Table 14: Trigger Values for Post Development Monitoring 

 ANZEC C Values 
Pre-Development 
Maximum Values 

Trigger Values 

In-situ Parameters     

pH 6.5-8.0 
4.86 (Lower Limit) 

5.59 (Upper Limit) 

3.88 (Lower Limit) 

6.71 (Upper Limit) 

Electrical Conductivity 
(mS/cm) 

0.12-0.30 0.92 1.10 

DO (%) 80-120 
2.78 (Lower Limit) 

55.5 (Upper Limit) 

2.22 (Lower Limit) 

120 (Upper Limit) 

Nutrients (mg/L)     

Ammonia  0.08 0.07 0.084 

NOx  0.15 1.2 1.44 

TKN  - <0.2 0.24 

TN  1.2 1.3 1.56 

TP  0.065 0.06 0.072 

OrthoP 0.04 <0.01 0.04 
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If the results from samples taken during monitoring record a trigger value, resampling should be 

undertaken to confirm the result. Once the result is confirmed an action is required to address 

an issue, several contingency measures may be employed.  These may include: 

• Identify and remove the source if possible 

• Remove sediment-bound nutrients by removing basin sediments 

• Review implementation of landscaped areas and basins management practices; and 

• Manual removal of plant material from landscaped areas and basins to facilitate further 

nutrient uptake by growing vegetation. 

The post development monitoring usually lasts for two to three years, commencing upon the 

completion of the development. This will be detailed in the future UWMP and is subject to 

Shire’s approval. 

8.1.3 Groundwater Level 

Groundwater level monitoring is completed to assess the impact of the development on the 

groundwater levels. 

Depending on the earthworks strategy, groundwater levels may need to be sampled on a 

quarterly basis and compared to the pre-development monitoring data and rainfall records for 

the respective years to assess if the development has impacted on the groundwater 

environment. Post development groundwater monitoring locations should be provided in the 

UWMP. 

The post development monitoring usually lasts for two to three years, commencing upon the 

completion of the development. This will be detailed in the future UWMP and is subject to 

Shire’s approval. 

8.2 Maintenance 

Regular maintenance of the stormwater structures will be required to ensure their functionality. 

The detailed maintenance actions, timeframe and responsibilities shall be determined in the 

subdivision stages and included in future UWMP(s). 
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9 Future Subdivision and Urban Water Management 

Plans 

The requirement to undertake more detailed water management plans is generally imposed as 

a condition of subdivision. The development of any future UWMP(s) should follow the guidance 

provided in UWMPs: Guidelines for Preparing Plans and for Complying with Subdivision 

Conditions (DoW, 2008b). 

While strategies have been provided within this LWMS to address planning for water 

management within the site, future subdivision designs and the associated UWMP(s) will 

provide and clarify the details not provided within this LWMS. The main areas to be addressed 

within future UWMP(s) are detailed below. 

9.1 Detailed Design of the Proposed Stormwater Infrastructures 

The LWMS provided a general strategy for stormwater management and indicative location and 

requirements. Future UWMP(s) will need to provide the detailed engineering and construction 

details, and exact locations of these structures. These include but not limit to: soakwells, lot 

connections, road entries and pits, drainage pipes and basin, and bioretention areas. 

9.2 Implementation of Water Conservation Strategies 

Several potential measures to conserve water have been presented in this LWMS.  Landscape 

design measures that will be incorporated into the water conservation strategy should be 

further detailed within the UWMP. The way the developer intends to promote water 

conservation measures to future lot owners should also be discussed within the UWMP. 

9.3 Finalisation of Irrigation Supply 

The water source for irrigation shall be finalised in the UWMP stage. This may include 

transferring the existing groundwater licences to the site developer. Section 3.3 has showed that 

the existing allocations onsite is sufficient for the POS irrigation requirement. 

9.4 Groundwater Management System 

Groundwater management strategy has been presented in two scenarios in this LWMS. The 

detailed management plan, including the imported fill and the post-development MGL 

calculation, shall be presented in the future UWMP. 

9.5 Monitoring and Maintenance Requirements 

The post development monitoring program, including monitoring locations, parameters, trigger 

values, frequency, timeframe and related contingency actions will to be detailed in future 

UWMP(s). 

The stormwater management structures will require ongoing maintenance. It is expected that 

future UWMP(s) will provide actions, timing, locations and responsibilities. 
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9.6 Erosion and Sediment Control 

Erosion and sediment control plays an important role in the subdivision and water quality 

protection. The UWMP will provide detailed measures in the construction and post-

development stages. 

9.7 Potable Water and Sewerage Services 

The UWMP should include confirmation that Water Corporation agree to supply potable water 

and sewerage connections to the development and how these services will be connected to the 

existing mains. 
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10 Limitations 

This report is produced strictly in accordance with the scope of services set out in the contract 

or otherwise agreed in accordance with the contract. 360 Environmental makes no 

representations or warranties in relation to the nature and quality of soil and water other than 

the visual observation and analytical data in this report.  

In the preparation of this report, 360 Environmental has relied upon documents, information, 

data and analyses (“client’s information”) provided by the client and other individuals and 

entities.  In most cases where client’s information has been relied upon, such reliance has been 

indicated in this report.  Unless expressly set out in this report, 360 Environmental has not 

verified that the client’s information is accurate, exhaustive or current and the validity and 

accuracy of any aspect of the report including, or based upon, any part of the client’s information 

is contingent upon the accuracy, exhaustiveness and currency of the client’s information.  360 

Environmental shall not be liable to the client or any other person in connection with any invalid 

or inaccurate aspect of this report where that invalidity or inaccuracy arose because the client’s 

information was not accurate, exhaustive and current or arose because of any information or 

condition that was concealed, withheld, misrepresented, or otherwise not fully disclosed or 

available to 360 Environmental. 

Aspects of this report, including the opinions, conclusions and recommendations it contains, are 

based on the results of the investigation, sampling and testing set out in the contract and 

otherwise in accordance with normal practices and standards.  The investigation, sampling and 

testing are designed to produce results that represent a reasonable interpretation of the general 

conditions of the site that is the subject of this report.  However, due to the characteristics of 

the site, including natural variations in site conditions, the results of the investigation, sampling 

and testing may not accurately represent the actual state of the whole site at all points.   

It is important to recognise that site conditions, including the extent and concentration of 

contaminants, can change with time.  This is particularly relevant if this report, including the 

data, opinions, conclusions and recommendations it contains, are to be used a considerable time 

after it was prepared.  In these circumstances, further investigation of the site may be necessary. 

Subject to the terms of the contract between the Client and 360 Environmental Pty Ltd, copying, 

reproducing, disclosing or disseminating parts of this report is prohibited (except to the extent 

required by law) unless the report is produced in its entirety including this page, without the 

prior written consent of 360 Environmental Pty Ltd. 
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Figure 2  Local Structure Plan
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Figure 3  Topography 
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Figure 4  Soil 
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Flat to very gently 
undulating plain with deep acidic
mottled yellow duplex soils.  
Shallow pale sand to sandy loam 
over very gravelly clay; 
moderately well drained.

Shallow sand to sandy loam over 
lateritic material; imperfect 
to moderately well drained.
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Figure 5 Acid Sulfate So l
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Figure 6  Wetlands 
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Figure 7  
Groundwater Level 
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Easting (m) Northing (m)
GW01 405010.2 6435991.6
GW04 405544.6 6435822.0
GW02 405127.9 6435768.9
GW03 405301.4 6435939.8

GW01 (5.51 mbgl)

GW02 (6.21 mbgl)

GW03 (0.66 mbgl)

GW04 (0.79 mbgl)
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Figure 8  Surface Water Features 
and Floodway
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Figure 9  Pre-development 
Modelling Catchment
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Figure 10    Detention Basin
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Figure 11a
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Figure 11b
Major Event Plan
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This plan has been prepared for I.Q. Project Management Pty Ltd from a
combination of field survey and existing records for the purpose
of showing the physical features of the land to assist in designing
future development.  It should not be used for any other purpose.
The title boundaries shown hereon were not verified or marked at the
time of survey but are derived from the SCDB 08 2018. They are
estimated to be accurate only to +/- 0.05m. This plan should not be
used for building to boundary, or to prescribed set-backs, without
further boundary survey.
Underground services shown on this drawing have been plotted from
service authority records obtained from 'Dial Before You Dig' or a
similar source. Unless indicated otherwise only surface features
have been located by survey . 
Before starting any demolition, excavation or construction on the
site, the relevant person should make an independent and updated
enquiry of ‘Dial Before You Dig’ and any relevant service providers
to ascertain the existence of further services (if any) and the
accurate location of those not surveyed at the time of preparing this
plan (or data).
No responsibility can be accepted by Harley Dykstra for any damage
caused to any underground service or any loss or injury so suffered
if enquiry and verification have not been completed in accordance
with this note.
AHD connection made to SSM WUN 20 total station survey methods.
Contractors to verify all survey control marks to be correct
(by field checks) prior to utilisation for construction purposes.
This note is an integral part of this plan or the data as transmitted.
Failure to reproduce this note on providing this plan or accompanying
data or any part thereof to any third party will render this plan or
data invalid.
Harley Dykstra disclaims any liability whatsoever and howsoever
caused  for loss or damage arising from any party who uses or relies
upon this plan for any purpose other than that for which it was intended.
In any event the liability of Harley Dykstra Pty Ltd is limited to the
resupply of the relevant goods and/or services or the reasonable
cost of resupply.
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Appendix B 

2008 DWMP 100 Year ARI Floodway
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Appendix C 

2008 DWMP Oaklands Drain Longitudinal 

Section 
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Introduction 
These notes have been provided to amplify DP's 
report in regard to classification methods, field 
procedures and the comments section.  Not all are 
necessarily relevant to all reports. 

DP's reports are based on information gained from 
limited subsurface excavations and sampling, 
supplemented by knowledge of local geology and 
experience.  For this reason, they must be 
regarded as interpretive rather than factual 
documents, limited to some extent by the scope of 
information on which they rely. 

Copyright 
This report is the property of Douglas Partners Pty 
Ltd.  The report may only be used for the purpose 
for which it was commissioned and in accordance 
with the Conditions of Engagement for the 
commission supplied at the time of proposal.  
Unauthorised use of this report in any form 
whatsoever is prohibited. 

Borehole and Test Pit Logs 
The borehole and test pit logs presented in this 
report are an engineering and/or geological 
interpretation of the subsurface conditions, and 
their reliability will depend to some extent on 
frequency of sampling and the method of drilling or 
excavation.  Ideally, continuous undisturbed 
sampling or core drilling will provide the most 
reliable assessment, but this is not always 
practicable or possible to justify on economic 
grounds.  In any case the boreholes and test pits 
represent only a very small sample of the total 
subsurface profile. 

Interpretation of the information and its application 
to design and construction should therefore take 
into account the spacing of boreholes or pits, the 
frequency of sampling, and the possibility of other 
than 'straight line' variations between the test 
locations.

Groundwater 
Where groundwater levels are measured in 
boreholes there are several potential problems, 
namely: 
 In low permeability soils groundwater may 

enter the hole very slowly or perhaps not at all 
during the time the hole is left open; 

 A localised, perched water table may lead to 
an erroneous indication of the true water 
table;

 Water table levels will vary from time to time 
with seasons or recent weather changes.  
They may not be the same at the time of 
construction as are indicated in the report; 
and

 The use of water or mud as a drilling fluid will 
mask any groundwater inflow.  Water has to 
be blown out of the hole and drilling mud must 
first be washed out of the hole if water 
measurements are to be made. 

More reliable measurements can be made by 
installing standpipes which are read at intervals 
over several days, or perhaps weeks for low 
permeability soils.  Piezometers, sealed in a 
particular stratum, may be advisable in low 
permeability soils or where there may be 
interference from a perched water table. 

Reports 
The report has been prepared by qualified 
personnel, is based on the information obtained 
from field and laboratory testing, and has been 
undertaken to current engineering standards of 
interpretation and analysis.  Where the report has 
been prepared for a specific design proposal, the 
information and interpretation may not be relevant 
if the design proposal is changed.  If this happens, 
DP will be pleased to review the report and the 
sufficiency of the investigation work. 

Every care is taken with the report as it relates to 
interpretation of subsurface conditions, discussion 
of geotechnical and environmental aspects, and 
recommendations or suggestions for design and 
construction.  However, DP cannot always 
anticipate or assume responsibility for: 
 Unexpected variations in ground conditions.  

The potential for this will depend partly on 
borehole or pit spacing and sampling 
frequency; 

 Changes in policy or interpretations of policy 
by statutory authorities; or 

 The actions of contractors responding to 
commercial pressures. 

If these occur, DP will be pleased to assist with 
investigations or advice to resolve the matter. 
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Site Anomalies 
In the event that conditions encountered on site 
during construction appear to vary from those 
which were expected from the information 
contained in the report, DP requests that it be 
immediately notified.  Most problems are much 
more readily resolved when conditions are 
exposed rather than at some later stage, well after 
the event. 

Information for Contractual Purposes 
Where information obtained from this report is 
provided for tendering purposes, it is 
recommended that all information, including the 
written report and discussion, be made available.  
In circumstances where the discussion or 
comments section is not relevant to the contractual 
situation, it may be appropriate to prepare a 
specially edited document.  DP would be pleased 
to assist in this regard and/or to make additional 
report copies available for contract purposes at a 
nominal charge. 

Site Inspection 
The company will always be pleased to provide 
engineering inspection services for geotechnical 
and environmental aspects of work to which this 
report is related.  This could range from a site visit 
to confirm that conditions exposed are as 
expected, to full time engineering presence on 
site.
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Sampling
Sampling is carried out during drilling or test pitting 
to allow engineering examination (and laboratory 
testing where required) of the soil or rock. 

Disturbed samples taken during drilling provide 
information on colour, type, inclusions and, 
depending upon the degree of disturbance, some 
information on strength and structure. 

Undisturbed samples are taken by pushing a thin-
walled sample tube into the soil and withdrawing it 
to obtain a sample of the soil in a relatively 
undisturbed state.  Such samples yield information 
on structure and strength, and are necessary for 
laboratory determination of shear strength and 
compressibility.  Undisturbed sampling is generally 
effective only in cohesive soils.  

Test Pits 
Test pits are usually excavated with a backhoe or 
an excavator, allowing close examination of the in-
situ soil if it is safe to enter into the pit.  The depth 
of excavation is limited to about 3 m for a backhoe 
and up to 6 m for a large excavator.  A potential 
disadvantage of this investigation method is the 
larger area of disturbance to the site. 

Large Diameter Augers 
Boreholes can be drilled using a rotating plate or 
short spiral auger, generally 300 mm or larger in 
diameter commonly mounted on a standard piling 
rig.  The cuttings are returned to the surface at 
intervals (generally not more than 0.5 m) and are 
disturbed but usually unchanged in moisture 
content.  Identification of soil strata is generally 
much more reliable than with continuous spiral 
flight augers, and is usually supplemented by 
occasional undisturbed tube samples. 

Continuous Spiral Flight Augers 
The borehole is advanced using 90-115 mm 
diameter continuous spiral flight augers which are 
withdrawn at intervals to allow sampling or in-situ 
testing.  This is a relatively economical means of 
drilling in clays and sands above the water table.  
Samples are returned to the surface, or may be 
collected after withdrawal of the auger flights, but 
they are disturbed and may be mixed with soils 
from the sides of the hole.  Information from the 
drilling (as distinct from specific sampling by SPTs 
or undisturbed samples) is of relatively low 

reliability, due to the remoulding, possible mixing 
or softening of samples by groundwater. 

Non-core Rotary Drilling 
The borehole is advanced using a rotary bit, with 
water or drilling mud being pumped down the drill 
rods and returned up the annulus, carrying the drill 
cuttings.  Only major changes in stratification can 
be determined from the cuttings, together with 
some information from the rate of penetration.  
Where drilling mud is used this can mask the 
cuttings and reliable identification is only possible 
from separate sampling such as SPTs. 

Continuous Core Drilling 
A continuous core sample can be obtained using a 
diamond tipped core barrel, usually with a 50 mm 
internal diameter.  Provided full core recovery is 
achieved (which is not always possible in weak 
rocks and granular soils), this technique provides a 
very reliable method of investigation. 

Standard Penetration Tests 
Standard penetration tests (SPT) are used as a 
means of estimating the density or strength of soils 
and also of obtaining a relatively undisturbed 
sample.  The test procedure is described in 
Australian Standard 1289, Methods of Testing 
Soils for Engineering Purposes - Test 6.3.1. 

The test is carried out in a borehole by driving a 50 
mm diameter split sample tube under the impact of 
a 63 kg hammer with a free fall of 760 mm.  It is 
normal for the tube to be driven in three 
successive 150 mm increments and the 'N' value 
is taken as the number of blows for the last 300 
mm.  In dense sands, very hard clays or weak 
rock, the full 450 mm penetration may not be 
practicable and the test is discontinued. 

The test results are reported in the following form. 
 In the case where full penetration is obtained 

with successive blow counts for each 150 mm 
of, say, 4, 6 and 7 as: 

4,6,7
N=13 

 In the case where the test is discontinued 
before the full penetration depth, say after 15 
blows for the first 150 mm and 30 blows for 
the next 40 mm as: 

15, 30/40 mm 
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The results of the SPT tests can be related 
empirically to the engineering properties of the 
soils.

Dynamic Cone Penetrometer Tests /  
Perth Sand Penetrometer Tests 
Dynamic penetrometer tests (DCP or PSP) are 
carried out by driving a steel rod into the ground 
using a standard weight of hammer falling a 
specified distance.  As the rod penetrates the soil 
the number of blows required to penetrate each 
successive 150 mm depth are recorded.  Normally 
there is a depth limitation of 1.2 m, but this may be 
extended in certain conditions by the use of 
extension rods.  Two types of penetrometer are 
commonly used. 
 Perth sand penetrometer - a 16 mm diameter 

flat ended rod is driven using a 9 kg hammer 
dropping 600 mm (AS 1289, Test 6.3.3).  This 
test was developed for testing the density of 
sands and is mainly used in granular soils and 
filling. 

 Cone penetrometer - a 16 mm diameter rod 
with a 20 mm diameter cone end is driven 
using a 9 kg hammer dropping 510 mm  (AS 
1289, Test 6.3.2).  This test was developed 
initially for pavement subgrade investigations, 
and correlations of the test results with 
California Bearing Ratio have been published 
by various road authorities. 
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Liquid Labs WA 
08 94723349

16B/81 Briggs Street 
Carlisle, WA 6101

Client Ticket No. S2897

Client Address Report No. LLS19/564_1_PSDPI

Project Sample No. LLS19/564

Sampling Location Sampled By Client

Sample Identification

Sampling Method Preparation Method WA105.1

Sample History Wet or dry sieved Dry Sieved

WA 115.1 Sieve Size (mm) Percent Passing Sieve (%)

75.0

37.5 100

19.0 97

9.50 91

4.75 78

2.36 74

1.18 74

0.600 71

0.425 60

0.300 45

0.150 36

0.075 30

0.0135 24

AS 1289.3.1.1 AS 1289.3.2.1 AS 1289.3.3.1

37 15 22 7.6 250  - 

Comments:

Approved Signatory

 Accredited for compliance with ISO/IEC 17025 - Testing Name Matt van Herk

 Accreditation No. 19872 Function Laboratory Manager

 This document may not be reproduced except in full Issue Date 13-February-2019

PARTICLE SIZE DISTRIBUTION - ANALYSIS BY SIEVING

SOIL CLASSIFICATION - TEST REPORT
 WA 110.1, 115.1, 120.2, 121.1, 122.1, 123.1

AS 1289.2.1.1,3.1.1,3.1.2,3.2.1,3.3.1, 3.4.1
I.Q. Project Management Pty Ltd

-

Briggs & Larsen Roads Precinct

Byford

Pit 1 - 0.6m - 96527

Sampled by Client, Tested as Received

Oven Dried

CONSISTENCY LIMITS
AS 1289.3.4.1

Liquid Limit (%) Plastic Limit (%) Plasticity Index (%) Linear Shrinkage (%) Mould Length (mm) Condition of Dried Specimen

0

10

20

30

40

50

60

70

80

90

100

0.01 0.1 1 10 100

Particle Size (mm)

%
PA

SS
IN

G

LLWA/TECH/Worksheet_Reports/WA_115.1,_AS_1289.2.1.1,3.1.1,3.2.1,3.3.1,3.4.1/Soil_Classification/Test_Report/REV002/JUL18 Page 1 of 1



Liquid Labs WA 
08 94723349

16B/81 Briggs Street 
Carlisle, WA 6101

Client Ticket No. S2897

Client Address Report No. LLS19/565_1_PSDPI

Project Sample No. LLS19/565

Sampling Location Sampled By Client

Sample Identification

Sampling Method Preparation Method WA105.1

Sample History Wet or dry sieved Dry Sieved

WA 115.1 Sieve Size (mm) Percent Passing Sieve (%)

75.0

37.5 100

19.0 97

9.50 55

4.75 39

2.36 34

1.18 32

0.600 27

0.425 23

0.300 19

0.150 12

0.075 9

0.0135 6

AS 1289.3.1.1 AS 1289.3.2.1 AS 1289.3.3.1

29 12 17 4.0 250  - 

Comments:

Approved Signatory

 Accredited for compliance with ISO/IEC 17025 - Testing Name Matt van Herk

 Accreditation No. 19872 Function Laboratory Manager

 This document may not be reproduced except in full Issue Date 13-February-2019

CONSISTENCY LIMITS
AS 1289.3.4.1

Liquid Limit (%) Plastic Limit (%) Plasticity Index (%) Linear Shrinkage (%) Mould Length (mm) Condition of Dried Specimen

PARTICLE SIZE DISTRIBUTION - ANALYSIS BY SIEVING

SOIL CLASSIFICATION - TEST REPORT
 WA 110.1, 115.1, 120.2, 121.1, 122.1, 123.1

AS 1289.2.1.1,3.1.1,3.1.2,3.2.1,3.3.1, 3.4.1
I.Q. Project Management Pty Ltd

-

Briggs & Larsen Roads Precinct

Byford

Pit 5 - 0.9m - 96527

Sampled by Client, Tested as Received

Oven Dried
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Liquid Labs WA 
08 94723349

16B/81 Briggs Street 
Carlisle, WA 6101

Client Ticket No. S2897

Client Address Report No. LLS19/566_1_PSDPI

Project Sample No. LLS19/566

Sampling Location Sampled By Client

Sample Identification

Sampling Method Preparation Method WA105.1

Sample History Wet or dry sieved Dry Sieved

WA 115.1 Sieve Size (mm) Percent Passing Sieve (%)

75.0

37.5

19.0   

9.50 100

4.75 99

2.36 97

1.18 96

0.600 92

0.425 80

0.300 69

0.150 59

0.075 51

0.0135 41

AS 1289.3.1.1 AS 1289.3.2.1 AS 1289.3.3.1

44 18 26 8.0 250 Cracked, Curled, 

Comments:

Approved Signatory

 Accredited for compliance with ISO/IEC 17025 - Testing Name Matt van Herk

 Accreditation No. 19872 Function Laboratory Manager

 This document may not be reproduced except in full Issue Date 13-February-2019

CONSISTENCY LIMITS
AS 1289.3.4.1

Liquid Limit (%) Plastic Limit (%) Plasticity Index (%) Linear Shrinkage (%) Mould Length (mm) Condition of Dried Specimen

PARTICLE SIZE DISTRIBUTION - ANALYSIS BY SIEVING

SOIL CLASSIFICATION - TEST REPORT
 WA 110.1, 115.1, 120.2, 121.1, 122.1, 123.1

AS 1289.2.1.1,3.1.1,3.1.2,3.2.1,3.3.1, 3.4.1
I.Q. Project Management Pty Ltd

-

Briggs & Larsen Roads Precinct

Byford

Pit 7 0.4m - 96527

Sampled by Client, Tested as Received

Oven Dried
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10 Bermondsey Street West Leederville WA 6007 t (+618) 9388 8360 f (+618) 9381 2360
PO BOX 14, West Perth WA 6872 

w 360environmental.com.au e admin@360environmental.com.au




