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Disclaimer 
This document is published in accordance with and subject to an agreement between Hyd2o and the Client for 
whom it has been prepared, and is restricted to those issues that have been raised by the Client in its engagement of 
Hyd2o. It has been prepared using the skill and care ordinarily exercised by hydrologists in the preparation of such 
documents.  

Hyd2o recognise site conditions change and contain varying degrees of non-uniformity that cannot be fully defined 
by field investigation. Measurements and values obtained from sampling and testing in this document are indicative 
within a limited timeframe, and unless otherwise specified, should not be accepted as conditions on site beyond that 
timeframe.  

Any person or organisation that relies on or uses the document for purposes or reasons other than those agreed by 
Hyd2o and the Client does so entirely at their own risk. Hyd2o denies all liability in tort, contract or otherwise for any 
loss, damage or injury of any kind whatsoever (whether in negligence or otherwise) that may be suffered as a 
consequence of relying on this document for any purpose other than that agreed with the Client. 
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Executive Summary 
Hyd2o was commissioned by ECP Acquisitions 6 Pty Ltd to prepare this Local Water 
Management Strategy (LWMS) to support the proposed local structure plan (LSP) for land 
within former Glen Iris golf course (herein referred to as the site).  

The LSP area is approximately 54 ha in size and located approximately 20 km south of the 
Perth central business district within the City of Cockburn. The proposed urban 
development consists of residential lots, roads, public open space, and commercial area. 

This LWMS addresses stormwater management of the site including areas outside of the LSP 
area which currently discharge stormwater within the site. This document provides a 
comprehensive overall assessment of the existing water management system of the area 
and how it will be modified and integrated with the new development to improve water 
sensitive urban design outcomes as a result of the proposed land use change.  

Understanding key hydrological considerations has informed the development of the 
LWMS for the site. The site has been a golf course since 1995, and is generally 
characterised as having high permeability soils, good clearance to groundwater, and low 
Acid Sulphate Soil (ASS) risk across the site. It contains a number of existing stormwater 
storages which accept flow from external council stormwater systems whose function will 
need to be maintained post development.  

This document has been prepared in accordance with the principles and objectives of 
Better Urban Water Management (Western Australian Planning Commission, 2008). Key 
agencies ultimately involved with its implementation including the City of Cockburn, (CoC) 
and Department of Water and Environmental Regulation (DWER), have been consulted 
during this process. 

Implementation of the strategy will be undertaken in accordance with Better Urban Water 
Management through the development and implementation of Urban Water 
Management Plans for individual stages of development within the site.  

The Better Urban Water Management LWMS checklist is included as Appendix A. 
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Local Water Management Strategy Summary 

Water Use Sustainability  

Water Efficiency 

Promotion of 6 star building standards (water efficient fixtures and fittings). 

Mandatory use of water-wise plantings in POS and landscape rehabilitation areas. 

Landscaping and LSP design to retain significant trees 

Re-use of groundwater / infiltrated stormwater for POS irrigation. 

Water efficient measures to be adopted during the construction phase. 

Water Supply  

Lots: Water Corporation IWSS and rainwater tanks (encouraged). 

POS: Groundwater via existing DWER licence. 

Construction: Groundwater via existing DWER licence. 

Wastewater  Water Corporation reticulated sewerage. 

Stormwater 

Design & 
Management 
Principles  

Water quality to be managed through biofiltration treatment of runoff generated by 
first 15mm of rainfall prior to infiltration. 

Stormwater management for larger events to be via infiltration in distributed road 
reserves and POS areas within the site, for both new developed areas and existing 
areas outside the site which currently flow into the site.  

Development levels to have suitable clearance above groundwater and 1% AEP flood 
levels. 

Lot Scale 
Measures 

Soakwells sized to retain and infiltrate first 15 mm rainfall on site within lots. 

Rainwater tanks (optional). 

Water-wise landscaping to retain stormwater and minimise runoff 

Street Scale 
Measures 

Biofiltration areas in specified locations, with additional areas identified at UWMP scale 
as necessary if required 

Piped drainage minimised, with maximised use of opportunities for localised swales 
and/or underground storage within wider road reserves. 

GPT’s / trash racks where appropriate. 

Estate Scale 
Measures 

Water quality treatment areas in POS for treatment of runoff from first 15mm rainfall via 
biolfitration. 

Flood management storage areas within POS areas to infiltrate flows in accordance 
with agency requirements. 

Post development groundwater, surface water, and system performance monitoring 
and annual reporting.  

Groundwater 

Fill & Subsoil 
Use of cut/ fill across the site to to minimise import fill and establish levels to meet design 
criteria of clearance above groundwater and the 1% AEP level in POS infiltration areas. 

Subsoil drainage unlikely to be required.  

Acid Sulphate 
Soils  

Site has moderate to low risk of ASS. Acid sulphate soils will however be investigated as 
a separate process if required. 

Implementation 

Process 

Predevelopment groundwater and stormwater monitoring program in progress to be 
completed end of winter 2021. Final results to develop water quality targets. 

Future stages of planning consistent with BUWM including preparation of UWMP’s. 

Staging of stormwater to be detailed in the relevant UWMP’s and implemented to 
ensure key hydrological performance criteria are maintained during transition. 
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1. Introduction
Hyd2o was commissioned by ECP Acquisitions 6 Pty Ltd to prepare this Local Water 
Management Strategy (LWMS) to support the proposed local structure plan (LSP) for land 
within former Glen Iris golf course (herein referred to as the site).  

The LSP area is approximately 54 ha in size and located approximately 20 km south of the 
Perth central business district within the City of Cockburn (Figure 1). The proposed urban 
development consists of residential lots, roads, public open space, and commercial areas. 

This LWMS addresses stormwater management of the site including areas outside of the LSP 
area which currently discharge stormwater within the site. This document provides a 
comprehensive overall assessment of the existing water management system of the area 
and how it will be modified and integrated with the new development to improve water 
sensitive urban design outcomes as a result of the proposed land use change.  

This LWMS provides a total water cycle management approach to development and has 
been prepared in accordance with the principles and objectives of Better Urban Water 
Management (Western Australian Planning Commission, 2008). It provides the outcomes of 
detailed site specific analysis relating to groundwater and stormwater and provides a clear 
vision in terms of adopting best management practices to achieve water sensitive design. 

A copy of the Better Urban Water Management (WAPC, 2008) LWMS Checklist for 
Developers is included as Appendix A to assist the Department of Water and 
Environmental Regulation (DWER) in review of this document. 

Key stakeholders involved with its implementation of this strategy including the City of 
Cockburn and Department of Water and Environmental Regulation (DWER), have been 
consulted during this process. Given the size of the site and its likely development 
timeframe, ongoing consultation with these stakeholders will continue as planning 
progresses for the site. 

1.1 Planning Background 
Better Urban Water Management (Western Australian Planning Commission (WAPC), 2008) 
provides guidance on the implementation of State Planning Policy 2.9 Water Resources 
(Government of WA, 2003). 

The site is currently zoned Urban under the Metropolitan Region Scheme (2021). This LWMS 
supports the preparation of a local structure plan for the site for residential development. 
The urban water management planning process for the site is shown in Table 1.  

Table 1: Integrated Planning and Urban Water Management Process

Planning Phase Planning Document Urban Water Management Documents 

Local Structure Plan Local Structure Plan Glen Iris  Local Water Management 
Strategy THIS DOCUMENT

Subdivision Subdivision Application Urban Water Management Plan 
FUTURE PREPARATION 

Version: 1, Version Date: 13/09/2024
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1.2 Key Documents and Previous Studies 
The requirements for water protection and urban water management for the site are 
established in a range of publications including State Planning Policy 2.3 Jandakot 
Groundwater Protection (WAPC, 2017) and State Planning Policy 2.9 Water Resources 
(WAPC, 2006). Given the site’s location within the Jandakot Ground Water Protection Area, 
these documents are used to guide the establishment of minimum development 
requirements and best practice water management.  

This LWMS also uses the following additional documents to define its key principles, criteria, 
objectives, and implementation responsibilities: 

Decision Process for Stormwater Management in WA (DWER, 2017) 

Better Urban Water Management (WAPC, 2008) 

Stormwater Management Manual for WA (Department of Water, 2007)  

Land Use Compatibility Tables for Public Drinking Water Source Areas (Department of 
Water (2016)  
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2. Proposed Development 
The local structure plan for the site is shown in Figure 2, providing a unique opportunity for 
urban infill in close proximity to the Perth Central Business District.  

The LSP area covers approximately 54 ha, with the proposed development consisting of 
residential lots, roads, linear connected public open space, grouped housing, and a 
commercial area adjoining Berrigan Drive.  

The development will provide a vibrant and diverse residential community with a variety of 
housing choice and local amenities. The structure plan design aims to create better and 
safer transport routes for existing residents and introduce new landscaped areas for public 
recreation. 

From a stormwater management perspective, the development will seek to provide 
significant improvements in management for existing and new systems, both from a water 
quality and public amenity viewpoint.  

The development will also provide an opportunity to improve local environmental 
outcomes via a reduction in nutrient application and export and reduction in irrigation 
abstraction from the local superficial aquifer. 

Version: 1, Version Date: 13/09/2024
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3. Existing Environment 

3.1 Site Conditions 
The site is located in the suburb of Jandakot in the City of Cockburn. 

The site is the former Glen Iris Golf Course and is bound by existing urban development in 
most directions. The site straddles Berrigan Driver and has the Kwinana Freeway in close 
proximity to its western boundary (Figure 1).  

Figure 3 shows an aerial photograph with existing land use and topography. In the area 
south of Berrigan Drive, with the exception of some excavated groundwater table lakes 
and sumps, site topography typically ranges between 27 mAHD and 31m AHD. In the area 
north of Berrigan Drive, topography typically ranges between 26 mAHD and 43 m AHD. 

3.2 Geotechnical 
According to the Perth Metropolitan Region 1:50 000 Environmental Geology Series 
Fremantle Pt Sheet 2033 I and 2o33 IV (Gozzard 1983), the site is characterised as 
Bassendean Sand (S8), described as very light grey at surface, yellow at depth, fine to 
medium grained, sub-rounded quartz, moderately well sorted, of eolian origin. 

A geotechnical investigation for the site was undertaken by CMW Geosciences in 
November/December 2020.  

The geotechnical report is included as Appendix B. This investigation included excavation 
of 55 test pits and 8 hand augered boreholes for infiltration testing. A Perth Sand 
Penetrometer (PSP) test was also undertaken at each test pit location. Test locations are 
shown on Figure 4 and Appendix B. 

Based on the history of the site and surrounding land levels, some superficial depths of fill 
were anticipated. The ground conditions encountered and inferred from the investigation 
were considered to be generally consistent with the published geology for the area. 

The typical soil profile as described by CMW Geosciences (2020) is as follows: 

TOPSOIL: SAND / CLAYEY SAND dark grey, brown, fine to medium grained, subangular 
to subrounded sand with trace fines (>12% in TP48); trace organics; trace roots and 
rootlets; trace branches; trace vegetation, overlying;  

FILL: SAND (UNCONTROLLED) loose to very dense, fine to medium grained, subangular 
to subrounded; grey/pale yellow and orange-brown; trace fine grained limestone 
gravel (TP04, TP20); trace fines; trace organics; trace roots and rootlets; trace 
branches. Uncontrolled fill in the form of old reticulation pipe and bricks were found in 
TP04, TP18, TP28 and TP34. The reticulation pipe uncovered in TP28 and TP34 contained 
potential asbestos between depth of 0.5 and 1.6 mbgl, overlying;  

SAND (SP) loose to very dense, fine to medium grained, subangular to subrounded; 
grey/orange/yellow and white; trace fines; trace roots and rootlets, overlying;  

COFFEE ROCK very dense, fine to medium grained, subangular to subrounded, dark 
brown/black; weakly cemented. (Only found in TP03 TP06, TP12 and TP52). The coffee 
rock was typically found in or around low energy zones (lakes) located across the site 
where groundwater may be present. 
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During the investigation, which was completed in early-summer conditions, groundwater 
was not encountered within any of the investigation locations. 

The site was classified as Class A in accordance with AS2870-2011, and considered suitable 
for stormwater infiltration at both lot and estate scale.  

CMW Geosciences (2020) undertook eight in situ permeability tests within the site. Test 
locations are shown in Figure 4. The tests were performed using the falling head method 
within a hand augered borehole at a depth of approximately 1.4 m below ground surface. 
Results of the testing as analysed by CMW Geosciences (2020) are provided in Table 2. 

Hyd2o also conducted permeability testing at the site in November/December 2020 and 
April 2021 to provide estimates of the field saturated hydraulic conductivity of the soils and 
assess their suitability for stormwater infiltration. Sixteen permeability tests were undertaken 
based on a constant head test at and adjacent to existing stormwater storage locations 
receiving flow from external catchments into the site. Test locations are shown in Figure 4 
and results from the permeability tests are presented in Appendix C.  

An average field saturated hydraulic conductivity rate of 40 m/day was observed by the 
Hyd2o testing with values ranging from approximately 4 to 139 m/day. Testing by CMW 
Geosciences (2020) was within a similar range. 

Based on these results CMW Geosciences (2020) recommended a hydraulic conductivity 
of 5 m/day be used for modelling. This is considered a conservatively low value over much 
of the site even when applying a 50% reduction factor to account for long term clogging. 

Acid Sulphate Soil (ASS) is the common name given to naturally occurring soil and 
sediment containing iron sulfides. These naturally occurring iron sulfides are generally found 
in a layer of waterlogged soil or sediment and are benign in their natural state.   

When disturbed and exposed to air, however, they oxidise and produce sulfuric acid, iron 
precipitates, and concentrations of dissolved heavy metals such as aluminium, iron and 
arsenic. Release of acid and metals as a result of the disturbance of ASS can cause 
significant harm to the environment and infrastructure.  

WAPC’s Bulletin 64 (WAPC, 2003) ASS risk mapping for the site indicates that the whole site 
is classified as having a moderate to low risk of ASS across the site less than 3 m from the 
surface. 

The site is not registered as a contaminated site on DWER’s online Contaminated Sites 
Database.  

CMW Geosciences (2020), indicated some asbestos may be present within the site 
following previous demolition of old infrastructure along the western site boundary near 
Hartwell Parade. During bulk earthworks any asbestos will need to be appropriately 
managed by a competent environmental consultant. 

Version: 1, Version Date: 13/09/2024
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Table 2: Permeability Test Results 

Test Site Tested By Test Depth Below Surface (m) Permeability Ks m/day

GIGC1 Hyd2o 0.7 28.4 

GIGC2 Hyd2o 0.7 3.7 

GIGC3 Hyd2o 0.7 23.5 

GIGC4 Hyd2o 0.7 53.9 

GIGC5 Hyd2o 0.7 5.9 

GIGC6 Hyd2o 0.7 51.1 

GIGC7 Hyd2o 0.7 10.6 

GIGC8 Hyd2o 0.7 121.3 

GIGC9 Hyd2o 0.7 34.2 

GIGC10 Hyd2o 0.7 9.7 

GIGC11 Hyd2o 0.7 42.2 

GIGC12 Hyd2o 0.7 40.9 

GIGC13 Hyd2o 0.7 138.6 

GIGC14 Hyd2o 0.7 24.0 

GIGC15 Hyd2o 0.7 36.1 

GIGC16 Hyd2o 0.7 15.2 

Perm1 CMW Geoscieces 1.36 5.6-27.2 

Perm2 CMW Geoscieces 1.42 25.8-105.0 

Perm3 CMW Geoscieces 1.35 16.0-58.2 

Perm4 CMW Geoscieces 1.38 8.7-36.8 

Perm5 CMW Geoscieces 1.40 17.2-71.4 

Perm6 CMW Geoscieces 1.40 14.5-43.6 

Perm7 CMW Geoscieces 1.41 6.8-30.6 

Perm8 CMW Geoscieces 1.41 16.1-71.9 
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3.3 Wetlands
There are no conservation category wetlands, resource enhancement wetlands, multiple 
use wetlands, or natural waterways within the site (Figure 5).  

There are a number of existing open water bodies previously within the site associated with 
the sites previous use as a golf course. Most of these water bodies are lined and 
ornamental while one in the south of the site is an excavation into the regional 
groundwater table. Some of the water bodies in the area north of Berrigan Drive also serve 
an existing drainage function. 

3.4 Jandakot Drinking Water Supply Area
Part of the site is currently classified as a Priority 3 Groundwater Protection Area as shown 
on Figure 5, however this does not preclude residential development.  The Department of 
Water (2016) Land Use Compatibility Tables for Public Drinking Water Source Areas Water 
Quality Protection Note No 25, detail urban residential as an acceptable land use within a 
Priority 3 area. 

Three Water Corporation Jandakot Mound production bores are located adjacent to the 
eastern boundary of the site as shown in Figure 5.  

Water Corporation bores have a 300 m radius wellhead protection zone (WPZ) in Public 
Drinking Water Source Area (PDWSA) Priority 2 and Priority 3 areas. All three bores have 
WPZs which extend within the site. A fourth Water Corporation bore which is located near 
the clubhouse is no longer used, however a WPZ also still exists for this disused bore. 

Advice from DWER indicates urban development within WPZ areas is permitted consistent 
with underlying Priority 3 classification, although some restrictions/exclusions may apply 
such as locating a sewer pump station or petrol station in these areas.  

3.5 Surface Water 

There is no overarching DWER regional or district stormwater strategy which covers the site. 
The site does not have a connection to any arterial drainage scheme and all stormwater 
that is generated on site is infiltrated.  

The site currently provides stormwater storage and infiltration areas for adjacent externally 
developed areas. According to the City of Cockburn Intramaps system, there are currently 
18 bubble up pit outlets from externally developed areas which drain into the site 
discharging into 15 separate drainage areas. These drainage areas range from wet basins 
to shallow informal depressions to fenced steep sided deep sumps.  

Outlet locations and storages are shown in Figure 6, with plates contained as Appendix D. 
These locations provide a constraint to the future development layout of the site and post 
development the site will be required to continue to provide stormwater storage for the 
external catchment. Typically this would be provided in broadly similar locations, though 
some movement may be possible based on engineering design considerations.  

Based on topographic mapping and drainage detail via the City of Cockburn Intramaps 
system, the contributing external catchment has been mapped at approximately 57 ha, 
broadly similar to the site area itself (54 ha). 

Version: 1, Version Date: 13/09/2024
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External subcatchment areas contributing flow to each outlet in the site are shown in 
Figure 6. As the total external contributing catchment area of 57 ha is broadly similar to the 
site area, the area required for stormwater management within the site as a result of the 
external catchment is likely to be considerably more than would be otherwise required for 
the site itself.  

Outlet locations and associated catchments have been used to inform the LSP for the site 
and its POS and stormwater infiltration area locations. This is further discussed in Section 6. 

A details survey of all the outlet locations and existing storage volumes was conducted by 
MNG. Survey details are contained as Appendix E.  

Hyd2o commenced an 18 month pre development surface water quality monitoring 
program in June 2020. Sampling was undertaken at the outlets of the existing stormwater 
system into the site. Locations are shown in Appendix F.  

Physical parameters (temperature, electrical conductivity, and pH) were measured in situ. 
Samples were sent to the NATA approved MPL Laboratory for total nitrogen, ammonia, 
nitrate, nitrite, total phosphorus, filterable reactive phosphorus, and heavy metals (arsenic, 
cadmium, chromium, copper, nickel, lead, mercury, and zinc). 

Surface water quality results are summarised in Table 3 compared to ANZECC (2000) 
guideline trigger values. Full monitoring results are contained in Appendix F.  

Key results are summarised as follows:  

Mean pH at all sites are within the ANZECC guideline range (6.5 – 8.0). 

Mean values for Electric Conductivity (EC) for each site ranged from 82 S/cm to 252 
S/cm. All values fell within or below the ANZECC guideline range (120-300 S/cm). 

Mean total nitrogen (TN) for all sites ranged from 0.13 to 0.70 mg/L, within the ANZECC 
95% guideline limit (1.2 mg/L). The mean TN across all sites was 0.37 mg/L. 

Mean total phosphorus (TP) ranged from 0.05 to 0.26 mg/L with values ranging from 
below the ANZECC 95% guideline limit (0.065 mg/L) primarily in the northern areas of 
the site to exceeding the limit in the south. The mean TP across all sites was 0.09 mg/L. 

With respect to metals, mean results were as follows relative to ANZECC guideline values: 

Arsenic, Cadmium, Mercury, Chromium, Lead, and Nickel were all within the 95% 
protection limit across all sites.  

Copper was within the 95% protection limit across all sites except SW5, SW15 and SW16, 
which fell within the 90% protection limit, and SW2, SW4 and SW13, which fell below the 
80% protection limit, with only SW1 falling below the 80% protection limit. 

Zinc was highly variable across the sites, ranging from within the ANZECC 95% 
protection limit at SW3, SW5, SW6, SW7 and SW8, to below the 80% protection limit at 
SW10, SW12, SW13, SW14, SW15 and SW16.  
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Table 3: Existing Surface Water Quality 

Surface
Water

Sample 

Mean for Sampled Parameters 

EC
 (

S/
cm

) 

pH

TN
 (m

g/
L)
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m

m
on
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(m

g/
L)

 

N
itr

at
e 

(m
g/

L)
 

N
itr

ite
 (m

g/
L)

 

TP
 (m

g/
L)

 

FR
P 

(m
g/

L)
 

ANZECC 120-300
6.5-
8.0

1.2
0.32 – 2.3 

(99% - 80% 
protection) 

0.017 – 17  
(99% - 80% 
protection) 

- 0.065 0.04

SW1 209 6.85 0.26 0.01 0.04 0.01 0.05 0.02 

SW2 96 7.51 0.20 0.01 0.01 0.01 0.05 0.01 

SW3 82 6.90 0.30 0.02 0.02 0.01 0.05 0.03 

SW4 142 6.79 0.32 0.03 0.02 0.01 0.08 0.04 

SW5 140 7.11 0.25 0.01 0.02 0.01 0.09 0.01 

SW6 92 7.12 0.13 0.01 0.02 0.01 0.05 0.01 

SW7 89 6.67 0.20 0.03 0.05 0.01 0.08 0.01 

SW8 108 6.59 0.30 0.02 0.03 0.01 0.06 0.01 

SW9 123 6.73 0.58 0.01 0.01 0.01 0.09 0.02 

SW10 133 6.67 0.33 0.01 0.03 0.01 0.12 0.01 

SW11 252 6.91 0.70 0.04 0.03 0.01 0.26 0.01 

SW12 107 6.84 0.34 0.02 0.06 0.01 0.05 0.01 

SW13 147 6.56 0.50 0.02 0.01 0.01 0.10 0.01 

SW14 124 6.61 0.46 0.04 0.02 0.01 0.12 0.05 

SW15 150 6.51 0.44 0.07 0.02 0.01 0.14 0.04 

SW16 141 6.72 0.45 0.04 0.04 0.01 0.06 0.02 

All Sites 138 6.76 0.37 0.03 0.03 0.01 0.09 0.02
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3.6 Groundwater 

The Department of Water and Environmental Regulation’s (DWER) online Perth 
Groundwater Map, shows that groundwater levels across the site range from 
approximately 21 mAHD to 23 mAHD with groundwater flow to the west toward the 
freeway and away from Water Corporation public water supply bores (Figure 7).  

These groundwater levels are contoured May 2003 readings, and represent a typical 
minimum groundwater level at the end of summer. The Perth Groundwater Map also 
provides estimated historical maximum groundwater level contours which range from 23 
mAHD to 26 mAHD across the site.  

In the area south of Berrigan Drive, with the exception of some excavated groundwater 
table lakes and sumps, site topography typically ranges between 27mAHD and 31mAHD 
with an existing natural surface clearance above the historical maximum contours ranging 
from approximately 1.5 to 6 m. In the area north of Berrigan Drive, topography typically 
ranges between 26 mAHD and 43 mAHD with the existing natural surface clearance 
above the historical maximum contours ranging from 1.5 to 19 m. 

To refine groundwater mapping at the site Hyd2o installed 9 bores within the site in June 
2020, which are currently being monitored monthly for water levels and quarterly for water 
quality. Lithological logs are including in Appendix G. 

The estimated average annual maximum groundwater levels (AAMGL) for the site based 
on these bores and collected data are shown in Figure 7. Hyd2o have calculated the 
AAMGL by adjusting levels at site bores based on the recorded level in DWER bores JM12, 
JM2, JM45A and J310 on 23 September 2020 referenced to their long-term historical data 
(Table 4). Long-term hydrographs for DWER bores JM12, JM2, JM45A and J310 are 
provided in Appendix H. The data considered for the calculation is from the year 2000, 
considered representative of current climate conditions. 

The AAMGL for each groundwater bore based on this analysis is shown in Table 5.  

AAMGL’s across the site range from 22 mAHD at the northern end to 23.6 mAHD at the 
southern end while MGL’s across the site range from 22.7 mAHD at the northern end to 24.3 
mAHD at the southern end. Depth to the AAMGL across the site typically ranges from a 
minimum of approximately 2 m in southern of the site to more than 18 m in the north. 

It is important to note the LWMS uses the terminology AAMGL to represent a valid statistical 
property of groundwater in the area, and not as a concept as per previous DWER policies. 
This LWMS presents details of the groundwater’s seasonal variation, AAMGL, and its MGL all 
as measures of its seasonal, annual, and interannual behaviour.  

Only presenting an MGL value is not considered adequate to represent the groundwater 
characteristics and behaviour of the site.  
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Table 4: AAMGL for DWER Bores 

Bore  Period of 
Record Used 

Groundwater
Level (mAHD) 

23/09/2020 

AAMGL 
2000-2020 
(mAHD) 

Correction
Factor (m) 

MGL
(mAHD) 

Correction
Factor (m) 

JM12 2000 – 2020 21.87 21.88 0.01 22.39 0.52 

JM2 2000 – 2020 22.40 22.46 0.06 23.43 1.03 

JM45A 2000 – 2020 24.39 24.36 -0.03 25.24 0.85 

J310 2000 – 2020 24.05 24.13 0.08 24.64 0.59 

Correction Factors for Site Bores +0.03 +0.75

Table 5: AAMGL for Site Bores 

Bore  
Natural
Surface 
(mAHD) 

Groundwater
Level

(mAHD) 
23/09/2020 

AAMGL  
(mAHD) 

MaxGL 
(mAHD) 

Depth to AAMGL 
Below Natural Surface 

(m)

MW1 30.93 23.15 23.18 23.90 7.75 

MW2 27.22 22.74 22.77 23.49 4.45 

MW3 28.73 22.11 22.14 22.86 7.59 

MW4 25.67 22.42 22.45 23.17 3.22 

MW5 26.84 23.22 23.25 23.97 3.59 

MW6 28.56 23.13 23.16 23.88 5.40 

MW7 27.70 23.16 23.19 23.91 4.51 

MW8 26.12 23.66 23.69 24.41 2.43 

MW9 27.83 23.21 23.24 23.96 4.59 
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Groundwater quality was monitored quarterly at the 9 onsite groundwater bores by Hyd2o 
from June 2020 to December 2021. Bore locations in the site are shown in Figure 7 and 
Appendix F. 

Physical parameters (temperature, electrical conductivity, and pH) were measured in situ. 
Samples were sent to the NATA approved MPL Laboratory for total nitrogen, ammonia, 
nitrate, nitrite, total phosphorus, filterable reactive phosphorus, and heavy metals (arsenic, 
cadmium, chromium, copper, nickel, lead, mercury, and zinc). 

Groundwater water quality results are outlined in Table 6 compared to ANZECC (2000) 
guideline trigger values. Full results are contained in Appendix F.  

Results are summarised as follows: 

Mean pH across the groundwater bores ranged between 4.41 and 6.26, all sites fell 
below the lower limit of the ANZECC guideline range (6.5 – 8.0). 

The mean EC across the groundwater bores ranged between 288 S/cm and 844 
S/cm. All groundwater sites except MW8 exceeded the upper limit of the ANZECC 

guideline range (120-300 S/cm). It is important to note that While EC values are above 
the ANZECC guideline range, the predevelopment EC levels recorded are a natural 
baseline condition of the aquifer in the area rather than a land use outcome.  

Mean TN values ranged from 0.78 mg/L to 4.72 mg/L, with the majority of bores 
exceeding the ANZECC guideline limit (1.2 mg/L). The bores within the limit included 
MW4 and MW8. The mean TN across all sites was 1.83 mg/L. TN groundwater 
concentrations were high than that of stormwater possibly due to fertiliser application 
on the golf course. 

Mean TP was within the ANZECC guideline limit of 0.065 mg/L across almost all sites. 
MW6 was the only exceedance with a mean value of 0.07 mg/L. The mean TP across 
all sites was 0.05 mg/L, lower than the TP level in stormwater.  

With respect to metals, mean results were as follows relative to ANZECC guideline values: 

Arsenic, Cadmium, Nickel, Lead, and Mercury were within the 95% protection limit 
across all bores.  

Chromium was within the 95% protection limit across all bores except for MW6 and 
MW7 which fell within the 90% protection limit. 

Copper was within the 95% protection limit across all bores except for MW1, MW7, and 
MW9. MW7 fell within the 90% protection limit, while MW1 and MW9 fell below the 80% 
protection limit. 

Zinc was within the 95% protection limit across all bores except for MW1 which fell 
below the 80% protection limit.  
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Table 6: Existing Groundwater Quality 

Groundwater

Bore 

Mean for Sampled Parameters 

EC
 (

S/
cm

) 

pH

TN
 (m

g/
L)

 

A
m

m
on

ia
(m

g/
L)

 

N
itr

at
e 

(m
g/

L)
 

N
itr

ite
 (m

g/
L)

 

TP
 (m

g/
L)

 

FR
P 

(m
g/

L)
 

ANZECC 120-300
6.5-
8.0

1.2
0.32 – 2.3 

(99% - 80% 
protection) 

0.017 – 17  
(99% - 80% 
protection) 

- 0.065 0.04

MW1 680 6.26 1.55 0.04 1.10 0.01 0.05 0.01 

MW2 844 6.00 2.10 0.02 1.80 0.01 0.05 0.01 

MW3 549 5.68 2.15 0.01 1.88 0.01 0.05 0.01 

MW4 649 5.85 0.78 0.20 0.02 0.01 0.05 0.01 

MW5 760 4.41 1.33 0.40 0.13 0.01 0.05 0.01 

MW6 556 4.75 4.72 0.21 3.26 0.08 0.07 0.01 

MW7 601 5.52 1.65 0.07 0.48 0.01 0.05 0.01 

MW8 288 5.74 0.97 0.14 0.02 0.01 0.05 0.01 

MW9 504 5.12 1.22 0.62 0.01 0.01 0.05 0.01 

All Sites 603 5.48 1.83 0.19 0.97 0.02 0.05 0.01

3.7 Nutrient Input Assessment 
The Urban Nutrient Decision Outcomes (UNDO) model is a conceptual decision support 
tool developed by DWER that evaluates nutrient reduction decisions for urban 
developments on the Swan Coastal Plain in south-west Western Australia. It is designed for 
ease-of-use by urban development proponents and for assessment by local and state 
government authorities. 

The tool was developed to assess the nutrient impacts of urban development on the Swan 
Coastal Plain in a consistent and scientifically rigorous manner, and improve scientific 
understanding relating to nutrient issues, and efficiencies in the investment to manage 
nutrients.

The tool is web-based, and provides users with the ability to implement a range of 
structural or non-structural design options to evaluate and reduce nutrients exported from 
an urban development. 
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Modelling of the historical land use of the site as a golf course is detailed in Appendix I.  

The results indicate nutrient inputs of 8704 kg/yr for TN and 368 kg/yr TP to the environment 
based on typical nutrient application rate estimates. The resultant nutrient export was 715 
kg/yr of TN and 2.5 kg/yr of TP. This export estimate considers soil types, groundwater 
gradient and depth to groundwater in its calculations.  

Post development nutrient input and export rates are addressed in Section 6.2. 

3.8 Constraints and Opportunities 
Based on the sites existing environment, the following key constraints and opportunities are 
identified to guide the development of the water management strategy and proactive 
management practices detailed in later sections of this report:   

The site has good clearance to groundwater and highly permeable soils suitable for 
infiltration of stormwater. All stormwater that is currently generated on site is infiltrated. 

The site provides stormwater storage for 57 ha of external development. There are 18 
outlets which currently drain into the site into 15 drainage areas. The site will be 
required to continue to provide storage for the external catchment post development. 

Opportunities exist to improve the existing stormwater management and water quality 
treatment outcomes for these areas.  

There are no conservation category wetlands, resource enhancement wetlands, 
multiple use wetlands, or natural waterways within the site.  

Part of the site is currently classified as a PDWSA Priority 3 area, however this does not 
preclude residential development. Four Water Corporation bores have wellhead 
protection zones (WPZ) which extend into the site, however urban development within 
the WPZs will be permitted consistent with their underlying Priority 3 classification.  
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4. Design Criteria & Objectives 
Key design principles and criteria for the site are shown in Table 7 and have been 
established consistent with the key reference documents previously detailed in Section 1.2, 
and reflect the site constraints and opportunities identified in Section 3. 

These principles and criteria are used to formulate the water management strategy for the 
site to remain within the identified constraints and opportunities of the existing 
environment. 

Table 7: Design Principles & Criteria 

Strategy Elements Method & Approach 

Water Use Sustainability 

Water Efficiency 

Water efficiency implementation to be consistent with Building Codes 
of Australia requirements  
Aim for less than 100 kL/person/year water use 
Establish “Waterwise” Public Open Space 
Maximise at source infiltration of stormwater  

Water Supply  

Minimise overall use of scheme water for non-drinking purposes 
Water Corporation IWSS for lots plus use of rainwater tanks (non 
mandated) 
Irrigation of POS via existing groundwater licence 

Wastewater   Water Corporation reticulated sewerage  

Stormwater 

Ecological 
Protection 

Lot soakwells (15mm event infiltration on site)  
Establishment of distributed biofiltration areas within road reserves and 
POS areas for treatment of first 15mm road runoff. 

Serviceability 
Minimise use of piped drainage systems  
Piped drainage system (where required)  sized to convey 20% AEP 
event  

Flood Protection 

Overland flow paths within road reserves for safe conveyance of flows 
exceeding pipe drainage system capacity 
Provide storage infiltration areas within POS for management of flows 
from both within and external to the site for events of to 1% AEP event 
Establish minimum habitable floor levels at 0.5m above the 1% AEP 
flood level of infiltration areas  

Groundwater 

Fill Requirement &  
Subsoil Drainage 

Development levels to establish an acceptable clearance to 
groundwater using cut to fill across the site and minimising imported fill 
(if required). 

Acid Sulphate Soils & 
Contamination 

Management of Acid Sulphate Soils and any contamination to be 
handled as a separate process if required consistent with DoE (2004) 
requirements. 
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5. Water Use Sustainability 

5.1 Water Efficiency Measures 
The development of the site will lead to an overall increased demand for potable water 
and for irrigation of gardens and POS areas. Water conservation measures will be 
implemented to reduce scheme water consumption within the development will be 
consistent with Water Corporation’s “Waterwise” land development criteria including:  

Promotion of use of waterwise practices including water efficient fixtures and fittings 
(taps, showerheads, toilets, rainwater tanks, waterwise landscaping). 

All houses to be built to 6 star building standards (water efficient fixtures and fittings). 

Mandatory use of water wise plantings in POS areas. 

Maximising on site retention and infiltration of stormwater. 

Use of high density residential zoning to reduce garden (ex-house) use of water and 
minimise fertiliser nutrient inputs. 

5.2 Water Supply 
The Water Corporation’s Integrated Water Supply System (IWSS) will supply potable water 
to future homes on the site. 

Rainwater tanks will not be implemented/mandated at estate scale to supplement the 
domestic water supply scheme however will be encouraged together with house design to 
allow for retrofitted tanks. Residents who wish to supplement scheme water supply with 
rainwater tanks will be provided for by individual builders during the building application 
process.

The site is located within the Jandakot Groundwater Area Airport Subarea in which the 
superficial aquifer is fully allocated.  

The site has an existing licence for 325,000 kL/yr via the superficial aquifer, with the licence 
valid to 2023, which was transferred on purchase of the property. A copy of the irrigation 
licence is include as Appendix J. This volume represents an irrigation allocation of 
approximately 6000 kL/yr/ha across the total site area, which is more than adequate for 
the irrigation of future public open space. 

Landscape masterplanning for the site prepared by Emerge is contained as Appendix K.  

Preparation and agency approval of final landscape plans will be undertaken at UMWP 
stage based on final stormwater design requirements. The UWMP will also include detailed 
irrigation usage tables demonstrating water use and distribution at local scale. 

Note the stormwater areas shown in Appendix K should be considered indicative only, with 
the final form of these areas undertaken at UWMP stage based on refined stormwater 
modelling and landscape design.   

5.3 Wastewater Management 
Wastewater will be reticulated sewerage with management by the Water Corporation.  
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6. Stormwater Management Strategy 
This LWMS proposes a pro-active treatment train approach to achieve exemplary water 
quality management for the site through the adoption of both non- structural and 
structural control measures. 

Stormwater management at the site has been designed in accordance with Better Urban 
Water Management (WAPC, 2008), City of Cockburn principles for water quality and 
quantity management, DWER requirements, and Stormwater Management Manual for 
Western Australia (DoW, 2007).  

The system will consist of a series of lot soakwells, road drainage pits, piped drainage, 
overland flows paths, swales, and distributed bioretention and flood storages areas within 
POS and road reserves for water quality treatment and major event management.  

A key element of the system will be the minimisation of pipe networks and the use of many 
small scale local catchments to treat and infiltrate stormwater runoff at source.  

In some areas, underground storages may be required due to the constraints provided via 
the level of existing pipe inverts entering the site from external catchments, and the desire 
to achieve useable POS outcomes and tree retention.  

Where appropriate additional local scale management measures such as tree pits, 
pervious paving, and rain gardens will be considered during more detailed local planning 
and engineering design and appropriately documented in UWMP’s. 

6.1 Stormwater Event Modelling 
Stormwater modelling of proposed stormwater management areas was undertaken by 
Hyd2o using the PONDS shallow water table infiltration model. PONDS is a program 
specifically designed for modelling groundwater/surface water interactions for the design 
of stormwater infiltration areas based on the finite difference computer program 
MODFLOW developed by the US Geological Survey. 

The design storms modelled by PONDS were calculated with reference to the 
methodology in Australian Rainfall and Runoff (ARR) and the Bureau of Meteorology 
Computerised Design IFD Rainfall System (CDIRS). The rainfall temporal pattern was 
assumed to be spatially uniform across the catchment. Storm durations modelled ranged 
from 1 hour to 72 hours. 

To support an at-source approach to stormwater management, the site was delineated 
into many small catchments based on existing external catchments and flow paths, 
proposed earthworks, and the location of the proposed POS areas. All individual 
catchments are shown in Figure 8.  

Various runoff coefficients applied to different land uses for each of the AEP’s modelled 
were determined using Hyd2o’s CUURV runoff rate calculator as detailed in Appendix L. 
These rates were then used to determine the equivalent impervious areas (EIA’s) for each 
individual catchment. These EIA’s are also detailed in Appendix L. 

Note that for LWMS modelling purposes group housing sites have been assumed to 
contribute runoff to the catchment stormwater storages in which they are located, with 
the exception of two early stage catchments where on site storage is proposed. 
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Opportunities for onsite stormwater retention of these areas will be examined at later 
stages of planning, particularly where this may lead to better POS outcomes and 
enhanced tree retention. Similarly for larger lots, opportunities for increased lot retention of 
runoff will be explored to achieve increased at source infiltration and reduce downstream 
storage requirements. 

Key modelling parameters for individual catchments are provided in Appendix M and the 
basis for the values used summarised as follows:   

A groundwater level equivalent to the AAMGL at the location of the proposed storage 
was adopted a baseline condition for the start of modelling. This is considered a 
conservative assumption as groundwater levels will be lower than the AAMGL at most 
times of the year. 

A maximum inundation depth of 0.3 m for biofiltration areas and management of the 
15mm event.  

Batter side slopes of 1 in 6 for both biofiltration and major event flood storage area in 
POS and road reserves. Vertical side slopes were adopted for underground storages.  

A maximum storage depth of 1.2 m adopted for above ground storages in POS and a 
maximum depth of 0.8m for swales located adjacent to road reserves. 

Variable hydraulic conductivity adopted at individual storages based on local field 
permeability testing with allowance for long term clogging and considering 
acceptable City of Cockburn upper limits for design use. Note that for biofiltration 
areas a rate of 5 m/d for filter media was adopted, with a 50% clogging allowance.  

Individual storage details and inverts are shown in Appendix M relative to the AAMGL and 
MGL at each storage location. These inverts should be considered indicative only, subject 
to detailed future earthworks design.  

It is important to note that at a few locations with lesser clearances to groundwater, this 
occurs due to the storage invert levels being dictated by the existing stormwater 
infrastructure levels from external catchments to current storages. Opportunities to raising 
these existing outlet levels will be further examined in consultation with the City of 
Cockburn in due course however this will need to ensure the stormwater function of 
existing piped systems outside of the site are not compromised. 

The proposed stormwater management system post development is shown in Figures 9a, 
9b, and 9c showing key storage locations, volumes, and areas based on modelling 
outcomes using PONDS for various AEP events. A full set of modelling results including 
details of all parameters and results for each individual catchment is provided in Appendix 
M, with an overlay of the stormwater management areas in relation to the landscape 
masterplan contained in Appendix N. Modelling results in Appendix M include levels, areas 
and volumes for all storage for small (15mm), minor (20% AEP) and major (1% AEP events).  

Table 9 provides a summary of the overall areas for stormwater management for the site to 
inform planning considerations:  

With respect to the 15mm (1 EY) event the total volume required within the site to 
manage this event is estimated as 1,444 m3, with an area of 6,934 m2 (based on ~0.3 m 
deep storage and 1:6 side slopes). Note that this area calculation excludes likely the 
likely area associated with underground storage for this event as this will not affect POS 
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usability. The area equates to approximately 1.4 % of the total site area, which is larger 
than would normally be expected due to runoff from external catchments into the site.  

With respect to the 20% AEP event the total volume required within the site to manage 
this event is estimated as 6,076 m3, with an area of 13,672 m2 (inclusive of the 15mm / 1 
EY event storage. This area excludes any potential underground storage. The area 
equates to approximately 2.5 % of the total site area.  

With respect to the 1% AEP event the total volume required within the site to manage 
this event is estimated as 12,897 m3, with an area of 18,849 m2 (inclusive of the 15mm / 
1 EY event storage. This area equates to approximately 3.5 % of the total site area. 

Note that the extent of inundation of POS areas shown in Figure 9 for various flood 
management events are shown to scale. The storage shapes and locations however 
should be considered indicative only for determination of area space requirements and 
the representation of storage areas required in relation to POS areas allocated in the local 
structure plan.  

With respect to the existing stormwater storage areas, it should be noted that the sizing of 
the future stormwater management areas was not done by simply accepting and 
replicating the volume of the existing areas but was based on updated catchment 
mapping, local infiltration testing, and detailed modelling of each subcatchment. This is 
important as Hyd2o understand the City have previously experienced some flooding issues 
with some the existing storage areas. 

Storage volumes shown in the LWMS therefore represent updated volumes for each 
catchment based on achieving current design guidelines and best practice outcomes. 
Continued liaison with the City of Cockburn over the development timeframe will ensure 
additional anecdotal information regarding performance is included and informs future 
detailed design.   

The final flood attenuation area configuration (side slopes etc), locations, and elevations 
will be documented in future UWMPs and will be dependent on the refined final 
earthworks, drainage, and road design levels for the development.  

Minor refinements to catchment areas shown in this report are considered likely to occur as 
detailed design proceeds, and stormwater modelling will be updated accordingly during 
the UWMP process.  

The disaggregation of the site into 38 small scale local stormwater areas represents best 
practice in at-source control of stormwater, particular given the size of the site.  
Notwithstanding it is recognised that further opportunities with the site for at source controls 
still exist and can be further explored as detailed planning progresses.  Potential locations 
for further disaggregation of stormwater are identified on Figures 9 a, b, and c, and will be 
examined at Urban Water Management Planning (UWMP) stage. Such measures will 
include further implementing swales, treepits, and local raingardens where possible. A key 
consideration of the implementation of these measures will be the retention of trees and 
existing vegetation which are a key objective of the development.  
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Table 8: Post Development Stormwater Management Summary

Site External 

Residential Lots R20 (ha) 23.1 40.4 

Residential Lots R30 (ha) 0.9 - 

Group Housing (ha) 5.3 - 

Commercial (ha) 0.7 - 

POS/Conservation/Landscape Interface (ha) 11.1 1.0 

Road Reserve (ha) 11.3 15.2 

Total Area (ha) 52.4 56.6 

Equiv Imp Area (15mm event) (ha) 7.8 10.5 

Equiv Imp Area (20% AEP/1% AEP) (ha) 16.3 20.3 

Storages
(refer Appendix M for specific details  
and results for each individual storage) 

Total Number of Catchments 33 17 

Total Combined Catchments/Storages 38 

Underground Storages (no.) 6

POS Storages (no.) 17 

Swales (no.) 15 

Water Quality: 15mm Bioretention 

Total Volume (m3) 1,444 

Top Water Level Area (m2)  6,934 

Flood Storage: 20% AEP

Total Volume (m3) – inc Biofilters & Underground 6,076 

Top Water Level Area (m2) -  inc Biofilters & Underground 13,672 

Top Water Level Area (m2) -  inc Biofilters, excl Underground 11,983 

Flood Storage: 1% AEP

Total Volume (m3) – inc Biofilters & Underground 12,897 

Top Water Level Area (m2) -  inc Biofilters & Underground 18,849 

Top Water Level  Area (m2) -  inc Biofilters, excl Underground 17,160 
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6.2 Ecological Protection 
Water quality management for the site will include non- structural as well as structural 
control measures:  

Non-Structural Controls
Planning: POS and linear green space network, lot product, and subdivision layout.  
Maintenance: regular stormwater system maintenance including POS biofilter areas. 
Monitoring: Post development program and performance review. 

Structural Controls 
Catchment Scale Infrastructure: Bioretention areas, swales and storages (above and 
below ground) in POS areas and road reserves 
Local Scale Infrastructure: Soakwells 
Landscape: Maintaining existing mature trees, native plantings. 

Measures adopted represent known best management practice as detailed in the 
Stormwater Management Manual for Western Australia (DoW, 2007).  Table 9 details a 
summary from the Stormwater Management Manual for Western Australia (DoW, 2007) of 
expected pollutant removal efficiencies for various WSUD measures in relation to water 
quality design criteria. While DoW (2007) does not provide expected pollutant removal 
efficiencies for all BMP’s, application of a treatment train approach using a combination of 
the non-structural and structural measures will achieve the design objectives for water 
quality treatment as detailed in Better Urban Water Management (WAPC, 2008).  

Storm volumes for ecological protection based on water quality treatment of the 15mm 
event are provided in Table 8 and Figure 9. Appendix N provides typical storage cross 
sections showing biofilters in relation flood storage within POS, linear POS, and road reserve 
arrangements. Biofilters will be designed at UWMP stage consistent with the Adoption 
Guidelines for Stormwater Biofiltration Systems (CRC for Water Sensitive Cities, 2015).  

Post development UNDO modelling of the site is detailed in Appendix I. The results indicate 
nutrient inputs of 3617 kg/yr for TN and 754 kg/yr TP post development. This indicates a 5088 
kg/yr reduction in TN and 386 kg/yr increase in TP. The resultant nutrient export was 261 
kg/hr/yr of TN and 6.2 kg/yr export of TP following development. This represents a 454 kg/yr 
reduction in TN and 3.7 kg/yr TP increase compared to existing. Note that these results 
exclude the additional benefit the new stormwater storages also provide in treating 
stormwater from the external catchment. 

Table 9: BMP Water Quality Performance In Relation to Design Criteria 

Parameter Design Criteria via (WAPC, 2008) 
(required removal as compared 
to a development with no WSUD) 

Structural Controls Nutrient  
Output Reduction (DoW,2007) 1

Vegetated Swales/ 
Bioretention Systems 

Infiltration
 Storages 

Total Suspended Solids 80% 60-80% 65-99% 

Total Phosphorus 60% 30-50% 40-80% 

Total Nitrogen 45% 25-40% 50-70% 

Gross Pollutants 70% - >90% 
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7. Groundwater Management Strategy 

7.1 Earthworks, Fill and Subsoil Drainage 
Development levels within the site are generally not dominated by fill requirements to 
achieve adequate separation to regional groundwater, given the proximity of 
groundwater levels to natural surface over much of the site.  

It is envisaged that the site will broadly be a cut to fill operation with minimal imported fill 
required. No subsoil drainage will be needed.  

Preliminary earthwork levels for the site prepared by JDSi are detailed in Appendix O. These 
earthwork levels have informed the establishment of catchment boundaries for the 
stormwater modelling detailed in Section 6. 

Final design lot levels and fill specification are a detailed design issue to be addressed 
during the preparation of detailed engineering design drawings and preparation of the 
UWMP and will be ultimately submitted for council approval at that stage.  

7.2 Acid Sulphate Soils 
Acid sulphate soil mapping has been previously discussed in Section 3.2.1 as having 
moderate to low risk of ASS across the site less than 3 m from the surface. 

If required, management of ASS will be addressed by a separate study by a suitably 
qualified environmental consultant, and any ASS management plan required will detail the 
actions to minimise and mitigate potential adverse environmental effects during the works. 

All assessment and management of ASS will be conducted in accordance with the Acid 
Sulphate Soil Guideline Series Identification and Investigation of Acid Sulphate Soils (DoE, 
2004). This will be conducted appropriately as a separate process to this LWMS.  
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8. Urban Water Management Plans 
Consistent with processes defined in WAPC (2008), Urban Water Management Plans 
(UWMPs) will be developed and submitted to support subdivision applications for various 
stages of development within the site.  

Preparation of the UWMP will be the responsibility of the developer. UWMPs will address:  

Demonstrated compliance with LWMS criteria and objectives to the satisfaction of the 
City of Cockburn and DWER.  

Agreed/approved measures to achieve water conservation and efficiencies of water 
use, including provision of POS irrigation water use distribution details. 

Detailed stormwater management design including the size, location and design of 
public open space areas, integrating major and minor flood management capability.  

Management of groundwater levels including proposed cut/fill levels.  

Specific structural and non-structural BMPs and treatment trains to be implemented 
including their function, location, maintenance requirements, expected performance 
and agreed ongoing management arrangements.  

Management of subdivisional works including development of a strategy for sediment 
control during construction.  

Implementation plan including roles, responsibilities, funding and maintenance 
arrangements.  

Specific monitoring and reporting to be undertaken for each UWMP area consistent 
with the monitoring program defined in the LWMS. 

Contingency plans (where necessary). 

Further detail of the integration of stormwater within POS will be provided during the 
development of the relevant UWMP’s covering those specific areas. This will include the 
refinement of stormwater modelling, preparation of detailed landscape plans (species 
selection and treatments), and detailed engineering design drawings. 

Staging of stormwater changes will be detailed in the relevant UWMP’s and implemented 
to ensure key hydrological performance criteria in relation to the receiving environment 
and key design objectives are maintained during the development process.  
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9. Monitoring

9.1 Pre Development 
Baseline surface and groundwater monitoring of existing conditions was undertaken for 18 
months inclusive of 2 winters periods from June 2020 to December 2021. Monthly 
groundwater levels and quarterly water quality were recorded in addition to sampling of 
existing stormwater quality discharging into the site from City of Cockburn drainage 
systems.

No further predevelopment monitoring is required to inform development of the site.  

9.2 Post Development 
Department of Water (2012) indicates a minimum of 3 years post development monitoring 
is required, and defines post development as “from completion of first subdivision to five 
years after 80 per cent of the development (by land area) has been completed”.  

The post development monitoring program is summarised in Table 10. Post development 
groundwater monitoring is proposed in 9 groundwater monitoring bores as shown in Figure 
10, to provide suitable coverage of the site. Locations have been selected based on 
maintaining existing sampling locations where possible.  

The following frequency of monitoring is proposed: 

Monthly groundwater level measurements. 

Quarterly groundwater quality measurements. 

Groundwater levels will also be measured in three nearby DWER bores JM45, JM12, and 
JM2 consistent with pre development monitoring.  

Groundwater quality will be monitored quarterly (typically January, April, July, October) for 
physical parameters (pH, electrical conductivity), nutrients (total nitrogen, total Kjeldahl 
nitrogen, ammonia, nitrate, nitrite, total phosphorus, and filterable reactive phosphorus) 
and heavy metals (arsenic, cadmium, chromium, copper, lead, mercury, nickel, zinc, 
aluminium, manganese, arsenic and lead).  All water quality samples will be analysed at a 
NATA approved laboratory.  

Stormwater quality sampling of key stormwater infiltration and biofiltration areas within the 
site once constructed will also be undertaken via grab sampling on up to 4 occasions 
each winter. Sampling parameters will be the same as groundwater monitoring.  

Visual assessment of each of these areas will also be undertaken on a quarterly basis via a 
standardised proforma, to assess performance in relation to design.  

The monitoring schedule will be undertaken for a three year period consistent with usual 
DWER requirements. An annual report will be prepared summarising the results of the 
program, with results compared to predevelopment monitoring data.  

The program may need to be modified as data is collected to increase or decrease the 
monitoring effort in a particular area, or to alter the scope of the program itself. This will 
require agreement of all parties. 
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If required, contingency actions will include a review of all monitoring data to determine 
the likely cause of any significant changes in water quality, consideration of additional 
monitoring required to assist a determination, and consideration of remedial actions.  

A contingency plan is presented in Table 11, which will be refined during the development 
of individual UWMP’s for the site. Post development monitoring results will be compared to 
both pre-development monitoring outcomes and ANZECC guideline data. This approach is 
required as the local baseline condition may naturally be outside the recommended 
ANZECC range for some parameters. 

Implementation of the post development monitoring program is the responsibility of the 
developer. Where staging aspects require any specific additional monitoring to be 
conducted, this will be appropriately detailed at UWMP stage. 

Table 10: Post Development Monitoring Program 

Monitoring Parameter Location Method Frequency and Timing 

Groundwater 
level 

Water level 
(m AHD) 

9 bores within site 
area and  

3 DWER bores 

Electrical depth 
probe or similar 

Monthly 
(12 occasions 

annually) 

Groundwater 
quality 

Physical, 
nutrients and 
heavy metals 

9 bores within site 
area 

Pumped bore 
sample 

Quarterly
(4 occasions  

annually) 

Stormwater 
quality  

Physical, 
nutrients and 
heavy metals 

Biofilters & Infiltration  
storages 

Collected grab 
samples of 

outflow

Max four occasions 
during each winter 
monitoring period 

Stormwater 
System 
performance  

Profroma Biofilters & Infiltration  
storages 

Visual
Assessment 

Max four occasions 
during each winter 
monitoring period 

Table 11: Contingency Planning 

Type Criteria for Assessment  Frequency Process & Possible Actions

Water 
Quality

Surface and 
groundwater quality 
significantly worse than: 

a) predevelopment 
water quality; 
and/or 

b) typical urban 
stormwater quality 
on the Swan Coastal 
Plain (Martens et al 
2005)
TN : 1.1 mg/l 
TP :  0.21 mg/l 

with reference to 
ANZECC guidelines 1

Ongoing
assessment 
following

monitoring
with

annual 
review 

Process

1. Assess spatial extent of occurrence. 
2. Determine if due to development or other 
3. Perform appropriate action as required   
4. Record and report any breach and action 
5. If necessary inform residents of any works 
6. Inform and provide data to DWER/ CoC 

Possible Actions 

1. Resample to determine if a true reading 
2. Identify & remove point sources of pollution 
3. Review operation & maintenance practices 
4. Consider alterations to POS areas including 

landscape regimes and soil amendment. 
5. Consider stormwater system modifications 
6. Consider community based projects. 

1. ANZECC guidelines to be used as a reference point only. ANZECC guidelines state that guidelines values are not intended to be
directly applied to stormwater quality, however are applicable where the stormwater system are regarded as having conservation 
value. ANZECC guideline values are derived for unmodified or slightly modified ecosystems. ANZECC recommends the values only be
applied where site specific values do not exist, or site specific targets cannot be derived.  
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10. Implementation
Table 12 details the roles, responsibilities and funding to implement the LWMS.  

Monitoring outcomes will be used in a continual improvement capacity to review the 
implemented WSUD within the site and inform the planning and design approaches and 
improvements for subsequent stages of development.  

Details of construction and maintenance activities and responsibilities will be appropriately 
detailed at UWMP stage, and will include details of any specific staging considerations, 
and the need for ongoing management of subsoil drainage to ensure its ongoing 
performance in accordance with design. 

Table 12:  Implementation, Roles and Responsibilities 

Implementation Action Responsibility 

Developer DWER  City of 
Cockburn 

Review and approval of LWMS 

Preparation of a UWMP for individual 
development stages 

Review and approval of UWMP 

Construction of stormwater system and 
maintenance post construction until council 
handover 

Long term stormwater system operation and 
maintenance 

Conduct post development monitoring 
program and annual reporting 

Review of monitoring data and annual reports 
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Surface Water Plan
Figure 6
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Post Development Stormwater Catchments
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Version: 1, Version Date: 13/09/2024
Document Set ID: 12051332



APPENDIX A 
Better Urban Water Management Checklist 

Version: 1, Version Date: 13/09/2024
Document Set ID: 12051332



Better Urban Water Management LWMS Checklist

Local Water Management Strategy Item Deliverable Comments

Summary of the development design strategy, outlining how the 
design objectives are proposed to be met

Table : design elements 
and requirements for BMP's 
and critical control points

Executive Summary

Total water cycle management - principles and objectives 
Planning background       
Previous studies

1

Structure plan, zoning and land use  
Key landscape features       
Previous land use

Con  lan Section  2, Figure 

Landscape - proposed POS areas, POS credits, water source, 
bore(s), lake details (if applicable), irrigation areas

Landscape plan S

Agreed design objective and source of objective Section , Table 

Existing information and more detailed assessments 
(monitoring). How do the site characteristics affect the design?

Section , Figures 3

Site conditions- existing topography/ contours, aerial photo 
underlay, major physical features

Site ondition plan Section .1, Figure 3

Geotechnical - topography, soils including acid sulfate soils and 
infiltration capacity, test pit locations

Geotechnical plan Section .2, Figure 4

Environmental- areas of significant flora and fauna, wetlands 
and buffers, waterways and buffers, contaminated sites

Environmental plan plus 
supporting data where 
appropriate

 .

Surface water- topography, 100 year floodways and flood fringe 
areas, water quality of flows entering and leaving (if applicable)

Surface water plan Section 

Groundwater - topography, pre development groundwater 
levels and water quality, test bore locations

Groundwater plan plus 
details of groundwater 
monitoring and testing

Section , 

Water efficiency measures- private and public open spaces 
including method of enforcement

Section 5.1

Water supply (fit- for-purpose strategy), agreed actions and 
implementation. If non-potable supply, support with water 
balance

Section 5.2

Wastewater management Section 5.3

Flood protection - peak flow rates, volumes and top water levels 
at control points, 100 year flow paths and 100 year detentions 
storage areas

100yr event plan Section  Table Figure

Manage serviceability - storage and retention required for the 
critical 5 year ARI storm events       
Minor roads should be passable in the 5 year ARI event

5yr event plan
Section  Table , Figure  

Protect ecology - detention areas for the 1 yr 1 hr ARI event, 
areas for water quality treatment and types of (including 
indicative locations for) agreed structural and non-structural 
best management practices and treatment trains. Protection of 
waterways, wetlands (and their buffers), remnant vegetation 
and ecological linkages

1 yr event plan 
Section 6. Table 

Executive summary

Introduction

Proposed development 

Design criteria

Pre-development environment

Water use sustainability initiatives

Stormwater management strategy

n

Local Water Management Strategy Item Deliverable Comments

Post development groundwater levels, fill requirements 
(including existing and likely final surface levels), outlet controls, 
and subsoil areas/exclusion zones

Section 7

Actions to address acid sulphate soils or contamination

Content and coverage of future urban water management plans 
to be completed at subdivision. Include areas where further 
investigations are required prior to detailed design

Section 

Recommended future monitoring plan including timing, 
frequency, locations and parameters, together with 
arrangements for ongoing actions

Section 

Developer commitments Section 1  Table 

Roles, responsibilities, funding for implementation Section 1  Table 

Review Section 1  Table 

Implementation

The next stage - subdivision and urban water management plans

Monitoring

Groundwater management strategy
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Specifications - Open-Ended Tube Ground Conditions
Length L1: 1.41 m GWL: 3 m BGL (Blank = Bottom of hole)
Diameter: 80 mm Permeability Anisotropy
Non-Perm L2: m m: 1
Above Gnd L3: 0.05 m

Bottom of Test Hole: 1.36 m BGL
Hydraulic Conductivity (k)

CIRIA 113: Somerville (1986), Control of groundwater for temporary works, CIRIA Report 113, Appendix 4

3.15E-04 ms-1                    = 27.22 m/day

Hvorslev: Hvorslev (1951) Time Lag and Soil Permeability in Ground-Water Observations , Fig 18, p49

6.50E-05 ms-1                    = 5.61 m/day

Sand

Data
Time (s) Tape Avg (m) Head (m) Perm. Length Hvorslev 'k' CIRIA 113 'k'

0 0.130 1.280 (m) Case G (ms-1) (ms-1)
10 0.400 1.010 1.145 5.55E-05 4.01E-04
17 0.500 0.910 0.960 3.95E-05 2.49E-04
28 0.600 0.810 0.860 3.02E-05 1.76E-04
62 0.800 0.610 0.710 2.71E-05 1.39E-04 12.00

142 1.000 0.410 0.510 1.99E-05 8.19E-05
288 1.200 0.210 0.310 2.44E-05 7.49E-05
533 1.410 0.000 0.105 2.58E-04 1.08E-03

#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A

EOH @ 1.36m

STRATIGRAPHIC LOG

PROJECT:

TITLE: DATE:

REVISION:
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Note: CMW considers the CIRIA 113 value the most appropriate method for most purposes, 
but also provides the analysis method as outlined by Hvorslev if desired.

Specifications - Open-Ended Tube Ground Conditions
Length L1: 1.43 m GWL: 3 m BGL (Blank = Bottom of hole)
Diameter: 80 mm Permeability Anisotropy
Non-Perm L2: m m: 1
Above Gnd L3: 0.01 m

Bottom of Test Hole: 1.42 m BGL
Hydraulic Conductivity (k)

CIRIA 113: Somerville (1986), Control of groundwater for temporary works, CIRIA Report 113, Appendix 4

1.22E-03 ms-1                    = 105.00 m/day

Hvorslev: Hvorslev (1951) Time Lag and Soil Permeability in Ground-Water Observations , Fig 18, p49

2.99E-04 ms-1                    = 25.84 m/day

Sand

Data
Time (s) Tape Avg (m) Head (m) Perm. Length Hvorslev 'k' CIRIA 113 'k'

0 0.700 0.730 (m) Case G (ms-1) (ms-1)
3 0.800 0.630 0.680 1.64E-04 8.08E-04

10 0.900 0.530 0.580 9.12E-05 4.03E-04
18 1.000 0.430 0.480 1.09E-04 4.22E-04
36 1.200 0.230 0.330 1.79E-04 5.68E-04 49.11
82 1.429 0.001 0.116 9.52E-04 3.87E-03

#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A

STRATIGRAPHIC LOG

EOH @ 1.42m
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Note: CMW considers the CIRIA 113 value the most appropriate method for most purposes, 
but also provides the analysis method as outlined by Hvorslev if desired.
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Specifications - Open-Ended Tube Ground Conditions
Length L1: 1.39 m GWL: 3 m BGL (Blank = Bottom of hole)
Diameter: 80 mm Permeability Anisotropy
Non-Perm L2: m m: 1
Above Gnd L3: 0.04 m

Bottom of Test Hole: 1.35 m BGL
Hydraulic Conductivity (k)

CIRIA 113: Somerville (1986), Control of groundwater for temporary works, CIRIA Report 113, Appendix 4

6.73E-04 ms-1                    = 58.18 m/day

Hvorslev: Hvorslev (1951) Time Lag and Soil Permeability in Ground-Water Observations , Fig 18, p49

1.85E-04 ms-1                    = 16.00 m/day

Sand

Data
Time (s) Tape Avg (m) Head (m) Perm. Length Hvorslev 'k' CIRIA 113 'k'

0 0.700 0.690 (m) Case G (ms-1) (ms-1)
3 0.800 0.590 0.640 1.81E-04 8.56E-04

11 0.900 0.490 0.540 8.97E-05 3.77E-04
28 1.000 0.390 0.440 5.87E-05 2.15E-04
59 1.200 0.190 0.290 1.28E-04 3.80E-04 32.79

154 1.389 0.001 0.095 4.68E-04 1.54E-03
#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A

STRATIGRAPHIC LOG

EOH @ 1.35m

PROJECT:

TITLE: DATE:

REVISION:

CHECKED:

CLIENT: DESIGNER:

PROJECT:

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0 20 40 60 80 100 120 140 160 180

He
ad

 (m
)

Time (s)

L1

L2

L3

GWL

Note: CMW considers the CIRIA 113 value the most appropriate method for most purposes, 
but also provides the analysis method as outlined by Hvorslev if desired.

Specifications - Open-Ended Tube Ground Conditions
Length L1: 1.42 m GWL: 3 m BGL (Blank = Bottom of hole)
Diameter: 80 mm Permeability Anisotropy
Non-Perm L2: m m: 1
Above Gnd L3: 0.04 m

Bottom of Test Hole: 1.38 m BGL
Hydraulic Conductivity (k)

CIRIA 113: Somerville (1986), Control of groundwater for temporary works, CIRIA Report 113, Appendix 4

4.25E-04 ms-1                    = 36.75 m/day

Hvorslev: Hvorslev (1951) Time Lag and Soil Permeability in Ground-Water Observations , Fig 18, p49

1.01E-04 ms-1                    = 8.69 m/day

Fill

Data
Time (s) Tape Avg (m) Head (m) Perm. Length Hvorslev 'k' CIRIA 113 'k'

0 0.550 0.870 (m) Case G (ms-1) (ms-1)
6 0.700 0.720 0.795 9.50E-05 5.25E-04

11 0.800 0.620 0.670 1.01E-04 4.92E-04
18 0.900 0.520 0.570 9.39E-05 4.10E-04
26 1.000 0.420 0.470 1.12E-04 4.30E-04 37.18
56 1.200 0.220 0.320 1.13E-04 3.52E-04

552 1.419 0.001 0.111 8.87E-05 3.43E-04
#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A

STRATIGRAPHIC LOG

EOH @ 1.38m
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Note: CMW considers the CIRIA 113 value the most appropriate method for most purposes, 
but also provides the analysis method as outlined by Hvorslev if desired.
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Specifications - Open-Ended Tube Ground Conditions
Length L1: 1.42 m GWL: 3 m BGL (Blank = Bottom of hole)
Diameter: 80 mm Permeability Anisotropy
Non-Perm L2: m m: 1
Above Gnd L3: 0.02 m

Bottom of Test Hole: 1.40 m BGL
Hydraulic Conductivity (k)

CIRIA 113: Somerville (1986), Control of groundwater for temporary works, CIRIA Report 113, Appendix 4

8.26E-04 ms-1                    = 71.39 m/day

Hvorslev: Hvorslev (1951) Time Lag and Soil Permeability in Ground-Water Observations , Fig 18, p49

1.99E-04 ms-1                    = 17.16 m/day

Sand

Data
Time (s) Tape Avg (m) Head (m) Perm. Length Hvorslev 'k' CIRIA 113 'k'

0 0.600 0.820 (m) Case G (ms-1) (ms-1)
2 0.700 0.720 0.770 2.00E-04 1.08E-03
6 0.800 0.620 0.670 1.26E-04 6.15E-04

12 0.900 0.520 0.570 1.10E-04 4.78E-04
27 1.000 0.420 0.470 5.99E-05 2.29E-04 19.83
46 1.200 0.220 0.320 1.78E-04 5.56E-04

131 1.419 0.001 0.111 5.18E-04 2.00E-03
#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A

STRATIGRAPHIC LOG

EOH @ 1.4m
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Note: CMW considers the CIRIA 113 value the most appropriate method for most purposes, 
but also provides the analysis method as outlined by Hvorslev if desired.

Specifications - Open-Ended Tube Ground Conditions
Length L1: 1.44 m GWL: 3 m BGL (Blank = Bottom of hole)
Diameter: 80 mm Permeability Anisotropy
Non-Perm L2: m m: 1
Above Gnd L3: 0.04 m

Bottom of Test Hole: 1.40 m BGL
Hydraulic Conductivity (k)

CIRIA 113: Somerville (1986), Control of groundwater for temporary works, CIRIA Report 113, Appendix 4

5.05E-04 ms-1                    = 43.61 m/day

Hvorslev: Hvorslev (1951) Time Lag and Soil Permeability in Ground-Water Observations , Fig 18, p49

1.67E-04 ms-1                    = 14.46 m/day

Sand

Data
Time (s) Tape Avg (m) Head (m) Perm. Length Hvorslev 'k' CIRIA 113 'k'

0 0.800 0.640 (m) Case G (ms-1) (ms-1)
5 0.900 0.540 0.590 1.24E-04 5.55E-04

11 1.000 0.440 0.490 1.40E-04 5.52E-04
21 1.100 0.340 0.390 1.21E-04 4.10E-04
33 1.200 0.240 0.290 1.60E-04 4.51E-04 38.92
54 1.300 0.140 0.190 1.73E-04 3.82E-04

210 1.439 0.001 0.070 2.86E-04 6.80E-04
#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A

STRATIGRAPHIC LOG

EOH @ 1.4m
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Note: CMW considers the CIRIA 113 value the most appropriate method for most purposes, 
but also provides the analysis method as outlined by Hvorslev if desired.
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Specifications - Open-Ended Tube Ground Conditions
Length L1: 1.44 m GWL: 3 m BGL (Blank = Bottom of hole)
Diameter: 80 mm Permeability Anisotropy
Non-Perm L2: m m: 1
Above Gnd L3: 0.03 m

Bottom of Test Hole: 1.41 m BGL
Hydraulic Conductivity (k)

CIRIA 113: Somerville (1986), Control of groundwater for temporary works, CIRIA Report 113, Appendix 4

3.54E-04 ms-1                    = 30.55 m/day

Hvorslev: Hvorslev (1951) Time Lag and Soil Permeability in Ground-Water Observations , Fig 18, p49

7.82E-05 ms-1                    = 6.75 m/day

Sand

Data
Time (s) Tape Avg (m) Head (m) Perm. Length Hvorslev 'k' CIRIA 113 'k'

0 0.400 1.040 (m) Case G (ms-1) (ms-1)
8 0.600 0.840 0.940 7.18E-05 4.48E-04

16 0.700 0.740 0.790 4.79E-05 2.63E-04
24 0.800 0.640 0.690 6.00E-05 2.99E-04
35 0.900 0.540 0.590 5.65E-05 2.52E-04 21.81
50 1.000 0.440 0.490 5.60E-05 2.21E-04
83 1.200 0.240 0.340 9.31E-05 3.00E-04

352 1.439 0.001 0.121 1.62E-04 6.92E-04
#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A

STRATIGRAPHIC LOG

EOH @ 1.41m
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Note: CMW considers the CIRIA 113 value the most appropriate method for most purposes, 
but also provides the analysis method as outlined by Hvorslev if desired.

Specifications - Open-Ended Tube Ground Conditions
Length L1: 1.44 m GWL: 3 m BGL (Blank = Bottom of hole)
Diameter: 80 mm Permeability Anisotropy
Non-Perm L2: m m: 1
Above Gnd L3: 0.03 m

Bottom of Test Hole: 1.41 m BGL
Hydraulic Conductivity (k)

CIRIA 113: Somerville (1986), Control of groundwater for temporary works, CIRIA Report 113, Appendix 4

8.32E-04 ms-1                    = 71.89 m/day

Hvorslev: Hvorslev (1951) Time Lag and Soil Permeability in Ground-Water Observations , Fig 18, p49

1.87E-04 ms-1                    = 16.13 m/day

Sand

Data
Time (s) Tape Avg (m) Head (m) Perm. Length Hvorslev 'k' CIRIA 113 'k'

0 0.450 0.990 (m) Case G (ms-1) (ms-1)
4.9 0.600 0.840 0.915 9.18E-05 5.60E-04

8 0.700 0.740 0.790 1.24E-04 6.78E-04
13 0.800 0.640 0.690 9.60E-05 4.78E-04
20 0.900 0.540 0.590 8.87E-05 3.97E-04 34.27
32 1.000 0.440 0.490 7.00E-05 2.76E-04
55 1.200 0.240 0.340 1.34E-04 4.31E-04

117 1.439 0.001 0.121 7.03E-04 3.00E-03
#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A
#N/A #N/A #N/A #N/A

STRATIGRAPHIC LOG

EOH @ 1.41m
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Note: CMW considers the CIRIA 113 value the most appropriate method for most purposes, 
but also provides the analysis method as outlined by Hvorslev if desired.
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Brooke Elliott

3.3

Testing Completed By:
Furnace Temperature ( C):

WGLS - KT
440

Organic Content (%)

4.2

5.3

4.0

8.6

TP15  0.01m 96.7

WG20/11347

Date Sampled:

Sampled by Client, Tested as Received

Various - See Below Date Tested:

WG20/11347-11354
Not Specified

Sampling Method:

Sample Identification:

Project:
Location:

Sample No.Geotechnical Investigation

Comments:

235 Bank Street, Welshpool WA 6106         |         08 9472 3465         |         www.wgls.com.au

TEST RESULTS - Organic Content 

Sample Identification Ash Content (%)

WG20/11354

TP04  0.01m 95.8

TP14  0.01m

5.4

SOIL     |     AGGREGATE     |     CONCRETE     |       CRUSHING
TEST REPORT - ASTM D2974-14 (Test Method C)

Client:
Client Address:

Ticket No.
Report No.

S2166
WG20/11347-11354_1_OR

CMW Geosciences
Suite 1, Level 3/29 Flynn Street, Wembley WA

WG20/11351

94.7

TP29  0.01m 96.0

TP41  0.01m 91.4

TP46  0.01m 95.6

WG20/11348

WG20/11349

WG20/11350

05-December-2020

Glen Iris Golf Course
4-12-2020

4.4

25.5WG20/11352

WG20/11353

TP48  0.01m 74.5

TP23  0.01m 94.6

Sample Number

ke EBrBrBrrBrBrrrrBB ooooooooo k
555550550 -DD-D- cececcececece em

WG_ASTM D2974-14C_TR_2 Page 1 of 1
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APPENDIX C 
Hyd2o Permeability Testing 
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Borehole Permeameter : Field Result Analysis
Project/Site Glen Iris  Test Site 1
Soil Descrip Yellow grey fine to medium sand
Location 392063  mE

6447929  mN

TEST 1 TEST 2 TEST 3

r 6.0 cm r 6.0 cm r cm

H 10.0 cm H 10.0 cm H cm

time step 5 secs time step 5 secs time step secs

H/r 1.67 H/r 1.67 H/r
C 0.75 C 0.75 C

Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm)

0 4.5 0 8.5
5 25.0 20.5 5 33.0 24.5
10 37.5 12.5 10 44.0 11.0
15 51.0 13.5 15 64.0 20.0
20 73.0 22.0

17.1 Avg Diff (cm) 18.5 Avg Diff (cm) 
q (cm3/s) 30.1 q (cm3/s) 32.6 q (cm3/s)

METHOD 1 : Elrick and Reynolds (1992)

Ks (cm/s) 0.0316 Ks (cm/s) 0.0341 Ks (cm/s)
Ks (m/day) 27.26 Ks (m/day) 29.45 Ks (m/day)

Average (m/day) 28.4

METHOD 2 : Talsma and Hallam Method (for low Ks only <2.9)

q (cm3/min) 1808.4 1953.6 cm3/min cm3/min
r (cm) 6 6.0 cm cm
H (cm) 10.0 10.0 cm cm

0.5sinh-1(H/2r) 0.38 0.38
-sqrt((r/H)^2+0.25) -0.78 -0.78
r/H 0.60 0.60
Sum 0.20 0.20

Sum*4.4*q 1577.21 1703.85
2*pi*H2 628.32 628.32

Ksat (cm/min) 2.5 2.7
Ksat (m/day) 36.15 39.05

Average (m/day) 37.6

Borehole Permeameter : Field Result Analysis
Project/Site Glen Iris Test Site 2
Soil Descrip Dark grey fine to medium sand
Location 391613  mE

6448399  mN

TEST 1 TEST 2 TEST 3

r 6.0 cm r 6.0 cm r cm

H 10.0 cm H 10.0 cm H cm

time step 5 secs time step 10 secs time step secs

H/r 1.67 H/r 1.67 H/r
C 0.75 C 0.75 C

Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm)

0 3.0 0 6.3
5 7.5 4.5 10 16.8 10.5
10 12.0 4.5 20 21.2 4.4
15 16.0 4.0 30 26.0 4.8
20 19.5 3.5 40 31.0 5.0
25 23.2 3.7 50 35.0 4.0
30 23.2 0.0 60 39.7 4.7
35 26.5 3.3 70 39.7 0.0
40 26.5 0.0 80 44.2 4.5
45 29.5 3.0 90 48.6 4.4
50 32.0 2.5 100 48.6 0.0
55 36.3 4.3 110 57.0 8.4
60 36.3 0.0 120 61.0 4.0
65 39.5 3.2 130 65.1 4.1
70 40.0 0.5 140 69.3 4.2
75 40.0 0.0 150 73.5 4.2
80 40.0 0.0
85 40.0 0.0
90 45.0 5.0
95 45.0 0.0

100 49.0 4.0
105 56.5 7.5
110 56.5 0.0
115 60.5 4.0
120 64.0 3.5
125 64.0 0.0
130 67.0 3.0
135 67.0 0.0
140 71.0 4.0
145 74.0 3.0
150 74.0 0.0

2.4 Avg Diff (cm) 4.5 Avg Diff (cm) 
q (cm3/s) 4.2 q (cm3/s) 3.9 q (cm3/s)

METHOD 1 : Elrick and Reynolds (1992)

Ks (cm/s) 0.0044 Ks (cm/s) 0.0041 Ks (cm/s)
Ks (m/day) 3.77 Ks (m/day) 3.57 Ks (m/day)

Average (m/day) 3.7

METHOD 2 : Talsma and Hallam Method (for low Ks only <2.9)

q (cm3/min) 249.9 236.5 cm3/min cm3/min
r (cm) 6 6.0 cm cm
H (cm) 10.0 10.0 cm cm

0.5sinh-1(H/2r) 0.38 0.38
-sqrt((r/H)^2+0.25) -0.78 -0.78
r/H 0.60 0.60
Sum 0.20 0.20

Sum*4.4*q 217.97 206.30
2*pi*H2 628.32 628.32

Ksat (cm/min) 0.3 0.3
Ksat (m/day) 5.00 4.73

Average (m/day) 4.9
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Borehole Permeameter : Field Result Analysis
Project/Site Glen Iris Test Site 3
Soil Descrip Grey to dark grey fine to medium sand
Location 391674  mE

6447970  mN

TEST 1 TEST 2 TEST 3

r 5.0 cm r 5.0 cm r cm

H 10.0 cm H 8.0 cm H cm

time step 10 secs time step 5 secs time step secs

H/r 2.00 H/r 1.60 H/r
C 0.91 C 0.75 C

Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm)

0 4.5 0 5.5
10 28.0 23.5 5 24.0 18.5
20 50.2 22.2 10 34.0 10.0
30 71.5 21.3 15 41.0 7.0

20 51.2 10.2
25 58.5 7.3
30 66.0 7.5

22.3 Avg Diff (cm) 10.1 Avg Diff (cm) 
q (cm3/s) 19.7 q (cm3/s) 17.7 q (cm3/s)

METHOD 1 : Elrick and Reynolds (1992)

Ks (cm/s) 0.0256 Ks (cm/s) 0.0287 Ks (cm/s)
Ks (m/day) 22.14 Ks (m/day) 24.83 Ks (m/day)

Average (m/day) 23.5

METHOD 2 : Talsma and Hallam Method (for low Ks only <2.9)

q (cm3/min) 1179.2 1064.8 cm3/min cm3/min
r (cm) 5 5.0 cm cm
H (cm) 10.0 8.0 cm cm

0.5sinh-1(H/2r) 0.44 0.37
-sqrt((r/H)^2+0.25) -0.71 -0.80
r/H 0.50 0.63
Sum 0.23 0.19

Sum*4.4*q 1211.93 894.59
2*pi*H2 628.32 402.12

Ksat (cm/min) 1.9 2.2
Ksat (m/day) 27.78 32.04

Average (m/day) 29.9

Borehole Permeameter : Field Result Analysis
Project/Site Glen Iris Test Site 4
Soil Descrip Grey to dark grey fine to medium sand
Location 391658  mE

6447775  mN

TEST 1 TEST 2 TEST 3

r 5.0 cm r 5.0 cm r cm

H 10.0 cm H 9.0 cm H cm

time step 5 secs time step 5 secs time step secs

H/r 2.00 H/r 1.80 H/r
C 0.91 C 0.83 C

Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm) Time (sec) Diff (cm)

0 2.5 0 5.0
5 44.0 41.5 5 43.0 38.0
10 61.0 17.0 10 61.0 18.0

15 73.0 12.0

29.3 Avg Diff (cm) 22.7 Avg Diff (cm) 
q (cm3/s) 51.5 q (cm3/s) 39.9 q (cm3/s)

METHOD 1 : Elrick and Reynolds (1992)

Ks (cm/s) 0.0671 Ks (cm/s) 0.0578 Ks (cm/s)
Ks (m/day) 57.98 Ks (m/day) 49.91 Ks (m/day)

Average (m/day) 53.9

METHOD 2 : Talsma and Hallam Method (for low Ks only <2.9)

q (cm3/min) 3088.8 2393.6 cm3/min cm3/min
r (cm) 5 5.0 cm cm
H (cm) 10.0 9.0 cm cm

0.5sinh-1(H/2r) 0.44 0.40
-sqrt((r/H)^2+0.25) -0.71 -0.75
r/H 0.50 0.56
Sum 0.23 0.21

Sum*4.4*q 3174.52 2238.71
2*pi*H2 628.32 508.94

Ksat (cm/min) 5.1 4.4
Ksat (m/day) 72.75 63.34

Average (m/day) 68.0
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Borehole Permeameter : Field Result Analysis
Project/Site Glen Iris Test Site 5
Soil Descrip Grey fine to medium sand
Location 391757  mE

6447775  mN

TEST 1 TEST 2 TEST 3

r 6.0 cm r 6.0 cm r 6.0 cm

H 10.0 cm H 8.0 cm H 10.0 cm

time step 5 secs time step 5 secs time step 5 secs

H/r 1.67 H/r 1.33 H/r 1.67
C 0.75 C 0.66 C 0.75

Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm)

0 4.0 0 4.7 0 4.5
5 8.1 4.1 5 9.5 4.8 5 9.1 4.6
10 12.1 4.0 10 13.7 4.2 10 13.0 3.9
15 16.0 3.9 15 17.6 3.9 15 13.0 0.0
20 20.2 4.2 20 21.5 3.9 20 17.1 4.1
25 23.5 3.3 25 25.0 3.5 25 21.2 4.1
30 27.0 3.5 30 29.2 4.2 30 25.2 4.0
35 31.1 4.1 35 29.2 0.0 35 29.6 4.4
40 34.8 3.7 40 33.5 4.3 40 29.6 0.0
45 39.0 4.2 45 37.4 3.9 45 33.5 3.9
50 43.0 4.0 50 43.1 5.7 50 38.2 4.7
55 43.0 0.0 55 43.1 0.0 55 42.7 4.5
60 46.9 3.9 60 47.0 3.9 60 42.7 0.0
65 52.2 5.3 65 52.3 5.3 65 47.1 4.4
70 52.2 0.0 70 52.3 0.0 70 51.6 4.5
75 56.2 4.0 75 56.4 4.1 75 51.6 0.0
80 60.2 4.0 80 62.0 5.6 80 54.6 3.0
85 65.0 4.8 85 62.0 0.0 85 60.0 5.4
90 69.0 4.0 90 65.9 3.9 90 60.0 0.0
95 69.0 0.0 95 71.0 5.1 95 65.0 5.0

100 73.5 4.5 100 69.2 4.2
105 73.4 4.2
110 73.4 0.0

3.5 Avg Diff (cm) 3.5 Avg Diff (cm) 3.1
q (cm3/s) 6.1 q (cm3/s) 6.1 q (cm3/s) 5.5

METHOD 1 : Elrick and Reynolds (1992)

Ks (cm/s) 0.0064 Ks (cm/s) 0.0085 Ks (cm/s) 0.0058
Ks (m/day) 5.53 Ks (m/day) 7.30 Ks (m/day) 4.99

Average (m/day) 5.9

METHOD 2 : Talsma and Hallam Method (for low Ks only <2.9)

q (cm3/min) 367.0 368.5 cm3/min 330.7 cm3/min
r (cm) 6 6.0 cm 6.0 cm
H (cm) 10.0 8.0 cm 10.0 cm

0.5sinh-1(H/2r) 0.38 0.31 0.38
-sqrt((r/H)^2+0.25) -0.78 -0.90 -0.78
r/H 0.60 0.75 0.60
Sum 0.20 0.16 0.20

Sum*4.4*q 320.05 261.34 288.44
2*pi*H2 628.32 402.12 628.32

Ksat (cm/min) 0.5 0.6 0.5
Ksat (m/day) 7.33 9.36 6.61

Average (m/day) 8.3

Borehole Permeameter : Field Result Analysis
Project/Site Glen Iris Test Site 6
Soil Descrip Grey to dark grey fine to medium sand
Location 391723  mE

6447547  mN

TEST 1 TEST 2 TEST 3

r 5.0 cm r 5.0 cm r cm

H 10.0 cm H 10.0 cm H cm

time step 5 secs time step 5 secs time step secs

H/r 2.00 H/r 2.00 H/r
C 0.91 C 0.91 C

Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm)

0 5.0 0 5.8
5 28.0 23.0 5 46.0 40.2
10 60.0 32.0 10 54.0 8.0

27.5 Avg Diff (cm) 24.1 Avg Diff (cm) 
q (cm3/s) 48.4 q (cm3/s) 42.4 q (cm3/s)

METHOD 1 : Elrick and Reynolds (1992)

Ks (cm/s) 0.0631 Ks (cm/s) 0.0553 Ks (cm/s)
Ks (m/day) 54.51 Ks (m/day) 47.77 Ks (m/day)

Average (m/day) 51.1

METHOD 2 : Talsma and Hallam Method (for low Ks only <2.9)

q (cm3/min) 2904.0 2545.0 cm3/min cm3/min
r (cm) 5 5.0 cm cm
H (cm) 10.0 10.0 cm cm

0.5sinh-1(H/2r) 0.44 0.44
-sqrt((r/H)^2+0.25) -0.71 -0.71
r/H 0.50 0.50
Sum 0.23 0.23

Sum*4.4*q 2984.59 2615.59
2*pi*H2 628.32 628.32

Ksat (cm/min) 4.8 4.2
Ksat (m/day) 68.40 59.94

Average (m/day) 64.2
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Borehole Permeameter : Field Result Analysis
Project/Site Glen Iris Test Site 7
Soil Descrip Grey to dark grey fine to medium sand
Location 391790  mE

6447430  mN

TEST 1 TEST 2 TEST 3

r 5.0 cm r 5.0 cm r cm

H 10.0 cm H 10.0 cm H cm

time step 5 secs time step 5 secs time step secs

H/r 2.00 H/r 2.00 H/r
C 0.91 C 0.91 C

Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm)

0 8.2 0 5.0
5 15.6 7.4 5 13.2 8.2
10 21.0 5.4 10 18.0 4.8
15 29.4 8.4 15 28.5 10.5
20 29.4 0.0 20 34.5 6.0
25 36.1 6.7 25 36.4 1.9
30 39.4 3.3 30 36.4 0.0
35 46.0 6.6 35 40.4 4.0
40 50.0 4.0 40 49.0 8.6
45 53.5 3.5 45 52.0 3.0
50 60.5 7.0 50 57.0 5.0
55 67.0 6.5 55 65.0 8.0
60 71.0 4.0 60 72.1 7.1
65 75.0 4.0

5.1 Avg Diff (cm) 5.6 Avg Diff (cm) 
q (cm3/s) 9.0 q (cm3/s) 9.8 q (cm3/s)

METHOD 1 : Elrick and Reynolds (1992)

Ks (cm/s) 0.0118 Ks (cm/s) 0.0128 Ks (cm/s)
Ks (m/day) 10.19 Ks (m/day) 11.08 Ks (m/day)

Average (m/day) 10.6

METHOD 2 : Talsma and Hallam Method (for low Ks only <2.9)

q (cm3/min) 542.6 590.5 cm3/min cm3/min
r (cm) 5 5.0 cm cm
H (cm) 10.0 10.0 cm cm

0.5sinh-1(H/2r) 0.44 0.44
-sqrt((r/H)^2+0.25) -0.71 -0.71
r/H 0.50 0.50
Sum 0.23 0.23

Sum*4.4*q 557.68 606.87
2*pi*H2 628.32 628.32

Ksat (cm/min) 0.9 1.0
Ksat (m/day) 12.78 13.91

Average (m/day) 13.3

Borehole Permeameter : Field Result Analysis
Project/Site Glen Iris Test Site 8
Soil Descrip Grey to dark grey fine to medium sand
Location 392037  mE

6447313  mN

TEST 1 TEST 2 TEST 3

r 5.5 cm r 5.5 cm r cm

H 10.0 cm H 10.0 cm H cm

time step 5 secs time step 5 secs time step secs

H/r 1.82 H/r 1.82 H/r
C 0.83 C 0.83 C

Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm)

0 7.5 0 9.0
5 76.0 68.5 5 76.0 67.0

68.5 Avg Diff (cm) 67.0 Avg Diff (cm) 
q (cm3/s) 120.6 q (cm3/s) 117.9 q (cm3/s)

METHOD 1 : Elrick and Reynolds (1992)

Ks (cm/s) 0.1417 Ks (cm/s) 0.1386 Ks (cm/s)
Ks (m/day) 122.45 Ks (m/day) 119.77 Ks (m/day)

Average (m/day) 121.1

METHOD 2 : Talsma and Hallam Method (for low Ks only <2.9)

q (cm3/min) 7233.6 7075.2 cm3/min cm3/min
r (cm) 5.5 5.5 cm cm
H (cm) 10.0 10.0 cm cm

0.5sinh-1(H/2r) 0.41 0.41
-sqrt((r/H)^2+0.25) -0.74 -0.74
r/H 0.55 0.55
Sum 0.21 0.21

Sum*4.4*q 6827.10 6677.61
2*pi*H2 628.32 628.32

Ksat (cm/min) 10.9 10.6
Ksat (m/day) 156.47 153.04

Average (m/day) 154.8
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Borehole Permeameter : Field Result Analysis
Project/Site Glen Iris Test Site 9
Soil Descrip Grey to dark grey fine to medium sand
Location 392107  mE

6447280  mN

TEST 1 TEST 2 TEST 3

r 6.0 cm r 6.0 cm r cm

H 10.0 cm H 10.0 cm H cm

time step 5 secs time step 5 secs time step secs

H/r 1.67 H/r 1.67 H/r
C 0.75 C 0.75 C

Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm)

0 5.5 0 9.0
5 28.0 5.5 5 29.5 20.5
10 49.0 28.0 10 41.5 12.0
15 74.0 49.0 15 57.0 15.5

20 71.0 14.0

27.5 Avg Diff (cm) 15.5 Avg Diff (cm) 
q (cm3/s) 48.4 q (cm3/s) 27.3 q (cm3/s)

METHOD 1 : Elrick and Reynolds (1992)

Ks (cm/s) 0.0507 Ks (cm/s) 0.0286 Ks (cm/s)
Ks (m/day) 43.78 Ks (m/day) 24.68 Ks (m/day)

Average (m/day) 34.2

METHOD 2 : Talsma and Hallam Method (for low Ks only <2.9)

q (cm3/min) 2904.0 1636.8 cm3/min cm3/min
r (cm) 6 6.0 cm cm
H (cm) 10.0 10.0 cm cm

0.5sinh-1(H/2r) 0.38 0.38
-sqrt((r/H)^2+0.25) -0.78 -0.78
r/H 0.60 0.60
Sum 0.20 0.20

Sum*4.4*q 2532.75 1427.55
2*pi*H2 628.32 628.32

Ksat (cm/min) 4.0 2.3
Ksat (m/day) 58.05 32.72

Average (m/day) 45.4

Borehole Permeameter : Field Result Analysis
Project/Site Glen Iris Test Site 10
Soil Descrip Grey to dark grey fine to medium sand
Location 392118  mE

6447046  mN

TEST 1 TEST 2 TEST 3

r 6.0 cm r 6.0 cm r 6.0 cm

H 10.0 cm H 10.0 cm H 10.0 cm

time step 5 secs time step 5 secs time step 5 secs

H/r 1.67 H/r 1.67 H/r 1.67
C 0.75 C 0.75 C 0.75

Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm)

0 6.3 0 4.7 0 4.8
5 15.2 8.9 5 12.0 7.3 5 15.2 10.4
10 20.2 5.0 10 18.0 6.0 10 19.8 4.6
15 20.2 0.0 15 26.0 8.0 15 29.5 9.7
20 24.4 4.2 20 31.2 5.2 20 32.6 3.1
25 31.0 6.6 25 39.5 8.3 25 41.2 8.6
30 43.0 12.0 30 42.9 3.4 30 50.0 8.8
35 37.6 -5.4 35 51.1 8.2 35 57.0 7.0
40 40.9 3.3 40 55.0 3.9 40 66.0 9.0
45 45.2 4.3 45 59.1 4.1 45 72.5 6.5
50 49.5 4.3 50 68.0 8.9
55 54.1 4.6 55 75.0 7.0
60 60.0 5.9
65 65.6 5.6
70 71.0 5.4
75 71.0 0.0
80 76.0 5.0

4.4 Avg Diff (cm) 6.4 Avg Diff (cm) 7.5
q (cm3/s) 7.7 q (cm3/s) 11.2 q (cm3/s) 13.2

METHOD 1 : Elrick and Reynolds (1992)

Ks (cm/s) 0.0080 Ks (cm/s) 0.0118 Ks (cm/s) 0.0139
Ks (m/day) 6.94 Ks (m/day) 10.17 Ks (m/day) 11.98

Average (m/day) 9.7

METHOD 2 : Talsma and Hallam Method (for low Ks only <2.9)

q (cm3/min) 460.0 674.9 cm3/min 794.3 cm3/min
r (cm) 6 6.0 cm 6.0 cm
H (cm) 10.0 10.0 cm 10.0 cm

0.5sinh-1(H/2r) 0.38 0.38 0.38
-sqrt((r/H)^2+0.25) -0.78 -0.78 -0.78
r/H 0.60 0.60 0.60
Sum 0.20 0.20 0.20

Sum*4.4*q 401.21 588.60 692.80
2*pi*H2 628.32 628.32 628.32

Ksat (cm/min) 0.6 0.9 1.1
Ksat (m/day) 9.20 13.49 15.88

Average (m/day) 11.3

Version: 1, Version Date: 13/09/2024
Document Set ID: 12051332



Borehole Permeameter : Field Result Analysis
Project/Site Glen Iris Test Site 11
Soil Descrip Fine to medium grey sand
Location 391956  mE

6446486  mN

TEST 1 TEST 2 TEST 3

r 4.5 cm r 4.5 cm r 4.5 cm

H 10.0 cm H 10.0 cm H 10.0 cm

time step 5 secs time step 5 secs time step 5 secs

H/r 2.22 H/r 2.22 H/r 2.22
C 0.91 C 0.91 C 0.91

Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm)

0 4.5 0 13.0 0 5.5
5 26.0 21.5 5 41.1 28.1 5 28.0 22.5
10 50.4 24.4 10 52.3 11.2 10 52.2 24.2
15 64.0 13.6 15 74.8 22.6

19.8 Avg Diff (cm) 19.7 Avg Diff (cm) 23.1
q (cm3/s) 34.9 q (cm3/s) 34.6 q (cm3/s) 40.7

METHOD 1 : Elrick and Reynolds (1992)

Ks (cm/s) 0.0464 Ks (cm/s) 0.0460 Ks (cm/s) 0.0540
Ks (m/day) 40.09 Ks (m/day) 39.72 Ks (m/day) 46.70

Average (m/day) 42.2

METHOD 2 : Talsma and Hallam Method (for low Ks only <2.9)

q (cm3/min) 2094.4 2075.0 cm3/min 2439.4 cm3/min
r (cm) 4.5 4.5 cm 4.5 cm
H (cm) 10.0 10.0 cm 10.0 cm

0.5sinh-1(H/2r) 0.48 0.48 0.48
-sqrt((r/H)^2+0.25) -0.67 -0.67 -0.67
r/H 0.45 0.45 0.45
Sum 0.26 0.26 0.26

Sum*4.4*q 2361.15 2339.32 2750.05
2*pi*H2 628.32 628.32 628.32

Ksat (cm/min) 3.8 3.7 4.4
Ksat (m/day) 54.11 53.61 63.03

Average (m/day) 53.9

Borehole Permeameter : Field Result Analysis
Project/Site Glen Iris Test Site 12
Soil Descrip Fine to medium brown grey sand
Location 391933  mE

6446563  mN

TEST 1 TEST 2 TEST 3

r 5.5 cm r 5.5 cm r 5.5 cm

H 10.0 cm H 10.0 cm H 10.0 cm

time step 5 secs time step 5 secs time step 5 secs

H/r 1.82 H/r 1.82 H/r 1.82
C 0.83 C 0.83 C 0.83

Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm)

0 4.5 0 3.6 0 4.2
5 28.5 24.0 5 27.7 24.1 5 37.5 33.3
10 47.3 18.8 10 46.8 19.1 10 52.8 15.3
15 68.4 21.1 15 75.0 28.2 15 75.0 22.2

21.3 Avg Diff (cm) 23.8 Avg Diff (cm) 23.6
q (cm3/s) 37.5 q (cm3/s) 41.9 q (cm3/s) 41.5

METHOD 1 : Elrick and Reynolds (1992)

Ks (cm/s) 0.0441 Ks (cm/s) 0.0492 Ks (cm/s) 0.0488
Ks (m/day) 38.08 Ks (m/day) 42.55 Ks (m/day) 42.19

Average (m/day) 40.9

METHOD 2 : Talsma and Hallam Method (for low Ks only <2.9)

q (cm3/min) 2249.3 2513.3 cm3/min 2492.2 cm3/min
r (cm) 5.5 5.5 cm 5.5 cm
H (cm) 10.0 10.0 cm 10.0 cm

0.5sinh-1(H/2r) 0.41 0.41 0.41
-sqrt((r/H)^2+0.25) -0.74 -0.74 -0.74
r/H 0.55 0.55 0.55
Sum 0.21 0.21 0.21

Sum*4.4*q 2122.88 2372.04 2352.11
2*pi*H2 628.32 628.32 628.32

Ksat (cm/min) 3.4 3.8 3.7
Ksat (m/day) 48.65 54.36 53.91

Average (m/day) 51.5
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Borehole Permeameter : Field Result Analysis
Project/Site Glen Iris Test Site 13
Soil Descrip Fine to medium sand. Grey to white.
Location 391992  mE

6446852  mN

TEST 1 TEST 2 TEST 3

r 5.0 cm r 5.0 cm r cm

H 10.0 cm H 10.0 cm H cm

time step 5 secs time step 5 secs time step secs

H/r 2.00 H/r 2.00 H/r
C 0.91 C 0.91 C

Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm)

0 9.0 0 3.2
5 76.0 67.0 5 76.0 72.8

67.0 Avg Diff (cm) 72.8 Avg Diff (cm) 
q (cm3/s) 117.9 q (cm3/s) 128.1 q (cm3/s)

METHOD 1 : Elrick and Reynolds (1992)

Ks (cm/s) 0.1537 Ks (cm/s) 0.1670 Ks (cm/s)
Ks (m/day) 132.81 Ks (m/day) 144.31 Ks (m/day)

Average (m/day) 138.6

METHOD 2 : Talsma and Hallam Method (for low Ks only <2.9)

q (cm3/min) 7075.2 7687.7 cm3/min cm3/min
r (cm) 5 5.0 cm cm
H (cm) 10.0 10.0 cm cm

0.5sinh-1(H/2r) 0.44 0.44
-sqrt((r/H)^2+0.25) -0.71 -0.71
r/H 0.50 0.50
Sum 0.23 0.23

Sum*4.4*q 7271.55 7901.03
2*pi*H2 628.32 628.32

Ksat (cm/min) 11.6 12.6
Ksat (m/day) 166.65 181.08

Average (m/day) 173.9

Borehole Permeameter : Field Result Analysis
Project/Site Glen Iris Test Site 14
Soil Descrip Grey to yellow, fine to medium grain sand 
Location 391620  mE

6448394  mN

TEST 1 TEST 2 TEST 3

r 4.0 cm r 5.0 cm r cm

H 10.0 cm H 10.0 cm H cm

time step 5 secs time step 5 secs time step secs

H/r 2.50 H/r 2.00 H/r
C 1.06 C 0.91 C

Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm)

0 4.5 0 4.1
5 17.0 12.5 5 18.6 14.5
10 25.8 8.8 10 31.3 12.7
15 37.0 11.2 15 41.5 10.2
20 50.5 13.5 20 54.0 12.5
25 57.0 6.5 25 72.5 18.5
30 73.4 16.4 30 76.0 3.5
35 76.0 2.6

10.2 Avg Diff (cm) 12.0 Avg Diff (cm) 
q (cm3/s) 18.0 q (cm3/s) 21.1 q (cm3/s)

METHOD 1 : Elrick and Reynolds (1992)

Ks (cm/s) 0.0280 Ks (cm/s) 0.0275 Ks (cm/s)
Ks (m/day) 24.22 Ks (m/day) 23.75 Ks (m/day)

Average (m/day) 24.0

METHOD 2 : Talsma and Hallam Method (for low Ks only <2.9)

q (cm3/min) 1078.6 1265.4 cm3/min cm3/min
r (cm) 4 5.0 cm cm
H (cm) 10.0 10.0 cm cm

0.5sinh-1(H/2r) 0.52 0.44
-sqrt((r/H)^2+0.25) -0.64 -0.71
r/H 0.40 0.50
Sum 0.28 0.23

Sum*4.4*q 1345.41 1300.56
2*pi*H2 628.32 628.32

Ksat (cm/min) 2.1 2.1
Ksat (m/day) 30.83 29.81

Average (m/day) 30.3
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Borehole Permeameter : Field Result Analysis
Project/Site Glen Iris Test Site 15
Soil Descrip Fine to medium sand. Grey to dark grey.
Location 391795  mE

6447827  mN

TEST 1 TEST 2 TEST 3

r 5.0 cm r 5.0 cm r cm

H 10.0 cm H 10.0 cm H cm

time step 5 secs time step 5 secs time step secs

H/r 2.00 H/r 2.00 H/r
C 0.91 C 0.91 C

Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm)

0 3.0 0 3.2
5 41.0 38.0 5 34.0 30.8
10 47.0 6.0 10 53.0 19.0
15 65.0 18.0 15 70.0 17.0
20 76.0 11.0 20 76.0 6.0

18.3 Avg Diff (cm) 18.2 Avg Diff (cm) 
q (cm3/s) 32.1 q (cm3/s) 32.0 q (cm3/s)

METHOD 1 : Elrick and Reynolds (1992)

Ks (cm/s) 0.0419 Ks (cm/s) 0.0418 Ks (cm/s)
Ks (m/day) 36.18 Ks (m/day) 36.08 Ks (m/day)

Average (m/day) 36.1

METHOD 2 : Talsma and Hallam Method (for low Ks only <2.9)

q (cm3/min) 1927.2 1921.9 cm3/min cm3/min
r (cm) 5 5.0 cm cm
H (cm) 10.0 10.0 cm cm

0.5sinh-1(H/2r) 0.44 0.44
-sqrt((r/H)^2+0.25) -0.71 -0.71
r/H 0.50 0.50
Sum 0.23 0.23

Sum*4.4*q 1980.68 1975.26
2*pi*H2 628.32 628.32

Ksat (cm/min) 3.2 3.1
Ksat (m/day) 45.39 45.27

Average (m/day) 45.3

Borehole Permeameter : Field Result Analysis
Project/Site Glen Iris Test Site 16
Soil Descrip Fine to medium sand. Grey to dark grey.
Location 392078  mE

6446319  mN

TEST 1 TEST 2 TEST 3

r 4.0 cm r 5.0 cm r cm

H 10.0 cm H 10.0 cm H cm

time step 5 secs time step 5 secs time step secs

H/r 2.50 H/r 2.00 H/r
C 1.06 C 0.91 C

Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm) Time (sec) Level (cm) Diff (cm)

0 9.2 0 7.0
5 20.1 10.9 5 18.0 11.0
10 28.4 8.3 10 27.2 9.2
15 36.5 8.1 15 34.4 7.2
20 45.4 8.9 20 40.0 5.6
25 45.4 0.0 25 48.0 8.0
30 53.0 7.6 30 58.4 10.4
35 60.0 7.0 35 66.5 8.1
40 64.0 4.0 40 75.0 8.5
45 67.0 3.0 45 76.0 1.0

6.4 Avg Diff (cm) 7.7 Avg Diff (cm) 
q (cm3/s) 11.3 q (cm3/s) 13.5 q (cm3/s)

METHOD 1 : Elrick and Reynolds (1992)

Ks (cm/s) 0.0176 Ks (cm/s) 0.0176 Ks (cm/s)
Ks (m/day) 15.23 Ks (m/day) 15.20 Ks (m/day)

Average (m/day) 15.2

METHOD 2 : Talsma and Hallam Method (for low Ks only <2.9)

q (cm3/min) 678.2 809.6 cm3/min cm3/min
r (cm) 4 5.0 cm cm
H (cm) 10.0 10.0 cm cm

0.5sinh-1(H/2r) 0.52 0.44
-sqrt((r/H)^2+0.25) -0.64 -0.71
r/H 0.40 0.50
Sum 0.28 0.23

Sum*4.4*q 845.92 832.07
2*pi*H2 628.32 628.32

Ksat (cm/min) 1.3 1.3
Ksat (m/day) 19.39 19.07

Average (m/day) 19.2
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Existing Stormwater System Plates 
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APPENDIX E 
Survey of Existing Stormwater Storages & Outlets 
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APPENDIX F 
Predevelopment Site Monitoring Data 
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APPENDIX G 
Lithological Logs 
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Lithological Log

Date :
Client : Job Number : Bore Name
Project: Start Hole :
Easting End Hole :
Northing Logged by :
Datum: Total Depth :
Drill type:  RL Top of Casing
Hole diameter: RL Nat Surface :

Colour Particle 
Size

Texture Organic 
Content

Comment

2.0m

4.0m

6.0m

8.0m

10.0m

12.0m

COLOUR : Black, White, Biege
Dark/Medium/Light : Brown, Red, Orange, Yellow, Grey, Blue
Composition : Solid , Blemish, Mottle Static Water Level

PARTICLE SIZE : Fine, Medium, Course
TEXTURE : Sand, Loamy Sand, Clayey Sand Date

Silt, Loam, Sandy Loam, Clayey Loam
Clay, Sandy Clay Stickup above NS (m)

ORGANICS : High, Medium, Low Water Level bTOC (m)
MOISTURE : Dry, Slightly Moist, Moist, Saturated Water Level bNS (m)

Light Yellow 
Brown

Orange Brown

Light Orange 
Brown

Yellow

Yellow Grey

Light Yellow 
Grey

Yellow Grey

Fine to 
Medium

Sand Nil

PV
C

  (
C

la
ss

 9
) 

Slight Traces of Coffee 
Rock but Not 
CemenetedDark Brown

Slightly Moist

Moist

Light Yellow

  s
up

p
or

t

  b
a

ck
fil

l

  w
a

te
r

Slot / 
Screen 
Depth

Depth 
(metres)

Soil Characteristics

Moisture

SO
AHD 12 m
Drill Rig Hollow Auger 31.53 mAHD
2.5 Inch 30.93 mAHD

3/06/2020
ECP Acquisitions 6 Pty Ltd H20002
Glen Iris LWMS 9.30 am

MW1
392219 10 am
6447400

Hyd2o
Suite 6B 103 Rokeby Rd 

Subiaco, WA 6008

PO Box 1055
Subiaco WA 6904 

Lithological Log

Date :
Client : Job Number : Bore Name
Project: Start Hole :
Easting End Hole :
Northing Logged by :
Datum: Total Depth :
Drill type:  RL Top of Casing
Hole diameter: RL Nat Surface :

Colour Particle 
Size

Texture Organic 
Content

Comment

1.0m

2.0m

3.0m

4.0m

5.0m

6.0m

7.0m

8.0m

9.0m

10.0m

COLOUR : Black, White, Biege
Dark/Medium/Light : Brown, Red, Orange, Yellow, Grey, Blue
Composition : Solid , Blemish, Mottle Static Water Level

PARTICLE SIZE : Fine, Medium, Course
TEXTURE : Sand, Loamy Sand, Clayey Sand Date

Silt, Loam, Sandy Loam, Clayey Loam
Clay, Sandy Clay Stickup above NS (m)

ORGANICS : High, Medium, Low Water Level bTOC (m)
MOISTURE : Dry, Slightly Moist, Moist, Saturated Water Level bNS (m)

Sand

Low

Nil

Grey Brown

Light Yellow 
Grey

Light Grey

Light Grey

White

Dark Grey Brown

PV
C

  (
C

la
ss

 9
) 

Slightly Moist

Moist

Light Grey

White

Fine to 
Medium

  s
up

p
or

t

  b
a

ck
fil

l

  w
a

te
r

Slot / 
Screen 
Depth

Depth 
(metres)

Soil Characteristics

Moisture

SO
AHD 9.5 m
Drill Rig Hollow Auger 27.82 mAHD
2.5 Inch 27.22 mAHD

3/06/2020
ECP Acquisitions 6 Pty Ltd H20002
Glen Iris LWMS 10.15 am

MW2
392008 10.45 am
6447916

Hyd2o
Suite 6B 103 Rokeby Rd 

Subiaco, WA 6008

PO Box 1055
Subiaco WA 6904 
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Lithological Log

Date :
Client : Job Number : Bore Name
Project: Start Hole :
Easting End Hole :
Northing Logged by :
Datum: Total Depth :
Drill type:  RL Top of Casing
Hole diameter: RL Nat Surface :

Colour Particle 
Size

Texture Organic 
Content

Comment

2.0m

4.0m

6.0m

8.0m

10.0m

12.0m

COLOUR : Black, White, Biege
Dark/Medium/Light : Brown, Red, Orange, Yellow, Grey, Blue
Composition : Solid , Blemish, Mottle Static Water Level

PARTICLE SIZE : Fine, Medium, Course
TEXTURE : Sand, Loamy Sand, Clayey Sand Date

Silt, Loam, Sandy Loam, Clayey Loam
Clay, Sandy Clay Stickup above NS (m)

ORGANICS : High, Medium, Low Water Level bTOC (m)
MOISTURE : Dry, Slightly Moist, Moist, Saturated Water Level bNS (m)

Nil

Dry

Slightly Moist

Moist

Yellow

White

Fine to 
Medium

Mostly 
Fine

Fine to 
Medium

Light Yellow

Orange

Light Yellow

Sand

PV
C

  (
C

la
ss

 9
) 

  s
up

p
or

t

  b
a

ck
fil

l

  w
a

te
r

Slot / 
Screen 
Depth

Depth 
(metres)

Soil Characteristics

Moisture

SO
AHD 11 m
Drill Rig Hollow Auger 30.33
2.5 Inch 29.73

3/06/2020
ECP Acquisitions 6 Pty Ltd H20002
Glen Iris LWMS 11.00 am

MW3
391661 11.30 am
6446084

Hyd2o
Suite 6B 103 Rokeby Rd 

Subiaco, WA 6008

PO Box 1055
Subiaco WA 6904 

Orange

Yellow

Light Yellow

Lithological Log

Date :
Client : Job Number : Bore Name
Project: Start Hole :
Easting End Hole :
Northing Logged by :
Datum: Total Depth :
Drill type:  RL Top of Casing
Hole diameter: RL Nat Surface :

Colour Particle 
Size

Texture Organic 
Content

Comment

1.0m

2.0m

3.0m

4.0m

5.0m
Slight Clay

6.0m

7.0m

8.0m

9.0m

10.0m

COLOUR : Black, White, Biege
Dark/Medium/Light : Brown, Red, Orange, Yellow, Grey, Blue
Composition : Solid , Blemish, Mottle Static Water Level

PARTICLE SIZE : Fine, Medium, Course
TEXTURE : Sand, Loamy Sand, Clayey Sand Date

Silt, Loam, Sandy Loam, Clayey Loam
Clay, Sandy Clay Stickup above NS (m)

ORGANICS : High, Medium, Low Water Level bTOC (m)
MOISTURE : Dry, Slightly Moist, Moist, Saturated Water Level bNS (m)

Slightly Moist

Dark Grey

Light Grey

Grey

Brown

Dark Brown

Brown

Moist

Saturated

PV
C

  (
C

la
ss

 9
) 

Fine to 
Medium

Sand

Mostly 
Fine

Fine to 
Medium

Low

Nil

Moist

  s
up

p
or

t

  b
a

ck
fil

l

  w
a

te
r

Slot / 
Screen 
Depth

Depth 
(metres)

Soil Characteristics

Moisture

SO
AHD 6.5 m
Drill Rig Hollow Auger 26.27
2.5 Inch 25.67

3/06/2020
ECP Acquisitions 6 Pty Ltd H20002
Glen Iris LWMS 11.45 am

MW4
391708 12.15 pm
6447579

Hyd2o
Suite 6B 103 Rokeby Rd 

Subiaco, WA 6008

PO Box 1055
Subiaco WA 6904 
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Lithological Log

Date :
Client : Job Number : Bore Name
Project: Start Hole :
Easting End Hole :
Northing Logged by :
Datum: Total Depth :
Drill type:  RL Top of Casing
Hole diameter: RL Nat Surface :

Colour Particle 
Size

Texture Organic 
Content

Comment

1.0m

2.0m

3.0m

4.0m

5.0m
Slight Clay

6.0m

7.0m

8.0m

9.0m

10.0m

COLOUR : Black, White, Biege
Dark/Medium/Light : Brown, Red, Orange, Yellow, Grey, Blue
Composition : Solid , Blemish, Mottle Static Water Level

PARTICLE SIZE : Fine, Medium, Course
TEXTURE : Sand, Loamy Sand, Clayey Sand Date

Silt, Loam, Sandy Loam, Clayey Loam
Clay, Sandy Clay Stickup above NS (m)

ORGANICS : High, Medium, Low Water Level bTOC (m)
MOISTURE : Dry, Slightly Moist, Moist, Saturated Water Level bNS (m)

Sand

Low

Nil

Dry

Slightly Moist

Dry

Moist

Saturated

Light Grey

Grey

Brown

Dark Brown

Fine to 
Medium

Mostly 
Fine

PV
C

  (
C

la
ss

 9
) 

 Grey

Dark Grey

  s
up

p
or

t

  b
a

ck
fil

l

  w
a

te
r

Slot / 
Screen 
Depth

Depth 
(metres)

Soil Characteristics

Moisture

SO
AHD 6.5 m
Drill Rig Hollow Auger 27.44
2.5 Inch 26.84

3/06/2020
ECP Acquisitions 6 Pty Ltd H20002
Glen Iris LWMS 12.30 pm

MW5
392170 1.00 pm
6447202

Hyd2o
Suite 6B 103 Rokeby Rd 

Subiaco, WA 6008

PO Box 1055
Subiaco WA 6904 

Lithological Log

Date :
Client : Job Number : Bore Name
Project: Start Hole :
Easting End Hole :
Northing Logged by :
Datum: Total Depth :
Drill type:  RL Top of Casing
Hole diameter: RL Nat Surface :

Colour Particle 
Size

Texture Organic 
Content

Comment

1.0m

2.0m

3.0m

4.0m

5.0m

6.0m

7.0m

8.0m

9.0m

10.0m

COLOUR : Black, White, Biege
Dark/Medium/Light : Brown, Red, Orange, Yellow, Grey, Blue
Composition : Solid , Blemish, Mottle Static Water Level

PARTICLE SIZE : Fine, Medium, Course
TEXTURE : Sand, Loamy Sand, Clayey Sand Date

Silt, Loam, Sandy Loam, Clayey Loam
Clay, Sandy Clay Stickup above NS (m)

ORGANICS : High, Medium, Low Water Level bTOC (m)
MOISTURE : Dry, Slightly Moist, Moist, Saturated Water Level bNS (m)

Moisture

PV
C

  (
C

la
ss

 9
) 

 Grey with 
Yellow Tinge

SandGrey with 
Yellow Tinge

Brown

Drill Rig Hollow Auger 29.16
2.5 Inch 28.56

  s
up

p
or

t

  b
a

ck
fil

l

  w
a

te
r

Slot / 
Screen 
Depth

Depth 
(metres)

Soil Characteristics

392027 9.00 am
6446878 SO
AHD 8 m

Grey Yellow

Grey

Dark Grey

4/06/2020
ECP Acquisitions 6 Pty Ltd H20002
Glen Iris LWMS 8.30 am

MW6

Dry

Slightly Moist

Saturated

Moist

Dark Brown

Grey

Fine to 
Medium

Low

Nil

Yellow with 
Grey Tinge

Hyd2o
Suite 6B 103 Rokeby Rd 

Subiaco, WA 6008

PO Box 1055
Subiaco WA 6904 
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Lithological Log

Date :
Client : Job Number : Bore Name
Project: Start Hole :
Easting End Hole :
Northing Logged by :
Datum: Total Depth :
Drill type:  RL Top of Casing
Hole diameter: RL Nat Surface :

Colour Particle 
Size

Texture Organic 
Content

Comment

1.0m

2.0m

3.0m

4.0m

5.0m

6.0m

7.0m

8.0m

9.0m

10.0m

COLOUR : Black, White, Biege
Dark/Medium/Light : Brown, Red, Orange, Yellow, Grey, Blue
Composition : Solid , Blemish, Mottle Static Water Level

PARTICLE SIZE : Fine, Medium, Course
TEXTURE : Sand, Loamy Sand, Clayey Sand Date

Silt, Loam, Sandy Loam, Clayey Loam
Clay, Sandy Clay Stickup above NS (m)

ORGANICS : High, Medium, Low Water Level bTOC (m)
MOISTURE : Dry, Slightly Moist, Moist, Saturated Water Level bNS (m)

4/06/2020
ECP Acquisitions 6 Pty Ltd H20002
Glen Iris LWMS 7.45 am

MW7
391965 8.15 am
6446606 SO
AHD 8 m
Drill Rig Hollow Auger 391965
2.5 Inch 6446606

Low

Nil

  s
up

p
or

t

  b
a

ck
fil

l

  w
a

te
r

Slot / 
Screen 
Depth

Depth 
(metres)

Soil Characteristics

Moisture

Fine to 
Medium

Dark Grey

Mostly 
Fine

Fine to 
Medium

Sand

PV
C

  (
C

la
ss

 9
) 

Slightly Moist

Moist

Slightly Cemented but 
No Perched Layer

White Sat

Brown Grey

Black

Grey 

Brown

Light Brown

Hyd2o
Suite 6B 103 Rokeby Rd 

Subiaco, WA 6008

PO Box 1055
Subiaco WA 6904 

Lithological Log

Date :
Client : Job Number : Bore Name
Project: Start Hole :
Easting End Hole :
Northing Logged by :
Datum: Total Depth :
Drill type:  RL Top of Casing
Hole diameter: RL Nat Surface :

Colour Particle 
Size

Texture Organic 
Content

Comment

1.0m

2.0m

3.0m

4.0m

5.0m

6.0m

7.0m

8.0m

9.0m

10.0m

COLOUR : Black, White, Biege
Dark/Medium/Light : Brown, Red, Orange, Yellow, Grey, Blue
Composition : Solid , Blemish, Mottle Static Water Level

PARTICLE SIZE : Fine, Medium, Course
TEXTURE : Sand, Loamy Sand, Clayey Sand Date

Silt, Loam, Sandy Loam, Clayey Loam
Clay, Sandy Clay Stickup above NS (m)

ORGANICS : High, Medium, Low Water Level bTOC (m)
MOISTURE : Dry, Slightly Moist, Moist, Saturated Water Level bNS (m)

4/06/2020
ECP Acquisitions 6 Pty Ltd H20002
Glen Iris LWMS 1.15 pm

MW8
392151 1.45 pm
6446249

Soil Characteristics

Moisture

SO
AHD 5 m
Drill Rig Hollow Auger 26.72
2.5 Inch 26.12

Fine to 
Medium

Sand

PV
C

  (
C

la
ss

 9
) 

  s
up

p
or

t

  b
a

ck
fil

l

  w
a

te
r

Slot / 
Screen 
Depth

Depth 
(metres)

Dark Grey

Light Grey

Grey 

Dark Grey

Brown 

High

Low

Nil

Dry

Slightly Moist

Moist

Saturated

Hyd2o
Suite 6B 103 Rokeby Rd 

Subiaco, WA 6008

PO Box 1055
Subiaco WA 6904 
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Lithological Log

Date :
Client : Job Number : Bore Name
Project: Start Hole :
Easting End Hole :
Northing Logged by :
Datum: Total Depth :
Drill type:  RL Top of Casing
Hole diameter: RL Nat Surface :

Colour Particle 
Size

Texture Organic 
Content

Comment

1.0m

2.0m

3.0m

4.0m

5.0m

6.0m

7.0m

8.0m

9.0m

10.0m

COLOUR : Black, White, Biege
Dark/Medium/Light : Brown, Red, Orange, Yellow, Grey, Blue
Composition : Solid , Blemish, Mottle Static Water Level

PARTICLE SIZE : Fine, Medium, Course
TEXTURE : Sand, Loamy Sand, Clayey Sand Date

Silt, Loam, Sandy Loam, Clayey Loam
Clay, Sandy Clay Stickup above NS (m)

ORGANICS : High, Medium, Low Water Level bTOC (m)
MOISTURE : Dry, Slightly Moist, Moist, Saturated Water Level bNS (m)

3/06/2020
ECP Acquisitions 6 Pty Ltd H20002
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392221 9.45 am
6446790
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hyd2o
Glen Iris Jandakot Local Water Management Strategy 

DWER Bore Hydrographs : JM12
Appendix H1

hyd2o
Glen Iris Jandakot Local Water Management Strategy 

DWER Bore Hydrographs : JM2
Appendix H2
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Glen Iris Jandakot Local Water Management Strategy 

DWER Bore Hydrographs : JM45A
Appendix H3

hyd2o
Glen Iris Jandakot Local Water Management Strategy 

DWER Bore Hydrographs : J310
Appendix H4
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Licensee(s) ECP Acquisitions 8 Pty Ltd
ECP Acquisitions 7 Pty Ltd
ECP Acquisitions 9 Pty Ltd 

Description of Water 
Resource

Jandakot
Perth - Superficial Swan

Annual Water 
Entitlement

325,000kL

Location of Water Source Lot 139 On Plan 18946  Volume/Folio 1947/547  Lot 139 Imlah Ct Jandakot  Back Nine
Lot 7 On Plan 21402  Volume/Folio 2195/189  Lot 7  Jandakot  Hartwell Paw

Authorised Activities Taking of water for Location of Activity

Irrigation of up to 29 ha of golf course LOT 139 ON PLAN 18946 - Volume/Folio 1947/547 - Lot 139

Lot 139 On Plan 18946  Volume/Folio 1947/547  Lot 139 Imlah Ct 
Jandakot  Back Nine

LOT 3 ON DIAGRAM 30047 - Volume/Folio 2190/500 - Lot 3 
DEAN RD JANDAKOT

LOT 509 ON DIAGRAM 91028 - Volume/Folio 2183/871 - Lot 509 
DEAN RD JANDAKOT

LOT 512 ON DIAGRAM 94292 - Volume/Folio 2183/872 - Lot 512

LOT 6 ON DIAGRAM 91027 - Volume/Folio 2765/992 - Lot 6

LOT 7 ON PLAN 21402 - Volume/Folio 2195/189 - Lot 7

Lot 7 On Plan 21402  Volume/Folio 2195/189  Lot 7  Jandakot
Hartwell Paw

Duration of Licence From 2 June 2020 to 1 November 2023

This Licence is subject to the following terms, conditions and restrictions:

1. The annual water year for water taken under this licence is defined as 1 July to 30 June.

2. The licensee shall not use water for irrigation between 9 am and 6 pm except for the establishment of newly planted areas.  For 
newly planted areas water may be used within these hours for a period of up to 28 consecutive days, commencing from the date of 
planting.

3. Between 1 June and 31 August in any year, the licence-holder must not water a lawn, garden, or grass-covered area ("turf") by 
reticulation,  provided always that this restriction shall not apply; watering with a hand held hose; or  watering, by way of 
reticulation: golf course tees and greens, turf wickets, bowling greens and active sporting areas; newly planted areas for a period 
of up to 28 days from the date of planting;  for renovating turf; or for maintenance of reticulation systems

End of terms, conditions and restrictions

This Licence is granted subject to the Rights in Water and Irrigation Regulations 2000.

File No: 
DWERVT5684

Page 1 of 1

Instrument No. GWL177091(2)

LICENCE TO TAKE WATER
Granted by the Minister under section 5C of the Rights in Water and Irrigation Act 1914
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Glen Iris Estate

1.1 General
The proposed redevelopment of the former Glen Iris golf course has created the need for a planning 

surrounding the site. 

1.2 Landscape Approach

•

•

•

•

•

•

•

•
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• 

• 

• 

1.3 Private Realm Strategy
The project’s private realm consists of landscaped open 

yards. In the case of higher density strata development 
areas, the open space consists of common areas for access 
and the use of those strata residents as well as private open 

residents as part of their purchase process to assist them in 

1.4 Public Realm Strategy

• Provide clear, direct, safe and compliant access around 
and through the proposed development 

• 

• 

• 

• 

• 
character and history of the site.

• 
• 
• Provide signage elements for clarity of pedestrian and 

cycle movement.
• 

levels.

Secret Harbour, Emerge Associates
Secret Harbour, Emerge Associates

Braithwaite Park, Emerge Associates

Newhaven, Emerge Associates
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Glen Iris Estate

1.5 Changing Demographics

living in the locality. It is understood that grandchildren are 

range of children ranging in ages from school age children to 

structures.

1.6 Open Space Distribution
The proposed open space typologies are arranged to provide 

strategy. 

1.7 Open Space Typologies
Broadly the open space areas within the project consist of 
set landscape and use typologies. These typologies are 

space, grade / levels and grade within the open space, the 

1.  Focal open space

management.
2.  Access open space
The proposed design consists of a series of access open 

space typologies. In so doing, these open spaces provide a 

pedestrian and cycle movement around the redevelopment. 

space areas are located to provide a range of localized 

The nature of these open space areas ranges from road 

Bibra Lake Regional Playground, Emerge Associates

Bibra Lake Regional Playground, Emerge Associates
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Braithwaite Park, Emerge Associates

Evermore Heights, Emerge Associates
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Glen Iris Estate
FOCAL OPEN SPACE CONCEPT DESIGN EXAMPLE

ACCESS PARK CONCEPT DESIGN EXAMPLE

1.8 Open Space Typologies Visual
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POCKET PARK CONCEPT DESIGN EXAMPLE

LANDSCAPE BUFFER WITH ROAD FRONTAGE CONCEPT DESIGN EXAMPLE

LANDSCAPE BUFFER WITHOUT ROAD FRONTAGE CONCEPT DESIGN EXAMPLE
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Glen Iris Estate
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Glen Iris Estate
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Glen Iris Estate

6.

scaled events.
7.

8.

9.
proposed development primarily on a path system with 

occur partly onto the road system where low vehicle 

10.

11.

and open view lines for passive surveillance. 
12.

larger areas of open space and along certain streets. The 

13.

14.

1.11 Public Facilities

1.

2.
areas set aside for small gatherings of residents and 
visitors to allow for use/hiring for personal training and 

level changes and path and wall layouts.
3.

the development area. It is proposed that a mid order 
play facility is located within the development to cater 

demographics. The aim is to design play elements that 

4.

through the proposed development. This caters for 

elements currently in the Glen Iris. 
5.

where residents are encouraged to stop and stay for a 
while. These are generally associated with play elements 

15. A 3 phase power outlet is proposed for the larger open 

periodic larger scaled community events.

Dalyellup Beach, Emerge Associates
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Evermore Heights, Emerge Associates Osprey Waters, Emerge Associates
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Glen Iris Estate

1.12 Existing Open Space Facilities A.

indicated there is the current need for a formal oval playing 

part of the proponents proposal.

B.
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nature trees. A children’s play area caters for toddlers and 

the shelf play items and with a small amount of specialised 
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Glen Iris Estate

Brighton, Emerge Associates

Sunrise, Emerge Associates

EXAMPLE SECTION A
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Braithwaite Park, Emerge Associates

Braithwaite Park, Emerge Associates

Allara, Emerge Associates

Spire, Emerge Associates
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Glen Iris Estate

1.13 Interface to Existing Residences

•

adjoining landowners.
•

•

•

•

•

1.14 CPTED & Passive Surveillance 
Approach

The landscape design of open space and streetscapes will 

of open space and the connected nature of the path system, 

of the developments safety and security approach. The 

smaller open space areas. 

within this document. 

1.15 Existing Adjacent Public Open Space 
Upgrades

Osprey Waters, Emerge Associates
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The Sanctuary, Emerge Associates

The Sanctuary, Emerge Associates

EXAMPLE SECTION B
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Glen Iris Estate

Shoreline, Emerge AssociatesHeritage Park, Emerge AssociatesThe Sanctuary, Emerge Associates

EXAMPLE SECTION C
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Lakeway, Claremont

Lakeway, Claremont

EXAMPLE SECTION D
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Glen Iris Estate

1.16 Streetscapes

• A series of entry points into the proposed development 

•

as the most travelled roads. The opportunity for drainage 

verges. 
•

generally longer and more direct in their layout and will 

•

In all cases the provision of shade and canopy cover is 

elements of this avenue approach in the proposed streets 

planted across the new development in open space and 

surrounds of the site. 

carriageway and a widened verge to cater for a widened 

regard to driveways and lot access and footpath road 
crossings. 

Bushmead

EXAMPLE SECTION E
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Lakeway, Claremont

Jacob’s Ridge, Queensland

Newhaven, Emerge Associates
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Glen Iris Estate

Vale, Emerge Associates BushmeadBaldivis Town Centre, Emerge Associates

Baldivis Town Centre, 
Emerge Associates

EXAMPLE SECTION F
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Honeywood, Emerge Associates

Lakeway, Claremont

EXAMPLE SECTION G
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Glen Iris Estate

1.17 Tree and Plant Species

purposes.  

a.

the site’s former use.
Transplanted trees.  

c. The proposed development intends 

development. 

• Being of local character.
•
•

declared weed species.
• Being hardy to local soils, wind and salt tolerant and with 

lower water needs.

•

margins of the development.
•

endemic fauna.
•

displaying the diversity of the local environment.
•

•

•
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Glen Iris Estate

Grevillea obtusifolia prostrate

Scaevola ‘Purple Fanfare’ Melaleuca incana ‘Nana’

Hemiandra pungens

Westringia mundi

Myoporum parvifolium purpurea

Beaufortia squarrosa orange

Verge Planting Feature Planting

Lomandra tanika

Adenanthos cuneatus ‘Coral Carpet’

Eremophila glabra

Scaevola ‘Purple Fanfare’

Lomandra tanika

Grevillea obtusifolia prostrate

Hemiandra pungens purpurea

Westringia fruticosa ‘Smokey’
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Acacia pulchella Hemiandra pungens purpurea Chamelaucium unicnatum

Grevillea thelemanniana

Grevillea olivacea

Acacia saligna ‘Green Mulch’

Beaufortia squarrosa orange

Callistemon phoeniceusRicinocarpus ‘Bridal Star’

Adenanthos sericea Pimelia ferruginea Eremophila nivea ‘Spring Mist’

Hypocalymma angustifolium Thryptomene baeckeacea

Westringia fruticosa ‘Jervis Gem’ Adenanthos cuneatus

Grevilea olivacea Dampiera linearis Acacia lasiocarpa

Broad Planting
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Glen Iris Estate

1.18 Habitat Approach
The former fenced golf course created the opportunity for 

with access to shelter, shade, food and water and some 

zones within the proposals open space areas that encourage 

of trees individually, in clumps and in avenues, encourages 

to adjust to newly created open space areas as the 

fauna to reside and move through the development over 

1.19 Sustainability Approach

•

•

shade.
•

development.
•

•

•

•

•

•

system. 
•

woodland.
•

elements. 
•

•

•

•

•

•

coverage.
•

1.20 Wayfinding & Signage Approach

necessary. The design of the path system is aimed at 

•
the precinct. 

•
features and history.

•
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Glen Iris Estate

1.21 Landscape Materials & Furnishings

longer term inclusive of minimized replacement, local 

•

•
select areas.

•
•
•

•

•
•
•
•
•

•
longevity.

• Low fuel mulches including sand, gravels, select organic 

1.22 Landscape Lighting Strategy

development. 

1.23 Bushfire Risk Management 
Landscape Response

design will respond to the projects BAL line in these two 

•

•

•

•

paving, gravels as paths and mulches in select areas, 

•
•

maintenance approach inclusive of removal of necessary 
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Somerly, Emerge Associates

The Sanctuary, Emerge Associates

Version: 1, Version Date: 13/09/2024
Document Set ID: 12051332



35 Emerge Associates Glen Iris Estate | July 2023

Glen Iris Estate

•

1.24 Irrigation Strategy

greens and fairways over a larger area than that proposed 

in place.  

zoning as part of the design process, inclusive of manual 

metered accordingly. The individual on lot and verge 

1.25 Landscape Surface Drainage Strategy

in space to cater for surface drainage management, 

community. 

Vivente, Emerge Associates

Harvest Lakes, Emerge Associates
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The Sanctuary, Emerge Associates

EXAMPLE SECTION H

EXAMPLE SECTION I

EXAMPLE SECTION J

1.26 Maintenance Strategy
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Glen Iris Estate

average. 

a.

precinct.
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 Post Development Catchments & Runoff Rate Estimation 
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APPENDIX M 
Post Development Stormwater Modelling 
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APPENDIX N 
Indicative Storage Cross Sections
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hyd2o
Glen Iris Jandakot Local Water Management Strategy

Stormwater Management Landscape Overlay
Appendix N
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Typical Modelled Swale Cross Section
Appendix N1
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Typical Modelled Basin Cross Section
Appendix N2
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Engineering Drawings 
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WARNING
BEWARE OF UNDERGROUND SERVICES

1100DIAL
BEFORE YOU DIG

The location of underground cables are
approximate only and their exact position
should be  checked on site. No guarantee is
given that all existing cables and services
are shown. Locate all underground cables
and services before commencement of work.
Refer to Worksafe Regulation 3.21.
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NOTES
1. THIS DRAWING SHALL BE READ IN CONJUNCTION WITH THE CONTRACT DRAWINGS

AND SPECIFICATION

2. ALL DIMENSIONS SHOWN ARE IN METRES UNLESS OTHERWISE SHOWN.

3. SURVEY DATA PROVIDED BY MNG.

4. ALL LEVELS SHALL BE DETERMINED FROM BENCH MARKS ESTABLISHED BY THE
PROJECT SURVEYOR.

5. ALL SETBACKS TO BE 6m FROM FRONT BOUNDARY UNLESS NOTED OTHERWISE.

6. GEOTECHNICAL INSPECTIONS AND ASSESSMENTS TO BE CARRIED OUT AS PER
SPECIFICATION AND AT RECOMMENDATION FROM THE PRINCIPAL NOMINATED
GEOTECHNICAL CONSULTANT.

7. EXISTING SERVICES ARE SHOWN FOR INFORMATION ONLY. ALL SERVICES ARE TO
BE LOCATED PRIOR TO THE COMMENCEMENT OF WORKS. THE CONTRACTOR SHALL
REPORT ANY DISCREPANCY OR CLASH WITH SERVICES TO THE SUPERINTENDENT.

8. ALL INFRASTRUCTURE IDENTIFIED TO BE REMOVED IS TO BE DISPOSED OF OFF
SITE UNLESS NOTED OTHERWISE.

9. CONTRACTOR SHALL REMOVE ALL RUBBISH, MISCELLANEOUS REMNANTS AND THE
LIKE FROM WITHIN THE SITE.

10. SITE TO REMAIN SECURE AT ALL TIMES. CONTRACTOR TO ALLOW FOR
TEMPORARY FENCE TO BE INSTALLED/RELOCATED SO THE WORKS CAN BE
CONSTRUCTED IN ITS ENTIRETY.

11. UPON DISCOVERY OF ANY “UNEXPECTED FIND” THE CONTRACTOR SHALL CEASE
WORK IN THE VICINITY OF THIS DISCOVERY, MAKE THE AREA SAFE AND NOTIFY
THE SUPERINTENDENT OF THE OCCURRENCE.

12. ALL WORKS IN THE VICINITY OF "TREES TO BE PROTECTED" SHALL BE
UNDERTAKEN IN ACCORDANCE WITH THE RECOMMENDATIONS OF THE PROJECT
ARBORIST. CONTRACTOR TO INSTALL AND MAINTAIN TPZ FENCING THROUGHOUT
WORKS.

13. INTERNAL BATTER SLOPES TO BE NO STEEPER THAN 1:3 (V:H). UNLESS NOTED
OTHERWISE. ADJACENT POS AREAS, BATTERS ARE TO BE WHOLLY WITHIN THE
LOT TO MINIMISE CLEARING.
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WARNING
BEWARE OF UNDERGROUND SERVICES

1100DIAL
BEFORE YOU DIG

The location of underground cables are
approximate only and their exact position
should be  checked on site. No guarantee is
given that all existing cables and services
are shown. Locate all underground cables
and services before commencement of work.
Refer to Worksafe Regulation 3.21.
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WARNING
BEWARE OF UNDERGROUND SERVICES

1100DIAL
BEFORE YOU DIG

The location of underground cables are
approximate only and their exact position
should be  checked on site. No guarantee is
given that all existing cables and services
are shown. Locate all underground cables
and services before commencement of work.
Refer to Worksafe Regulation 3.21.
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NOTES
1. THIS DRAWING SHALL BE READ IN CONJUNCTION WITH THE CONTRACT DRAWINGS

AND SPECIFICATION

2. ALL DIMENSIONS SHOWN ARE IN METRES UNLESS OTHERWISE SHOWN.

3. SURVEY DATA PROVIDED BY LAND SURVEYS, SAVAGE SURVEYING AND MNG.

4. ALL LEVELS SHALL BE DETERMINED FROM BENCH MARKS ESTABLISHED BY THE
PROJECT SURVEYOR.

5. ALL SETBACKS TO BE 4m FROM FRONT BOUNDARY UNLESS NOTED OTHERWISE.

6. GEOTECHNICAL INSPECTIONS AND ASSESSMENTS TO BE CARRIED OUT AS PER
SPECIFICATION AND AT RECOMMENDATION FROM THE PRINCIPAL NOMINATED
GEOTECHNICAL CONSULTANT.

7. EXISTING SERVICES ARE SHOWN FOR INFORMATION ONLY. ALL SERVICES ARE TO
BE LOCATED PRIOR TO THE COMMENCEMENT OF WORKS. THE CONTRACTOR SHALL
REPORT ANY DISCREPANCY OR CLASH WITH SERVICES TO THE SUPERINTENDENT.

8. NO WORKS ARE TO BE UNDERTAKEN WITHIN THE TREE PROTECTION ZONE
WITHOUT PRIOR APPROVAL FROM THE PROJECT ARBORIST.

9. FOR TREE PROTECTION ZONE FENCING REQUIREMENTS REFER TO EMERGE
ASSOCIATES TREE PROTECTION PLAN FB-SK-01.

10. ALL INFRASTRUCTURE IDENTIFIED TO BE REMOVED IS TO BE DISPOSED OF OFF
SITE UNLESS NOTED OTHERWISE.

11. CONTRACTOR SHALL REMOVE ALL RUBBISH, MISCELLANEOUS REMNANTS AND THE
LIKE FROM WITHIN THE SITE.

12. SITE TO REMAIN SECURE AT ALL TIMES. CONTRACTOR TO ALLOW FOR
TEMPORARY FENCE TO BE INSTALLED/RELOCATED SO THE WORKS CAN BE
CONSTRUCTED IN ITS ENTIRETY.

13. UPON DISCOVERY OF ANY “UNEXPECTED FIND” THE CONTRACTOR SHALL CEASE
WORK IN THE VICINITY OF THIS DISCOVERY, MAKE THE AREA SAFE AND NOTIFY
THE SUPERINTENDENT OF THE OCCURRENCE.

14. CONTRACTOR TO MAKE ALLOWANCE FOR ALL ITEMS OF DEMOLITION WORKS
CONTAINED OR IMPLIED WITHIN THE DRAWING SET AS NECESSARY FOR THE
SATISFACTORY COMPLETION AND PERFORMANCE OF THE WORKS.

15. ALL WORKS IN THE VICINITY OF "TREES TO BE PROTECTED" SHALL BE
UNDERTAKEN IN ACCORDANCE WITH THE RECOMMENDATIONS OF THE PROJECT
ARBORIST.

16. INTERNAL BATTER SLOPES TO BE NO STEEPER THAN 1:3 (V:H). UNLESS NOTED
OTHERWISE.
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WARNING
BEWARE OF UNDERGROUND SERVICES

1100DIAL
BEFORE YOU DIG

The location of underground cables are
approximate only and their exact position
should be  checked on site. No guarantee is
given that all existing cables and services
are shown. Locate all underground cables
and services before commencement of work.
Refer to Worksafe Regulation 3.21.
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This drawing is copyright and the property of
JDSi Pty Ltd (JDSi). Use without written
permission from JDSi constitutes an
infringement of copyright.
This document and the information are solely
for the use of the authorised recipient and
may not be used, copied or reproduced in
whole or part for any purpose other than
that for which it was supplied by JDSi.
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NOTES
1. THIS DRAWING SHALL BE READ IN CONJUNCTION WITH THE

CONTRACT DRAWINGS AND SPECIFICATIONS.

2. FOR STANDARD NOTES AND LEGEND REFER TO C100 OF THIS SET
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