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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 Hesperia to prepare this District Water Management Strategy 
(DWMS) to support the proposed metropolitan region scheme (MRS) amendment for land 
within Wattle Grove known as the Wattle Grove South residential estate (herein referred to 
as the Amendment Area). This document has been prepared to specifically satisfy the 
requirements of Better Urban Water Management (Western Australian Planning Commission, 
2008), and the Inland Waters scope of the Environmental Protection Authority’s, Metropolitan 
Region Scheme Amendment 1388/57 Wattle Grove South, Instructions for Environmental 
Review (EPA, 2022). 

The DWMS recognises the EPA’s overarching objective  

“to maintain the hydrological regime and quality of groundwater and surface water 
so that environmental values are protected”. 

and specifically addresses the potential impacts and risks identified in EPA (2022) in the 
development of this document. To this extent the DWMS also addresses the potential impact 
of development of land in proximity to the Amendment Area identified as Urban Expansion 
and Urban Investigation areas in the North-East Sub-Regional Planning Framework (DPLH, 
2018). 

The proposed MRS amendment from ‘Rural’ to ‘Urban’ for the Amendment Area has been 
prepared by element Town Planners to facilitate future urban development of the area.  

The Amendment Area has a total area of approximately 126 ha located within the City of 
Kalamunda. It is bound to the north by Crystal Brook Rd and Welshpool Rd East, and 
bounded to the south and west by the Tonkin Highway, with existing rural landholdings to 
the east. It currently comprises a mix of various rural landholdings and a turf farm. A former 
poultry farm is located within the Amendment Area on its south eastern boundary.  

Topography across the Amendment Area varies between 21 mAHD in the west to a high of 
35 mAHD at its eastern boundary, with a fall from east to west. The Amendment Area has 
good clearance to regional groundwater and existing culverts under Tonkin Hwy connect 
runoff from the area to downstream stormwater systems.  

The environmental considerations and values of the nearby Greater Brixton St Wetland 
(GBSW) area are recognised as key factors which will ultimately guide the hydrological 
design of the Amendment Area. In this regard the DWMS builds on previous studies of the 
area including Semeniuk (2001) and Bourke (2017), together with current DBCA programs, 
and using site specific data to further improve the hydrological understanding of the area 
and then use these outcomes to inform future water management. The DWMS recognises 
the key hydrological mechanisms supporting the GBSW area as detailed in previous 
hydrological studies are incident rainfall on the wetland itself and surface water flows.  

With respect to the Amendment Area’s hydrological relationship to the GBSW area: 

 Regional groundwater flow within the Amendment Area is predominately away from 
the GBSW area. Groundwater flow within the Amendment Area was found to be radial 
from a mound evident along the central western boundary adjacent to Tonkin Hwy. The 
groundwater flow direction within the Amendment Area was found to vary, generally 
ranging from flowing northwest to flowing south east and away from the GBSW area. 
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The groundwater mounding in this location is considered to be a result of local irrigation 
practices and geological factors.  

 Shallow subsurface groundwater flow from the Amendment Area is estimated to 
represent only a very small proportion of flow to the GBSW area and is considered minor 
in the context of maintaining wetland hydrology. 

 Although surface water flow from the Amendment Area contributes only a minor 
component of total inflow to the GBSW, the principle of maintaining pre and post 
development flow rates and volumes has been adopted as a key guiding criteria used 
to inform the Amendment Area’s water post development management strategy and 
future design.  

 Nutrient levels are relatively high in the GBSW area as a result of surrounding historical 
land uses. Nutrient input and export from the Amendment Area will be considerably 
reduced with land use change and the removal of the existing high nutrient application 
land uses such as rural and horticultural. 

 Development of the Amendment Area provides the opportunity to improve the existing 
interfaces of drainage flow to the GBSW area. Flows currently to the GBSW from the 
Amendment Area do not have any water quality management control measures.  

Maintaining post development recharge in the area of the groundwater mound has been 
adopted as a key principle for the proposed stormwater management system of the 
Amendment Area in order to meet EPA’s Inland Waters objective of maintaining the existing 
hydrological regime and maintain existing groundwater flows at this location post 
development. The proponent is however committed to continue to work with agencies and 
the EPA toward any agreed alternative objective for the Amendment Area at this boundary 
for the benefit of the GBSW area should this be required. This can readily be achieved 
through the proposed adaptive management approach. 

Ongoing monitoring during the pre and post development phases of the project will 
continue to provide data to build on existing datasets and improve the understanding of 
the wetland and its behaviour in a changing climate. 

Development within the Amendment Area is recognised as an opportunity to counteract 
potential effects of climate change and future rainfall decline on the wetlands. Use of an 
adaptive management approach with flexibility built into the stormwater system and its 
infrastructure, coupled with decision making informed by a monitoring outcome loop will 
enable changes in stormwater management to be implemented over time to best suit 
downstream environmental needs. 

In summary, land use change within the Amendment Area has the potential to provide 
improved future hydrological outcomes for the GBSW area in terms of both water quality 
and quantity. 

Based on this assessment and given the timeframe over which the proposed development 
will ultimately occur within the Amendment Area, it is considered the water management 
processes of Better Urban Water Management (WAPC, 2008) applied within an adaptive 
management framework will be suitable for guiding water management for the 
Amendment Area toward improved hydrological outcomes for the GBSW area.  

This document has been prepared in accordance with the principles and objectives of 
Better Urban Water Management (Western Australian Planning Commission, 2008), and 
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recognises and reflects the Amendment Area’s relationship to the broader Wattle Grove 
Urban Expansion and Urban Investigation areas.  

Implementation of the strategy detailed in this report will be undertaken in accordance with 
Better Urban Water Management through the development and implementation of a Local 
Water Management Strategy and Urban Water Management Plans for individual stages of 
development within the Amendment Area. 

 

District Water Management Strategy Summary 

Water Supply  

Water Efficiency 
 Promotion of 6 star building standards, water efficient fixtures, and fittings. 

 Use of water-wise plantings in POS and landscape rehabilitation areas. 

Water Supply  

 Lots: Water Corporation IWSS and rainwater tanks optional. 

 POS: Groundwater irrigation licencing and bores. 

 Construction: Temporary groundwater licencing where/if required. 

Wastewater   Water Corporation reticulated sewerage. 

Stormwater 

Design & 
Management 
Approach  

 Use of an adaptive management approach based on monitoring outcomes to 
inform future planning and decision making.  

 Post development stormwater flows from the Amendment Area maintained 
consistent with existing conditions and identified opportunities and constraints. 

 Locate stormwater management areas in areas of the existing groundwater 
mound to maintain the annual predevelopment groundwater recharge and 
flow direction in that area. 

 Use water quality controls and best management practice to provide 
improvements relative to current conditions under existing land use and 
improve downstream ecological conditions. 

 Implementation of flexible infrastructure arrangements to enable system 
adjustments to downstream environmental needs as/if required under climate 
change conditions. 

Lot Scale 

 Soakwells to be implemented where possible. 

 Lot connections to be implemented where required based on geotechnical 
considerations, minimising imported fill, and/or recharge considerations in the 
area of the existing groundwater mound.  

 Rainwater tanks (optional). 

 Water-wise landscaping. 
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District Water Management Strategy Summary 

Street Scale 

 Rain gardens / biofiltration areas. 

 Swales / piped drainage. 

 Bottomless manholes / underground storage cells. 

Estate Scale 

 Establish water quality treatment areas for first 15 mm runoff via biofiltration, with 
areas to be located based on recharge considerations in the area of the 
existing groundwater mound. 

 Flood management areas to attenuate flows in accordance with agency 
requirements and capacity of downstream infrastructure. 

 Potential use of portions of the Dampier to Bunbury Natural Gas pipeline corridor 
for major event stormwater management. 

 Implementation of flexible outlet arrangements for stormwater management 
areas in design. 

 All habitable development levels to have suitable clearance above the 1% AEP 
flood levels of the local stormwater management system. 

 Post development performance monitoring and annual reporting.  

Groundwater 

Fill & Subsoil 
 Use of imported fill to be minimised. 

 Subsoil unlikely to be required due to groundwater depth 

Acid Sulphate 
Soils  

 Acid sulphate soils to be investigated as a separate process (if required) and 
reported at later stages of planning. 

Implementation 

Process 

 Ongoing groundwater and surface water predevelopment monitoring to 
inform future development planning and outcomes. 

 Coordination of monitoring and data sharing with key agencies. 

 Future stages of planning consistent with Better Urban Water Management 
(WAPC,2008) including preparation of LWMS’s and UWMP’s. Documents to 
reflect a flexible outcomes approach to facilitate adaptive change. 

 Establish agreed targets in consultation with agencies based on 
predevelopment monitoring outcomes at structure planning stage.  

 Post development groundwater and surface water monitoring programs and 
annual assessment reporting to inform water management planning for future 
stages and iterative adjustment. 
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1. Introduction  
Hyd2o was commissioned by Hesperia to prepare this District Water Management Strategy 
(DWMS) to support the proposed metropolitan region scheme (MRS) amendment for land 
within Wattle Grove. The boundary of the Amendment Area is shown in Figure 1 in relation 
to the Urban Expansion and Urban Investigation areas identified in the North-East Sub-
Regional Planning Framework (DPLH, 2018). The Amendment Area has a total area of 
approximately 126 ha located within the City of Kalamunda.  

The amendment is subject to environmental assessment by the Environmental Protection 
Authority (EPA) under the Environmental Protection Act (1986). Hesperia is completing the 
Environmental Review required by the environmental assessment on behalf of WAPC. 

The proposed rezoning of the Amendment Area has considered the opportunities and 
constraints of the existing environment and uses this information to inform the development 
of this document. This document provides an integrated total water cycle management 
approach to the rezoning application, with an assessment of the pre-development 
environment, development of water use sustainability initiatives, a stormwater management 
strategy, and nutrient and groundwater management strategy. The document also provides 
a plan for implementation applied within an adaptive management framework suitable for 
guiding water management toward achieving considerable improved hydrological 
outcomes for the area. 

The DWMS recognises the EPA’s overarching objectives for the Amendment Area and its 
proximity to the nearby Greater Brixton St Wetland (GBSW), and specifically addresses the 
potential impacts and risks identified in the Inland Waters scope of the Environmental 
Protection Authority’s, Metropolitan Region Scheme Amendment 1388/57 Wattle Grove 
South, Instructions for Environmental Review (EPA, 2022). To this extent the DWMS also 
addresses the potential cumulative impacts of development of other land in proximity to the 
Amendment Area identified as Urban Expansion and Urban Investigation areas in the North-
East Sub-Regional Planning. 

A completed copy of the Department of Water & Environmental Regulation (DWER) DWMS 
Checklist for Developers is included as Appendix A together with the Environmental 
Protection Authority required work listing for Inland Water items to assist agencies in the 
review of this document. 

1.1 Planning Context 
This Amendment Area is currently zoned Rural under the Metropolitan Region Scheme. The 
MRS amendment proposes rezoning to Urban.  

The Amendment Area is identified as an Urban Expansion area within the North-East Sub-
Regional Planning Framework (DPLH, 2018), with key considerations identified for the 
Amendment Area detailed in the Framework as  

 geotechnical analysis for connection to reticulated wastewater services; 

 bushfire risk; and 
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 protection of significant environmental assets. 

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 urban water management planning process for the Amendment Area is shown in Table 
1. Three water management documents are likely to be required to facilitate the future 
development of the Amendment Area, this DWMS, a Local Water Management Strategy 
(LWMS) and an Urban Water Management Plan (UWMP) as summarised below in Table 1. 
Note that several urban water management plans are likely to be required for the 
Amendment Area depending on the ultimate staging of subdivision. 

A DWMS for the Amendment Area was originally prepared by Hyd2o in 2021 to support the 
MRS Amendment application and submitted for agency review and assessment at that 
time. Following the EPA’s determination that the amendment is subject to environmental 
assessment, the DWMS has been expanded to address the Inland Waters scope of the 
Environmental Protection Authority’s, Metropolitan Region Scheme Amendment 1388/57 
Wattle Grove South, Instructions for Environmental Review (EPA, 2022). 

The DWMS has therefore been expanded beyond the scope typically required to meet 
Better Urban Water Management (WAPC, 2008) to address the requirements of the 
Environmental Impact Assessment, and supports the proposed development of the area as 
urban. 

 

Table 1: Urban Water Management Process 

Planning Phase Planning Document Urban Water Management Documents 

MRS Amendment MRS Amendment 
Environmental Review 

Wattle Grove South District Water 
Management Strategy 
THIS DOCUMENT 

Local Structure Plan/TPS 
Amendment Local Structure Plan Local Water Management Strategy 

FUTURE PREPARATION 

Subdivision Subdivision Application Urban Water Management Plan/s 
FUTURE PREPARATION  

 

1.2 Previous Studies and Relevant Documents 
This DWMS uses the following key documents to define its principles, criteria, objectives, and 
implementation responsibilities: 

 Environmental Values and Pressures for the Greater Brixton St Wetlands on the Swan 
Coastal Plain, Advice in accordance with section 16(j) of the Environmental Protection 
Act 1986 (EPA, 2022a) 

 Metropolitan Region Scheme Amendment 1388/57 Wattle Grove South Instructions for 
Environmental Review (EPA, 2022b) 
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 A Jewel in the Crown of a Global Biodiversity Hotspot (Lambers, 2019) 

 A Vision for Conservation and Public Enjoyment of the Greater Brixton Street Wetlands 
and Eventual Yule Brook Regional Park (The Beeliar Group, 2018) 

 Hydrological Function of the Greater Brixton Street Wetlands: Data Sourcing and Review 
(Bourke, 2017) 

 Hydrological Study of the Greater Brixton Street Wetlands (Semeniuk, 2001) 

 Better Urban Water Management (WAPC, 2008) 

 Stormwater Management Manual for WA (DWER, 2022)  

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

 Guidelines for District Water Management Strategies (Department of Water, 2013) 

1.3 Agency Consultation 
EPA (2022a) identifies that a high level of protection and coordinated management is 
critical for the GBSW area, and that improvements to the coordination and management 
through shared and expanded partnerships would allow more holistic management of the 
GBSW area. 

Development of this DWMS commenced in 2020, and the process has involved key 
stakeholders and government agencies at various stages to inform its progress and 
development. This input has assisted in identifying key areas of investigation and reporting in 
this document and the development and refinement of the ongoing monitoring program.  

A summary of key agency consultation is provided in Table 2.  
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Table 2: Agency Consultation 

Stakeholder Timing Type of Consultation 

DBCA   

Rivers and Estuaries 

June 2021 

 

 

Sept 2021 

Monitoring program development input and 
advice regarding parameters/frequency and 
timing 
 
Review and advice on initial DWMS pre EPA 
process 

Biodiversity and Conservation 
Science 

April 2022 

 

 

June 2022 

Data sharing arrangement for current 
monitoring data from DBCA programs in the 
GBSW area Wanaping Block  
 
Monitoring advice regarding installation of 
additional Amendment Area groundwater 
monitoring locations 

DWER   

Swan Avon Region  
Planning Advice  July -Sept 2021 Review and advice on initial DWMS pre EPA 

process 

Groundwater Assessment 
Section October 2022 

Provision of PRAMS reporting & datasets 
 
Monitoring advice regarding installation of 
additional Amendment Area groundwater 
monitoring locations 

EPA Services 
August 2022 –July 
2024 

Various briefings regarding scoping, and 
progress of monitoring and technical studies 
related to Inland Waters, including 
groundwater mapping and water balance 
modelling progress and outcomes. 
 
Provision of all Amendment Area monitoring 
datasets. 

City of Kalamunda   

Engineering October 2022 
Installation approvals for additional 
groundwater monitoring locations.  
Agreement to share data. 

City of Gosnells   

Engineering 

January 2022 
 
 
October 2022 

Data sharing of groundwater and geotech 
information from MKSEA Precinct 2 area  
 
Installation approvals for additional 
groundwater monitoring locations in City of 
Gosnells. Agreement to share data. 

Main Roads WA   

Environment Branch Planning 
and Technical Services 

December 2022 
Hydrological monitoring data sharing-with 
Main Roads Tonkin Highway Grade Separated 
interchanges project 
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2. Existing Environment 

2.1 Land Use 
The 126 ha Amendment Area is located in the suburb of Wattle Grove in the City of 
Kalamunda.  

The Amendment Area is bound to the north by Crystal Brook Rd and Welshpool Rd East, and 
bounded to the south and west by the Tonkin Highway, with existing rural landholdings to 
the east (Figure 1).  

Figure 2 shows an aerial photograph with existing land use and topography. The 
Amendment Area currently comprises a mix of various rural landholdings and a turf farm. A 
former poultry farm is located on its south eastern boundary, which has not been in active 
use for over 10 years.   

The Dampier to Bunbury Natural Gas pipeline corridor (DBNGPC) runs within the Amendment 
Area along its Tonkin Highway boundary and is shown in Figure 2. 

Natural surface elevations across the Amendment Area vary between 21 mAHD in the west 
to a high of 35 mAHD at its eastern boundary, with a general fall from east to west. 

2.2 Climate 
The south west of Western Australia has a Mediterranean climate of hot dry summers and 
cool wet winters.  

Historical annual and seasonal rainfall for the Amendment Area are shown in Figure 3. Based 
on Bureau of Meteorology Station 009172 (Jandakot Aero), the long term average annual 
rainfall since 1973 has been 818mm. Since 2000, the average annual rainfall has declined to 
758 mm, a reduction of 7%. The majority of rainfall occurs between the months of May and 
September.  

Mean maximum temperatures range from 18.0 ⁰C in July to 31.8 ⁰C in January.  

2.3 Geotechnical  

2.3.1 Environmental Geology 

The Amendment Area is predominately located to the west of the Darling Fault (Figure 4).  

According to the Armadale 1:50 000 Environmental Geology Series Sheet 2033 I and 2133 IV 
(Jordan, 1986), the Amendment Area is characterised from west to east (Figure 4) as: 

 Thin Bassendean Sand over cohesive materials of the Guildford Formation (S10) – white 
to pale grey sand at surface, over alluvial deposits of sandy clay to clayey sand of the 
Guildford Formation.  

 Bassendean Sand (S8) – white to pale grey at surface, yellow at depth, fine to medium-
grained, moderately sorted, subangular to surrounded, of eolian origin.  

 Sand (Yoganup Formation) (S12) - yellow, fine grained sand with minor silt and clay, 
subangular and medium to coarse grained quartz, of colluvial origin.  
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2.3.2 Geotechnical Studies 

Two geotechnical investigations have been undertaken by Douglas Partners within the 
bounds of the Amendment Area. The first was conducted in October 2020 and the second 
in November 2022. Combined, these investigations included excavation of 27 test pits, Perth 
sand penetrometer (PSP) testing adjacent to each test pit location, installation of 2 
groundwater monitoring bores, and infiltration testing at seven locations. Testing locations 
were subject to property access availability, with sites shown in Figure 4. 

The typical ground conditions as described by Douglas Partners (2020) were similar to the 
regional mapping as follows: 

• Topsoil – dark grey-brown and grey-brown, sandy topsoil with silt and roots, between 0.1 
m to 0.15 m in thickness. Overlying:  

• Bassendean Sand (light grey sand):  

SAND SP – varying loose to dense, fine to medium grained, light grey and light yellow-
brown, with trace silt encountered underlying the topsoil or surficial fill to depths of 
between 0.5 m and test pit termination depths of 2.5 m at some test locations.  

• Yoganup Formation (yellow-brown sand with various fines content):  

The sand from the Yoganup Formation is yellow-brown and includes a fines content that 
increases with depth. When described based on its composition in accordance with AS 
1726-2017, the sand is logged as ‘Sand trace silt and clay’ (up to 5% fines content) near 
surface, gradually transitioning with depth to ‘Sand with clay’ (5% to 12% fines content) 
and then ‘Clayey Sand’ (greater than 12% fines content):  

SAND SP-SM – generally medium dense to dense, light brown and yellow-brown sand, 
with low plasticity to non-plastic fines content of between approximately 5% to 12%, 
underlying topsoil or surficial fill at some test locations and present below the 
Bassendean sand at another location from 0.8 m depth. Loose sand was encountered 
at one location to at least 1.0 m depth. Fines content typically increases with depth.  

SAND/Clayey SAND SP-SC/SC – yellow-brown sand with clay/clayey sand 
(approximately 12% and greater content of low plasticity fines) was encountered from 
depths of between 0.1 m and 1.6 m extending to depths of between 0.6 m and 
termination depths of up to 2.5 m in some locations.  

Clayey SAND SC – yellow-brown low plasticity clayey sand was encountered from 
depths of between 0.6 m and 1.5 m extending to termination depths of up to 2.5 m in 
some locations.  

The exceptions to the above profile are some localised areas of gravelly sand, fill and 
coffee rock.  

Groundwater was not observed in any test pits excavated on 28 October 2020 or 1 
November 2022, to a depth up to 2.9 m.  

Copies of the Douglas Partners geotechnical reports are included in Appendix B.  

As property access availability has limited the extent of the geotechnical investigation area 
other sources of data such as bore logs have been used to supplement geotechnical data 
for this DWMS. Bore locations used to supplement geotechnical data in the north western 
corner of the Amendment Area are shown in Figure 4. 
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Extensive geotechnical testing has also been undertaken in close proximity to the 
Amendment Area for the Maddington Kenwick Strategic Employment Area (MKSEA) on the 
western side of Tonkin Hwy (Emerge, 2023). 

2.3.3 Permeability Testing 

Seven in situ infiltration tests were conducted by Douglas Partners at depths between 0.5 m 
and 1.3 m. In addition, Hyd2o conducted further tests to improve coverage and distribution 
over the remainder of the Amendment Area. Tests were carried out 27 October 2022 at three 
locations via a constant head method using a borehole permeameter.  

Insitu testing locations are shown in Figure 4 with results summarised in Table 3 below. Douglas 
Partners soil permeability values ranged from 2.4 m/day to 34 m/day, with the higher rates 
associated with Bassendean Sands, and lower rates with the Yoganup Formation. Hyd2o 
tested areas ranged from approximately 12 to 29 m/day, similarly with areas of Bassendean 
Sands with higher rates.   

Douglas Partners anticipate permeabilities will decrease following densification of the soils 
during earthworks. The Yoganup sand is anticipated to have a generally lower permeability 
following compaction, and is unlikely to form a suitably drained material for stormwater 
disposal unless specific additional drainage provisions are adopted. It was recommended 
clayey sand areas should be considered impermeable for drainage following earthworks. 

Hyd2o permeability calculations for test sites HTS1 to HTS3 are contained in Appendix D. 

 
Table 3: Insitu Field Permeability Testing (Hyd2o, Douglas Partners) 

Test Site Test Date 
Depth 

(m) 
Soil Description  

Ks   

m/day 

Hyd2o 

HTS1 27/10/2022 0.5 Fine to Medium Light Grey Sand 12 

HTS2 27/10/2022 0.5 Fine White Sand 29 

HTS3 27/10/2022 0.5 Fine to Medium Grey Sand 21 

Douglas Partners 

TP3 28/10/2020 0.55 Sand, light grey trace silt, dense  25 

TP4 28/10/2020 1.0 Sand, yellow-brown with clay/Clayey Sand (fines 
content increasing with depth), medium dense 

6 

TP9 28/10/2020 1.0 Sand, light grey, trace silt, dense  34 

TP11 28/10/2020 1.0 Sand, with clay (fines content increasing with 
depth), dense  

7 

TP103 1/11/2022 1.0 SAND SP, trace silt, medium dense, pale grey >20 

TP108 1/11/2022 1.0 SAND SP-SM, with silt, loose to medium dense, 
yellow-brown 

7.1 

TP111 1/11/2022 1.3 Silty SAND SM, loose to medium dense,  
orange-brown 

2.4 
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Further permeability investigations were then conducted by Douglas Partners in October 
2023 via two boreholes installed to 15 m depth west of Tonkin Hwy adjacent to Boundary 
Road. Soil samples were collected at approximately 9.5 m, 12 m and 14 m below ground 
level and falling head permeability testing performed. The results of this investigation 
indicated a layer of sandy clay soil up to 2.9 m below ground level underlain by silty sands. 
The permeability tests indicated that the average vertical permeability of the deeper sandy 
soil to be between 0.26 and 0.42 m/day, indicating a horizontal permeability value (using a 
conversion factor of 10) of 2.6 m/day to 4.2 m/day. 

The above methods used for this DWMS to determine permeability are typical of testing 
conducted to support development projects across Perth, and given the non-uniformity of 
soils and the spatial variability of the conductivity test results, are considered appropriate to 
inform this DWMS. 

2.3.4 Geophysical Studies 

GBG Group carried out two geophysical subsurface investigations across the Amendment 
Area. An initial study was conducted in December 2022, which included conducting 
Electrical Resistivity Tomography (ERT) along six transects, totalling approximately 3.5 km. A 
further study was conducted in October 2023 with a further seven transects undertaken 
across 3.5 km.  

The objective of the investigation was to obtain subsurface electrical resistivity models for 
the assessment of interpreted material porosity and permeability, pertaining to geological 
units acting as aquifers and aquitards. The target depth of the investigation was 50m below 
ground level.  

Transect locations are shown on Figure 5. The initial six transects in December 2022 were 
taken along Boundary, Brentwood, Crystal Brook and Victoria Roads, Johnson Place, and 
within the boundaries of 111 and 112 Victoria Road. The October 2023 transects were 
concentrated in areas adjacent to Tonkin Hwy,  

Transect locations were identified and selected on the basis of interpreting previous 
geotechnical reports, groundwater monitoring data and bore logs, with a view to providing 
additional information which may assist in the interpretation of groundwater flow direction 
and perching in the vicinity of the GBSW area.  

A copy of the GBG Group (2024) report is contained in Appendix C, with electrical resistivity 
sections shown in Figures 6 and 7. Sections located in MKSEA (Figure 7) are considered 
supplementary data to previous more detailed geotechnical studies in those areas. 

Data from DWER’s Water Information Reporting online database together with other 
monitoring bore logs and groundwater data were used to assist the interpretation process. 
These bore locations and logged profiles together with mapped groundwater levels and the 
base of the superficial aquifer are shown on the transect plots in Appendix C. Bore logs 
across the full depth of the superficial aquifer were limited to 2 locations; at the Turf Farm 
(WIR site 61601079) where the logs indicated clay from 3m below surface to the base of the 
superficial, and midway along Victoria Rd (site WIR 61607569) where sands and clay were 
recorded before encountering rock at approximately the base of the superficial. 

The investigation found sections were generally non-uniform, indicating complex geology in 
proximity to the scarp.  
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Below the groundwater table, the low resistivity (high conductivity) zones were interpreted 
to represent saturated, more permeable materials. These areas near surface broadly 
aligned with geotechnical investigations. In many areas these more permeable materials 
extend to the typical depth used to inform development planning for a site.  

A number of transects showed large areas of very high resistivity (low conductivity) below 
the groundwater table, and these are interpreted to represent low permeability areas. These 
occurred at approximately 10-15 mAHD extending to the base of testing at 50m depth. This 
was evident at the south end of the Brentwood Rd (Figure 6, T1) and Boundary Rd (Figure 6, 
T2) sections near Tonkin Hwy. Section from October 2023 testing (Figure 7) showed other 
areas of very high resistivity (low conductivity) near Tonkin Hwy.  

Along Crystal Brook Rd, these large areas of very high resistivity (low conductivity) were 
largely absent, with the lower resistivity (high conductivity) areas extending to 50 m depth 
across much of the section. The Johnson Rd (Figure 6, T3) section similarly showed low 
resistivity (high conductivity) near Crystal Brook Rd with very high resistivity (low conductivity) 
to the north.  

These results and the location of low permeability materials are further discussed in relation 
to regional groundwater level observations for the Amendment Area in Chapter 4.  

2.3.5 Acid Sulphate Soils 

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.  

The presence of ASS has been a recognised issue of concern in Western Australia since 2003.  
The Department of Environment and Conservation and the WAPC have released guidance 
notes on ASS, covering the requirement for assessing sites and the management of sites 
where ASS is identified.  ASS investigations are commonly required as part of the conditions 
of subdivision or as a requirement for a dewatering license application. 

The WAPC’s Bulletin 64 (WAPC, 2003) ASS risk mapping for the Amendment Area indicates it 
is located within an area of moderate to low risk of acid sulfate soils occurring within 3.0 m 
of natural soil surface.  

Notwithstanding, following preparation of detailed engineering plans, further investigation 
will be undertaken to determine if there is the presence (and any likelihood of disturbance) 
of ASS and if so, an appropriate management plan will be prepared and implemented in 
accordance with agency requirements.   

2.4 Water Sensitive Ecosystems 
The Amendment Area contains two mapped resource enhancement wetlands located 
adjacent to Tonkin Hwy (Figure 6).  These wetlands are largely cleared, with one historically 
filled and currently grassed as part of a turf farm. Immediately adjacent to the north western 
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corner of the Amendment Area at the Welshpool Rd and Tonkin Hwy intersection are several 
conservation category wetlands.  

Based on A Methodology for the Evaluation of Wetlands on the Swan Coastal Plain, Western 
Australia (DBCA 2017), a wetland assessment found the values for both resource 
enhancement wetlands to be commensurate with that of a multiple use wetland. An 
application to DBCA to amend the Geomorphic Wetlands Swan Coastal Plain dataset is 
proposed to be undertaken at local structure planning stage. 

The main environmentally significant feature in proximity to the Amendment Area is the 
conservation category Greater Brixton St Wetland (GBSW) area located on the western side 
of Tonkin Hwy. The GBSW area is one of the most important wetlands on the Swan Coastal 
Plain, recognised for its botanical biodiversity attributed to unique geological, geomorphic 
and hydrological characteristics (Lambers 2019, EPA 2022a).  

The GBSW area is of international, national, and regional environmental significance and is 
listed on the Directory of Important Wetlands in Australia (Environment Australia 2001) and 
the Department of Climate Change, Energy, the Environment and Water’s Register of the 
National Estate. 

The GBSW comprises a series of seasonally inundated or seasonally waterlogged areas, with 
various areas mapped as either Conservation Category, Resource Enhancement or Multiple 
Use wetlands. The GBSW was previously spatially defined by the cadastral boundary of Bush 
Forever site BF387 and has recently been expanded (EPA, 2022a). The extent of the revised 
GBSW area is shown in Figure 8. The wetland is situated at the foot slopes of the Darling Scarp 
within the geomorphological unit known as the Pinjarra Plain.  

Bush Forever site BF387 is approximately 181 ha in size and has been identified as one of the 
most important conservation areas on the Swan Coastal Plain, containing more than 550 
native plant taxa, Declared Rare Flora, Priority Flora and Threatened Ecological 
Communities (Bourke, 2017).  

Chapter 6 of this DWMS discusses the Amendment Area’s hydrological relationship to the 
GBSW area in detail based on site specific investigations and the outcomes of previous 
studies of GBSW hydrology including Semeniuk (2001) & Bourke (2017). 

2.5 Surface Water 
The Amendment Area is located within the catchment of Yule Brook (Figure 9). 

Yule Brook is a natural ephemeral watercourse at its headwaters which becomes a network 
of drains in its lower reaches that are part of the Water Corporation’s Yule Brook Main Drain. 
The Yule Brook has a total catchment area of 56 km2, most of which is highly modified and 
includes urban uses such as light to medium industry and high-density residential 
developments, as well as agricultural uses such as horticulture and poultry farming. The 
catchment is estimated to be more than 75% cleared (DWER & DBCA, 2016). 

It includes Woodlupine Brook, Lesmurdie Brook and Whistlepipe Gully among its tributaries, 
ultimately flowing to the Canning River in Beckenham. Crystal Brook is also a tributary which 
has been previously modified to connect to Yule Brook north of the Amendment area. 
Historical aerial photography and mapping shows Crystal Brook previously flowed through 
the GBSW area pre 1900, with its current diversion having occured prior to 1953 (Lambers, 
2019).  
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Water quality within Yule Brook varies both seasonally and annually (DWER & DBCA, 2016). 
Between 2006 and 2016, TN median concentration annually were estimated to range 
between 0.66 mg/L and 1.10 mg/L, while median TP ranged from 0.07 mg/L and 0.16 mg/L. 
TN was considered to have an emerging increasing long term trend and TP an emerging 
increasing short term trend. Overall DWER & DBCA (2016) reported the catchment was 
meeting its long term TN and TP targets of 1.0 mg/L and 0.1 mg/L respectively, however the 
Swan Canning Water Quality Improvement Plan (SCWQIP) provides a roadmap to further 
reduce nutrient inputs and sought a 25% in these targets.  

Figure 10 delineates the Amendment Area sub catchments relative to the location of the 
GBSW area and Yule Brook, showing the key topographic catchment boundaries and 
existing stormwater pipes and open drains in the vicinity. The Amendment Area has three 
key outlets which drain under Tonkin Hwy located at the southern ends of Boundary Rd (2 x 
900 mm diameter), Brentwood Rd (2 x 350mm diameter) and Victoria Rd (1 x 300 mm 
diameter). All of these outlets ultimately direct flow toward the GBSW area, albeit via 
different routes, and in many cases indirectly via constructed roadside trapezoidal drains.  

The existing road drainage within the Amendment Area consists mainly of open swales and 
crossovers/culverts, with limited piped drainage. All of this drainage is well above the 
regional groundwater table and does not export regional groundwater from within the 
Amendment Area toward the GBSW area. DWER regional groundwater mapping for the 
Amendment Area is discussed in Section 2.6, with refined local mapping based on local 
groundwater levels and site specific data presented in Chapter 4. 

Topographically, the majority of the Amendment Area is located in the catchment of the 
Brentwood Rd culverts. These culverts flow to open road side drains on the southern side of 
Tonkin Hwy before entering the wetlands approximately 1.8 km downstream. 

Based on field inspection, the Amendment Area has no formal external drainage entering 
its boundary, with an open swale running along the northern boundary of Crystal Brook Road 
which acts as a cutoff for flow from any catchment to its north.  

The Amendment Area represents approximately 2% of the total Yule Brook catchment area 
and 15% of the GBSW area subcatchment. The Amendment Area surface water contribution 
to the GBSW however is much less than 15% in part due to its sandy soils and deep 
groundwater table in comparison to other parts of the catchment. This is further discussed 
and quantified via water balance modelling in later sections of this DWMS. 

2.6 Regional Groundwater Mapping 
Until mid-2023, the Department of Water and Environmental Regulation’s (DWER) online 
Perth Groundwater Map, provided two sets of groundwater contours across the Perth 
metropolitan area which are widely used to assist and inform land development planning:  

a) Minimum groundwater level contours:  contours based on May 2003 data, considered 
representative of a summer minimum groundwater condition.  

b) Maximum groundwater level contours: contours based on the historical maximum 
recorded level at each bore over it entire period of record. 

These contour data sets are shown in Figure 11 in relation to the Amendment Area. The DWER 
historical maximum contours did not cover the Amendment Area. In relation to the minimum 
groundwater level contour dataset, it estimated groundwater levels across the Amendment 
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Area ranged from approximately 11.5 mAHD in its north western corner to 16.0 mAHD in the 
elevated eastern boundary area. Groundwater flow was broadly mapped as being in a 
westerly direction. 

In mid-2023, DWER revised the groundwater information reported on the Perth Groundwater 
Map to report only the Gnangara Jandakot maximum and minimum water table contours 
for 2019, and previous datasets were removed. Advice from DWER indicates these revised 
contours account for the declines and rises in water tables in recent decades and the 
impacts of current climate trends.   

These contours are understood by Hyd2o to be based on the contouring of the actual 
recorded maximum groundwater levels at DWER bores in 2019, although the mapping does 
not necessarily maintain the integrity of data values at all groundwater sites during the 
mapping process. These contours are also shown in Figure 11.   

These contours show a considerable shift in groundwater flow direction from the 
Amendment Area compared to previous DWER contouring. Groundwater flow is broadly 
mapped in a south westerly direction from the Amendment Area as opposed to westerly in 
previous mapping (Figure 11). This revised mapping is significant in the context that it shows 
groundwater flow from the Amendment Area being estimated by DWER to be largely not 
toward the GBSW area in comparison to previous published DWER mapping.  

The Perth Groundwater Atlas (Department of Environment, 2004b) provided details of all 
DWER bores and groundwater levels used for the May 2003 summer minimum regional 
mapping process. The closest DWER bores used in this mapping process and their proximity 
to the Amendment Area are detailed in Figure 12. Hyd2o understand a similar dataset of 
bores has been used for the updated DWER  2019 mapping.  

There is an absence of any bores within a 5km radius of the Amendment Area and no bores 
to the east. Due to the absence of bores in proximity to the Amendment Area, the DWER 
regional mapping levels and flow direction can be considered indicative only.   

More detailed site specific investigations were therefore undertaken to provide refined local 
mapping of groundwater levels and flow directions. Hyd2o installed three bores within the 
Amendment Area in November 2020 at the commencement of a pre development 
monitoring program. A further 12 bores were installed in July 2022 and 4 additional bores in 
October 2022. Across the MRS amendment area and its immediate surrounds, Hyd2o 
currently monitor water levels at 23 bores, which includes other bores in the vicinity of the 
Amendment Area installed via other previous monitoring programs. 

These bores together with other nearby previously monitored bores from local studies are 
used to map local groundwater level for the Amendment Area in Chapter 4.  

2.7 Groundwater Use 
The Amendment Area is located within the Shire of Kalamunda Groundwater Management 
Subarea.  While DWER’s Water Register indicates the superficial aquifer in this area still has 
water available for allocation, DWER have advised the aquifer is nearing full allocation. 

Deeper aquifers such as the Leederville and Yarragadee are fully allocated in this area.  

Based on review of DWER’s Water Register the Amendment Area currently has 14 existing 
groundwater licences in the superficial aquifer with a total allocation of approximately 
264,000 kL/yr.  
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This includes a superficial aquifer licence of 176,000 kL/yr for the existing turf farm.  

Extracts from DWER’s Water Register are included in Appendix E.  

2.8 Nutrient Input & Output 
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 by DWER as an industry standard 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. 

Although UNDO doesn’t include turf farms as a specified use in the model, bowling greens 
are included and have been used as a turf farm surrogate for this analysis, with the area 
increased to reflect the increased total annual nutrient application that would occur at a 
turf farm. The Department of Water (2010) Survey of Urban Nutrient Inputs on the Swan 
Coastal Plain report indicates nutrient application rates for turf farms as 432.8 kg/ha/yr for TN 
and 14.5 kg/hr/hr for TP, which are more than double that of a bowling green.  

The existing land use model also reflects the existing use of septic tanks and livestock within 
the Amendment Area, but does not reflect any potential legacy uses such as the disused 
chicken sheds. 

UNDO modelling results are summarised in Table 4. Nutrient inputs of 13,772 kg/yr of TN and 
1,405 kg/yr of TP to the environment are estimated to occur annually from within the 
Amendment Area.   

The resultant nutrient export was 329.2 kg/yr of TN and 18.8 kg/yr of TP. These export estimates 
consider soil types, groundwater gradients, and depth to groundwater in its calculation.  

Modelling outputs of the Amendment Area’s existing land use using UNDO are detailed in 
Appendix F.  

Estimates of post development nutrient input and export rates following land use change 
are addressed in Section 8.4 of this DWMS. 

 
Table 4: Amendment Area Nutrient Inputs and Outputs for Existing Land Use 

Nutrient  
Annual Input 

(kg/yr) 
Annual Export 

(kg/yr) 

Total Nitrogen (TN) 13,772 392.2 

Total Phosphorous (TP) 1,405 18.8 
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3. Local Monitoring and Previous Programs 
To assist in protecting the GBSW area, EPA (2022a) requires appropriate and site-specific 
investigations to be undertaken both in a local and regional context, supported by the best 
available scientific evidence. 

The following Chapter provides a summary of previous and current monitoring programs 
conducted within the Amendment Area and its proximity to inform this process.  

Previous programs and the data they provide have been used in this DWMS to inform the 
current Amendment Area monitoring program being undertaken and for the refinement of 
local groundwater mapping. These results have also assisted in the interpretation of regional 
and perched groundwater systems, and supplement water quality data at common sites.  

The current Amendment Area monitoring program commenced with the installation of 
bores in October 2020 and is measuring groundwater and surface water levels and water 
quality. This monitoring program was commissioned and supported by Hesperia in 
recognition of the Amendment Area’s proximity to the GBSW area.  

The program has continued to be built upon in consultation with agency advice and has 
been ongoing for a period of more than 3 years. 

3.1 Previous Programs in Vicinity of Amendment Area 

3.1.1 GBSW Area Monitoring (Semeniuk, 2001) 

Semeniuk (2001) detailed a hydrological study of the GBSW area undertaken on behalf of 
The Friends of Brixton Street Wetlands. The study aimed to identify and describe key aspects 
of hydrology important to maintaining vegetation and flora diversity. 

The study included the installation of groundwater monitoring infrastructure in 1999 and 
monitored over an 18 month period. This included drilling at 6 locations and the installation 
of 34 piezometers along 8 transects. Locations are shown in Figure 13.  

Key findings of the Semeniuk (2001) investigation are discussed in Section 6.1.  

3.1.2 MKSEA Monitoring (Endemic, 2012) 

Endemic (2012) reported the outcomes of predevelopment monitoring for the Maddington 
Kenwick Strategic Employment Area (MKSEA), which included monitoring of groundwater 
(11 bores), wetlands water levels (8 locations) and surface water (8 locations) during the 
2009 to 2011 period. Endemic monitoring locations are shown in Figure 13.  

Groundwater bores were installed in June 2009 and were installed to a maximum depth of 
6m below surface. Individual bore depths varied depending on the superficial geology and 
groundwater depth encountered at each location. The shallowest bore depths were 
between 1m to 2.5m below ground level and these were bores within the GBSW area. 
Typically the shallow bore depths were limited by refusal, inferred as due to the presence of 
underlying calcrete. 

3.1.3 MKSEA Precinct 3A Monitoring (Emerge, 2018) 

Emerge Associates (2018) documented a Local Water Management Strategy to support the 
structure plan for the MKSEA Precinct 3A Outline Development Plan. A groundwater 
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monitoring program was undertaken across that site in 2016 to assess local hydrological 
characteristics. 

Nine bores were installed in addition to 2 existing bores aiming to provide greater coverage 
and resolution of local groundwater data. The locations of all groundwater bores are shown 
in Figure 13.  

3.1.4 Tonkin Highway Monitoring (360 Environmental, 2019) 

Arup Pty Ltd undertook the installation of groundwater and surface water monitoring sites 
on behalf Main Roads in October 2019 as part of a preconstruction monitoring program 
related to the upgrade of Tonkin Hwy between Roe Hwy and Kelvin Rd.  

A total of 5 monitoring bores and two surface water monitoring sites were established near 
the corner of Welshpool Rd and Tonkin Hwy (Figure 13). Bores are monitored 360 
Environmental quarterly for levels and quality including physical parameters, hydrocarbons, 
nutrients, metals, cations, and anions.   

3.1.5 MKSEA Precinct 1 Monitoring (Onging) 

Twelve monitoring bores were installed within properties at Victoria Road Kenwick to assist 
hydrological investigations for the preparation of an Urban Water Management Plan within 
the MKSEA Precinct 1 area. Locations are shown in Figure 13. 

Groundwater bores were installed and monitored in October 2022. Nested deep and 
shallow bores were installed at several locations to inform the characterisation of any 
perching and the regional groundwater table.  

3.1.6 DBCA GBSW Area Monitoring (Ongoing) 

DBCA have been undertaking hydrological monitoring to assist characterisation of the 
condition and function of GBSW in the Wanaping Block area near Brixton St.  

This monitoring has been ongoing since 2016 and includes surface water monitoring at 11 
locations and groundwater at 3 bores. Data loggers have been implemented to obtain high 
resolution water levels, supplemented with regular manual measurements. Water quality 
sampling is undertaken at the end of summer and spring for major ions, nutrients and stable 
isotopes. Monitoring locations are shown in Figure 13. 

3.2 Amendment Area Monitoring Program (Urbaqua, 2019) 
Urbaqua (2020) previously undertook a monitoring program over an area which included 
the Amendment Area on behalf of the City of Kalamunda from July 2019 to September 2020. 
This program initially installed a number of groundwater monitoring bores and identified six 
locations for surface water monitoring including the 2x900mm diameter culverts under 
Tonkin Hwy near the Welshpool Rd intersection. Monitoring locations are shown in Figure 13. 

No monitoring of groundwater was undertaken which was agreed in consultation with DWER 
due to the depth of groundwater encountered during drilling. DWER urban development 
monitoring guidelines typically do not require predevelopment groundwater monitoring 
where the groundwater depth exceeds 5m.  

With respect to surface water quality, the following summarises the results at the 2x900mm 
diameter culverts under Tonkin Hwy near Welshpool Rd: 
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 In situ pH ranged from 7.04 to 9.01, with the mean of 7.83 within the ANZECC (2000) 
guideline range of 6.5-8.0.  

 Electrical Conductivity (EC) ranged from 1130 µs/cm to 1812 µs/cm (mean 1527 µs/cm), 
well above the ANZECC guideline range for freshwater of 120-300 µs/cm. 

 Total Nitrogen (TN) ranged from 1.6 mg/L to 3.9 mg/L (mean 2.5 mg/L), consistently 
above the ANZECC (2000) guideline value of 1.2 mg/L. 

 Total Phosphorus (TP) ranged from 0.08 mg/L to 0.21 mg/L (mean 0.13 mg/L) consistently 
exceeding the ANZECC (2000) guideline value of 0.065 mg/L.  

DWER reviewed and assessed the Urbaqua (2020) monitoring report and provided written 
advice that the program undertaken was suitable and satisfied DWER’s requirement for pre 
development monitoring for the area in accordance with Better Urban Water Management 
(WAPC, 2008) requirements. 

Relevant data from the Urbaqua program has been included in the Amendment Area’s 
FIELDAE water quality monitoring database and assessed accordingly as part of this DWMS.  

3.3 Amendment Area Monitoring Program (2020- present) 
In recognition of the Amendment Area proximity to the GBSW area, an additional monitoring 
program to the Urbaqua (2020) monitoring program was commenced by Hyd2o in 
November 2020.  

This monitoring builds from Bourke (2017), which found that while many previous studies and 
monitoring programs had been undertaken in the area, there was still scope to improve the 
hydrological understanding of the area through additional monitoring. 

This program remains ongoing and data from this program will continue to assist and support 
improvements in water management for the wetlands.  

The program was developed in consultation with DBCA and DWER and was based on a 
review of previous reporting and data as described previously in this Chapter.  

The program considered where possible to use historically monitored sites so existing 
datasets can be built on and used to assist analysis and interpretation. DBCA and Main 
Roads provided data to assist this process. DWER data was obtained from the Water 
Information Reporting (WIR) database, with DWER advising they did not have any further 
monitoring data to provide other than that which was publicly available via WIR for 
assessment. 

The monitoring program includes:  

 Sampling groundwater quality and levels within, upstream, and downstream of the 
Amendment Area, with the selection of sites to enable a review of data in the context 
of groundwater quality closer to the GBSW area. 

 Surface water quality upstream and downstream of the Amendment Area, and within 
the GBSW area where stormwater inflow and outflows occur.  

Monitoring locations are shown in Figure 14. A total of 12 bores were installed in July 2022 
and a further 4 bores in October 2022 to build on the initial 3 bores installed in 2020. The initial 
bores were installed by eDrill, with Direct Push Probing (DPP) installing bores in 2022.  
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Paired deep and shallow bores exist at 8 locations. Sites for paired bores were based on a 
review of a deeper bore soil log which indicated the possibility that perching may occur at 
higher levels, or following a review of the historical hydrograph from a shallow bore which 
indicated it may be reporting a perched level and not representing the regional water table 
in that area. 

Bore logs for all installed bores are included as Appendix G, with bore survey details 
contained as Appendix H. Tabulated construction details for all bores are included in 
Appendix G including screen intervals at each bore, and drill depths in m and mAHD. Bores 
were typically screened for 3m at the required depth with a bentonite seal. 

Deep bores were typically drilled to 12-14 mAHD, which based on review of available DWER 
regional mapping of summer minimum levels and other nearby bore construction data and 
their recorded water levels indicated construction at that depth was into the top of the 
superficial aquifer. Hydrographs for three bores initially installed by Hyd2o (WG1, WG2 and 
WG3) are shown in Figure 15 reflecting a three year monitoring period and showing seasonal 
behaviour indicative of the regional groundwater table. 

Across the MRS amendment area and its immediate surrounds, there are currently 23 bores 
which are being currently monitored monthly for water levels, and quarterly for water quality 
at 20 of these. This total number of bores exceeds DWER advice provided in October 2022, 
which advised 8-10 bores within the MRS amendment area would be adequate to inform 
an understanding of groundwater behaviour. A further 3 nearby DWER bores are also 
monitored monthly for water levels for correlation of results to longer term data. These three 
sites (SCC 05/08, SCC 06/08, SCC 09/08) are shown in Figure 14.  

Table 5 provides a summary of the Amendment Area’s pre development monitoring 
program. All monitoring data collected during the programme was managed in Hyd2o’s 
FIELDAE monitoring database. All monitoring data collected to date is provided in Appendix 
I, inclusive of relevant data from other previous programs where sites in common have been 
used. All laboratory testing was conducted by NATA approved MPL Laboratories. Reports 
are contained as Appendix J together with Hyd2o sampling protocols and an MPL testing 
method summary. 

With respect to water quality monitoring parameters, in addition to nutrients and heavy 
metals, monitoring for traces of common herbicides and pesticides was also undertaken for 
a short period based on DBCA’s recommendation. All herbicide and pesticide monitoring 
result were below the limit of detection. Laboratory results of this testing is included in 
Appendix J 

A further once off monitoring occasion in February 2023 was conducted as requested by 
DWER to conduct a full analysis suite which included additional parameters such as 
Bicarbonate, Total Dissolved Solids, Total Hardness, Total Alkalinity, Ions, Aluminium, Iron and 
Bromide. A summary table of this testing is included Appendix I, with laboratory results 
included in Appendix J. Further full analysis suite testing is proposed to be undertaken during 
winter 2024 in consultation with government agencies.  

Data is assessed in Chapters 4 and 5 of this DWMS, and will continue to be assessed and 
reported on in future planning documents in accordance with the Better Urban Water 
Management (WAPC, 2008) framework and requirements. This data and its assessment and 
analysis forms an integral part of the proposed adaptive management approach detailed 
in later stages of this DWMS for water management of the Amendment Area. 
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Table 5: Ongoing Predevelopment Monitoring Program 

Monitoring Parameter Location Method Frequency and 
Timing 

Groundwater 
Level Water Level (mAHD) 

23 bores within 
and in proximity 

to the 
Amendment 
Area plus 3 
DWER bores 

Electrical probe 
or similar Monthly 

Groundwater 
Quality 

Physical parameters, 
Nutrients, Heavy 

Metals 
 
 

Full Analysis Suite*  

20 bores within 
and in proximity 

to the 
Amendment 

Area 

Pumped bore 
sample  

Quarterly  
 

(Aug 2022 to Apr 
2023 Bi Monthly) 

 
* Periodic 

Surface Water 
Quality 

Flow,  
Physical parameters, 

Nutrients, Heavy 
Metals 

3 Amendment 
Area outlets 

1 Amendment 
Area inflow 

5 downstream 
locations 

Visual Estimate of 
Flow 

Grab sample via 
telescopic 

sampler 

Up to 4 occasion 
in Winter  

 
(if flowing) 
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4. Local Groundwater Assessment 

4.1 Local Groundwater Levels 
Hyd2o oversaw the installation of 14 bores within the Amendment Area across three 
installation occasions dating from November 2020 to October 2022. Within the same time 
period a further 5 bores were installed in proximity to the Amendment Area. Bores installed 
comprise of both shallow and deep bores placed to capture both the superficial aquifer 
and any potential perched systems. All bore locations are shown in Figure 14, with lithological 
logs contained in Appendix G. The deep slotted bores are considered to represent the 
regional groundwater table.  

Groundwater level hydrographs for all Hyd2o bores are contained as Appendix K.   

Recorded groundwater levels on 27 October 2022 representative of a winter peak and 23 
January 2023 representative of a summer condition for the Amendment Area are contoured 
in Figure 16, showing a groundwater mound evident along the central western boundary 
adjacent to Tonkin Hwy.  

The calculation of average annual maximum groundwater level (AAMGL) contours and 
maximum groundwater level (MaxGL) contours for a site represents standard practice for 
land development projects to normalise recorded data and consider the variability in 
groundwater levels which occur across wet and dry periods. The Hyd2o bores together with 
the following additional 17 sites (refer Section 3.1) were used to map the AAMGL and MaxGL 
for superficial aquifer groundwater levels in proximity to the Amendment Area:  

a) Main Roads bores along Tonkin Hwy (BH001, BH007, BH014, BH010) 

b) Closest DWER bores (SCC 06-08, SCC 05-8, SCC 09-08, 675B)  

c) DBCA bores in the GBSW area (WAN01, WAN02, WAN03) 

d) MKSEA Precinct 1 Bores (MW201S, MW202D, MW203D, MW205D, MW208D)  

e) Douglas Partners bore within the Amendment Area (Mbb). 

Construction details and logs for these additional bores are also provided in Appendix G. 

Recorded levels on 27 October 2022 and were used for AAMGL and MaxGL calculations 
which reflect a peak end of winter condition. Online data from two regional DWER bores 
(SCC 05-08 and SCC 09-08) were used to derive a correction factor to apply to the 
monitored data and determine the AAMGL and MaxGL over the Amendment Area. This 
correction factor is used to normalise short term site data to expected longer term annual 
groundwater level variations based on nearby bores with longer term record.  

DWER bore hydrographs as monitored by Hyd2o are contained as Appendix K, with longer 
term hydrographs based on DWER recorded data contained in Appendix L.  

Correction factor calculations are shown in Table 6 with the resulting AAMGL values for the 
Amendment Area bores shown in Table 7. It should be noted that peak winter water levels 
in 2022 exceeded the AAMGL condition at the DWER bores, which was a common 
occurrence across many areas of the Swan Coastal Plain in winter 2022. 

Mapped AAMGL and MaxGL groundwater contours are shown in Figure 17 and Figure 18 in 
the immediate vicinity of the Amendment Area, with Figures 19 and 20 showing the AAMGL 
contouring extended over a wider area of the Swan Coastal Plain to provide context to 
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Amendment Area mapping results in comparison to DWER regional groundwater 
contouring.  

AAMGL contours at the Amendment Area range from approximately 16 mAHD in the north 
eastern region to approximately 19 mAHD on the western boundary. Groundwater flow was 
found to be radial with a mound evident along the central western boundary adjacent to 
Tonkin Hwy. The groundwater flow direction within the Amendment Area was found to vary, 
generally ranging from flowing northwest to flowing south east and away from the GBSW 
area. Regional groundwater depth is shown as a depth to AAMGL map in Figure 19, with 
maximum seasonal levels within the Amendment Area ranging from 4m to 20m below 
natural surface. 

Monthly monitoring has shown that the seasonal variation in water table across the 
Amendment Area varies. Bores WG1, WG2 and WG3 which have been part of the 
monitoring program since November 2020 have had an average seasonal fluctuation of 
0.8m, 1.4m and 2.4m respectively (Figure 15). Mapping of estimated seasonal variation 
across the Amendment area is shown in Figure 22 based on estimating the Amendment 
Area average annual minimum groundwater level (AAMinGL). This shows the majority of the 
site as having a seasonal groundwater variation of less than 1.5m apart from in the north 
western corner near Tonkin Hwy, and considerably less seasonal variation than areas to the 
west near GBSW. This variability is attributed to a combination of factors including depth to 
groundwater, sub surface geology and soil permeability, and also proximity to areas of 
increased recharge. 

Groundwater levels at the bores and the subsequent contour mapping are reflective of end 
of winter peak readings after two relatively wet years of rainfall (2021 and 2022). This is 
consistent with DWER bores SCC 05-08 and SCC 09-08 having reported winter 2022 
groundwater level peaks at or near maximum readings for their longer term records.  

While the contours in Figures 19 and 20 represent an average end of winter condition and 
some changes in flow direction may occur during other seasonal and interannual periods, 
the general direction of regional groundwater flow from the Amendment Area away from 
the GBSW wetland would remain, given the extent of the observed gradient. 

Geological and geophysical data is used to assist the interpretation of these mapped 
contours in Section 4.2.  

 

Table 6: AAMGL for DWER Bores & Amendment Area Correction Calculation 

Bores  Period of Record Groundwater Level 
(mAHD) Oct-22 

AAMGL 2000-2022 
(mAHD) 

Correction 
Factor (m) 

SCC 05-08 2010 - 2022 23.09 22.74 -0.35 

SCC 09-08 2010 - 2022 11.20 10.77 -0.43 

Correction Factor for Amendment Area Bores (Based on SCC 05-08 & SCC09-8) -0.39 

Other Nearby DWER Bores    

675B 2000 - 2022 - 15.90 - 

SCC 06-08 2010 - 2022 - 6.55 - 
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Table 7: AAMGL for Regional Groundwater Table 

Bore  Installed  
Natural 
Surface 
(mAHD) 

Monitored 
Date 

Water Level 
(mAHD) 

AAMGL  
(mAHD) 

Depth to AAMGL 
Below Natural 
Surface (m) 

Amendment Area Bores 

WG1 Hyd2o 31.45 Oct-22 16.81 16.42 15.03 

WG2D Hyd2o 25.47 Oct-22 17.98 17.59 7.88 

WG3 Hyd2o 22.32 Oct-22 17.76 17.37 4.95 

WG4D Hyd2o 25.11 Oct-22 16.37 15.98 9.13 

WG5D Hyd2o 34.55 Oct-22 16.61 16.22 18.33 

WG6 Hyd2o 24.64 Oct-22 18.80 18.41 6.23 

WG7D Hyd2o 22.90 Oct-22 17.43 17.04 5.86 

WG9 Hyd2o 23.23 Oct-22 19.51 19.12 4.11 

WG10D Hyd2o 22.88 Oct-22 18.13 17.74 5.14 

Mbb Douglas 
Partners 31.25 Oct-22 17.61 17.22 14.03 

Nearby Bores External to the Amendment Area 

WG8 Hyd2o 41.08 Oct-22 16.64 16.25 24.83 

GW5D Hyd2o 18.81 Oct-22 16.72 16.33 2.48 

GW8D Hyd2o 24.00 Oct-22 18.09 17.70 6.30 

GW9D Hyd2o 21.20 Oct-22 19.10 18.71 2.49 

Other Monitoring Program Bores 

BH001  Main 
Roads 27.71 Nov-20 17.49 17.84 2 9.87 

BH007 Main 
Roads 21.42 Nov-20 14.35 14.70 2 6.72 

BH010 Main 
Roads 23.41 Nov-20 18.71 19.06 2 4.35 

BH014  Main 
Roads 20.00 Nov-20 14.86 15.21 2 4.79 

WAN01  DBCA 7.10 Oct-21 7.25 7.00 1 0.10 

WAN02  DBCA 6.30 Oct-21 5.99 5.74 1 0.56 

WAN03 DBCA 5.70 Oct-21 5.48 5.23 1 0.47 

MW201S MKSEA 23.14 Oct-22 18.98 18.59 4.55 
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Bore  Installed  
Natural 
Surface 
(mAHD) 

Monitored 
Date 

Water Level 
(mAHD) 

AAMGL  
(mAHD) 

Depth to AAMGL 
Below Natural 
Surface (m) 

MW202D MKSEA 20.37 Oct-22 17.85 17.46 2.91 

MW203D MKSEA 26.90 Oct-22 18.50 18.11 8.79 

MW205D MKSEA 16.48 Oct-22 14.97 14.58 1.90 

MW208D MKSEA 15.15 Oct-22 12.59 12.20 2.95 

1. Correction factor of -0.25m applied to 14 October 2021 reading for AAMGL based on SCC05-08 and SCC 09-08. 
2. Correction factor of +0.35m applied to 26 November 2020 reading for AAMGL based on SCC05-08 and SCC 09-08.  

 

4.2 Comparison with DWER Regional Mapping  
The mapped AAMGL groundwater contours based on local bore data in Figure 17 are 
shown over a widened region around the Amendment Area in relation to DWER mapped 
regional minimum contours in Figure 19 and recent 2019 maximum contours in Figure 20.  

Summarising the results of the mapping shown in Figure 19 and 20 in comparison to DWER 
regional contours:  

 While contours are expected to differ given the considerable amount of additional local 
data used for the AAMGL mapping which was not available for DWER mapping, the 
mapped AAMGL groundwater contours show a broad general agreement in 
groundwater flow direction over the wider area with DWER regional mapping.  

 In the region south west of the Amendment Area toward the GBSW area, DWER’s 2019 
maximum contours are mapped as flowing in a south westerly direction from the 
Amendment Area (Figure 20). DWER’s minimum groundwater contour mapping shows 
flow in a westerly direction (Figure 19). The mapped AAMGL groundwater contours 
based on local data show flow in a south west direction and are more closely aligned 
in flow direction with the most recent DWER 2019 maximum contour mapping. 

 Groundwater levels were found to vary considerably across all datasets. DWER datasets 
show minimum groundwater level contour mapping being higher than 2019 maximum 
contours in many areas. This is due to the absence of any local DWER bores in this area 
and data being extrapolated. The mapped local AAMGL contours are therefore 
appropriately considered a refinement of DWER regional mapping and more 
representative of local conditions being based on recorded local bore groundwater 
levels and not extrapolated contouring. 

 To assess the validity of the mapped local AAMGL contours, several locations were 
identified where known surface expressions of groundwater exist, and mapping results 
compared against LIDAR data and observed ponding at those locations. These 
locations were not previously used in the mapping process and therefore provided an 
independent validation of local mapping. Once such verification location was the at 
the corner of Hale Rd and Kalari Rd Wattle Grove, where Hyd2o’s AAMGL mapping 
estimated an AAMGL level of approximately 14 mAHD which was found to be consistent 
with DWER 1m LiDAR data and observed ponding at this location. The verification 
process highlighted many areas where differences in DWER mapped groundwater 
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contours and groundwater expression observations were present, with differences of up 
to 5m found in areas between Brentwood and Victoria Rd on the southern side of Tonkin 
Hwy. In all these locations the AAMGL contouring based on local data was found to 
more accurately represent historical observations.  

 The major difference in the direction of groundwater flow based on local AAMGL 
mapping compared to DWER regional mapping was that groundwater flow was found 
to be radial within the Amendment Area with mounding evident along the central 
western boundary adjacent to Tonkin Hwy. The groundwater flow direction within the 
Amendment Area was found to vary, generally ranging from flowing northwest to 
flowing south east and away from the GBSW area which is different to DWER mapping 
which indicated a uniform flow direction to the west and south-west.  

While is it not uncommon for site specific investigations based on local data to differ from 
DWER regional mapping, it is acknowledged that the proximity of the Amendment Area to 
the GBSW area requires further consideration of the factors which may be contributing to 
this outcome.  

Figure 23 provides an assessment of the approximate extent of the observed local mound. 
This assessment was based on groundwater contouring of the same area without including 
bores in the Amendment Area and its immediate vicinity, and differencing this mapping 
from the local area contouring. The mound can be seen to centre around Tonkin Hwy and 
the turf farm and range up to 5m in height. 

The following factors are identified as likely contributing to the observed groundwater 
mound occurring in this area: 

 Geology 
As discussed in Section 2.3.4, GBG Group carried out a geophysical subsurface 
investigation across the Amendment Area in December 2022 and October 2023. This 
included conducting Electrical Resistivity Tomography (ERT) testing along a total of 13 
transects. The investigation found sections were generally non-uniform even over small 
distances, reflecting the complex nature of the geology which occurs in proximity to the 
scarp. Results for the Brentwood Rd and Boundary Rd areas showed large areas of very 
high resistivity (low conductivity) below the groundwater table at approximately 10-15 
mAHD extending to the base of testing at 50m depth. These very high resistivity (low 
conductivity) areas below the water table are interpreted as low permeability areas.  

This was also evident at other sections, predominately in areas near Tonkin Hwy. Along 
Crystal Brook Rd, these large areas of very high resistivity (low conductivity) were largely 
absent, with low resistivity (high conductivity) areas below the water table extending to 
50 m depth across much of the section.  

Figure 24 provides a spatial representation of the areas of high resistivity (low 
conductivity) in relation to the Amendment Area estimated AAMGL. This mapping found 
that in many of the areas where the high resistivity (low conductivity) materials were 
present, mounded groundwater levels would reach or exceed the level of the low 
resistivity (low conductivity) materials, indicating an impact of these areas locally on flow 
direction and groundwater levels. This was observed to occur particularly in the areas 
near Tonkin Hwy.  
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Figure 24 also highlights these outcomes in the context of environmental geology 
mapping which shows more permeable sandy soils within the Amendment Area and 
less permeable soils associated with the Guildford formation to the west.  

The local variability in sub surface geology and existence of localised high and low 
permeability areas is likely to be a major factor influencing local groundwater flow 
directions and levels within the Amendment Area, which is broadly observed in 
monitoring data as occurring toward more permeable soil types. 

 Irrigation 
As detailed in Section 2.7, licencing within the superficial aquifer has a total allocation 
of 264,000 kL/yr, which includes a single licence allocation of 176,000 kL/yr. Abstraction 
and irrigation of this amount locally would be expected to result a considerable net 
extraction from the relevant aquifer. Groundwater data for the superficial aquifer over 
the monitoring period has however shown a considerable mound in the vicinity of this 
licence area rather than a reduction in levels locally.  

This indicates the application of water from a source other than the superficial aquifer 
in this area is likely to be occurring. Potential other sources include the use of deeper 
aquifers, such as the Leederville or scheme water.  

DWER’s Water Information Reporting database (WIR site 61601079) indicates the 
presence of a private bore drilled in 1998 in this vicinity to approximately -41 m AHD and 
screened from -30 m AHD to -40 m AHD which would be representative of the Leederville 
Aquifer, and this is considered the likely source. 

Since April 2023, the turf production and its irrigation appears to have has ceased and 
groundwater levels in its immediate vicinity have been observed to reduce. Figure 25 
shows the recent hydrographs at the nearest bores to the turf farm, in comparison to 
other nearby bores within and downstream of the Amendment Area. The falling 
hydrographs at bores WG6 and WG9 in comparison to other sites highlight the local 
impact of the previous irrigation on groundwater levels. The decline in groundwater level 
over summer 2023/24 has been observed to be greater at the nearby bores within the 
Amendment Area compared to those south of Tonkin Hwy which is interpreted as being 
representative of more permeable soils in the Amendment Area and groundwater flow 
more readily moving and normalising in this direction. Groundwater level and quality 
monitoring of these changes are ongoing.  

While the previous turf farm irrigation and now cessation is not development related, it is 
acknowledged these changes in water application and recharge may affect groundwater 
levels and water quality locally.  

The DWMS has been prepared consistent with acknowledging EPA Inland Waters objective 
of maintaining the existing hydrological regime, and therefore considers the existing 
environment under turf farm irrigation to represent the baseline condition for assessment, 
and representative of the local hydrological conditions in proximity to GBSW over many 
years.  The DWMS respects the impact that potential changes in groundwater level and flow 
may have in this area and uses this to inform the development of the water management 
strategy for the Amendment Area detailed in Chapter 7.  

The extent to which the ceased irrigation at the turf farm from the deeper aquifer will impact 
groundwater levels locally is difficult to quantify given the variable geology of the area. 
While both WG6 and WG9 have shown downward trends since irrigation ceased, other 
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nearby bores GW9D and WG3 have shown little impact. Groundwater levels will continue to 
be monitored as development proceeds and used to inform the water management 
strategy using an adaptive management approach.  

Further assessment of these existing groundwater levels and the management of changes 
in flow direction as a result of land use change is detailed in Section 8.2.  

4.3 Perched Groundwater Assessment 
The remaining 6 bores installed by Hyd2o not used for regional groundwater mapping were 
used to assess the potential of perched groundwater within the Amendment Area. 
Maximum readings recorded at each bore are contained in Table 5.  

A number of the shallow bores installed where soil profile indicated perching may occur 
were recorded dry on all occasions.   

A large number of shallow bores were also constructed during previous studies (Semeniuk 
2001, Endemic 2012) by hand auger techniques to a depth of refusal, with refusal typically 
recorded as being due to a hardpan or calcrete layer being encountered.  Data recorded 
from these locations typically represent a perched groundwater level which temporarily 
forms for several months above the hardpan, rather than the regional groundwater table.  

These locations identified via Semeniuk (2001) and Endemic (2012) were used to provide an 
indicative map of perched levels as shown in Figure 26 to compare with the regional water 
table. Table 5 summarises the locations and levels used for this analysis.  

Figure 26 shows the differences in perched and regional groundwater elevations within the 
Amendment Area and in the GBSW area south of Tonkin Hwy where the regional water table 
is in closer proximity to natural surface.  

The perched groundwater flow is observed to be typically in a south west direction. This 
mapping is broadly similar to that detailed in Emerge Associates (2018). In areas along the 
southern side of Tonkin Hwy adjacent to the Amendment Area boundary perching was 
found to occur 1m to 3m above the regional water table, while in some of the central and 
southern areas of the GBSW, the regional water table and perching were found to be closer 
in elevation. This finding is consistent with the hydrological behaviour of the GBSW area 
described in Semeniuk (2001).  

The extent to which any regional water table interactions with the perched water table 
would occur is however also dependent on the presence and extent of hardpan layers 
within the GBSW area. Semeniuk (2001) and Endemic (2012) provide some detail to the 
extent of the hardpan layers, which is also supported by geotechnical investigations for 
MKSEA summarised in Emerge Associates (2023). 

While some perching is evident in groundwater levels in the north western corner of the 
Amendment Area near Tonkin Hwy, no perching was evident at most bores.  

There are a small number of unlined drains in the Amendment Area near Brentwood Rd near 
Crystal Brook Rd which are located below the perched water table in that area and drain 
toward the culvert under Tonkin Hwy and the GBSW area. Development within this area of 
the Amendment Area will provide an opportunity for treatment and improved management 
of any flows. 
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It is also noted anecdotal evidence from landholders in the Amendment Area have 
suggested groundwater levels in proximity to the Dampier to Bunbury Natural Gas Pipeline 
Corridor (DBNGPC) adjacent to Tonkin Hwy reduced following excavation for the pipeline.  

 

Table 6: Locations & Levels for Mapping of Perched Groundwater 

Bore  Installed 
By 

Natural 
Surface 
(mAHD) 

Monitored 
Date 

Water Level 
(mAHD) 

Depth Below Natural 
Surface (m) 

Amendment Area Bores     

WG2S Hyd2o 25.21 Aug-22 22.50 (Dry) 2.71 

WG4S Hyd2o 25.11 Aug-22 24.50 0.61 

WG5S Hyd2o 34.54 Aug-22 29.33 (Dry) 5.21 

WG7S Hyd2o 22.85 Aug-22 19.82 (Dry) 3.03 

WG10S Hyd2o 22.80 Oct-22 20.47 2.33 

Bores External to Amendment Area 

Mba Unknown 20.03 Oct-21 18.96 1.07 

GW2 Endemic 13.41 Aug-11 13.41 0.00 

GW3 Endemic 8.97 Aug-22 8.56 0.41 

GW4 Endemic 12.53 Aug-11 12.53 0.00 

GW5S Endemic 18.84 July-21 18.55 0.29 

GW8S Endemic 24.00 Aug-22 21.06 2.94 

GW9S Hyd2o 21.19 Aug-22 19.70 1.49 

GW12 Endemic 8.90 Aug-22 8.79 0.11 

CellA T3A Semeniuk 6.00 Oct-99 5.20 0.80 

CellA T2C Semeniuk 5.50 Aug-99 5.00 0.50 

CellBF Semeniuk 7.00 Oct-99 6.80 0.20 
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5. Surface Water and Groundwater Quality 

5.1 Groundwater Quality 
Groundwater quality monitoring by Hyd2o to inform the predevelopment environment 
baseline has comprised of sampling commencing in May 2021 with the number of bore 
locations expanding to include newly installed bores and bores external to the Amendment 
Area, particularly in reference to the GBSW area. Currently 20 bores within and in proximity 
to the Amendment Area are being monitored for water quality. Locations are shown in 
Figure 27 along with a general monitoring summary of each individual site. 

Data to December 2023 is summarised below in Table 9 and is aggregated to reflect 
groundwater quality at either shallow or deep bores within the Amendment Area or west of 
Tonkin Hwy in proximity to the GBSW area. Data has also been supplemented with historical 
Endemic (2012) data collected from 2009 to 2011. Note that where longer term data via 
previous monitoring programs also exists, data summaries for only the most recent 2021-2023 
monitoring conducted by Hyd2o is also provided in Table 9 and Figure 27.  

Summary results via the FIELDAE database are provided in Appendix M for individual sites, 
with aggregated reporting at various scales (ie shallow/deep bores, Amendment Area/West 
of Tonkin Hwy) detailed in Appendix N.  

General comparison to ANZECC (2000) guidelines for wetland ecosystems in south-west 
Australia and freshwater ecosystem trigger values is as follows: 

 Median EC at both shallow and deep bores within the Amendment Area are higher 
than the respective medians of shallow and deep bores west of Tonkin Hwy. Only the 
median for shallow bores within the Amendment Area (2.25 mS/cm) fell outside the 
ANZECC guideline range (0.3 – 1.5 mS/cm).   

 Median pH’s for all bore groups, except for shallow bores west of Tonkin Hwy (7.11), have 
indicated some acidity and fall outside the ANZECC guideline range (7.0 – 8.5).  

 Median TN readings at deep Amendment Area bores (3.65 mg/L) and shallow bores 
west of Tonkin Hwy (2.70 mg/L) exceeded the ANZECC guideline (1.50 mg/L). Within 
these aggregations WG9 and GW12 have reported high exceedances of 52.0 mg/L and 
8.4 mg/L respectively during the monitoring period. GW5D reported the highest reading 
across the deep bores west of Tonkin Hwy (5.50 mg/L). 

 The median NOx-N values for shallow (0.17 mg/L) and deep (2.20 mg/L) Amendment 
Area bores exceeded the ANZECC guideline (0.1 mg/L). Within their aggregations, WG9 
and GW3 have reported high readings of 44.0 mg/L and 7.55 mg/L respectively during 
the monitoring period. Medians for all aggregations fell within the ANZECC guideline for 
NH3-N (0.9 mg/L).  

 Medians for all aggregations fell within the ANZECC guideline for TP (0.06 mg/L) with the 
exception of the shallow bores west of Tonkin Hwy (0.15 mg/L). Within their aggregations 
WG9, GW12 and GW5D all reported the highest readings of 3.70 mg/L, 1.50 mg/L and 
0.42 mg/L respectively.  

 Medians for all aggregations fell within the ANZECC guideline for FRP (0.03 mg/L). Within 
their aggregations WG9, GW12 and GW9D all reported the highest readings of 2.9 mg/L, 
0.68 mg/L and 0.06 mg/L respectively. 
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 Generally, medians for heavy metals across the bore sets fell within the 95% protection 
trigger value for freshwater ecosystems. The exceptions were median values for Cu and 
Zn for shallow bores west of Tonkin Hwy. 

 Metal readings across the aggregations were generally higher across the bores west of 
Tonkin Hwy with notably high readings taken at GW5S, GW8S and GW12 (all shallow) as 
shown in Table 9. The highest metal readings across the deep bores west of Tonkin Hwy 
were generally reported at GW9D.  

Based on groundwater quality monitoring to date nutrient levels in the regional water table 
appear highest around the Turf Farm and mounding on the Amendment Area western 
boundary to which WG9 (internal) and GW9D (external) are associated. Nutrient levels were 
also generally highest at GW5D which is notably downstream of GW9D in a northwest 
direction. Generally metal levels within the regional table fall within ANZECC trigger values 
however concentrations are most apparent at GW9D. GW9D is located in the vicinity of the 
Turf Farm at a cul-de-sac on Brentwood Rd enclosed by an elevated Tonkin Hwy and 
surrounding private properties. 

For perched groundwater nutrient levels have generally been highest at GW3 and GW12. 
These bores are located furthest away from the Amendment Area and adjacent to the 
GBSW area with GW3 located in a road reserve and GW12 located within a rural property 
on Brook Rd. Metal concentrations have generally recorded highest at bore GW8S and 
GW12. Both GW8S and GW12 are located in areas slightly lower to an adjacent long existing 
road and levels may be a result of road runoff over time.  

With respect to the poultry farm and disused chicken sheds near the Amendment Areas 
eastern boundary, water quality sampling at nearby bore WG2 and MBb do not indicate 
elevated nutrient levels relative to other bores, with median TN levels considerably lower 
than the Amendment Area median across all sites.  

The chicken sheds will be subject to separate soil and groundwater investigations in in due 
course as planning progresses to determine if any remediation works are required.  

With respect to ASS, while WAPC’s Bulletin 64 (WAPC, 2003) ASS risk mapping for the 
Amendment Area indicates it is located within an area of moderate to low risk of acid sulfate 
soils occurring within 3.0 m of natural soil surface, DWER’s review of February 2023’s full 
analysis suite (Appendix I) indicated the likely presence of ASS within the groundwater 
fluctuation zone around bore GW5D located approximately 200 m west of the Amendment 
area on the southern side of Tonkin Hwy.  

Further investigation of ASS will be required as planning progresses to determine the 
presence and extent of any ASS, and an appropriate management response and plan 
prepared and implemented in accordance with agency requirements.   

5.2 Surface Water Quality 
Surface water quality monitoring has been conducted since winter 2021, with sampling 
occurring at 9 locations when sites were observed to be flowing. Sampling was inclusive of 
locations upstream of the Amendment Area (SW1), outlets to cross Tonkin Hwy (SW2 to SW4) 
and locations downstream (west of Tonkin Hwy) to capture drainage flow paths across the 
GBSW area towards Yule Brook (SW5 to SW9). The majority of these sites are roadside open 
drains. Sampling locations are shown in Figure 28 along with a general monitoring summary 
for each individual site. 
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Data to December 2023 is summarised below in Table 10 and is aggregated to reflect 
surface quality upstream of the Amendment Area, leaving the Amendment Area, or 
downstream which is essentially west of Tonkin Hwy in proximity to GBSW. Data has also been 
supplemented with historical Endemic (2012) data collected from 2009 to 2010 as well as 
Urbaqua (2020) data collected from 2019 to 2020. Note that where longer term data via 
previous monitoring programs also exists, data summaries for only the most recent 2021-2023 
monitoring conducted by Hyd2o is also provided in Table 10 and Figure 28. 

Similarly to groundwater, summary results via the FIELDAE database are provided in 
Appendix M for individual sites, with aggregated reporting (upstream, Amendment Area, 
downstream) detailed in Appendix N.  

General comparison to ANZECC (2000) for lowland river ecosystems in south-west Australia 
and freshwater ecosystem trigger values is as follows: 

 Median EC at upstream sites fell within the ANZECC guideline range (0.12 – 0.3 mS/cm). 
Median EC at locations downstream was next highest with a value of 0.56 mS/cm and 
Amendment Area outlets recorded the highest median with a value of 1.086 mS/cm.  

 Median pH across all sampling groups fell within the ANZECC guideline range (6.5 – 8). 

 Median TN values for both the Amendment Area outlets (2.25 mg/L) and the locations 
west of Tonkin Hwy (1.80) exceeded the ANZECC guideline (1.2 mg/L). Outlet SW2 had 
a high exceedance value of 18 mg/L while SW7 recorded the highest reading for a 
downstream location (3.6 mg/L).  

 The median value for NOx-N across the Amendment Area outlets (0.97 mg/L) exceeded 
the ANZECC guideline (0.15 mg/L) with the highest reading recorded at SW2 (5.4 mg/L). 
The highest reading downstream was 1.30 mg/L at SW7.  

 Median NH3-N values across all sampling groups fell within the ANZECC guideline (0.9 
mg/L). The highest Amendment Area outlet recording was at SW3 (0.77 mg/L) while the 
highest downstream reading was at SW7 (2.70 mg/L).   

 Median TP across the Amendment Area outlets and downstream locations were 0.15 
mg/L and 0.14 mg/L respectively, which exceed the ANZECC guideline (0.065 mg/L). 
The highest reading across the outlets was taken at SW3 (5.6 mg/L) which was a large 
exceedance while the highest reading downstream was taken at SW9 (0.32 mg/L).  

 Median FRP across locations downstream of the Amendment Area (0.07 mg/L) 
marginally exceeded the ANZECC guideline (0.04 mg/L).  The highest value recorded 
across the Amendment Area outlets occurred at SW2 (0.51 mg/L) while the highest value 
across the downstream locations occurred at SW9 (0.32 mg/L).  

 Medians for heavy metals across all sampling groups fell within the 95% trigger value for 
freshwater species with the exception of Cu and Zn. Metal levels were generally 
consistent across sampling groups. 

 The highest metals readings were most common at SW2 and SW4 for Amendment Area 
outlets while SW7 recorded the highest readings for across locations downstream. 

Surface flow upstream of the Amendment Area represented by SW1 generally had the best 
quality with the least ANZECC guideline exceedances. For locations downstream, the 
highest nutrient and metal concentrations were at SW7, downstream of the GBSW area and 
prior to discharge to Yule Brook.  
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Table 9: Predevelopment Groundwater Quality Summary 

Parameter 
ANZECC  
Guide 
(2000) 

Amendment Area  
Bores 

Bores West of  
Tonkin Hwy 

Shallow Deep Shallow Deep 

n Med. Max. n Med. Max. n Med. Max. n Med. Max. 

EC  
(mS/cm) 

0.300 –  
1.501 

8 2.249 
3.622 

(WG4S) 
94 1.285 

9.532 
(WG3) 

37 
 

21 

0.706 
 

0.6323 

26.6 
 (GW12) 

4.923 
(GW3) 

23 0.598 1.496 
(GW9D) 

pH 
7.0 –  
8.51 

8 5.86 
6.95 

(WG4S) 
 

95 5.89 
6.95 

(MBb) 

37 
 

21 

7.11 
 

6.683 

8.18 
(GW12) 

7.443 
(GW3) 

24 6.04 6.6 
(GW9D) 

TN  
(mg/L) 

1.501 6 0.84 
14.0 

(WG4S) 
86 3.65 

52.0 
(WG9) 

29 
 

18 

2.70 
 

2.153 

8.40 
(GW12) 

8.203 
(GW9S) 

21 0.62 5.50 
(GW5D) 

NOx-N 

(mg/L) 
0.11 6 0.17 

1.30 
(WG4S) 

86 2.20 
44.0 

(WG9) 

28 
 

18 

0.46 
 

0.903 

7.55 
(GW3) 
6.503 

(GW9S) 

21 0.01 0.4 
(GW9D) 

NH3-N 
(mg/L) 

0.9002 7 0.01 
0.32 

(WG4S) 
95 0.01 

3.40 
(MBb) 

19 
 

19 

0.03 
 

0.033 

0.18 
(GW3) 
0.183  

(GW3) 

24 0.05 0.18 
(GW5D) 

TP  
(mg/L) 

0.061 6 0.05 
0.25 

(WG4S) 
86 0.05 

3.70 
(WG9) 

32 
 

18 

0.15 
 

0.163 

1.50 
(GW12) 

1.403 
(GW9S) 

21 0.05 0.42 
(GW5D) 

FRP  
(mg/L) 

0.031 7 0.01 
0.01 

(WG4S) 
95 0.01 

2.90 
(WG9) 

33 
 

19 

0.01 
 

0.063 

0.68 
(GW12) 

0.313 
(GW9S) 

24 0.01 0.06 
(GW9D) 

As  
(mg/L) 

0.0242 7 0.001 
0.001 

(WG4S) 
95 0.001 

0.0051 
(WG2) 

32 
 

19 

0.003 
 

0.0013 

0.05 
(GW12) 
0.0163 

(GW9S) 

24 0.001 0.0062 
(GW9D) 

Cd  
(mg/L) 

0.00022 6 0.0001 0.00082 
(WG4S) 

86 0.0001 0.00045 
(WG1) 

31 
 

18 

0.0001 
 

0.00013 

0.0034 
(GW8S) 
0.00013 

21 0.0001 0.0001 

Cr 
(mg/L) 

0.0012 6 0.001 
0.001 

(WG4S) 
86 0.001 

0.0088 
(WG4D) 

31 
 

18 

0.001 
 

0.0013 

1.70 
(GW12) 
0.00183 
(GW9S) 

21 0.001 0.0023 
(GW9D) 

Cu 
(mg/L) 

0.00142 6 0.001 
0.001 

(WG4S) 
86 0.001 

0.019 
(WG9) 

31 
 

18 

0.004 
 

0.00283 

0.48 
(GW12) 
0.0063 

(GW9S) 

21 0.001 0.0099 
(GW9D) 

Pb  
(mg/L) 

0.00342 6 0.001 0.001 
(WG4S) 

86 0.001 0.042 
(WG6) 

31 
 

18 

0.001 
 

0.0013 

0.19 
(GW5S) 
0.0013 

21 0.001 0.0042 
(GW5D) 

Ni 
(mg/L) 

0.0112 6 0.0016 
0.0027 

(WG4S) 
86 0.003 

0.019 
(WG3) 

31 
 

18 

0.006 
 

0.00523 

0.98 
(GW8S) 
0.0233 

(GW9S) 

21 0.0085 0.035 
(GW9D) 

Hg 
(mg/L) 

0.00062 6 0.00005 
0.00005 
(WG4S) 

86 0.00005 
0.00031 
(WG9) 

31 
 

18 

0.00005 
 

0.00005
3 

0.0006 
(GW8S) 
0.000053 

21 0.00005 0.00005 

Zn 
(mg/L) 

0.0082 6 0.0034 
0.046 

(WG4S) 
86 0.0072 

0.061 
(MBb) 

31 
 

18 

0.01 
 

0.00593 

1.90 
(GW12) 
0.0193 
(GW3) 

21 0.004 0.023 
(GW9D) 

1. ANZECC (2000) default trigger values for wetland ecosystems in south-west Australia 
2. ANZECC (2000) trigger values for 95% level of species protection 
3. Most recent three years of monitoring period (2021-2023) is shown in italics where longer term data via 

previous monitoring programs also exists  
4. Med. – Median, Max. – Maximum,  n. - Number of samples 
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Table 10: Predevelopment Surface Water Quality Summary 

Parameter 
ANZECC  
Guide 
 (2000) 

Upstream 
SW1 

Amendment Area Outlets 
SW2, SW3, SW4 

Downstream 
SW5, SW6, SW7, SW8, SW9 

n Med. Max. n Med. Max. n Med. Max. 

EC 
(mS/cm) 

0.120 –  
0.3001 

2 0.260 0.352 
30 

 
13 

1.086 
 

0.3093 

1.812 
(SW2) 
1.4343 
(SW2) 

29 
 

19 

0.56 
 

0.453 

5.200 
(SW7) 
5.203 
(SW7) 

pH 
6.5 –  
8.01 

2 7.90 8.19 
30 

 
13 

7.53 
 

7.493 

9.01 
(SW2) 
8.013 
(SW2) 

29 
 

19 

7.34 
 

7.263 

7.90 
(SW7) 
7.89 3 
(SW5) 

TN 
(mg/L) 

1.201 2 0.60 0.90 
30 

 
13 

2.25 
 

1.803 

18.00 
(SW2) 
18.003 
(SW2) 

29 
 

19 

1.80 
 

1.603 

3.60 
(SW7) 
3.503 
(SW7) 

NOx-N 

(mg/L) 
0.151 2 0.01 0.02 

29 
 

13 

0.97 
 

0.723 

5.40 
(SW2) 
5.403 
(SW2) 

28 
 

19 

0.04 
 

0.033 

1.30 
(SW7) 
1.103 
(SW9) 

NH3-N 
(mg/L) 

0.9002 2 0.01 0.02 
13 

 
13 

0.04 
 

0.043 

0.77 
(SW3) 
0.773 
(SW3) 

19 
 

19 

0.02 
 

0.023 

2.70 
(SW7) 
2.703 
(SW7) 

TP  
(mg/L) 

0.0651 2 0.05 0.05 
30 

 
13 

0.15 
 

0.153 

5.60 
(SW3) 
5.603 
(SW3) 

29 
 

19 

0.14 
 

0.083 

0.32 
(SW9) 
0.323 
(SW9) 

FRP 
(mg/L) 

0.041 2 0.01 0.01 
30 

 
13 

0.02 
 

0.073 

0.51 
(SW2) 
0.313 
(SW2) 

29 
 

19 

0.07 
 

0.063 

0.32 
(SW9) 
0.323 
(SW9) 

As 
(mg/L) 

0.0242 2 0.0015 0.002 
16 

 
13 

0.001 
 

0.0013 

0.0047 
(SW3) 

0.00473 
(SW3) 

 

22 
 

19 

0.0011 
 

0.0013 

0.004 
(SW7) 
0.0033 
(SW9) 

Cd 
(mg/L) 

0.00022 2 0.0001 0.0001 
16 

 
13 

0.0001 
 

0.00013 

0.0001 
 

0.00013 

22 
 

19 

0.0001 
 

0.00013 

0.0003 
(SW7) 

0.00033 
(SW7) 

Cr 
(mg/L) 

0.0012 2 0.001 0.001 
16 

 
13 

0.001 
 

0.0013 

0.006 
(SW2) 
0.0013 

22 
 

19 

0.001 
 

0.0013 

0.006 
(SW7) 
0.0023 
(SW7) 

Cu 
(mg/L) 

0.00142 2 0.0035 0.004 
16 

 
13 

0.005 
 

0.0053 

0.100 
(SW4) 
0.1003 
(SW4) 

22 
 

19 

0.0023 
 

0.0023 

0.013 
(SW7) 
0.0043 
(SW7) 

Pb 
(mg/L) 

0.00342 2 0.001 0.001 
16 

 
13 

0.001 
 

0.0013 

0.005 
(SW2) 
0.0033 
(SW4) 

22 
 

19 

0.001 
 

0.0013 

0.001 
 

0.0013 

Ni 
(mg/L) 

0.0112 2 0.001 0.001 
16 

 
13 

0.001 
 

0.0013 

0.006 
(SW4) 
0.0063 
(SW4) 

22 
 

19 

0.0029 
 

0.0023 

0.019 
(SW7) 
0.0193 
(SW7) 

Hg 
(mg/L) 

0.00062 2 0.00005 0.00005 
16 

 
13 

0.00005 
 

0.00005
3 

0.0001 
(SW2) 

0.000053 

22 
 

19 

0.00005 
 

0.000053 

0.0001 
(SW7) 

0.000053 

Zn 
(mg/L) 

0.0082 2 0.0135 0.017 
16 

 
13 

0.018 
 

0.0153 

0.078 
(SW4) 
0.0783 
(SW4) 

22 
 

19 

0.013 
 

0.0113 

0.360 
(SW7) 
0.3603 
(SW7) 

1. ANZECC (2000) default trigger values for lowland river ecosystems in south-west Australia 
2. ANZECC (2000) trigger values for 95% level of species protection 
3. Most recent three years of monitoring period (2021-2023) is shown in italics where longer term data via 

previous monitoring programs also exists  
4. Med. – Median, Max. – Maximum,  n. - Number of samples 
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6. Relationship to Greater Brixton St Wetlands 
EPA (2022a) identifies that a high level of protection and coordinated management is 
critical for the GBSW area, and expects future activities and development to be compatible 
with the protection of the environmental values of the GBSW area. 

Proponents are required to demonstrate best practice environmental management with 
adaptability in design and approach to protect the environmental values and supporting 
ecological and hydrological processes of the GBSW.  

This Chapter addresses the hydrological relationship of the Amendment Area with the GBSW 
area under existing land use. This information is assessed and presented in the context of 
previous studies and their findings. It also considers climate change and identifies the 
hydrological differences of the Amendment Area relationship to the GBSW area compared 
to the Maddington Kenwick Strategic Employment Area (MKSEA).  

This information is used together with previous Chapters to identify constraints and 
opportunities to guide the development of the Water Management Strategy for the 
Amendment Area in Chapter 7.  

6.1 Previous Hydrological Reports 
Semeniuk (2001), undertaken on behalf of The Friends of Brixton Street Wetlands, identified 
and described key aspects of hydrology important to maintaining vegetation and flora 
diversity. The data collected during the study provided insight into groundwater and surface 
water processes, detailing the rapid groundwater recharge evident following episodic 
rainfall events.  

Semeniuk (2001) reported that the wetlands were maintained by surface and near surface 
perching of direct precipitation and by infiltration. During periods of below average rainfall 
the regional groundwater was considered likely to play only a minor part on the 
maintenance of the GBSW area, with the major recharge mechanism for the wetlands 
identified as being direct precipitation, perching, infiltration and sub surface perching.  

Endemic (2012) reported the outcomes of predevelopment monitoring for the MKSEA area. 
This study concluded the wetlands were a result of groundwater perching above a calcrete 
and/or clay layer with minimal interaction with the regional aquifer.  

Bourke (2017) reported a further investigation of the then Department of Parks and Wildlife 
(DPaW) to develop an understanding of the local-scale hydrological function of the GBSW 
area under current climate and review predictions made in previous investigations such as 
Semenuik (2001). The study provided a robust review and evaluation of all previous 
hydrological data and its shortcomings across the GBSW area, with a detailed focus on the 
wetland area south of Bickley Rd known as the Brixton and Wanaping blocks.  

The report found existing data to be typically limited by short monitoring periods and a lack 
of deeper bores below the shallow perching layer from which to characterise aquifer 
behaviour. Bourke (2017) also recognised mapping of the aquifers in the area were limited 
to regional-scale interpretations only. 

Bourke (2017) reported that a common theme of previous investigations was that the GBSW 
area was predominately a surface water feature, reliant largely on incident rainfall and 
surface water inflow. Unlined open drains were identified as a key factor having a significant 
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negative impact on the hydrology of the area, particularly wetland hydro-period via 
changing the movement of surface and groundwater. 

Common to all reports was that incident rainfall and perching was the dominant 
hydrological process for the GBSW area. 

6.2 Existing Land Use Water Balance Modelling 
A conceptual water balance was developed for the Amendment Area by Emerge 
Associates to consider the existing (predevelopment) environment. Modelling outcomes are 
used to assess the relationship of the Amendment Area with the GBSW area, and inform a 
baseline condition from which to assess potential impacts of land use change. 

The Emerge Associates (2023) report detailing the development of the model and its 
outcomes is contained as Appendix O. The water balance model quantified key 
components of inflow and outflow from the Amendment Area as follows: 

 Rainfall 

 Irrigation inputs from aquifers and scheme water 

 Rainfall and irrigation water interception 

 Surface water runoff and drainage 

 Upstream catchment inflows (including flows from Urban Expansion and Investigation 
(UEUI) areas identified in the North East Sub-Regional Planning Framework (DPLH, 2018). 

 Groundwater throughflow 

 Seasonal perched groundwater 

 Evapotranspiration 

 Recharge 

Water balance reporting was done at an annual scale however model calculations of 
various inputs were performed at variable timescales from daily to hourly. A detailed 
description of all water balance parameters, assumptions and methodology is presented in 
Appendix O. The groundwater contours shown in Figure 17 were adopted for the water 
balance assessment on the basis of being representative of an average winter groundwater 
condition for the site, with flow directions being effectively similar to actual recorded data. 

With respect to hydraulic conductivity, the rates within the water balance model were 
adopted on the basis of Hyd2o and Douglas Partners site specific testing (Section 2.3.3). 
Note the adopted rate for Bassendean Sand of 21 m/day is consistent with the range of 
rates presented in Gelsinary et al (2024) and Salama et al (2005), which reported a range of 
4 to 72 m/day and mean of 28 m/day for Bassendean Sands. The adopted rates in the water 
balance model are also consistent with the range of values presented in CyMod Systems Pty 
Ltd (2014) for PRAMS modelling, with ranges for Bassendean Sands of 10-50 m/day and 0.1-
1 m/day for Guildford Formation. 

Modelling results are presented in Table 11 showing the balance of all inflows and outflows 
for the Amendment Area.  Summarising the modelling results:   

 Rainfall is the predominant source of inflow to the Amendment Area currently 
representing approximately 72.1% of the total inflow.  
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 Irrigation water is estimated to represent the second highest component (22.8%) of 
inflow. This is largely influenced by existing turf farm water use, which based on 
groundwater level monitoring observations is assumed to be abstracted from the 
Leederville aquifer  

 There is relatively minor inflow from surface water catchments upstream of the 
Amendment Area (2.7%) or groundwater throughflow (2.5%). 

 In relation to outflows, evapotranspiration totals 48.5% of all water loss. 

 The second largest outflow is groundwater throughflow which is 27.5%, inclusive of 
perched shallow groundwater. Most of this throughflow is away from the GBSW area. 

 Surface water outflows from the Amendment Area were found to only comprise a 
relatively minor component (7.8%) of the total outflow.  

Figure 29 summarises the volumetric balance and shows the relationship of the overall water 
balance to the flows from the Amendment Area toward the GBSW area. The results estimate 
a total of 158,567 kL/yr of outflow from the Amendment Area broadly flowing toward the 
GBSW area. Of this 60,421 kL/yr is regional groundwater, representing 38% of the total. 

The remaining 98,146 kL/yr is surface water, which is inclusive of 34,536 kL/yr flow from the 
catchment upstream of the Amendment Area. Of this surface water flow only approximately 
32% flows directly to GBSW, with the majority (68%) flowing to MKSEA open roadside drains. 

In the context of the GBSW area, this inflow contribution is relatively minor. By comparison, 
direct rainfall (annual average 758 mm/yr) alone on the surface of the GBSW area (215 ha) 
contributes 1,629,700 kL/yr. This result is consistent with Semeniuk (2001), Endemic (2012), and 
Bourke (2017) which report direct rainfall on GBSW to be the dominant inflow process.  

 
Table 11: Predevelopment Water Balance Modelling (Emerge Associates, 2024) 

Water Balance Component 
Predevelopment  

kL & % of total 

Inflows  

Rainfall 928,888 
(72.1%) 

Upstream catchment inflows 34,536 
(2.7%) 

Irrigation water application (of superficial aquifer origin) 84,655 
(6.6%) 

Irrigation water application (of Leederville aquifer origin) 176,000 
(13.7%) 

Irrigation water application (of scheme water origin) 32,500 
(2.5%) 

Groundwater throughflow (superficial aquifer) 32,212 
(2.5%) 

Total Inflows 1,288,791 
(100%) 
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Water Balance Component 
Predevelopment  

kL & % of total 

Outflows  

Rainfall interception 95,346 
(7.4%) 

Irrigation water interception 29,316 
(2.3%) 

Groundwater abstraction (of superficial aquifer origin) 84,655 
(6.6%) 

Surface water runoff and drainage outflow (inclusive of upstream flows) 100,337 
(7.8%) 

Groundwater throughflow (superficial aquifer) 346,081 
(26.9%) 

Groundwater throughflow (perched groundwater) 7,280 
(0.6%) 

Evapotranspiration (of rainfall) 420,566 
(32.6%) 

Evapotranspiration (of irrigation water/scheme water) 205,209 
(15.9%) 

Total Outflows 1,288,791 
(100%) 

6.3 Water Quality Considerations 
Lambers (2019) indicates the nutrient poor sediments and lack of nutrients as key drivers for 
the floral diversity observed in the GBSW area. 

Semeniuk (2001) reported groundwater nutrient levels in the GBSW area closest to the 
Amendment Area (termed Cell D), as ranging from below 0.05 mg/L to 0.25 mg/L for Total 
Phosphorous (TP) and 1.3 to 8.7 mg/L for Total Nitrogen (TN) for the sampled locations.  

Sampling undertaken by Endemic (2012) and recent Hyd2o monitoring are consistent with 
these results and provide a broadly similar range of values reflecting of the impacts of 
existing adjacent rural and horticultural land uses.  

Nutrient input and export from the Amendment Area are expected to reduce post 
development as a result of land use change. Estimates of expected post development 
nutrient levels for the Amendment Area are detailed in Section 8.3.  

6.4 Maddington Kenwick Strategic Employment Area 
Environmental studies undertaken by Emerge Associates as part of the Maddington Kenwick 
Strategic Employment Area (MKSEA) further contribute to the overall understanding of the 
GBSW area and its surrounding environment, however it is important to recognise that the 
Amendment Area relationship with the GBSW area is considerably different to that of the 
MKSEA. Hydrological differences between the two locations and their relationship to the 
GBSW area are summarised as follows:  
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 The MKSEA area of 585 ha is approximately 5 times the size of the Amendment Area and 
directly fronts the GBSW area and a 2.5 km length of Yule Brook on both sides. The 
Amendment Area has no similar direct connection to these areas. The Tonkin Highway 
and Dampier to Bunbury Natural Gas Pipeline linear infrastructure corridors are located 
between the Amendment Area and the wetland area.  

 Mapped wetlands represent 77% of the MKSEA , compared with 2% of the Amendment 
Area, with the Amendment Area’s regional groundwater depth ranging from 5 m to 20 
m below natural surface. 

 Regional groundwater flow for the Amendment Area is predominantly away from the 
MKSEA and BGSW area. 

 The MKSEA has a large prevalence of very shallow duplex soils and clays of low 
permeability, resulting in seasonal perching, waterlogging, and runoff.  

 Unlined surface water drains in the MKSEA area intersect and drain regional and 
perched groundwater. This both affects runoff and water quality into the GBSW area 
and also impacts the wetland hydro-period by draining groundwater. These impacts are 
identified by Semeniuk (2001) and Bourke (2017) as key factors influencing the GBSW 
area hydrology. This is not the case within the Amendment Area, where unlined surface 
drains are located well above the regional groundwater table and do not drain the 
regional water table and mobilise these flows toward the GBSW area.  

Notwithstanding the hydrological differences between MKSEA and the Amendment Area 
and their relationship with GBSW, land use change within MKSEA will similarly implement best 
practice water management with development, which provides an opportunity for 
collective improvement in overall water management for the natural environment.  

6.5 Future Climate Considerations 
Bourke (2017) reported that the decline in rainfall in south west WA of the last 30 years had 
likely already resulted in changes to the hydrological cycle of the GBSW area and that it 
would continue to do so in future. Semeniuk (2001) also considered the impact of longer 
term climate variability on vegetation as one of the most pressing issues from his study.  

The Department of Water’s (2015) Selection of Future Climate Projections for Western 
Australia report, provides average rainfall projections for Perth Airport to 2050 of 
approximately 580 mm for a dry climate scenario (Cdry), 640 mm for a median climate 
scenario (Cmid) and 720 mm for a wet climate scenario (Cwet).  

Current rainfall trends for Perth Airport (DoW, 2015) are consistent with the Cdry scenario. 

Given the finding of previous studies that the GBSW area is reliant largely on incident rainfall 
and surface water inflow, these climate impacts are considered to be significant in terms of 
the wetlands long term water balance.  

Climate change considerations and potential benefits provided by land use change with 
an adaptive management approach in the Amendment Area are further addressed in post 
development water balance modelling in Section 10.  
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6.6 Constraints and Opportunities 
Based on the above review and assessment of the Amendment Area’s relationship with the 
GBSW area, and finding of site specific investigative studies detailed in Chapters 2 to 5, the 
following key Amendment Area hydrological conditions are identified:  

 The key hydrological mechanisms supporting the GBSW area are broadly agreed across 
previous studies which identify the GBSW area as reliant largely on incident rainfall and 
surface water inflow. 

 Site specific data collected since November 2020 has enabled refinement of local 
regional groundwater mapping which indicates groundwater flow within the 
Amendment Area is predominately away from the GBSW area. Groundwater flow was 
found to be radial with mounding evident along the central western boundary adjacent 
to Tonkin Hwy. The groundwater flow direction within the Amendment Area was found 
to vary, generally ranging from flowing northwest to flowing south east and away from 
the GBSW area. 

 The Amendment Area has a very good clearance to the regional groundwater table 
and generally permeable soils at surface. This differs from the shallow groundwater area 
on the southern side of Tonkin Hwy, and there are no unlined open drains within the 
Amendment Area which drain regional groundwater and affect the hydrological 
behaviour of downstream environments. 

 Paired groundwater bores have shown a general absence of perching across the 
majority of the Amendment Area, with the exception of some areas near Tonkin 
Highway and its Welshpool Road intersection, where clayey soils are present. 

 Recent changes in local irrigation within the Amendment Area due to cessation of turf 
farm irrigation may impact groundwater levels locally and requires ongoing 
consideration to ensure no adverse impacts on the GBSW area. 

On the basis of these characteristics, key constraints and opportunities are identified to assist 
and guide the development of an appropriate water management strategy in this 
document:  

 While the Amendment Area contributes a relatively small component of surface water 
inflow to the GBSW area compared to its other sources, surface flows are recognised as 
a key component of the wetlands hydrological water balance and the principle of 
maintaining pre and post development flow rates and volumes to the GBSW area will 
be used to inform the water management strategy and design.  

 The existing groundwater mound along Tonkin Hwy is recognised to represent the 
baseline condition for considering historical hydrological conditions of the Amendment 
Area in proximity to GBSW. Maintaining groundwater recharge and groundwater flow 
direction for this area is therefore considered a key principle to inform the water 
management strategy. 

 Nutrient levels are relatively high in the GBSW area as a result of the adjacent historical 
rural and horticultural land uses. Nutrient input and export from the Amendment Area 
itself is also considered high under existing land, which includes a turf farm.  
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 The Amendment Area currently has no water sensitive measures or controls to actively 
improve and manage water prior to its discharge under existing land use to receiving 
environments.  

 Declining rainfall in south west WA of the last 30 years has likely already resulted in 
changes to the hydrological cycle of the GBSW area and will continue to do so in future. 
No agency based management strategies are currently known to exist for managing 
the impacts of future reduced inflow to the GBSW area.  

Ongoing monitoring and the use of adaptive management techniques are identified as key 
required elements of the strategy.  

Opportunities for land use change to provide improved interfaces of surface and 
groundwater flows from the Amendment Area to GBSW, improve water quality, and to 
provide potential measures to assist in countering the effects of climate change and future 
rainfall decline on the wetlands are discussed in Chapters 7 and 10 of this report.  
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7. Proposed Water Management Strategy 
The following Chapter details the proposed post development water management strategy 
for the Amendment Area. The key overarching principle guiding the development of the 
strategy is based on the EPA guidance statement for Inland Waters:  

 To maintain the hydrological regime and quality of groundwater and surface water so 
that environmental values are protected. 

This overarching principle together with the requirements of Better Urban Water 
Management (WAPC, 2008) and the Decision Process for Stormwater Management in WA 
(DWER, 2017) have been used to inform the development of the strategy. 

7.1 Design Principles & Criteria 
Key design principles and criteria for the Amendment Area are shown in Table 12 and have 
been established consistent with the key reference documents previously detailed in Section 
1.2, and reflect the local area and surrounding conditions identified in Chapters 2 to 6 of this 
document.  

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

7.2 Water Supply Management 

7.2.1 Fit for Purpose Water Source Planning 

The Water Corporation’s Integrated Water Supply System (IWSS) will supply potable water to 
future homes on the Amendment Area, via the extension of existing water supply 
infrastructure located in proximity. 

With regard to Pubic Open Space (POS) irrigation, use of local groundwater is proposed. As 
discussed in Section 2.7, the Amendment Area is located within the Shire of Kalamunda 
Groundwater Management Subarea, and while water in the superficial is still available in this 
area, deeper aquifers such as the Leederville and Yarragadee are fully allocated.  

Current licencing within the Amendment Area totals an allocation of approximately 264,000 
kL/yr, including 176,000 kL/yr for the existing turf farm. Extracts from DWER’s Water Register 
are included in Appendix E.  

This existing licencing would exceed requirements for long term POS irrigation within the 
Amendment Area post development. Based on assuming development in the Amendment 
Area would provide 10% POS, and assuming an allocation provision of 6750 kl/ha/yr, this 
equates to a total of 85,000 kL/yr for POS irrigation being required.  

Actual irrigation requirements are likely to be less given some of the POS areas will be 
vegetated conservation areas. 

With respect to construction water requirements depending on ultimate staging 
considerations, some temporary licencing allocation from local groundwater may be sought 
from DWER. Discussions with DWER’s Swan Avon region have indicated temporary licences 
are still issued in this groundwater sub area.  
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Table 12: Water Management Strategy Key Design Principles & Criteria 

Strategy Elements DWMS Method & Approach 

Environmental  

GBSW area 

 DWMS findings and outcomes to inform the local structure plan.  
 Use land use change to establish a net reduction in nutrient input and 

export from the Amendment Area relative to existing land use. 
 Surface water flows to the wetland to retain pre-development rates and 

volumes, with potential future modification to address future wetland 
needs in consultation with agencies if required 

 Establish stormwater management area locations in key locations to 
maintain predevelopment groundwater recharge and groundwater flow 
direction in the area of the existing groundwater mound.  

 Establish flexible outlet structures and use of engineering design to 
facilitate adaptive change. 

 Monitoring of outcomes and use of findings to facilitate/inform adaptive 
management.  

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 Spaces. 
 Maximise infiltration where practicable. 

Water Supply  
 Minimise overall use of scheme water for non-drinking purposes. 
 Water Corporation IWSS for lots plus rainwater tanks (non-mandated). 
 Use of groundwater for POS irrigation. 

Wastewater   Water Corporation reticulated sewerage. 

Stormwater 

Ecological Protection 

 Combination of lot soakwells (15mm infiltration on site) and lot 
connection pits to be used.  

 Establishment of biofiltration areas for treatment and infiltration of first 15 
mm road runoff, with area locations selected based on identifying 
preferred areas of recharge to maintain groundwater flow.  

Serviceability 
 Piped drainage system sized to convey 20% AEP event (1 in 5 year 

average recurrence interval). 

Flood Protection 

 Establish minimum habitable floor levels at 0.5m above the 1% AEP flood 
level of the local stormwater management system. 

 Overland flow paths within road reserves for safe conveyance of flows 
exceeding pipe drainage system capacity. 

 1% average exceedance probability (AEP) events to continue to flow 
offsite at acceptable rates consistent with downstream ecological and 
infrastructure constraints. 

Groundwater 

Fill Requirement &  
Subsoil Drainage 

 Development levels to establish an acceptable clearance to 
groundwater systems. Imported fill to be minimised. Use of subsoil 
drainage unlikely. 

Acid Sulphate Soils & 
Contamination 

 Management of any Acid Sulphate Soils to be handled as a separate 
process to the DWMS consistent with DER (2015a) requirements and 
reported in future water management planning documents. 
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7.2.2 Water Efficiency Measures 

Water conservation measures will be implemented within the development and will be 
consistent with Water Corporation’s Waterwise land development criteria, and include:  

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

 Water efficiency consistent with Building Codes of Australia. 

 Establish Waterwise Public Open Space and retention of existing vegetation and 
significant trees. 

 Maximising on site retention and reuse of stormwater. 

Further detail of water conservation measures will be provided at later stages of planning in 
accordance with Better Urban Water Management (WAPC, 2008) requirements. 

7.2.3 Wastewater Management 

Wastewater will be deep sewerage (reticulated) with management by Water Corporation.  

7.3 Stormwater Management Strategy 
It is recognised that land use change within the Amendment Area has the potential to 
provide improved hydrological outcomes for the GBSW area in terms of both water quality 
and quantity. Best practice urban water management approaches used to inform the 
proposed development considers EPA (2022a) and the Beeliar Group (2018) A Vision for 
Conservation and Public Enjoyment of the Greater Brixton Street Wetlands and Eventual Yule 
Brook Regional Park, and will include:  

 Stormwater management improvement via the use of water sensitive urban design 
(WSUD) techniques in accordance with Better Urban Water Management (WAPC, 2008) 
and the Stormwater Management Manual for Western Australia (DWER, 2022), including 
the approach of managing small events and maximising infiltration at source. This will 
aim to mimic natural flow behaviour and provide overland flow across vegetated 
surfaces to help to maintain water flows and improve water quality. 

 Post development stormwater volumes and flows to be managed relative to existing 
conditions particularly in relation to the GBSW area. This approach will be subject to 
adaptive management in consultation with agencies regarding opportunities for future 
increased flow volumes to mitigate climate change impacts on declining inflows and 
water levels at the wetlands if required. This is further discussed in Section 8.3. 

 Locally tailoring the stormwater management approach (lot connections and use of 
soakwells) at different locations within the Amendment Area and positioning stormwater 
management areas in key locations to maintain predevelopment groundwater 
recharge and flow directions in the area of the existing groundwater mound.  

 Maximise the use of existing areas and assets such as the Dampier to Bunbury Natural 
Gas Pipeline Corridor for major event stormwater management and minimise the 
provision of large scale standalone storage infrastructure within the Amendment Area. 

 Land use types, densities and their locations, and water quality treatment areas to be 
selected to considerably reduce nutrient application and output, and improve water 
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quality relative to current conditions, with the aim of improving downstream ecological 
outcomes.  

 Prioritising protection of existing environmental assets and significant trees in the 
Amendment Area via adopting approaches to minimise large scale trucking of fill. 

 Establishing flexible outlet arrangements for the site to the downstream environment to 
enable adaptive change if necessary.  

 Strategic ongoing monitoring and reporting at key locations to be used as a feedback 
loop with agencies to facilitate adaptive change. 

Figure 30 provides a summary of the proposed water management strategy for the 
Amendment Area. The ultimate sizing and location of key infrastructure to achieve these 
outcomes is dependent on the Amendment Area’s future local structure plan. Infrastructure 
sizing and its location will therefore be appropriately undertaken as part of the local structure 
planning process and documented in the supporting Local Water Management Strategy 
(LWMS) for the Amendment Area.  

With respect to the use of BDNGPC easement for management of large stormwater events 
it should be noted that this is a standard practice which has been routinely employed within 
residential developments adjacent to the BDNGPC easement such as Ellenbrook, Henley 
Brook, Brabham and Solaris. This approach is aligned with the core stormwater practice of 
maximising multiple use characteristics of infrastructure and maintaining the pre 
development (existing) flows and flow paths for the Amendment Area. 

It is important to note that in relation to the existing groundwater mound, the DWMS and its 
strategy has considered the existing environment under turf farm irrigation to represent the 
baseline condition for assessment, as it is representative of the local hydrological conditions 
of the Amendment Area in proximity to GBSW for over the last 20 years. This strategy has 
been adopted consistent with EPA Inland Waters objective of maintaining the existing 
hydrological regime, which is consistent with typical WSUD practice.  

The proponent is however committed to continue to work with agencies and the EPA toward 
any agreed alternative objective for the Amendment Area at this boundary for the benefit 
of the GBSW area should this be required, and this can readily be achieved through the 
proposed adaptive management approach. 

The ability of the strategy to deliver these outcomes is assessed in Chapter 8.  

7.4 Groundwater Management Strategy 

7.4.1 Fill and Subsoil Drainage 

Future development levels for the Amendment Area are generally not dominated by fill 
requirements to achieve adequate separation to groundwater, given the proximity of 
groundwater levels to natural surface over much of the Amendment Area.  

Subsoil drainage is considered unlikely to be required, however should any be needed in 
limited areas (for example due to impermeable underlying soils and localised perching), all 
flows would be treated via use of biofiltration systems prior to any off site discharge. 

Finished lot levels and fill requirements are a detailed design issue to be addressed during 
the preparation of detailed engineering design drawings and preparation of the LWMS and 
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Urban Water Management Plans (UWMP) and will be ultimately submitted for further agency 
approvals at that stage.  

7.4.2 Acid Sulphate Soils 

Acid sulphate soil mapping has been previously discussed in Section 2.3.5 as being a 
moderate to low ASS risk across the Amendment Area.  

Management of acid sulphate soils (ASS) will be addressed by a separate study if required 
depending on possible disturbance and excavation depths for engineering services. All 
assessment and management of ASS will be undertaken in accordance with the 
Identification and Investigation of Acid Sulfate Soils and Acidic Landscapes Guideline 
(Department of Environment Regulation, 2015a) to better characterise ASS at the site. 

Should any ASS Management Plan be required for ground disturbing works this will be 
prepared in accordance with the Treatment and Management of Soil and Water in Acid 
Sulfate Soils Landscapes Guideline (Department of Environment Regulation, 2015b). 

Details regarding the outcomes of any ASS studies will be included as part of later water 
management planning document for the Amendment Area. 
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8. Assessment of Proposed Water Management Strategy 

8.1 Post Development Stormwater Modelling 
With respect to post development stormwater management, there is no overarching DWER 
regional or district stormwater strategy which covers the Amendment Area which defines a 
future arterial drainage strategy and acceptable discharge flow rates.  

Consistent with accepted stormwater management practices, it is envisaged flow rates and 
paths will be required to be maintained post development. This implies flow from the 
Amendment Area will continue to be directed towards existing outlets under Tonkin Hwy.  

The DBNGPC has been utilised for stormwater management in other developments. The 
location of the DBNGPC adjacent to Tonkin Hwy is well positioned in terms of location and 
elevation for potential stormwater management use particularly for major event flood 
storage. Its location is also considered strategic in the context of its proximity to the existing 
groundwater mound.  

The land within the pipeline corridor is estimated be in excess of 4 ha, indicating its potential 
to provide a considerable stormwater management role for the development.  

With regard to water quality management, the development will be required to treat the 
first 15mm of runoff in biofiltration systems prior to infiltration, and these systems will be 
distributed throughout the Amendment Area. Some of these systems will be located within 
road reserves and others will be integrated within POS areas. Locations will be identified at 
local structure planning stage with a key consideration being groundwater recharge and 
flow direction in the area of the existing groundwater mound. 

Although the MRS is a regional planning mechanism that defines the future land use and 
does not provide for a structure plan level of detail, the implementation of the above 
strategy on an indicative concept plan for the Amendment area is shown in Appendix P.  

This details indicative locations and approximate areas and sizes for stormwater 
management based on modelling using XP-Storm. This plan has been developed to inform 
the adopted approach to stormwater management post development and will be refined 
as part of the local structure planning process and LWMS. 

Indicative areas and volumes for post development stormwater management based on this 
modelling are summarised in Table 13. This includes areas and volumes for water quality 
treatment of the first 15mm of runoff, and for flood storage for the 20% Annual Exceedance 
Probability (AEP) event (equivalent to a 5 year average recurrence interval) and the 1% AEP 
event (equivalent to a 100 year average recurrence interval). 

Further details on the adopted stormwater management measures including their staging, 
distribution, sizing, location, and POS landscape integration will be detailed in the LWMS as 
a local structure plan is developed. Water quality treatment and detention areas and 
volumes for individual local catchments will be provided at LWMS stage based on refined 
modelling and further detailed consideration of geotechnical investigations.  

These sizings will also reflect the outcomes of further agency discussions during the local 
structure planning and LWMS phases regarding adaptive management implementation 
and potential future use of stormwater runoff or other identified approaches to offset effects 
of declining rainfall on the GBSW area hydrology.  
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Table 13: Indicative Stormwater Management Area & Volume Requirements 

Storm Event Volume (m3) Area (ha) 

Water Quality Treatment via Biofiltration    

15mm Event 2,474 0.71 ha 

Additional Flood Storage Area   

Flood Storage Volume : 20% AEP Event 4,590 1.33 ha 

Flood Storage Volume : 1% AEP Event 12,410 2.04 ha 

Estimated Total Area for Stormwater Management   2.75 ha 

 

8.2 Post Development Groundwater Flow 
Chapter 4 detailed the calculation of groundwater levels and flow direction for the 
Amendment Area under existing land use. While the groundwater flow direction over the 
wider area was similar DWER regional mapping, within the Amendment Area the flow 
direction was different (Figures 16-18).  

It is not uncommon for site specific investigations based on local data to differ from DWER 
regional mapping.  Irrigation via deeper confined aquifers within the Amendment Area and 
highly variable subsurface geological conditions with a concentration of low permeability 
soils adjacent to Tonkin Hwy are considered key factors defining this outcome and the 
observed groundwater mound in this area.   

This DWMS considers the existing environment under turf farm irrigation to represent the 
baseline condition for assessment, as this is representative of the local hydrological 
conditions of the Amendment Area in proximity to GBSW for over the last 20 years.  

While the turf farm irrigation has recently ceased, this is not development related. It is 
acknowledged these recent changes in water application and recharge may affect 
groundwater levels locally, and therefore a key principle adopted for the water 
management strategy is based on locating stormwater management areas in areas of the 
existing groundwater mound to maintain the annual predevelopment groundwater 
recharge and flow direction in that area. 

To assess the ability to achieve this outcome, Appendix Q details calculations of recharge 
for the site pre and post development on the basis of Emerge (2024) recharge estimates. 
The assessment considers recharge at various area scales, ranging from the whole 
Amendment Area, to a 29 ha area encompassing the existing mound, and the immediate 
localised 14 ha area of the turf farm. 

Modelling results are summarised in Figure 31. The results indicate that there will be an overall 
minor increase in annual recharge across the Amendment Area post development, 
however implementation of a targeted stormwater management approach applied to the 
area of the existing mound can result in similar annual recharge pre and post development 
to that area.  The strategy modelled to achieve this outcome was based on: 
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 Stormwater biofiltration and flood management areas to be focussed to the area of the 
mound adjacent to Tonkin Hwy. 

 Lot soakwells to be adopted for almost all lots within the wider 50.5 ha contributing 
stormwater catchment for this area, with a small area of lot connections (Figure 31). 

It is important to note the modelled strategy above is not a unique solution and various 
factors of catchment area, soakwell application, and lot connections can be applied to 
achieve a similar outcome. Alternative approaches such as supplementary Leederville 
aquifer recharge via irrigation to strategically located POS in this area or location of 
superficial irrigation POS bores outside this area can also be considered in consultation with 
agencies during the local structure planning process to replicate seasonal variation. Key 
agency discussions will be conducted in due course to determine the preferred method to 
achieve a desired outcome for this location. 

These calculations will be refined in due course as part of the LWMS and used to inform the 
local structure planning process, and proposed land uses and their locations. It is possible 
some local scale changes to seasonal variation and levels as a result of changes to seasonal 
distribution of recharge may occur, however given existing geological conditions and 
groundwater gradients this is considered unlikely to change flow directions in this area.  

This outcome has been used to inform post development water balance modelling in 
Appendix O and Section 8.3.   

8.3 Post Development Water Balance Modelling 
A conceptual water balance was developed for the Amendment Area by Emerge 
Associates to consider the post development environment. The Emerge Associates (2024) 
report detailing this modelling, its assumptions, and outcomes is contained as Appendix O. 
This modelling allows analysis and assessment of changes to the Amendment Area’s 
hydrological water balance as a result of land use change by comparison with water 
balance modelling of the predevelopment (existing) environment detailed in Section 6.2.  

Modelling assessed the impacts of the following key changes within the Amendment Area 
which would occur in a post development environment:  

 the impact of the introduction of greater impervious surfaces with the Amendment Area 
and their impact of evapotranspiration. Quantification of this change was based on 
values presented in DWER’s Perth Regional Aquifer Modelling System (PRAMS) 

 changes to stormwater management within the Amendment Area with development 
and the introduction of a formalised drainage system. Modelling was undertaken 
reflective of the proposed stormwater strategy previously detailed in Section 7.3 and 8.1. 

 changes in irrigation water use and aquifer abstractions. Currently there is a total 
abstraction allocation of 260,655 kL/yr of water from the Amendment Area annually.  

Water balance modelling results are summarised in Table 14 showing the balance of all 
inflows and outflows for the Amendment Area post development in comparison to the water 
balance results under existing land use. Post-development, evapotranspiration in the 
Amendment Area is reduced, and a minor increase in surface water outflow was modelled.  
Given the predominately permeable surface soils in the Amendment Area and infiltration-
based water management strategy, the increase in water volume results in an increase in 
groundwater recharge to the superficial aquifer. This will result in an increase in groundwater 
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outflow from the superficial aquifer which will leave the Amendment Area consistent with 
existing groundwater flow directions. 

Modelling results are summarised compared to the predevelopment condition as follows: 

 Overall there is an 9.6% reduction in total inflow and outflows for the Amendment Area 
post development. Rainfall remains the predominant source of inflow for the 
Amendment Area representing approximately 79.7% of the total inflow. Irrigation is the 
second largest component at 14.5%. Groundwater throughflow and upstream 
catchment inflows are relatively minor contributions at 2.7% and 3.0% respectively.  

 Aquifer irrigation water use is reduced by 52.5% post development, which is largely 
reduced via removal of the existing turf farm.  

 In relation to outflows, evapotranspiration is the largest volumetric reduction 
representing 48.5% of the total outflow for existing land use and 36.9% post 
development. Groundwater throughflow in the superficial aquifer is increased from 
26.9% to 35.3% of total outflow. 

 Surface water from the Amendment Area was marginally increased from 7.8% to 9.6% 
of total outflow.  

Figure 32 summarises the post development modelling results and shows the relationship of 
the water balance to the flows from the Amendment Area toward the GBSW area. Overall 
the water balance indicates a combined total outflow (groundwater and surface water) of 
169,412 kL/yr from the Amendment Area toward the GBSW area, a 10,850 kL/yr increase.  

Surface water flow changes for flows directly to the GBSW area from the Amendment Area 
were negligible (-638 kL/yr), with the majority of flow change occurring where the site 
discharges to the MKSEA open drains (11,488 kL/yr) (Emerge Associates, 2024). In the context 
of the GBSW area, these increases are minor. By comparison, direct rainfall (annual average 
758mm/yr) on the surface of the GBSW area (215 ha) contributes 1,629, 700 kL/yr. 

The majority of the overall minor combined outflow increase results due to a modelled 
increase in groundwater throughflow (Figure 32). It is important to note however that the 
direction of the modelled flow increase is northwest and toward the far eastern extent of 
GBSW, and an area where regional groundwater is well below natural surface.  

Notwithstanding, the minor increases to the GSBW area can be readily amended to existing 
levels during the local structure planning phase of the project by the refinement of 
stormwater modelling criteria and stormwater storage designs once a local structure plan is 
available. Further discussion with agencies will be conducted at this time to determine 
whether this is a desirable outcome given climate change considerations.  

Note that these results do not include development of the other Urban Expansion and 
Investigation Area’s (UEUI) in proximity to the Amendment Area. Further modelling 
addressing development of these areas and the cumulative impacts on water balance 
outcomes is discussed separately in Chapter 9. 

With respect to the water balance outcomes in relation to Yule Brook, Swan River Trust and 
Department of Water (2011) report a total annual flow for the Brook to Canning River of 
approximately 7.9 GL/yr (7,900,000 kL/yr). The water balance flow increase estimate of 
10,850 kL/yr to GBSW and MKSEA (Emerge Associates, 2024) represents only 0.14% of the Yule 
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Brook estimated annual flow and is therefore considered negligible in the context of 
interannual flow variability. 

Table 14: Post Development Water Balance Modelling (Emerge Associates, 2024) 

Water Balance Component 
Pre 

Development 
(kL & % of total) 

Post  
Development  

(kL & % of total) 

Volume change to  
 water balance 

component 
(%) 

Inflows    

Rainfall 928,888 
(72.1%) 

928,888 
(79.7%) 0.0% 

Upstream catchment inflows 34,536 
(2.7%) 

34,536 
(3.0%) 0.0% 

Irrigation water application  
(of superficial aquifer origin) 

84,655 
(6.6%) 

123,694 
(10.6%) +46.1% 

Irrigation water application  
(of Leederville aquifer origin) 

176,000 
(13.7%) 

0 
(0%) -100.0% 

Irrigation water application  
(of scheme water origin) 

32,500 
(2.5%) 

46,000 
(3.9%) +41.5% 

Groundwater throughflow  
(superficial aquifer) 

32,212 
(2.5%) 

32,212 
(2.7%) 0.0% 

Total Inflows 1,288,791 
(100%) 

1,165,330 
(100%) -9.6% 

Outflows    

Rainfall interception 95,346 
(7.4%) 

63,529 
(5.5%) -33.4% 

Irrigation water interception 29,316 
(2.3%) 

18,206 
(1.6%) -37.9% 

Groundwater abstraction (of superficial 
aquifer origin) 

84,655 
(6.6%) 

123,694 
(10.6%) +46.1% 

Surface water runoff and drainage 
outflow (inclusive of upstream flows) 

100,337 
(7.8%) 

111,422 
(9.6%) +11.0% 

Groundwater throughflow  
(superficial aquifer) 

346,081 
(26.9%) 

411,223 
(35.3%) +18.8% 

Groundwater throughflow  
(perched groundwater) 

7,280 
(0.6%) 

7,280 
(0.6%) 0.0% 

Evapotranspiration (of rainfall) 420,566 
(32.6%) 

312,427 
(26.8%)) -25.7% 

Evapotranspiration  
(of irrigation and scheme water) 

205,209 
(15.9%) 

117,549 
(10.1%) -42.7% 

Total Outflows 1,288,791 
(100%) 

1,165,330 
(100%) -9.6% 
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8.4 Post Development Nutrient Input & Output 
Post development UNDO modelling of the Amendment Area is detailed in Appendix R, 
showing the positive impact land use change at the Amendment Area will have with respect 
to nutrient application and export in proximity to the GBSW area.  

Modelling was performed on the indicative concept plan used for stormwater modelling in 
Appendix Q, as a representative indicator of the post development scenario.  

Modelling results are shown in Table 15. The modelling results indicate land use change will 
result in nutrient inputs of 5148 kg/yr for TN and 891 kg/yr TP post development. 

This indicates a considerable reduction in nutrient input within the Amendment Area (refer 
Section 2.8) as a result of land use change, with a 8624 kg/yr (63%) reduction in TN input and 
514 kg/yr (37%) reduction in TP input annually.  

The resultant nutrient export was 130.0 kg/yr of TN and 7.5 kg/yr export of TP following 
development. This represents a significant 61% reduction in TN export and a 60% reduction 
in TP export to the environment post development. 

These reductions are likely to benefit downstream environments including the GBSW area 
and assist in achieving long term water quality targets for Yule Brook. 

 

Table 15: Amendment Area Nutrient Inputs and Outputs for Proposed Land Use 

Nutrient  Annual Input Annual Export 

Total Nitrogen (TN) (kg/yr) 

 

% Change (compared to existing land use)  

5,148 
 

-63% 

130.0 
 

-61% 

Total Phosphorous (TP) (kg/yr) 

 

% Change (compared to existing land use) 

891 
 

-37% 

7.5 
 

-60% 

 

8.5 Salinity and Sodicity 
EPA (2022a) identifies the presence of soil salinity within the shallow soil profile and the 
presence of salt tolerance vegetation in the GBSW area southwest of Brixton Street known 
as the Wanaping Block. Soil salinity and sodicity have therefore been identified as a potential 
concern for the Amendment Area given its proximity to the GBSW area.  

Soil salinity occurs via the concentration of soluble salts within the shallow soil profile and is 
often associated with near surface groundwater interactions. Salts can be naturally 
occurring, and are transported by the horizontal and vertical movement of water. Changes 
in groundwater levels and seasonal variations have the potential to transport increasing 
amounts of salt in the shallow soil profile. Soil sodicity occurs where the proportion of sodium 
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ions resulting from soil salinity are excessive, weakening the bonds between soil particles and 
leading to a loss of soil structure.  

MBS Environmental (2024) detailed a technical assessment of the potential impacts of salinity 
and soil sodicity for the Amendment Area and its immediate surrounds based on the 
development of surface water and groundwater solute mass balances. A copy of the report 
is included as Appendix S and included an evaluation of predevelopment, post 
development and post development with climate change scenarios.  

Key findings of the investigation and modelling are summarised as follows:  

 Salinity and sodicity for post development scenarios for surface water discharge were 
predicted to be less than the pre-development. This represents a net reduction in risk to 
GBSW based on the modelling conducted. 

 Post-development salinity of the surface water discharging to the north of the GBSW was 
predicted to be slightly brackish and decreasing to fresh in time under the climate 
change scenario. Surface water sodicity followed the same trend and was always low. 

 The general trend of both salinity and sodicity in the superficial aquifer flowing to the 
GBSW area was constant and close to the pre-development scenario. Salinity was 
marginally brackish at all times. Predicted salinity and sodicity of the post development 
climate change scenario showed groundwater changing steadily from marginally 
brackish to fresh with low SAR values.  

Overall, the assessment indicated that there is a low risk of increasing salinity and sodicity in 
the GBSW from development of the Amendment Area, with modelling predicting a 
decrease in both surface and groundwater. 

The report noted the proximity of the Hartfield Park irrigated golf course and playing fields to 
the north of the Amendment Area as likely to have a much larger influence on 
salinity/sodicity within the GBSW area.  
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9. Cumulative Impact Assessment 
The North-East Sub-Regional Planning Framework (DPLH, 2018), details additional Urban 
Expansion and Investigation (UEUI) areas located adjacent to the Amendment Area. These 
areas have been previously shown in relation to the Amendment Area boundary in Figure 1, 
and in Figures 9 to 11 in relation to surface water catchment mapping and DWER regional 
groundwater mapping. 

The cumulative impact of potential development of these areas together with the 
Amendment Area was assessed by Emerge Associates (2024) via water balance modelling 
of land use change based on a typical urban subdivision outcome that is representative of 
the north east corridor of Perth extending across the full extent of the UEUI area.  

A copy of the water balance modelling report is contained as Appendix O. 

Modelling was based on adopting the same methodology as the predevelopment and post 
development water balance models established for the Amendment Area. Modelling 
considers that a significant proportion of the surface water catchments of the UEUI area are 
not located within catchments which contribute flow to the Amendment Area and GBSW 
area (Figure 10).  

Changes within the UEUI area affecting the water balance were similar to those affecting 
the Amendment Area post development, including the introduction of greater impervious 
surfaces and its impact of evapotranspiration, changes to stormwater management within 
the UEUI area, and changes in irrigation water use. Key assumptions used for modelling of 
the UEUI area are detailed in Appendix O. Modelling assumptions for the UEUI area are 
representative of the extent and availability of data within that area, and the ability to 
reliably predict future conditions based on current knowledge. Where necessary these 
assumptions have been based on considered judgements with sensitivity testing for 
robustness, and therefore are not expected to significantly alter key model outcomes and 
findings.  

Water balance modelling results are summarised in Table 16 showing the balance of all 
inflows and outflows for the Amendment Area post development considering the 
Amendment Area and UEUI areas developed in comparison to the water balance results 
under a predevelopment scenario.  

Modelling results are summarised in comparison to the existing (predevelopment) condition 
(Table 11) and Amendment Area development only condition (Table 14) as follows: 

 In relation to Amendment Area inflows, the water balance is only marginally changed 
to that of the Amendment Area only development condition with an increase in surface 
water inflow to the Amendment Area of 13,674 kl/yr. While this represents approximately 
a 40% increase in inflow to the Amendment Area from the upstream catchments, this 
increase represents a minor component of the overall water balance representing 4% 
of the total Amendment Area inflow. 

 In relation to Amendment Area outflows, while most elements of the water balance 
remained unchanged compared to an Amendment Area only development condition, 
development of the UEUI area resulted in an increase in overall Amendment Area 
surface water outflow. Modelling indicated surface water outflows would increase by 
24,759 kL/yr compared to the existing condition and 13,674 kL/yr compared to the 
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Amendment Area only development scenario. Of the additional 13,674 kL/yr as a result 
of UEUI development, 5,830 kL/yr is toward the GBSW area, with 7,844 kL/yr to the MKSEA 
open drains.  

Based on these modelling results, the development of the UEUI area only minimally changes 
the overall water balance of the Amendment Area.  

As discussed in Section 8.2, these outflow increases can be readily amended during the local 
structure planning phase for the Amendment Area and during more detailed evaluation of 
the UEUI areas and the development of its stormwater management strategy in due course. 
Measures to achieve balanced surface flow outcomes will be based on increasing 
Amendment Area infiltration/retention.  

Further discussion with agencies is considered appropriate at that time to determine the 
most desirable outcome given climate change considerations for the GBSW area.  
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Table 16: Water Balance Modelling of Urban Expansion Area (Emerge Associates, 2024) 

Water Balance Component 
Predevelopment 

(kL) 

Post 
Development 
(kL) with UEUI 
Developed  

Change to  
 water balance 

component 
(%) 

Inflows  
  

Rainfall 928,888 
(72.1%) 

928,888 
(78.8%) 0.0% 

Upstream catchment inflows 34,536 
(2.7%) 

48,210 
(4.1%) +39.6% 

Irrigation water application  
(of superficial aquifer origin) 

84,655 
(6.6%) 

123,694 
(10.5%) +46.1% 

Irrigation water application  
(of Leederville aquifer origin) 

176,000 
(13.7%) 

0 
(0%) -100.0% 

Irrigation water application  
(of scheme water origin) 

32,500 
(2.5%) 

46,000 
(3.9%) +41.5% 

Groundwater throughflow  
(superficial aquifer) 

32,212 
(2.5%) 

32,212 
(2.7%) 0.0% 

Total Inflows 1,288,791 
(100%) 

1,179,004 
(100%) -8.5% 

Outflows    

Rainfall interception 95,346 
(7.4%) 

63,529 
(5.4%) -33.4% 

Irrigation water interception 29,316 
(2.3%) 

18,206 
(1.5%) -37.9% 

Groundwater abstraction  
(of superficial aquifer origin) 

84,655 
(6.6%) 

123,694 
(10.5%) +46.1% 

Surface water runoff and drainage outflow 
(inclusive of upstream flows) 

100,337 
(7.8%) 

125,096 
(10.6%) +24.7% 

Groundwater throughflow  
(superficial aquifer) 

346,081 
(26.9%) 

411,223 
(34.9%) +18.8% 

Groundwater throughflow  
(perched groundwater) 

7,280 
(0.6%) 

7,280 
(0.6%) 0.0% 

Evapotranspiration  
(of rainfall) 

420,566 
(32.6%) 

312,427 
(26.5%) -25.7% 

Evapotranspiration  
(of irrigation & scheme water) 

205,209 
(15.9%) 

117,549 
(10.0%) -42.7% 

Total Outflows 1,288,791 
(100%) 

1,179,004 
(100%) -8.5% 
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10. Climate Change Considerations 
As detailed in Section 6.5, Bourke (2017) reported that the decline in rainfall in south west WA 
of the last 30 years had likely already resulted in changes to the hydrological cycle of the 
GBSW area and that it would continue to do so in future.  

The Department of Water (2015) Selection of Future Climate Projections for Western Australia 
report, provides rainfall projections for Perth to 2050 for a dry climate scenario (Cdry), a 
median climate scenario (Cmid) and a wet climate scenario (Cwet).  

DoW (2015) reports recent rainfall trends for Perth consistent with the Cdry scenario. 

Water balance modelling results presented in previous sections of this document are based 
on current climate modelling outcomes. To consider the impacts of climate change on the 
outcomes of this modelling a future climate prediction dataset was obtained from DWER to 
assess the impacts of changes to the key water balance inputs of rainfall and 
evapotranspiration.  

The DWER dataset provides predicted future climate data in daily intervals for three climate 
scenarios (Cwet, Cmid, Cdry) at time horizons of 2050 and 2100. Water balance modelling 
was performed for the Cdry scenario for both 2050 and 2100 time horizons, which was based 
on rainfall reductions of 4.4% and 34.5% respectively compared to the 2010-2020 baseline.  

With the inclusion of climate change, these rainfall reductions reduce surface water runoff 
leaving the Amendment Area and result in decreases in groundwater recharge compared 
to previous post development modelling.  

Modelling results are summarised below from Emerge Associates (2024) for both 
development of the Amendment Area only and Amendment Area and UEUI area scenarios 
with detailed modelling outcomes contained in Appendix O.   

 For Amendment Area development only, the impact of climate change on the water 
balance is relatively small for the Cdry 2050 horizon modelling but more significant for 
the 2100 horizon. The most significant impact is seen in the surface water inflows and 
outflows from the Amendment Area, with outflows reduced by approximately 7.9% in 
the 2050 horizon and 58.7% by 2100 compared to the Amendment Area development 
scenario without climate change. It is important to note the reduction by 2050 equates 
approximately to the increase which would occur without climate change 
considerations for this scenario (Table 14).  

 For the Amendment Area and UEUI areas developed, the results were broadly similar to 
the Amendment Area only development scenario, with surface water flows reducing by 
9.7% for the 2050 horizon, and 60.4% by 2100 compared to the scenario without climate 
change.  

 Groundwater throughflow as outflow from the Amendment Area was found to reduce 
by 5% in the Cdry 2050 horizon modelling and by 40% to 2100 under both development 
scenarios.  

These results highlight the future challenges in managing the GBSW area under a climate 
change environment.  
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While the results indicate over the Cdry 2050 horizon reductions in surface flows and 
groundwater outflow from the Amendment Area will result in flows approximating existing 
conditions, considerable reductions are expected beyond this period.  

Long term climate change impacts are therefore likely to be a larger threat to the GBSW 
area water balance than development within the Amendment Area. 

In terms of reduced rainfall directly on the GBSW area, a 4.4% reduction in rainfall by 2050 
(33 mm) on the wetland (215 ha) reduces this component of wetland inflow by 70,950 kL/yr. 
By 2100 (254 mm), the reduction is 546,100 kL/yr.  

These changes are irrespective of development. 

These future impacts may be partially offset by providing flexible outlet structures for 
stormwater areas post development and using an adaptive management approach as 
development proceeds. This can provide flexibility to adjust future stormwater outflows from 
the Amendment Area for the benefit of GBSW area hydrology.  
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11. Implementation Framework 

11.1 Considerations and Requirements for Local Planning 
This document supports the proposed amendments to the Metropolitan Region Scheme to 
rezone the Amendment Area from rural to urban. A number of additional water 
management planning documents will be required to progress further stages of planning 
and subdivision/development of the Amendment Area.  

Local Water Management Strategy’s (LWMS’s) will be required for the Amendment Area to 
support the preparation of local structure plans. Subject to approval of a relevant LWMS, 
Urban Water Management Plan’s (UWMP’s) will then need to be prepared as a condition of 
subdivision. Given the size of the Amendment Area, several UWMP’s are likely to be required 
to support individual subdivisions within the area.  

The preparation of all these future plans and the contained recommendations will be 
consistent with this DWMS, Better Urban Water Management (WAPC 2008), Stormwater 
Management Manual Western Australia (DWER, 2022), and other relevant DWER and City of 
Kalamunda guideline documents.  

Key additional information to be reported in the LWMS building on this DWMS will include:  

 Continued assessment of groundwater and surface monitoring data via current 
monitoring programs, including local mounding impacts of turf farm irrigation cessation. 

 Additional geotechnical reporting, including ASS investigations. 

 Refinement of groundwater mapping if required based on additional monitoring data. 

 Additional survey to confirm key infrastructure levels and details. 

 Detailed engineering earthworks and refinement of post development catchments. 

 Refinement of recharge calculations and utilise this information to inform the local 
structure plan development and land use locations (eg schools, POS areas), strategy 
refinements, and the location of key stormwater infrastructure.  

 Detailed stormwater modelling of the local structure plan to refine volumes, locations, 
areas and levels and ensure water releases from the Amendment Area are consistent 
with downstream requirements to maintain the downstream water balance of the 
wetlands. 

 Provide further details of flexible outlet structure arrangements and locations to facilitate 
adaptive management.  

 Refinement of UNDO nutrient modelling based on the local structure plan. 

 Outcomes of continued liaison with DBCA, DWER, City of Kalamunda and other key 
stakeholders.  

 A post development monitoring program identifying key locations and targets based 
on pre development monitoring outcomes.  

 A framework to facilitate adaptive management in consultation with agencies.  

Based on the assessment of the proposed water management strategy detailed in this 
DWMS, it is considered that the impacts of land use change within the Amendment Area 
from a water management perspective can be readily managed via the Better Urban 
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Water Management (WAPC, 2008) process. Based on this assessment and given the 
timeframe over which the proposed development will ultimately occur within the 
Amendment Area, it is considered an adaptive management approach will be best suited 
for guiding water management within the Amendment Area toward achieving improved 
hydrological outcomes for the GBSW area.  

Continued engagement and collaboration with DWER, DBCA, and key community 
stakeholders such as the Friends of Brixton St Wetland and The Beeliar Group is supported as 
part of the planning process to assist in ensuring the water management benefits to the 
GBSW area via land use change are maximised. 

11.2 Implementing an Adaptive Management Approach 
The key objective of this approach is the protection of the GSBW area in relation to surface 
and groundwater change, and the provision of opportunities to offset future climate change 
impacts. Table 17 provides a framework for the site to achieve this outcome aligned with 
the processes of Better Urban Water Management (WAPC, 2008).  

The key to implementation of an adaptive management approach for the Amendment 
Area is the continued implementation of the current comprehensive monitoring program 
and the provision of a robust framework which will ensure outcomes of the monitoring 
process influence planning outcomes on an ongoing basis. 

The approach will require active participation of key agencies and stakeholders and ensure 
a feedback loop of outcomes into the planning and implementation process. This will require 
flexibility to be embedded within stormwater infrastructure during initial design and 
construction, and flexibility to be provided within future prepared water management plans 
to allow adjustment.  

The implementation of adaptive outlet structures on stormwater infrastructure presents an 
opportunity to partially mitigate climate change impacts on declining inflows and water 
levels within the GBSW area downgradient if required. 

In relation to ongoing monitoring, it is recommended further collaboration with agencies 
such as DBCA be investigated to coordinate and align with existing programs and maximise 
data benefits.  

Monitoring reporting is recommended annually with requirements detailed in Section 11.3.2. 
This should include a review of area climate over the previous period in the context of 
climate projections and its impact on GBSW hydrology.  
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Table 17: Adaptive Management Approach 

Process Action 

Pre Development 
Monitoring 

 Pre development monitoring program exceeding BUWM (WAPC, 
2008) requirements in recognition of GBSW proximity. 

 Sites in accordance with Figure 14. 

 Groundwater levels monthly and groundwater quality quarterly 
(physical parameters, nutrients, metals). 

 Surface water flow and quality (as per groundwater parameters) 
opportunistically when flowing. 

 Data sharing and coordination with agency programs.  

Water Management 
Planning 

 LWMS and UWMP document development informed by 
monitoring outcomes and key principles of DWMS. 

 LWMS/UWMP documents and approvals to reflect a flexible 
outcomes approach to facilitate adaptive change. 

 Establish agreed targets in consultation with agencies based on 
predevelopment monitoring outcomes at structure planning. 

Stormwater 
Infrastructure  

 Implement adaptive/flexible outlet structures on stormwater 
infrastructure to enable changed performance based on 
monitoring outcomes. 

Post Development 
Monitoring 

 Key assessment sites in accordance with Figure 33. Other sites to 
be determined with agency consultation on completion of 
predevelopment program. 

 Groundwater levels monthly and groundwater quality quarterly 
(physical parameters, nutrients, metals). 

 Surface water flow and quality (as per groundwater parameters) 
opportunistically when flowing. 

Reporting, 
Compliance, and 
Feedback Loop to 
Water Management 
Planning 

 Key Factors  
Surface Water: Water quality targets and flow at discharge 
points under Tonkin Hwy 
Groundwater: water quality targets, groundwater levels and 
mound management at Tonkin Hwy interface 
Climate Change: Rainfall trends, GBSW groundwater levels 

 Annual Assessment: Performance evaluation, annual reporting, 
with outcomes and recommendations to influence water 
management planning.  

 Implement adaptive change measures if required: Flexible outlet 
structure operation changes, Iterative adjustments to water 
management planning for future stages. 

 Adaptive change measures to be agreed in consultation with 
agencies. 
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11.3 Monitoring 

11.3.1 Pre Development Baseline 

As discussed in Section 3.1, a predevelopment monitoring program was previously 
undertaken by Urbaqua for the Water Grove South area and accepted by DWER as 
satisfying their requirements for pre development monitoring.  

Although no further predevelopment monitoring was necessary to meet DWER requirements 
at that time, due to the Amendment Area proximity to the GBSW area, Hyd2o commenced 
a supplementary monitoring program for the Amendment Area in November 2020.  

This program has now run for 38 months and is ongoing. Across the Amendment Area and 
its immediate surrounds, there are currently 23 bores which are being monitored monthly for 
water levels, with 20 of these monitored quarterly for quality. A further 3 nearby DWER bores 
are monitored monthly for water levels for correlation of results to longer term data. Nine 
surface water sites are also monitored.  

Monitoring locations are shown in Figure 14. This program provides:  

 groundwater levels to inform the setting of future infrastructure.  

 groundwater quality upstream and downstream of the Amendment Area for review this 
in the context of groundwater quality closer to the wetland. 

 surface water quality upstream and downstream of the Amendment Area, and within 
the wetland where stormwater inflows occur.  

A summary of data collected to date is provided in Chapters 4 to 5 and Appendices G to N 
of this report.  

Monitoring data will continue to be collected and assessed in further detail in the 
Amendment Area’s Local Water Management Strategy (LWMS) in accordance with Better 
Urban Water Management (WAPC, 2008) requirements. 

The predevelopment program has been coordinated with DWER and DBCA and 
opportunities for synergies and data sharing assessed to maximise its overall benefit. 

Ongoing monitoring during the pre and post development phases of the project will 
continue to provide an opportunity to build on existing datasets and improve understanding 
of the GBSW area and its behaviour in its changing environment. 

11.3.2 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”.  

Several programs for individual development areas within the Amendment Area are likely to 
be ultimately required depending on staging, and this will be determined in consultation 
with agencies at the appropriate stage of planning. Individual programs will be designed to 
operate over three year post development periods, with the timing for commencement of 
the program to be negotiated at UWMP stage with DWER and the City of Kalamunda. Given 
the staged process of development a considerably longer rolling monitoring program will 
ultimately result with a focus on the current development stage outcomes in the context of 
assessing whole of development performance outcomes.  
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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 based on its 
outcomes and reporting.  

Post-development monitoring locations, final trigger values and contingency actions will be 
identified in the LWMS based on an assessment of the full pre-development (existing) 
monitoring dataset and consultation with agencies. Locations for groundwater monitoring 
will be based on predevelopment locations (including areas south of Tonkin Hwy near 
GBSW), with surface water monitoring based on key outlets from the Amendment Area and 
the performance of key stormwater infrastructure.  Protection of the GBSW area and 
management of the existing groundwater mound will be key considerations in the 
establishment of these sites. A preliminary identification of key post development sites is 
shown in Figure 33, subject to completion and outcomes of the current monitoring program. 

Interim water quality targets for the key post development assessment sites based on 
predevelopment monitoring data from 2021-2023 are shown in Table 18. These targets will 
be refined as monitoring progresses with final targets established and reported as part of the 
LWMS. Water level targets for groundwater level mound management will be appropriately 
established at LWMS stage based on consultation with agencies. 

Note that while the nutrient targets are variable and at some locations exceed DWER & 
DBCA (2016) overall long term TN and TP targets of 1.0 mg/L and 0.1 mg/L for the Yule Brook 
catchment, the current targets reflect the Amendment Area’s existing condition due to 
legacy land uses. Improvement in water quality is expected with land use change as 
development progresses.  

 

Table 18: Interim Water Quality Targets 

Parameter Site 

Interim Targets 

pH EC 
(mS/cm) 

TN  
(mg/L) 

TP  
(mg/L) 

Surface Water 

ANZECC (2000) 1 6.5-8.0 0.12-0.30 1.20 0.065 

SW2 7.34 0.98 2.90 0.15 

SW3 7.38 0.23 1.80 2.90 

SW4 7.62 0.17 0.45 0.08 

Groundwater  

ANZECC (2000) 2 7.0-8.5 0.30-1.50 1.50 0.06 

GW5D 4.55 0.67 1.30 0.05 

GW9D 6.52 0.63 1.75 0.05 

WG8D 5.33 0.85 1.50 0.28 

WG10D 6.30 0.33 2.90 0.05 

1. ANZECC (2000) default trigger values for lowland river ecosystems in south-west Australia 
2. ANZECC (2000) default trigger values for wetland ecosystems in south-west Australia 
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Annual reporting will be provided, detailing the previous 12 months of monitoring and 
assessing performance in the context of established targets, and providing 
recommendations for future monitoring, planning and development implications, and on 
any corrective actions (if required).  

Reporting will also review the Amendment Area climate over the previous period in the 
context of climate projections and its impact on GBSW hydrology.  

The post development monitoring program and its outcomes will provide additional 
information to inform later stages of planning using adaptive management. 

All water quality testing will be conducted by a NATA approved laboratory.  

11.4 Staging 
Staging of stormwater works to maintain a functioning stormwater management system for 
the Amendment Area and the existing council drainage systems will be required.  

Staging of stormwater changes will be implemented to ensure key hydrological 
performance criteria in relation to the receiving environment and key design objectives are 
maintained during the transition process. 

Staging aspects of the development will be appropriately addressed in later stages of water 
management planning and include the identification of any temporary measures.   

A key consideration during staging will be the management of the existing groundwater 
mound during the transition phase and ensuring any changes in land use and recharge are 
carefully managed. While not development related, the effects of the recent cessation of 
groundwater irrigation at the turf farm will be monitored and this data used to inform the 
transition process and future planning.  

By ongoing assessment of monitoring data, adaptive management can be applied to 
mitigate potential impacts an provide improvements as development proceeds. 

11.5 Implementation Responsibilities 
Key implementation actions and responsibilities are detailed in Table 19. The development 
and implementation of a Local Structure Plan and accompanying Local Water 
Management Strategy will be the responsibility of the Amendment Area developer.  

Ongoing funding and maintenance responsibilities will be appropriately detailed at LWMS 
and UWMP stages and will include a summary of responsibility for the developer, City of 
Kalamunda, DWER, and DBCA.  
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Table 19: Water Management Strategy Implementation Summary 

Implementation Action Responsibility 

Developer DWER City of 
Kalamunda DBCA 

Ongoing Predevelopment  
monitoring program 

    

Preparation of LWMS to support 
 local structure planning 

    

Review and approval of LWMS     

Preparation of UWMP(s) for  
individual development stages 

    

Review and approval of UWMP(s)     

Construction of water management 
system and maintenance post 
construction until council handover 

    

Conduct post development monitoring 
program and annual reporting 

    

Review of monitoring data and  
annual reporting including adaptive 
management recommendations 

    

Long term water management system 
operation and maintenance 

    
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2. SCOPE OF WORK 
MBS Environmental (MBS) was engaged by Hesperia to address Item 12 of the ER through the provision of the 
following: 

• Description and background of the project, GBSW system, local hydrogeology and potential changes 
associated with the development.   

• Discussion of salinity and sodicity and how these may relate to potential for impacts on the GBSW. 

• Collate and average source water quality data as available and hydrogeological settings to assign source 
terms against the water balance model terms. 

• Populate the final Emerge mass water balance with chemistry for major ions and salinity for each source 
term as per their conceptual model.  The Emerge WBA generally consisted of four scenarios (pre-
development, post-development, post-development including climate change conditions to 2050 and 2100). 

• Predict the post-development change in salinity and sodicity (conservative mixing/evaporation) using current 
assumptions for the three scenarios.  Compare results to current conditions and guidelines for the 
assessment of risk. 

3. HYDROGEOLOGY 
3.1 HYDROSTRATIGRAPHY 
The superficial formations of the GBSW are comprised of thin Bassendean Sand over Guildford Formation or clayey 
sand of the Guildford Formation.  The western extent of the Wattle Grove MRS site (east of the GBSW) is underlain 
by superficial formations comprised of thin Bassendean Sand over sandy clay to clayey sand of the Guildford 
Formation.  The Yoganup Formation makes up the eastern area of the MRS Amendment Area (Hyd2o, 2024). 
 
The base of the superficial formations is at approximately sea water level AHD, sloping downwards to the west 
(Davidson and Yu, 2008).  Based on ground surface elevations, this equates to the superficial formations being 
about 20 to 35 m thick.  The superficial formations in this area are underlain by Kardinya Shale and/or the Henley 
Sandstone.  This is supported by the lithological log for the turf farm irrigation bore (WIN ID 20019551) which is 
screened from 48 to 62 m in fine sand, which lies beneath 21 m of black clay namely Kardinia Shale (Rockwater 
2023). 
 
Investigations of the GBSW hydrogeology identified localised connections between the wetlands and underlying 
aquifers, in the southwest of Brixton Street (Wanaping Block), including slow leakage from clay-based wetland areas 
(EPA 2022).  A figure showing the soil mapping units underlying the site is provided in Figure 2. 
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3.3 WATER BALANCE SUMMARY 
Emerge developed a yearly averaged surface and groundwater balance within the MRS amendment area.  The key 
annual flow rates derived by the water balance (Appendix A1) include the following key components: 

• Rainfall and surface water runoff.  Surface water runoff comprises runoff from onsite direct rainfall, runoff 
from the upstream catchment area via sheet flow and roadside drainage, runoff outflow via the drain systems 
in the west and southwest of the site to the GBSW, MKSEA and South.  Surface water runoff discharges 
offsite into the GBSW via the Boundary Road – Tonkin Highway culvert. 

• Rainwater evaporation and infiltration into the Superficial Aquifer. 

• Evaporation and infiltration of irrigation water on the MRS amendment area into the Superficial Aquifer.  This 
comprises water from the Superficial Aquifer, the Leederville Aquifer and domestic water from the Integrated 
Water Supply Scheme (IWSS, Water Corporation). 

• Infiltration from the perched aquifer into the Superficial Aquifer. 

• Outflow from the Superficial Aquifer including groundwater flowing west towards the GBSW. 
The model includes pre-development, post-development and predicted climate change (years 2050 and 2150) 
conditions affecting the inflows and outflows in the surface and groundwater water balance.   
It should be noted that as the water balance model is based on yearly averages, it does not include seasonal 
variations potentially affecting salinity and sodicity in the soil profile, despite overall elevated drainage conditions to 
the water table were identified on site. 

4. POTENTIAL IMPACTS OF SALINITY AND SODICITY 
In order to describe potential impacts on the GBSW from salinity or sodicity changes, some background on these 
terms and general potential influences from them are described below. 

4.1 SALINITY 
Salinity in general refers to the concentration of soluble or dissolved salts in a soil or water.  Salinity, expressed as 
total dissolved solid (TDS) is the content of minerals dissolved in water.  Water with TDS less than 1,000 mg/L 
classify as fresh, water ranging from 1,000 – 3,000 mg/L TDS are brackish and classify as saline for the range 3,000 
– 35,000 mg/L TDS. 
 
Soil salinity is in general attributed to the soluble salts binding to clay particles found in soil due to their large surface 
area and inherent surface reactivity (ionic charge being positive or negative), while groundwater influenced salinity 
may also occur due to interactions with the porous matrix of the aquifer.  Infiltration of surface water and seasonal 
variations (rise and fall and associated capillary rise) of the groundwater table have the potential to transport 
increasing amounts of salt from groundwater to the vadose zone (unsaturated zone) of a shallow soil profile.  In 
summer, evaporation (including from irrigation water as above) and the decrease of groundwater levels can trigger 
salt precipitation in the soil profile.  During periods of increased rainfall (winter), percolation of rainwater through the 
profile and rising groundwater levels can trigger re-dissolution and drainage of salts from the soil profile.  Therefore, 
seasonal variations of rainfall/evaporation and the water table can contribute to salinisation of the soil profile, surface 
and groundwater bodies.  The nett accumulation of salts in a soil profile depends on the balance of these 
contributions. 
 
Previous assessment of the GBSW, undertaken by EPA and reported by Emerge Associates (Emerge 2024), 
identified the presence of soil salinity within the shallow soil profile and the presence of salt tolerant vegetation (EPA 
2022).  This is most relevant to the locations southwest of Brixton Street (Wanaping Block) which are well removed 
from the MRS amendment area.   
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4.2 SODICITY 
Sodicity is a term which refers specifically to the relative balance of salt cations comprising the salinity.  Specifically 
it refers to the amount of sodium present in irrigation/surface water relative to amounts of divalent cations (Ca2+ and 
Mg2+).  Exposure of soils to water with excessive amounts of sodium relative to calcium and magnesium can favour 
its accumulation on adsorption sites (versus calcium and magnesium) in soil and may deteriorate the soil structure.  
This in turn has potentially negative impacts on plant and native vegetation growth.  Sodium concentration can also 
produce an adverse impact on the soil's physical properties in the form of clay dispersion, leading to deterioration 
of aggregate stability; decreased soil hydraulic conductivity/permeability; increased susceptibility to surface sealing 
and soil erosion problems; soil compaction; and decreased soil aeration.  Clay rich soils (compared to sandy soils) 
are more impacted in structure by changes in sodicity (as sandy soils have very low clay content and hence 
exchangeable ionic sites for binding). 
 
The risk of sodicity is reduced with increasing concentrations of multivalent cations (primarily calcium and 
magnesium) also present in the irrigation water.  The sodium adsorption ratio (SAR) is a quantitative unitless 
indicator calculated from the concentrations (expressed with units of milliequivalents per litre, me/L) of sodium, 
calcium and magnesium in water: 
 

𝑆𝑆𝑆𝑆𝑆𝑆 =
[𝑁𝑁𝑁𝑁+]

�([𝐶𝐶𝐶𝐶2+] + [𝑀𝑀𝑀𝑀2+])/2
 

 
Long-term discharge/irrigation use of water with high SAR can lead to a decrease in infiltration and permeability of 
the soil to water.  Sandy soils will have fewer problems as noted above, but fine-textured soils are likely to have 
severe problems if SAR is greater than 9.  Sodicity is considered low when the SAR value is less than 10.   
 
A reduction of soil permeability can lead to soil water logging; however, water logging of the soils profile across the 
MRS is unlikely due to the depth of the water table and the very permeable nature of the local sandy soils, which 
promotes free drainage of surface water (DPIRD 2018).  Small areas along the western and northern boundary of 
the MRS have localised finer grained soils.  There is potential for waterlogging where these soils occur, however 
the groundwater levels in these areas are still not expected to rise as a result of development in the MRS amendment 
area (Emerge 2024). 

5. WATER QUALITY — SOURCE TERM COMPOSITIONS FOR CALCULATIONS 
5.1 RAINWATER 
The salinity and sodicity values for rainwater were derived from the rainfall composition database established by 
CSIRO (Crosbie et al. 2012).  The data were collected over 27 monitoring events between May 2007 and December 
2011.  Weighted average concentrations of solutes were typically used to define the source term.  Alkalinity (as 
bicarbonate, HCO3ˉ) was adjusted (reduced) to achieve charge neutrality (ionic balance).  The adopted source term 
definition is presented in Table 1.  As expected for rainfall, salinity and SAR values calculated from the derived 
composition were very low. 
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re-dissolution and drainage.  The average onsite composition of the aquifer (measured across eight bores on 
23/11/2022) and average inflow composition measured on 06/10/2022 and 23/11/2022 at bore WG5D are presented 
in Table 3.  Average salinity across the MRS was fresh to slightly brackish in 2022.  The average SAR of 7.45 was 
similar to the SAR calculated for the Leederville Aquifer (Table 2) and indicative of low sodicity.  

Table 3:  Superf icial  Aquifer  Average Onsi te and Inf low Composit ions 

Parameter Unit Average 
Onsite 

WG5D 
(Inflow) 

pH pH Units 5.77 5.85 
Ca 

mg/L 

36 4.9 
Cl 581 218 
K 13 4.0 

Mg 54 14 
Na 303 110 

NO3 7.5 12.5 
SO4 150 10 

Total Alkalinity mg CaCO3/L 309 69.5 
Salinity (TDS) mg/L TDS 1,445 537 
Sodicity (SAR) - 7.45 5.73 

 

5.2.3  Perched Aquifer  
As discussed in Section 3, localised perched aquifer conditions were identified in the northwest of the site.  The 
water balance model assumed that the perched aquifer is recharged by rainwater infiltration and seasonally drains 
down to the Superficial Aquifer.  Therefore, in a first approximation, the rainwater composition (Table 1) was 
attributed to the perched aquifer composition discharging into the Superficial Aquifer.  This is supported by similar 
groundwater quality being found in bore GW01 during winter. 

5.3 DOMESTIC  WATER USAGE ( IWSS WATER SUPPLY)  
As described in Section 3.3, the water balance model includes a portion of domestic water used for irrigation used 
during the pre- and post-development periods by residents/council.  The composition of the domestic water was 
obtained from the Water Corporation annual drinking water quality report 2023 (Water Corp. 2023).  The composition 
presented in Table 4 was obtained from the median value of the closest records to the Wattle Grove project in Perth 
Metropolitan Area (South Perth/Kewdale).  The water is fresh (528 mg/L TDS) and hard (107 mg/L CaCO3).  The 
calculated SAR value of 5.0 was between those for the Superficial and Leederville Aquifer but higher than the value 
of SAR = 1.0 calculated from the single water composition available at bore GW3 (within the GBSW, 329 mg/L 
TDS). 
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Table 4:  Domest ic Water  Qual i ty  in  South Perth/Kewdale 

Parameter Unit IWSS (Water Corporation 
2021–2022) 

pH pH Units 7.61 
Ca mg/L 29 
Cl mg/L 173 
K mg/L 7.6 

Mg mg/L 8.2 
Na mg/L 119 
SO4 mg/L 26 

Total Alkalinity mg CaCO3/L 121 
Salinity (TDS) mg/L TDS 528 
Sodicity (SAR) - 5.0 

5.4 GREATER BRIXTON STREET WETLANDS 
No connections have been included in the water balance model between the surface water and the Superficial 
Aquifer beneath the GBSW, with limited recharge via slow leakage, due to the presence of a low-permeability hard 
pan.  Groundwater composition at the GBSW was predicted to be mostly controlled by upgradient inflow from the 
MRS amendment area in the northeast although it is noted that composition is expected to change with dissolution 
of calcium in particular from the limestone within the GBSW.  Compositions at bores GW12 and GW3 are expected 
to be the most representative of the groundwater under the wetland; however, very limited pre-development records 
and data were available for these bores.  Between 2009 and 2022 the salinity ranged from 183 – 13,266 mg/L TDS 
(average of 2,882 mg/L) at GW3 and from 1,370 – 17,556 mg/L TDS (average of 8,675 mg/L TDS) at GW12.  
Samples were analysed for major ion composition on only one occasion (06/10/2022) at bore GW3 (Table 5) and 
reported a very low calculated sodicity of 1.0 (the higher calcium content of 86 mg/L resulting in lower calculated 
SAR compared to MRS bores).  

Table 5:  Groundwater  Composit ion in the GBSW Area — Bore GW3 

Parameter Unit GW3 
(06/10/2022) 

pH pH Units 6.68 
Ca mg/L 86 
Cl mg/L N/A 
K mg/L 6.9 

Mg mg/L 3.8 
Na mg/L 26 
SO4 mg/L N/A 
NO3 mg/L 4 

Total Alkalinity mg CaCO3/L 230 
Salinity (TDS) mg/L TDS 329 
Sodicity (SAR) - 1.05 
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6. MODELLING APPROACH AND ASSUMPTIONS 
A simple solute mass balance of the groundwater in the area covered by the MRS was undertaken with the 
geochemical speciation code PHREEQC 3.7.3 (USGS 2021).  The derived mixing ratios of the solute mass balance 
are shown in Appendix A1 for the three scenarios, the main characteristics of the approach with its limitations and 
assumptions were as follows: 

• Compositions of the water quality source terms described in Section 5 were mixed in proportions to their 
annual volumes derived from the groundwater and surface water balance developed by Emerge 
(Emerge 2024). 

• Source term compositions were based on available major ion (and nitrate) concentrations.  All other 
dissolved species, including metals and metalloids (generally low to negligible) were not included. 

• Three scenarios were adopted including: 
 A pre-development scenario covering the period 2024 – 2150.  For this scenario annual inflows and 

outflows were derived from conditions prior to onsite development. 
 A post-development scenario; current post-development annual volumes were applied for a 75-year 

period (2024 – 2150). 
 A scenario including post-development climate change conditions from year 2050 – 2100 and year 2100 

– 2150 (Emerge 2024). 

• A separate surface water solute mass balance (versus groundwater) was undertaken including the portions 
of the MRS rainfall runoff and groundwater discharging at the Boundary Road culvert and evaporation.  
Surface water discharging from the MRS into the GBSW was assumed to only occur through the culvert at 
Boundary Road.   

• The surface water model does not account for potential leaching of the soil material on the MRS from 
rainfall runoff since the land system locally presents a low salinity risk (<3% of the mapped area, DPIRD 
2018). 

• Predicted salinity/sodicity prediction for both surface and groundwater were based on an initial Superficial 
Aquifer volume of 21.63 GL derived from the groundwater contours presented in Figure 1 and overlapping 
the MRS amendment area. 

• The modelling approach does not include any dispersion and transport components which may potentially 
dilute and attenuate the estimated salinity and SAR values. 

• Both solute mass balances (i.e. surface and groundwater) were conservative and no potential sorption, 
precipitation/dissolution, redox, acid/base or biogeochemical reactions were included other than evapo-
concentration.  Evaporation was applied to rainfall and domestic irrigation source terms (Section 3.3) in 
proportion to their respective annual evapotranspiration volumes (Emerge 2024). 

• All data provided to MBS such as water chemistry records, monitoring bore details and 
groundwater/surface volumes derived from the water balance were accepted as accurate and 
representative. 

7. RESULTS 
This section presents the results of the solute mass balance assessments resulting from application of the source 
terms to the Emerge water balance assessment.  These were undertaken separately on the surface water and 
groundwater discharging and/or flowing to the wetland for the three selected scenarios (pre-development, post-
development, and post-development with climate change).  The salinity is expressed as TDS (mg/L) and the sodicity 
as SAR. 
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7.1 SURFACE WATER DISCHARGE 
Results for predicted surface water discharge from the culvert at Boundary Road in the north of the GBSW are 
presented in Chart 1 and Chart 2 for selected time steps of the projection period 2024 – 2150.  The key results are 
summarised as follows: 

• Predicted salinity and sodicity of the pre and post-development scenarios were overall stable for the entire 
2024 – 2150 projection period. 

• Salinity was brackish for both scenarios with a predicted value of 2,230 mg/L TDS for pre-development and 
1,590 mg/L TDS for post-development.  Sodicity was low with SAR values of 8.5 and 7.12 respectively.  The 
difference between both scenarios was attributed to higher evapotranspiration and lower rainfall runoff rates 
to the GBSW in the pre-development scenario. 

• Results for the post-development climate change scenario were identical to the post-development for the 
period 2024 – 2050.  After year 2050 salinity was predicted to become fresh by dropping significantly to 1,184 
– 761 mg/L TDS for the period 2050 – 2100.  Sodicity followed the same trend and decreased to SAR values 
of 6.26 – 5.20 over the same period.   

• After year 2100 surface water salinity and sodicity were anticipated to slightly increase to 788 mg/L TDS and 
a SAR of 5.36 due to a decrease of the rainfall runoff contribution. 

No surface water composition data were reported for the GBSW; however, post-development salinity (TDS) and 
salinity (SAR) of the surface water discharging from the Boundary Road culvert (inflow to GBSW) were predicted to 
be lower than pre-development.  Salinity for both post-development scenarios were predicted to be fresh to 
marginally brackish, however this was based on the conservative approach assuming all the groundwater outflow 
from the MRS at Boundary Road discharges into the culvert.  Therefore, based on the assumptions that soil on the 
MRS has a negligible impact on the surface water runoff composition, salinity and sodicity of surface water 
discharging in the MRS are expected to be lower than the predicted values shown in Chart 1 and Chart 2. 

 

 

Chart  1:  Predicted Surface Water  Sal ini ty Discharging to the GBSW 
 

0

500

1,000

1,500

2,000

2,500

2020 2040 2060 2080 2100 2120 2140

Sa
lin

ity
 [m

g/
L 

TD
S]

Year

Post-Development with Climate Change
Post-Development
Pre-development



HESPERIA WATTLE GROVE DEVELOPMENT 
 ASSESSMENT OF POTENTIAL SALINITY AND SODICITY IMPACTS ON THE GREATER BRIXTON ST WETLANDS 

WG Salinity Sodicity Risk Amended FINAL 20240221.docx 15 

 

 

Chart  2:  Predicted Surface Water  SAR (Sodici ty)  Discharging to the GBSW 

7.2 GROUNDWATER 
Predicted salinity and sodicity in groundwater flowing to the GBSW are presented in Chart 3 and Chart 4 for selected 
time steps over the period projection 2024 – 2150.  The key results are summarised as follows: 

• Similar to surface water, salinity and sodicity of the pre and post-development scenarios were predicted to 
remain steady for the total duration of the projection.  Both scenarios showed very close results with 
marginally fresh groundwater salinities of 1,775 and 1,714 mg/L TDS, and SAR values of 7.50 and 7.38, 
respectively. 

• Salinity decreased significantly after 2050 for the post-development scenario with climate change conditions.  
Values were anticipated to drop to 1,170 mg/L TDS in 2050 and steadily decrease to  575 mg/L TDS in 2100.  
Between years 2100 and 2150 values are predicted to slightly drop to 492 mg/L TDS. 

• Sodicity followed the same trend and decreased slightly from a SAR value of 6.21 in 2050 to reach 4.55 in 
2150 and 4.46 in 2150.  These depletions of salinity and SAR are attributed to a reduction of rainfall infiltration 
during the projection period. 

 
Results indicated that the groundwater salinities in the Superficial Aquifer flowing from the MRS towards the GBSW 
were expected to be very similar between the pre and post-development scenarios and remained marginally 
brackish.  These values are within the lower end of the range recorded at downgradient bore GW3 (183 – 
13,266 mg/L TDS) for the period 2009 – 2022.  The SAR was low to moderate but slightly higher than the calculated 
value of the single available record reported at GW3 in October 2022 (SAR = 1.05).  Although the sandy soil profile 
across the MRS favours free drainage, the model did not account for potential seasonal groundwater loading of 
higher salinity/sodicity attributed to soil sorption and variation of the water table.  However, the hardpan extending 
from the MRS across most of the GBSW (EPA 2022) limits the vertical connections between the wetland and the 
underlying Superficial Aquifer.  Therefore, any potentially elevated salinity or sodicity in the groundwater flowing 
from the MRS is unlikely to have a significant impact on the wetland. 
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Chart  3:  Predicted Sal ini ty  — Superf icial  Aquifer  
 

 

Chart  4:  Predicted SAR — Superf ic ial  Aquifer  
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7.3 IDENTIF ICATION OF POTENTIAL RISKS 
The GBSW comprises a complex series of seasonally inundated or seasonally waterlogged areas classified as 
basins, palusplains, floodplains, sumplands and channels shaped from direct rainfall/evaporation and rainfall runoff.   
 
The primary receptors in the wetland include seasonally dependant flora, terrestrial and aquatic fauna (DBCA 2017), 
which require seasonal flooding to maintain the local ecosystem.  Increases of salinity and sodicity attributed to 
water discharged through the culvert from the MRS could potentially affect the root zone of non-saline and/or non-
sodium tolerant vegetation species, life and reproduction cycles of aquatic invertebrates, or reduce palatability of 
ponding water palatability for terrestrial fauna. 
 
Connections have been identified between the GBSW and the Superficial Aquifer.  Shallow groundwater in these 
areas may seasonally impact the wetlands and the root zone by upgradient loading of salinity/sodicity (e.g. from the 
MRS) and local variations of the water table.  Salts can accumulate due to slow rates of recharge in winter and 
evaporation due to capillary action when the water table is close to the surface in summer (EPA 2022).  When the 
water table is high, waterlogging may also be a threat to some vegetation in the GBSW.  Some species of samphire 
(e.g. Tecticornia spp. Observed in the wetland) have a low tolerance to prolonged inundation from low salinity 
surface water (Konnerup et al. 2014).  However, these connections between the GBSW and the Superficial Aquifer 
are very localised and limited to the south of the GBSW, due to the presence of a hardpan underlying most of the 
wetland.  Therefore, interactions between surface water and groundwater from the Superficial Aquifer potentially 
impacted by salinity/sodicity changes from the MRS amendment area are unlikely. 
 
The following guidelines summarised in Table 6 were used to characterise the risk associated with the potential 
discharge to the GBSW with respect to accepted environmental criteria: 

• ANZECC (2000) long term irrigation guideline values — used to assess saline tolerances to potential plant 
receptors in the GBSW. 

• DAFWA salinity tolerances for native vegetation (DPRID, 2022). 
 

Table 6:  Defaul t  Environmental  Tr igger Values for Sal in i ty (mg/L TDS) Vegetat ion 

Guideline Low  Moderate Moderate/High High Very High 

ANZECC LTI <416 <1,856 <3,328 <5,184 >5,184 

DAFWA Native Veg <1,280 <2,560 <5,120 <10,240 >10,240 

 
Maximum predicted post-development salinity (i.e. conservative approach, <1,590 mg/L TDS) of the surface water 
discharge at Boundary Road is lower than the conservative salinity range predicted for the pre-development period 
(2,230 mg/L TDS), which represents a net environmental benefit outcome with a 'moderate risk' range for the 
vegetation of the GBSW (Table 6).  These values are the higher predicted range of  annual loads at the discharge 
point in the wetland (i.e. assuming full groundwater discharge in the drain) and therefore represent a risk limited to 
the wetland drainage lines located in the immediate surrounding of Boundary Road (i.e. north of GBSW).  This also 
does not consider potential mixing and dilution with water ponding from direct rainfall on the wetland. 
 
No salinity/sodicity guideline values were available for comparison for aquatic and terrestrial fauna.  However, all 
the predicted salinities for the three scenarios remained well below the livestock drinking water guideline trigger 
value of 4,000 mg/L TDS (ANZECC 2000/ANZG 2018) and were predicted to fall with development.  Although the 
livestock drinking water guideline values do not explicitly account for sensitivity of other terrestrial species to potential 
toxicants, they present the most relevant generic health-based screening values for drinking water to be consumed 
by terrestrial fauna.   
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The surface water discharging from the MRS and potentially ponding in GBSW, as well as the groundwater in the 
Superficial Aquifer underneath the wetland were predicted to be fresh to brackish with low sodicity.  The decrease 
in both salinity and sodicity (based on the model) indicate better/low risk profile to the GBSW than pre-development 
situation.  However, this was based on an annual water balance and did not account for seasonal variations of the 
water table (at the MRS and GBSW) which may increase the levels of salinity/sodicity of the water expressing in the 
wetland from the MRS (EPA 2022).   

8. SUMMARY/CONCLUSIONS 
The GBSW is located approximately 1 km to the west of the Darling Scarp in the eastern area of the Perth Basin.  
The EPA has identified issues related to the proposed rezoning of Wattle Grove, including the potential rise in local 
groundwater levels and associated increases in salinity and sodicity resulting from alteration to the hydrological 
regimes of the GBSW and its connected waterways.   
Based on the water balance model produced by Emerge for the MRS, solute compositions were derived for the 
individual source terms.  These source terms were combined to generate groundwater (i.e. Superficial Aquifer) and 
surface water (i.e. water discharging from the MRS amendment area via the culvert at Boundary Road) solute mass 
balances for three water balance scenarios (pre-development, post-development and post-development with climate 
change).  The predicted groundwater quality upgradient to the GBSW and discharging at the surface through the 
Boundary Road culvert indicated that: 

• Maximum salinity and sodicity (i.e. conservative approach) of the post-development scenarios for surface 
water discharge were both predicted to be less than the pre-development scenario for the entire 2024 – 2150 
projection period.  This represents a nett reduction in risk to the GBSW based on modelling conducted. 

• Conservative post-development salinity of the surface water discharging to the north of the GBSW was 
predicted to be slightly brackish, and values decreasing to fresh after 2050 under the climate change 
scenario.  Surface water sodicity followed the same trend and was always low. 

• The general trend of both salinity and sodicity in the Superficial Aquifer flowing to the GBSW was constant 
and very close to the pre-development scenario for the entire projection period 2024-2150.  Salinity was 
marginally brackish at all times and within the lower end of the range recorded in groundwater overlain by 
the wetland for the period 2009 – 2022.  Predicted salinity and sodicity of post-development climate change 
scenario in groundwater decreased steadily between 2050 and 2100 from marginally brackish to fresh with 
low SAR values.  After 2150 predicted values started to stabilise. 

• The predicted groundwater salinities were at all times within the lowest range of the records reported at 
downgradient bore GW3 in the GBSW.  Values of SAR were slightly higher than the calculated value of the 
single available record reported at GW3 in October 2022 (SAR = 1.0).  No records for surface water 
composition at the GBSW were available to assess the impact of the predicted groundwater salinity/sodicity 
on the wetland. 

• The primary receptors in the wetland were identified to be seasonally dependant flora, terrestrial and aquatic 
fauna (DBCA 2017), which require seasonal flooding to maintain the local ecosystem.  Connection between 
the GBSW and the Superficial Aquifer is limited due to the presence of a hardpan beneath the wetland. 

• There is a low to moderate risk for the GBSW vegetation in regard to surface water discharge at Boundary 
Road.  The potential risk from the MRS remains limited to the wetland drainage lines located in the immediate 
surrounding of Boundary Road (i.e. north of GBSW).  This did not account for potential runoff, ponding, 
evaporation and mixing with direct rainfall in the wetland. 

• No salinity/sodicity guideline values were available for comparison for aquatic and terrestrial fauna.  However, 
all the predicted salinities for all scenarios remained well below the livestock drinking water guideline trigger 
value of 4,000 mg/L TDS (ANZECC 2000/ANZG 2018) and were predicted to fall with development.  

Overall, this assessment indicated that there is a low risk of increasing salinity and sodicity in the GBSW from 
the MRS surface and groundwater discharge and modelling predicted the opposite — a decrease in both.  It is 
noted that an irrigated golf course and playing fields to the north of the MRS (and evapoconcentration from the 
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irrigation) likely has much larger influence on salinity/sodicity within the GBSW than the proposed MRS however 
this was outside the scope of assessment.  
Although the sandy soil profile across the MRS favours free drainage, the model did not account for potential 
seasonal groundwater loading of higher salinity/sodicity attributed to soil sorption and variation of the water 
table.  Similarly, in areas of the GBSW where groundwater is potentially connected to the surface water 
(Wanaping Block in the south not impacted by development of the MRS), seasonal variations may favour 
upgradient loading of salinity/sodicity from the MRS into the wetlands and the root zone.  At the time of writing 
records of surface water and groundwater compositions were limited.  It is therefore recommended that 
additional testing be undertaken during the structure planning phases to refine the water balance and 
salinity/sodicity predictions of this assessment as planning progresses.  Ideally surface water and groundwater 
should be sampled seasonally within the GBSW and analysed for physical parameters, major ions, nutrients 
and key metals/metalloids to establish seasonal baseline concentrations.  This would help to monitor changes 
in salinity and sodicity in the wetland in relation to the MRS and other nearby sources.   

 
Yours sincerely 
MBS Environmental 
 

        
 
Greg Lekmine        Karl Zwickl  
Geochemist/Modeller       Environmental Scientist 
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Appendix A1:  Solute Mass Balance Summaries 



Appendix A1-1: Solute Mass Balance Summary - Pre-development Scenario

2024 2025 2035 2045 2049 2050 2060 2070 2080 2090 2099 2100 2125 2150

1.0 1.0 10 20 24 25 35 45 55 65 74 75 100 125

0 1.0 9 10 4.0 1.0 10 10 10 10 9.0 1.0 25 25

Individual Filling volume (KL) 128,533 128,533 1,156,797 1,285,330 514,132 128,533 1,285,330 1,285,330 1,285,330 1,285,330 1,156,797 128,533 3,213,325 3,213,325
Perched Aquifer 7,280 7,280 65,520 72,800 29,120 7,280 72,800 72,800 72,800 72,800 65,520 7,280 182,000 182,000
Rainfall 767,742 767,742 6,909,678 7,677,420 3,070,968 767,742 7,677,420 7,677,420 7,677,420 7,677,420 6,909,678 767,742 19,193,550 19,193,550
Superficial Aquifer Inflow 32,212 32,212 289,908 322,120 128,848 32,212 322,120 322,120 322,120 322,120 289,908 32,212 805,300 805,300
Superficial Aquifer Irrigation 84,655 84,655 761,895 846,550 338,620 84,655 846,550 846,550 846,550 846,550 761,895 84,655 2,116,375 2,116,375
Leederville Aquifer Irrigation 176,000 176,000 1,584,000 1,760,000 704,000 176,000 1,760,000 1,760,000 1,760,000 1,760,000 1,584,000 176,000 4,400,000 4,400,000
IWSS Aquifer Irrigation 32,500 32,500 292,500 325,000 130,000 32,500 325,000 325,000 325,000 325,000 292,500 32,500 812,500 812,500
Rainfall EVT 420,566 420,566 3,785,094 4,205,660 1,682,264 420,566 4,205,660 4,205,660 4,205,660 4,205,660 3,785,094 420,566 10,514,150 10,514,150
Leederville Aq. Irrigation EVT 123,200 123,200 1,108,803 1,232,003 492,801 123,200 1,232,003 1,232,003 1,232,003 1,232,003 1,108,803 123,200 3,080,008 3,080,008
Superficial Aq. Irrigation EVT 59,259 59,259 533,328 592,587 237,035 59,259 592,587 592,587 592,587 592,587 533,328 59,259 1,481,467 1,481,467
IWSS Irrigation EVT 22,750 22,750 204,750 227,500 91,000 22,750 227,500 227,500 227,500 227,500 204,750 22,750 568,750 568,750
Superficial Aquifer Volume 21,625,929 21,754,462 21,882,995 23,039,792 24,325,122 24,839,254 24,967,787 26,253,117 27,538,447 28,823,777 30,109,107 31,265,904 31,394,437 34,607,762
Superficial Aquifer Outflow 346,081 346,081 3,114,729 3,460,810 1,384,324 346,081 3,460,810 3,460,810 3,460,810 3,460,810 3,114,729 346,081 8,652,025 8,652,025
Sum EVTs 625,775 625,775 5,631,975 6,257,750 2,503,100 625,775 6,257,750 6,257,750 6,257,750 6,257,750 5,631,975 625,775 15,644,375 15,644,375

Surface runoff to GBSW 31,674 31,674 285,066 316,740 126,696 31,674 316,740 316,740 316,740 316,740 285,066 31,674 791,850 791,850

Superficial Aquifer  to BD Road Culvert 5,904 5,904 53,137 59,041 23,617 5,904 59,041 59,041 59,041 59,041 53,137 5,904 147,604 147,604

EVT 20,585 20,585 185,266 205,852 82,341 20,585 205,852 205,852 205,852 205,852 185,266 20,585 514,629 514,629

Combined Influx m3 1,100,389 1,100,389 9,903,501 11,003,890 4,401,556 1,100,389 11,003,890 11,003,890 11,003,890 11,003,890 9,903,501 1,100,389 27,509,725 27,509,725
Cumulative Influx Prior to Evap. m3 22,597,785 22,726,318 30,629,699 32,758,352 28,212,546 25,811,110 34,686,347 35,971,677 37,257,007 38,542,337 38,855,811 32,237,760 55,690,837 58,904,162
Perched Aquifer 0.000 0.000 0.002 0.002 0.001 0.000 0.002 0.002 0.002 0.002 0.002 0.000 0.003 0.003
Rainfall 0.034 0.034 0.226 0.234 0.109 0.030 0.221 0.213 0.206 0.199 0.178 0.024 0.345 0.326
Superficial Aquifer Inflow 0.001 0.001 0.009 0.010 0.005 0.001 0.009 0.009 0.009 0.008 0.007 0.001 0.014 0.014
Superficial Aquifer Irrigation 0.004 0.004 0.025 0.026 0.012 0.003 0.024 0.024 0.023 0.022 0.020 0.003 0.038 0.036
Leederville Aquifer Irrigation 0.008 0.008 0.052 0.054 0.025 0.007 0.051 0.049 0.047 0.046 0.041 0.005 0.079 0.075
IWSS Aquifer Irrigation 0.001 0.001 0.010 0.010 0.005 0.001 0.009 0.009 0.009 0.008 0.008 0.001 0.015 0.014
Superficial Aquifer Volume 0.957 0.957 0.714 0.703 0.862 0.962 0.720 0.730 0.739 0.748 0.775 0.970 0.564 0.588
Aquifer Outflow -0.006 -0.006 -0.038 -0.039 -0.018 -0.005 -0.037 -0.036 -0.034 -0.033 -0.030 -0.004 -0.058 -0.055
Evaporation Loss -0.028 -0.028 -0.184 -0.191 -0.089 -0.024 -0.180 -0.174 -0.168 -0.162 -0.145 -0.019 -0.281 -0.266
Solution Volumn Correction Factor 1.03 1.03 1.28 1.30 1.12 1.03 1.28 1.27 1.25 1.24 1.21 1.02 1.51 1.47
Cumulative Influx Prior to Evap. m3 37578 37578 338203 375781 150313 37578 375781 375781 375781 375781 338203 37578 939454 939454
Surface runoff to GBSW 0.843 0.843 0.843 0.843 0.843 0.843 0.843 0.843 0.843 0.843 0.843 0.843 0.843 0.843
Superficial Aquifer  to BD Road Culvert 0.157 0.157 0.157 0.157 0.157 0.157 0.157 0.157 0.157 0.157 0.157 0.157 0.157 0.157
Evaporation loss -0.548 -0.548 -0.548 -0.548 -0.548 -0.548 -0.548 -0.548 -0.548 -0.548 -0.548 -0.548 -0.548 -0.548
Solution Volumn Correction Factor 2.211 2.211 2.211 2.211 2.211 2.211 2.211 2.211 2.211 2.211 2.211 2.211 2.211 2.211
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Appendix A1-2: Solute Mass Balance Summary - Post-development Scenario

2025 2035 2045 2049 2050 2060 2070 2080 2090 2099 2100 2125 2150

1.0 10 20 24 25 35 45 55 65 74 75 100 125

1.0 9 10 4.0 1.0 10 10 10 10 9.0 1.0 25 25

Individual Filling volume (KL) 157,460 543,150 603,500 241,400 60,350 603,500 603,500 603,500 603,500 543,150 60,350 1,508,750 1,508,750
Perched Aquifer 7,280 65,520 72,800 29,120 7,280 72,800 72,800 72,800 72,800 65,520 7,280 182,000 182,000
Rainfall 789,473 7,105,257 7,894,730 3,157,892 789,473 7,894,730 7,894,730 7,894,730 7,894,730 7,105,257 789,473 19,736,825 19,736,825
Superficial Aquifer Inflow 32,212 289,908 322,120 128,848 32,212 322,120 322,120 322,120 322,120 289,908 32,212 805,300 805,300
Superficial Aquifer Irrigation 123,694 1,113,246 1,236,940 494,776 123,694 1,236,940 1,236,940 1,236,940 1,236,940 1,113,246 123,694 3,092,350 3,092,350
Leederville Aquifer Irrigation
IWSS Aquifer Irrigation 46,000 414,000 460,000 184,000 46,000 460,000 460,000 460,000 460,000 414,000 46,000 1,150,000 1,150,000
Rainfall EVT 312,427 2,811,843 3,124,270 1,249,708 312,427 3,124,270 3,124,270 3,124,270 3,124,270 2,811,843 312,427 7,810,675 7,810,675
Leederville Aq. Irrigation EVT
Superficial Aq. Irrigation EVT 85,349 1,642,131 1,824,590 729,836 182,459 1,824,590 1,824,590 1,824,590 1,824,590 1,642,131 182,459 4,561,475 4,561,475
IWSS Irrigation EVT 32,200 289,800 322,000 128,800 32,200 322,000 322,000 322,000 322,000 289,800 32,200 805,000 805,000
Superficial Aquifer Volume 21,625,929 21,783,389 22,326,539 22,930,039 23,171,439 23,231,789 23,835,289 24,438,789 25,042,289 25,645,789 26,188,939 26,249,289 27,758,039
Superficial Aquifer Outflow 411,223 3,701,007 4,112,230 1,644,892 411,223 4,112,230 4,112,230 4,112,230 4,112,230 3,701,007 411,223 10,280,575 10,280,575
Sum EVTs 429,976 4,743,774 5,270,860 2,108,344 527,086 5,270,860 5,270,860 5,270,860 5,270,860 4,743,774 527,086 13,177,150 13,177,150
Surface runoff to GBSW 36,866 331,794 368,660 147,464 36,866 368,660 368,660 368,660 368,660 331,794 36,866 921,650 921,650
Superficial Aquifer  to BD Road Culvert 7,015 63,139 70,155 28,062 7,015 70,155 70,155 70,155 70,155 63,139 7,015 175,387 175,387
EVT 17,366 156,291 173,657 69,463 17,366 173,657 173,657 173,657 173,657 156,291 17,366 434,143 434,143
Combined Influx m3 998,659 8,987,931 9,986,590 3,994,636 998,659 9,986,590 9,986,590 9,986,590 9,986,590 8,987,931 998,659 24,966,475 24,966,475
Cumulative Influx Prior to Evap. m3 22,467,128 30,228,170 31,709,629 26,683,275 24,109,748 32,614,879 33,218,379 33,821,879 34,425,379 34,090,570 27,127,248 49,707,014 51,215,764
Perched Aquifer 0.000 0.002 0.002 0.001 0.000 0.002 0.002 0.002 0.002 0.002 0.000 0.004 0.004
Rainfall 0.035 0.235 0.249 0.118 0.033 0.242 0.238 0.233 0.229 0.208 0.029 0.397 0.385
Superficial Aquifer Inflow 0.001 0.010 0.010 0.005 0.001 0.010 0.010 0.010 0.009 0.009 0.001 0.016 0.016
Superficial Aquifer Irrigation 0.006 0.037 0.039 0.019 0.005 0.038 0.037 0.037 0.036 0.033 0.005 0.062 0.060
Leederville Aquifer Irrigation 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
IWSS Aquifer Irrigation 0.002 0.014 0.015 0.007 0.002 0.014 0.014 0.014 0.013 0.012 0.002 0.023 0.022
Superficial Aquifer Volume 0.963 0.721 0.704 0.859 0.961 0.712 0.718 0.723 0.727 0.752 0.965 0.528 0.542
Aquifer Outflow -0.007 -0.018 -0.019 -0.009 -0.003 -0.019 -0.018 -0.018 -0.018 -0.016 -0.002 -0.030 -0.029
Evaporation Loss -0.0191 -0.1569 -0.1662 -0.0790 -0.0219 -0.1616 -0.1587 -0.1558 -0.1531 -0.1392 -0.0194 -0.2651 -0.2573
Solution Volumn Correction Factor 1.03 1.21 1.23 1.10 1.02 1.22 1.21 1.21 1.21 1.18 1.02 1.42 1.40
Cumulative Influx Prior to Evap. m3 43881 394933 438815 175526 43881 438815 438815 438815 438815 394933 43881 1097037 1097037
Surface runoff to GBSW 0.840 0.840 0.840 0.840 0.840 0.840 0.840 0.840 0.840 0.840 0.840 0.840 0.840
Superficial Aquifer  to BD Road Culvert 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160
Evaporation loss -0.396 -0.396 -0.396 -0.396 -0.396 -0.396 -0.396 -0.396 -0.396 -0.396 -0.396 -0.396 -0.396
Solution Volumn Correction Factor 1.655 1.655 1.655 1.655 1.655 1.655 1.655 1.655 1.655 1.655 1.655 1.655 1.655
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Appendix A1-3: Solute Mass Balance Summary - Post-development with Climate Change Scenario

2025 2035 2045 2049 2050 2060 2070 2080 2090 2099 2100 2125 2150

1.0 10 20 24 25 35 45 55 65 74 75 100 125

1.0 9 10 4.0 1.0 10 10 10 10 9.0 1.0 25 25

Individual Filling volume (KL) 157,460 543,150 603,500 241,400 147,717 506,070 506,070 506,070 506,070 455,463 156,458 1,483,700 1,483,700
Perched Aquifer 7,280 65,520 72,800 29,120 7,280 72,800 72,800 72,800 72,800 65,520 7,280 182,000 182,000
Rainfall 789,473 7,105,257 7,894,730 3,157,892 749,109 7,491,090 7,491,090 7,491,090 7,491,090 6,741,981 538,491 13,462,275 13,462,275
Superficial Aquifer Inflow 32,212 289,908 322,120 128,848 32,212 322,120 322,120 322,120 322,120 289,908 32,212 805,300 805,300
Superficial Aquifer Irrigation 123,694 1,113,246 1,236,940 494,776 123,694 1,236,940 1,236,940 1,236,940 1,236,940 1,113,246 123,694 3,092,350 3,092,350
Leederville Aquifer Irrigation
IWSS Aquifer Irrigation 46,000 414,000 460,000 184,000 46,000 460,000 460,000 460,000 460,000 414,000 46,000 1,150,000 1,150,000
Rainfall EVT 312,427 2,811,843 3,124,270 1,249,708 302,447 3,024,470 3,024,470 3,024,470 3,024,470 2,722,023 226,527 5,663,175 5,663,175
Leederville Aq. Irrigation EVT
Superficial Aq. Irrigation EVT 85,349 1,642,131 1,824,590 729,836 85,349 1,824,590 1,824,590 1,824,590 1,824,590 1,642,131 85,349 4,561,475 4,561,475
IWSS Irrigation EVT 32,200 289,800 322,000 128,800 32,200 322,000 322,000 322,000 322,000 289,800 32,200 805,000 805,000
Superficial Aquifer Volume 21,625,929 21,783,389 22,326,539 22,930,039 23,171,439 23,319,156 23,825,226 24,331,296 24,837,366 25,343,436 25,798,899 25,955,357 27,439,057
Superficial Aquifer Outflow 411,223 3,701,007 4,112,230 1,644,892 390,582 3,905,820 3,905,820 3,905,820 3,905,820 3,515,238 247,143 6,178,575 6,178,575
Sum EVTs 429,976 4,743,774 5,270,860 2,108,344 419,996 5,171,060 5,171,060 5,171,060 5,171,060 4,653,954 344,076 11,029,650 11,029,650
Surface runoff to GBSW 36,866 331,794 368,660 147,464 33,283 332,830 332,830 332,830 332,830 299,547 15,058 376,450 376,450
Superficial Aquifer  to BD Road Culvert 7,015 63,139 70,155 28,062 6,663 66,633 66,633 66,633 66,633 59,970 4,216 105,406 105,406
EVT 17,366 156,291 173,657 69,463 16,128 161,280 161,280 161,280 161,280 145,152 8,108 202,703 202,703
Combined Influx m3 998,659 8,987,931 9,986,590 3,994,636 958,295 9,582,950 9,582,950 9,582,950 9,582,950 8,624,655 747,677 18,691,925 18,691,925
Cumulative Influx Prior to Evap. m3 22,467,128 30,228,170 31,709,629 26,683,275 23,982,017 32,396,036 32,902,106 33,408,176 33,914,246 33,512,628 26,390,118 43,163,582 44,647,282
Perched Aquifer 0.000 0.002 0.002 0.001 0.000 0.002 0.002 0.002 0.002 0.002 0.000 0.004 0.004
Rainfall 0.035 0.235 0.249 0.118 0.031 0.231 0.228 0.224 0.221 0.201 0.020 0.312 0.302
Superficial Aquifer Inflow 0.001 0.010 0.010 0.005 0.001 0.010 0.010 0.010 0.009 0.009 0.001 0.019 0.018
Superficial Aquifer Irrigation 0.006 0.037 0.039 0.019 0.005 0.038 0.038 0.037 0.036 0.033 0.005 0.072 0.069
Leederville Aquifer Irrigation 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
IWSS Aquifer Irrigation 0.002 0.014 0.015 0.007 0.002 0.014 0.014 0.014 0.014 0.012 0.002 0.027 0.026
Superficial Aquifer Volume 0.963 0.721 0.704 0.859 0.966 0.720 0.724 0.728 0.732 0.756 0.978 0.601 0.615
Aquifer Outflow -0.007 -0.018 -0.019 -0.009 -0.006 -0.016 -0.015 -0.015 -0.015 -0.014 -0.006 -0.034 -0.033
Evaporation Loss -0.019 -0.157 -0.166 -0.079 -0.018 -0.160 -0.157 -0.155 -0.152 -0.139 -0.013 -0.256 -0.247
Solution Volumn Correction Factor 1.03 1.21 1.23 1.10 1.02 1.21 1.21 1.20 1.20 1.18 1.02 1.41 1.39
Cumulative Influx Prior to Evap. m3 43881 394933 438815 175526 39946 399463 399463 399463 399463 359517 19274 481856 481856
Surface runoff to GBSW 0.840 0.840 0.840 0.840 0.833 0.833 0.833 0.833 0.833 0.833 0.781 0.781 0.781
Superficial Aquifer  to BD Road Culvert 0.160 0.160 0.160 0.160 0.167 0.167 0.167 0.167 0.167 0.167 0.219 0.219 0.219
Evaporation loss -0.396 -0.396 -0.396 -0.396 -0.404 -0.404 -0.404 -0.404 -0.404 -0.404 -0.421 -0.421 -0.421
Solution Volumn Correction Factor 1.655 1.655 1.655 1.655 1.677 1.677 1.677 1.677 1.677 1.677 1.726 1.726 1.726
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