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STATEMENT OF LIMITATIONS

Scope of Services

This Local Water Management Strategy (“the report”) has been prepared in accordance
with the scope of services set out in the contract, or as otherwise agreed, between the
Client and ENV.Australia Pty Ltd (ENV) (“scope of services”). In some circumstances the
scope of services may have been limited by a range of factors such as time, budget,
access and/or site disturbance constraints.

Reliance on Data

In preparing the report, ENV has relied upon data, surveys, analyses, designs, plans and
other information provided by the Client and other individuals and organisations, most
of which are referred to in the report (“the data”). Except as otherwise stated in the
report, ENV has not verified the accuracy or completeness of the data. To the extent
that the statements, opinions, facts, information, conclusions and/or recommendations
in the report (“conclusions”) are based in whole or part on the data, those conclusions
are contingent upon the accuracy and completeness of the data. ENV will not be liable
in relation to incorrect conclusions should any data, information or condition be
incorrect or have been concealed, withheld, misrepresented or otherwise not fully
disclosed to ENV.

Environmental Conclusions

In accordance with the scope of services, ENV has relied upon the data and has
conducted environmental field monitoring and/or testing in the preparation of the
report. The nature and extent of monitoring and/or testing conducted is described in
the report.

On all sites, varying degrees of non-uniformity of the vertical and horizontal soil or
groundwater conditions are encountered. Hence no monitoring, common testing or
sampling technique can eliminate the possibility that monitoring or testing
results/samples are not totally representative of soil and/or groundwater conditions
encountered. The conclusions are based upon the data and the environmental field
monitoring and/or testing and are therefore merely indicative of the environmental
condition of the site at the time of preparing the report, including the presence or
otherwise of contaminants or emissions. Also it should be recognised that site
conditions, including the extent and concentration of contaminants, can change with
time.

Within the limitations imposed by the scope of services, the monitoring, testing,
sampling and preparation of this report have been undertaken and performed in a
professional manner, in accordance with generally accepted practices and using a
degree of skill and care ordinarily exercised by reputable environmental consultants
under similar circumstances. No other warranty, expressed or implied, is made.

Page i
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Report for Benefit of Client

The report has been prepared for the benefit of the Client and no other party. ENV
assumes no responsibility and will not be liable to any other person or organisation for
or in relation to any matter dealt with or conclusions expressed in the report, or for any
loss or damage suffered by any other person or organisation arising from matters dealt
with or conclusions expressed in the report (including without limitation matters arising
from any negligent act or omission of ENV or for any loss or damage suffered by any
other party relying upon the matters dealt with or conclusions expressed in the report).
Other parties should not rely upon the report or the accuracy or completeness of any
conclusions and should make their own enquiries and obtain independent advice in
relation to such matters.

Other Limitations

ENV will not be liable to update or revise the report to take into account any events or
emergent circumstances or facts occurring or becoming apparent after the date of the
report.

The scope of services did not include any assessment of the title to or ownership of the
properties, buildings and structures referred to in the report nor the application or
interpretation of laws in the jurisdiction in which those properties, buildings and
structures are located.

Page ii
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EXECUTIVE SUMMARY

This Local Water Management Strategy (LWMS) has been prepared to support the
development of Development Area 19, also known as Muriel Court located in Cockburn
Central.

The site has a total land area of approximately 79 ha and is located in the northwest
corner of the intersection of North Lake Road and the Kwinana Freeway in Cockburn.
The land is approximately 16 km South of Perth CBD.

The amended Structure Plan has been adopted by the City of Cockburn in July 2010 and
Endorsed by the Western Australian Planning Commission in September 2010. Under
Better Urban Water Management (BUWM) (WAPC 2008a), a LWMS is required to
support the Structure Plan prior to subdivision and development of land zoned “Urban”.
As the Structure Plan has already been approved by the Western Australian Planning
Commission, the LWMS is required to be approved by the Department of Water.

The objective of the LWMS is to ensure that sustainable management of the total water
cycle at the Muriel Court development occurs through Water Sensitive Urban Design.
This includes water conservation, wastewater management and recycling, stormwater
management and groundwater management. These issues will be managed through
incorporation of the design elements outlined below and detailed in Table A.

e Providing a drainage design that utilises detention bioretention areas and road
reserves for stormwater quality and quantity management;

e Determining average annual maximum groundwater levels for the site;

e Providing fill for building pads to allow adequate clearance to groundwater for the
onsite infiltration of lot stormwater runoff for up to the 100 year 24 hour ARI
events;

e Ensuring that stormwater from the 1 year events is retained and infiltrated on site;

e Managing post development flows from the site in accordance with the District
Water Management Strategy

e Ensuring that bioretention areas with a minimum area of 2% of the directly
connected effective impervious area will be provided to maintain water quality;

e Sizing stormwater bioretention areas to manage stormwater runoff from the site.

e Ensuring sufficient public open space is available to meet Liveable Neighbourhood
guidelines;

e Ensuring that contaminated sites, acid sulphate soils and disease, vector and
nuisance insect management are considered in the design of the development; and

Page iii
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e Estimation of scheme and groundwater water consumption including water
conservation strategies.

Table A: Design objectives and Design Elements for Muriel Court Development

BUWM Design

Design Element

Objective

Water Conservation Information on the use of rainwater tanks, grey water

and Efficiency systems or other alternate water sources will be made
available.

Waterwise landscaping packages will be available for
residential lots, including Waterwise plants, soil
amendments to improve water and nutrient retention,
minimal turf areas and water efficient irrigation.

Rainwater tanks will be promoted for use for toilet flushing
and washing machines.

Water Quantity The drainage concept design includes infiltration
Management bioretention areas, swale a proposed swale at Muriel Court
and side entry pits and manholes with open bases and to
increase infiltration locally.

All stormwater from all lots is to be infiltrated on the lot for
all events up to 100 year 24 hr ARl storm event. The 1lin1
year ARI storm will be fully infiltrated on-site.

On-site soakwells will be used for individual lots.

Water Quality Installation of BMP structural controls to strip pollutants
Management including Gross Pollutant Traps (GPTs), vegetated
infiltration bioretention areas, vegetated swales and
possibly rain gardens.

The developer intends to incorporate 2% of the constructed
impervious area as bio-retention areas.

Soil amendments will be used in swales and bioretention
areas and irrigated POS where required. Encouragement of
soil amendments in residential lawns and gardens via
Waterwise landscaping packages.

The use of fertilisers in Public Open Space (POS) will be
limited.

Page iv
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BUWM Design
Objective

Design Element

Stormwater Quality
Modelling Criteria

Stormwater quality modelling is not proposed for the site at
this stage because currently there is no commercially
available tool approved by the DoW to undertake such
modelling for this area.

Disease Vector and
Nuisance Insect
Management

The system will be designed to ensure that detained
immobile stormwater is fully infiltrated in a time period not
exceeding 96 hours.

Permanent water bodies are not proposed on the site.

The key design requirements for the detailed design of the Muriel Court LWMS and the
critical control points that will be used to meet these requirements are listed in Table B.

A summary of the drainage design details for the Muriel Court development are listed in

Table C.

Table B: Requirements and Critical Control Points for the Muriel Court Development

Design Requirement Critical Control Point

A target of less than

100 kL/p.year potable water use
to be achieved. Water balance
modelling indicates that 58 kL/a
potable water use is possible.

Provision of water from the Water Service Provider
and groundwater for irrigation, promotion of front
yard Waterwise landscaping packages, promotion
of rainwater tank provision education of ex-house
& in-house Waterwise measures (Section 5.3).

Implementing a drainage design
that ensures no flow off the site
in the 1in 1 year event from
the development.

Drainage design which ensures storage and
infiltration onsite for the 1 in 1 year event with the
use of bioretention areas in POS, in combination
with other BMPs (Section 6).

Base of bioretention areas to be
set at Average Annual

Maximum Groundwater Levels
(AAMGLs).

Significant filling of the site will be required to
maintain adequate separation between the
potential AAMGL and the structures (Section 6.2,
Section 7.2).

09.181-001-LWMS (20-9-11)
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Design Requirement Critical Control Point

At least 1.5 m of clearance from Fill levels have been calculated to ensure sufficient

lot levels to Average Annual clearance from the site’s calculated potential
Maximum Groundwater Levels AAMGL of (Section 7.2).
(AAMGLs) is available.

Availability of water source for Water from the superficial aquifer will be used for
landscaping. POS irrigation. The City of Cockburn intends to
apply for a licence to abstract up to 33 ML/a from
the superficial aquifer. The Department of Water
advises that this water is currently available for
allocation (Section 5.4).

Table C: Summary of Drainage Concept Design

Catchment

Northern Western

Base Invert Level for Bioretention
Area(mAHD) 22.5 22.5 24

Site Average Annual Maximum Groundwater

Level (mAHD) 22.5 22.5 24

Equivalent Impervious Area (ha) 10.9 50 )3
: - 3

Maximum Storage Volume - 1 in 10 ARI (m°) 5481 1702 1284
. . 3

Maximum Storage Volume - 1 in 100 ARI (m?) 9226 2795 1943

Page vi
09.181-001-LWMS (20-9-11)



CITY OF COCKBURN — Development Area 19 (Muriel Court) Local Water Management Strategy

1 INTRODUCTION

This Local Water Management Strategy (LWMS) has been prepared to support the
Structure Plan (SP) for Development Area 19 (Muriel Court) in the City of Cockburn. The
Structure Plan and the LWMS has been prepared by the City under the City of
Cockburn’s Town Planning Scheme No.3 to support a mixture of residential and
commercial land uses.

Area 19 is located within the City of Cockburn, approximately 16km south of the Perth
Central Business District and 10km south east of Fremantle. The site is bound by
Kwinana Freeway, Kentucky Court, North Lake Road, Semple Court and Verna Court, as
shown in Figure 1, and covers an area of approximately 78ha.

The site is comprised of 86 semi-rural/residential lots generally ranging in size of
5,000m’ to 2ha and commercial lots. The established residential suburb of South Lake is
immediately west of the site and continues around to the north of the site, north of
Berrigan Drive. Land ownership within the site is fragmented.

The current land use is described as semi-rural/residential, with dwellings surrounded
by cleared paddocks and pockets of existing vegetation and dampland areas scattered
throughout. The site generally has a very gentle grade down towards the west, with
some slightly higher and lower lying areas. The total catchment currently discharges
stormwater informally into Yangebup Lake located to the west of the site.

1.1 TOTAL WATER CYCLE MANAGEMENT - PRINCIPLES AND OBJECTIVES

The objective of this LWMS is to establish a development that manages the total water
cycle in a sustainable manner. The objectives of total water cycle management, as
described by the Draft Water Resources State Planning Policy (WAPC, 2004) are to:

e Take into account total water cycle management and water-sensitive urban design
principles and ensure that the development is consistent with current best
management practices and best planning practices for the sustainable use of water
resources, particularly stormwater.

e Seek to achieve no net difference in water quality and quantity, such that post-
development water quality and quantity conditions are equal to or better than pre-
development conditions.

e Promote management of the urban water cycle as a single system in which all urban
water flows are recognised as a potential resource and where the
interconnectedness of water supply, stormwater, wastewater, flooding, water
quality, waterways, estuaries and coastal waters is recognised.

e Maximise the opportunities for compliance with best practice stormwater
management, including retention of stormwater on site/at the source.

Page 1
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e Promote use of water conservation mechanisms that increase the efficiency of the
use of water, including stormwater.

e Incorporate the re-use and recycling of water, particularly stormwater and grey
water, consistent with state water strategy recycling objectives. Alternative water
sources should be considered where appropriate.

e Promote the retention and use of local native vegetation in developments to
minimise water use and maximise filtration, particularly where landscaping is
proposed.

1.2 PLANNING BACKGROUND

1.2.1 Metropolitan Region Scheme

The site is zoned ‘Urban’ under the Metropolitan Region Scheme.

1.2.2 Town Planning Scheme

The site is predominantly zoned ‘Development’ under the City of Cockburn Town
Planning Scheme No. 3, with areas adjacent to North Lake Road being zoned ‘Mixed
Business’.

Page 2
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2 PROPOSED DEVELOPMENT

2.1 KEY ELEMENTS OF THE STRUCTURE PLAN

The amended Structure Plan has been adopted by the City of Cockburn in July 2010 and
Endorsed by the Western Australian Planning Commission in September 2010. The
Structure Plan for Development Area 19 proposes a range of densities to provide a
variety of housing types. This includes densities of R20, R25, R40, R60, R80 and R160. In
general, the higher densities have been provided within the walkable catchment of the
train station, along proposed bus routes and around areas of Public Open Space (POS).
Lower densities have also been incorporated to provide a suitable land use transition
and provide a variety of housing types.

The plan also entails a strip of mixed use lots fronting North Lake Road, which forms the
site’s southern boundary. Three Public Open Space (POS) areas have been incorporated
into the Structure Plan and the existing Church and Child Care Centre are to remain, as
shown.

To ensure suitable density targets are achieved, the City’s Town Planning Scheme
(within the DA 19 provisions) requires all subdivision and development to achieve at
least 75% of the nominated density. Applying the minimum 75% density requirement
will ensure that a minimum gross residential density of 31.8 dwellings per hectare is
achieved over the entire structure plan area. Within the 800m walkable catchment a
minimum gross residential density of 77.8 dwellings will be achieved. This is well in
excess of the gross residential target density of 40 dwellings per hectare for the 800m
walkable catchment nominated under the Liveable Neighbourhoods guidelines.

The Structure Plan (modified February 2010) shows proposed zoning and POS locations
and is reproduced as Figure 2 in this LWMS.

2.2 DISTRICT WATER MANAGEMENT STRATEGY

The City of Cockburn Development Area 19: District Water Management Strategy (the
DWMS) was prepared for the site by Cardno BSD in 2008. The District Water
Management Strategy was based on the Cockburn Central and Solomon Road
Development Areas Arterial Drainage Scheme Review (the ADSR) undertaken by David
Wills and Associates (DWA) (2005), which investigates drainage in the broader Cockburn
Central Area and sets design criteria for stormwater flows.

The ADSR sets out a drainage philosophy based on maximising the recharge of the
groundwater at the source point and using fill where required to encourage this. (DWA,
2005). The subject site is divided into three catchments for drainage purposes, being a
northern catchment, western catchment and south eastern catchment (DWA 2005). The
ADSR also sets out Design Regional Control Groundwater Levels (DRCGLs) to be used in
determining the base levels for bioretention areas (DWA, 2005).

Page 3
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The DWMS builds on the ADSR to set out criteria for flows from bioretention areas and
earthworks levels. These criteria have been used to inform the Design Criteria shown in
Section 3 and the parameters and levels used in the drainage design outlined in Sections
6 and 7.

The one main change from the DWMS and ADSR has been the placement of the bottom
of the bioretention areas. The DWMS and ADSR recommend that the base of the
bioretention areas be set 0.5 m below the DRCL, forming a bioretention area that may
be wet for several months over winter (Cardno BSD, 2008, DWA, 2005). Based on
discussions with the City of Cockburn, this report proposes that bioretention area base
levels be set at AAMGL to reduce the period over which bioretention areas are
inundated.

2.3 ENVIRONMENTAL REPORTS

The environmental reports undertaken to support the Structure Plan are:
e Limited Preliminary Site Inspection by Ace Environmental (2008); and

e Geotechnical Investigation Report by Brown Geotechnical and Environmental
Geotechnical, Ref 06036.01, May 2007)
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3 PRE-DEVELOPMENT ENVIRONMENT

3.1 TOPOGRAPHY

The site is generally slightly undulating, with heights ranging from 22 m AHD near the
corner of Semple Court with North Lake Road, 23m AHD at the corner of Semple Court
with Verna Court, 25m AHD in the north east and south east corners of the site to 26 m
AHD to the north of the east end of Muriel Court (Figure 13).

3.2 GEOLOGY AND SOILS

Geology and soils of the site were assessed by Brown Geotechnical and Environmental
(2007), who installed 34 test pits on the site (Appendix A).

The soils of the site are medium-grained grey sands of the Bassendean formation with
approximately 0.2 to 0.5 m of dark grey fine to medium grained sandy topsoil (BGE,
2007). Coffee rock was found at a depth of 1.6 to 2 m in two of the test pits.
Uncontrolled fill was observed in nine of the 34 test pits. The uncontrolled fill was
generally sands, often containing gravel or limestone associated with road base
materials.

3.2.1 Acid Sulphate Soils

The site is mapped as generally having a moderate to low risk of Acid Sulphate Soils
(WAPC, 2004) (Figure 4). The exception to this is the area associated with the wetland
in the south-east corner of the site, which is mapped as having a high risk of Acid
Sulphate Soils (Figure 4). Preliminary investigations by Brown Geotechnical and
Environmental (2007) (Appendix A) indicated limited potential for acid sulphate soils
within the site, however it was indicated that more detailed testing would be required
in areas adjacent to the high risk area.

3.2.2 Contaminated Sites

A preliminary assessment for contaminated sites was undertaken by Ace Environmental
(2008) (Appendix B). The assessment indicated a number of properties within the site
as being potential contaminated sites and requiring further investigation due to current
or former potentially contaminating activities such as nurseries or poultry farms, or
evidence of fuel storage on the site (Figure 5). Additional details on this matter can be
found in Appendix B.

3.3 SURFACE WATER

The site is within the South Jandakot Drainage Area, and is in the catchment of Lake
Yangebup. Because the previous development in Area 19 has been predominantly of a
rural residential nature, the site lacks formal drainage infrastructure, except for the
major roads.
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The drainage for the Cockburn Central area was assessed by David Wills for the City of
Cockburn in the Cockburn Central and Solomon Road Development Areas Arterial
Drainage Scheme Review (David Wills and Associates, 2005). The ADSR report
considered that the drainage systems significant to the Area 19 site were:

e Open drain along North Lake Road (North Lake Road Drain) which discharges into
Yangebup Lake;

e Open drain along southern end of Semple Court (Anning Park) feeding the North
Lake Road drain;

o ‘Lakelands’ flood storage reserve serving the South Lake residential development;

e 450mm diameter pipeline on Berrigan Drive feeding into ‘Lakelands’; and

Wetlands to the south of North Lake Road receiving local drainage (Figure 6).

The above drainage features were identified in the ADSR report for possible integration
into the future development.

There are no permanent surface water features within the site boundaries.

3.4 GROUNDWATER

Hydrologically, the site is located between the Jandakot Public Drinking Water Source
Area (PDWSA) and Lake Yangebup, which is part of the Beeliar chain of wetlands.
Groundwater flow in the area is in a generally westerly to north-westerly, towards the
Beeliar Wetlands (Perth Groundwater Atlas, 2" edition, DoE, 2004). Depth to maximum
groundwater levels on the site is generally less than 2 metres (Perth Groundwater Atlas,
1*" edition, WRC, 1997).

Because of the site’s location between two areas of hydrological interest, there are ten
long term Department of Water monitoring bores in the superficial aquifer within two
kilometres of the site, seven of which have been monitored since the 1970’s. There is
also a long term surface water monitoring point in the Tea Tree Close Wetland,
immediately to the south of the site (Figure 4). As such, it is considered that the
hydrology of the broader area is well understood.

Based on this information, permission was given by the Department of Water for the
Local Water Management Strategy to be prepared on the basis of six months’
groundwater monitoring data (Appendix C). The Department has also agreed that six
months’ groundwater monitoring data is adequate for the preparation of an Urban
Water Management Plan in this area (Appendix C).

3.4.1 Groundwater Levels and Flow Direction

Groundwater levels on the site were measured between August 2009 and January 2010
by Cardno BSD. Average Annual Maximum Groundwater Levels were then determined
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through reference to DoW bore 3157, located approximately 300 m south of the site
(Figure 4). This was compared to the maximum recorded groundwater levels in the local
bores dated 22/9/2009. AAMGL was determined for the site by selecting a date for
which a water level reading was recorded for DoW bore 3157 (22 September 2009) and
subtracting the level from the calculated AAMGL (value of -0.099). The difference was
used by adding it to the calculated water levels recorded for the site bores on that same
day to obtain an estimate for AAMGL for the site bores (Appendix G).

The AAMGL on the site varied from 20.58 m AHD at MC5 in the south-west corner of the
site to 23.99 m AHD at MW6 in the south east of the site (Figure 4). Depth to
groundwater varied from being above the ground surface in the wetland area in the
south-east of the site to greater than 2.6m in much of the north-west of the site to
above 4.4m in the north-east. It appears that North Lake Road Drain acts as a
groundwater control mechanism.

The AAMGL contours on the site are higher than the DRCGL levels quoted in the DWMS
(Cardno BSD, 2008) and the ADSR (DWA, 2005). The separation ranges from
approximately 1m higher along the western boundary to being within approximately
0.3m along the eastern boundary.

An 18month monitoring program of groundwater levels to assist in refining the
estimated maximum groundwater level is ongoing and due for completion in early 2011.

3.4.2 Groundwater Quality

Groundwater quality was monitored by Cardno BSD on two occasions in August and
November 2009 for pH, electrical conductivity and nutrients. Analysis for heavy metals
was also undertaken in August 2009.

The groundwater was slightly acidic, with average pH values between 5.4 and 6.7, as is
common within Bassendean Sand profiles (Table 1, Figure 7). The total phosphorus
levels were slightly elevated, with the average value of four wells exceeding the Healthy
Rivers Action Plan Long Term Target of 0.1 mg/L (Table 1, Figure 7)). The total nitrogen
exceeded the Healthy Rivers Action Plan Long Term Target of 1 mg/L at five bores
(Table 1, Figure 7). In ENV’s experience such nitrogen and phosphorus levels are similar
to other Bassendean Sand sites with a history of extensive agriculture.
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Table 1: Average Groundwater Quality Results for pH, Electrical Conductivity and Nutrients
(Average of August 2009 and November 2009 results).

pH EC Total P |Ortho-P |Total N |[NOx-N NH4_N |[TKN
mS/cm mg/L mg/L mg/L mg/L mg/L mg/L

MC1 5.9 0.11 0.03 0.02 1.05 0.17 0.14 0.90
MC2 54 0.28 0.67 0.08 8.80 1.19 0.08 7.65
MC3 6.6 0.56 0.35 0.33 2.05 0.02 0.11 2.05
MC4 6.5 0.40 0.05 0.04 1.40 0.02 0.40 1.35
MC5 5.6 0.84 0.82 0.77 5.00 0.17 0.28 4.85
MC6 6.7 0.59 0.11 0.06 0.95 0.12 0.11 0.85
Site Average 6.1 0.46 0.34 0.22 3.21 0.28 0.18 2.94
Healthy Rivers
Action Plan Long 0.1 1.0
Term Target
Healthy Rivers
Action Plan Short 0.2 2.0
Term Target

Table 2: Groundwater Quality Results for Heavy Metals (August 2009).

Arsenic Cadmium |Chromium [Copper [Lead Nickel Zinc Mercury

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
MC1 <0.001 0.0001 <0.001 <0.001 <0.001 <0.001 <0.005 <0.0001
MC2 0.001 <0.0001 0.006 0.008 0.003 0.006 0.034 <0.0001
MC3 0.002 <0.0001 <0.001 0.001 <0.001 <0.001 <0.005 <0.0001
MC4 <0.001 <0.0001 <0.001 <0.001 <0.001 <0.001 <0.005 <0.0001
MC5 0.001 <0.0001 <0.001 0.001 <0.001 0.002 0.011 <0.0001
MC6 <0.001 <0.0001 <0.001 <0.001 <0.001 <0.001 <0.005 <0.0001
Freshwater Aquatic
Ecosystems 0.024 0.0002 0.01 0.011 0.008

Metals concentrations on the site generally met the NHMRC Freshwater Aquatic
Ecosystems guidelines (Table 2). The only exception to this was zinc at MC2 and MCS5,
which was slightly elevated.

3.5 VEGETATION

A preliminary assessment of vegetation quality was undertaken by the City, including a
site survey in winter 2007. The report recommended areas of vegetation for retention
(Appendix D). Discussions with the City indicate that they consider the vegetation in the
south-eastern wetland to be of most importance. The City’s assessment was of a
preliminary nature and was not undertaken in Spring, additional botanical work may be
required prior to subdivision to determine whether Declared Rare Flora or Threatened
Ecological Communities are present on the site.

3.6 WETLANDS

The site does not contain Conservation or Resource Enhancement Category wetlands
(Figure 5).
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3.7 SUMMARY OF SITE CONSTRAINTS

The primary environmental constraints of the site are:
e Low depth to groundwater in the south-eastern part of the site
e Need to manage acid sulphate soils during development, and

e Potentially contaminated sites (Figure 5)

3.8 WORK REQUIRED AT THE SUBDIVISION STAGE

Additional environmental work may be required by the Western Australian Planning
Commission at the subdivision stage as a condition of subdivision. This work may
include:

e Acid Sulphate Soils Investigations where sites have been identified in Figure 4 as
being at risk;

e Dewatering Management Plans

e Review of subsoil drainage requirements
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4 DESIGN CRITERIA

These criteria are based on Better Urban Water Management (WAPC, 2008a) and
Cardno’s Development Area 19 District Water Management Strategy, which covers the
site (Cardno BSD, (2008)).

4.1 WATER CONSERVATION

Principle

No potable water should be used outside of homes and buildings with the use of water
to be as efficient as possible (WAPC, 2008a).

Design Objectives

Consumption target for potable water of 100 kL/person/year (State Water Plan Target),
including not more than 40-60 kL/person/year scheme water (WAPC 2008a).

Site Response

The development will aim to use best practice to achieve efficient use of scheme water
and to minimise using scheme water outside of the house and meet the
100 kL/person/year target.

4.2 WATER QUANTITY MANAGEMENT

Principle and Criteria

Based on the DWMS predevelopment flow estimates, the peak discharge into the North
Lake Road open drain from the bioretention area or swales is to be set at a maximum
8L/s/impervious ha for the peak of the 5 year ARI event and 9.6L/s/impervious ha for

the peak of the 100 year ARI event (Cardno BSD, 2008). No peak discharge was
prescribed in the DWMS for the Northern Catchment.

Site Response

The drainage strategy for the site will comply with the guidelines set in the DWMS.

4.3 WATER QUALITY MANAGEMENT

These criteria are intended to apply to run-off from impervious areas and should be met
in addition to the groundwater design objectives.

Principle

Maintain surface and groundwater quality at pre-development levels (winter
concentrations) and, if possible, improve the quality of water leaving the development
area to maintain and restore ecological systems in the sub-catchment in which the
development is located (WAPC 2008a).
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Criteria

Contaminated Sites — To be managed in accordance with the Contaminated Sites Act
2003.

All other Land — If the pollutant outputs from the development (measured or modelled
concentrations) exceed catchment ambijent conditions, the proponent shall achieve
water quality improvements in the development area or, alternatively, arrange
equivalent water quality improvement offsets inside the catchment. If these conditions
have not been determined, the development should meet relevant water quality
guidelines stipulated in the National Water Quality Management Strategy (ARMCANZ &
ANZECC 2000) (WAPC 2008a).

Site Response/Commitment

The development proposes to use Best Management Practices in line with the
Stormwater Management Manual (DoW, 2004-2007) to manage water quality on the
site. The site is considered to be unlikely to be contaminated based on the land use
history of being largely vegetated. As such, contaminated sites guidelines do not apply.

4.4 STORMWATER QUALITY MODELLING CRITERIA

Principle

If it is proposed to use a stormwater modelling tool to demonstrate compliance with
design objectives, the following design modelling parameters are recommended.

As compared to a development that does not actively manage stormwater quality:
e At least 80% reduction in the average annual load of total suspended solids;

o Atleast 60% reduction in the average annual load of total phosphorus;

o At least 45% reduction in the average annual load of total nitrogen; and

e At least 70% reduction in the average annual load of gross pollutants (WAPC,
2008a).

Site Response/Commitment

Stormwater quality modelling is not proposed for the site at this stage because
currently there is no commercially available tool in Western Australia approved by the
DoW to undertake such modelling. Instead, bioretention areas with a minimum area of
2% of the directly connected effective impervious area will be provided to maintain
water quality.
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4.5 DISEASE VECTOR AND NUISANCE INSECT MANAGEMENT

Principle

To reduce health risks from mosquitoes, retention and detention treatments should be
designed to ensure that between the months of November and May, detained immobile
stormwater is fully infiltrated in a time period not exceeding 96 hours.

Permanent water bodies are discouraged, but where accepted by DoW, must be
designed to maximise predation of mosquito larvae by native fauna to the satisfaction of
the local government on advice of the Departments of Water and Health (WAPC, 2008a).

Site Response/Commitment

The system has been designed to ensure that detained immobile stormwater is fully
infiltrated in a time period not exceeding 96 hours between November and May.

The base of the bioretention areas will be set at AAMGL to reduce ponding from
November to May.

Permanent water bodies are not proposed for this site.
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5 WATER CONSERVATION

5.1 PROPOSED STRATEGIES

Water use for garden irrigation accounts for approximately 50% of domestic potable
water use in Perth (Coghlan and Loh, 2003). Because of the high density nature of the
development, the areas of garden will be quite low. This results in a low usage of
potable water within the area. However, the use of waterwise plantings and water
efficient appliances will still need to be encouraged in this area to achieve the modelled
outcome.

5.2 WATER BALANCE MODELLING

5.2.1 Pre-development Water Balance

In the pre-development scenario, it is assumed that 25% of rainfall becomes recharge to
groundwater and surface water systems (Davidson, 1995). Rainfall data was taken from
the Bureau of Meteorology site Jandakot for the years (1972 — 2009). Based on an
average annual rainfall of 832.2mm, the total annual recharge for the site is 164 ML/yr
For details of this calculation refer to Appendix E.

5.2.2 Post-development Water Balance

In the post-development scenario, the total recharge is 408 ML/yr, an increase of 250%
on the pre-development scenario. This increase is primarily due to the increase in hard
surfaces caused by development which increases runoff and infiltration and reduces
evapotransipration. Without large areas of vegetation to transpire the water, this
increase is inevitable in developments with medium to high densities. The following
information was used in determining the water balance. For details of this calculation
refer to Appendix E.

e Land areas are as provided by City of Cockburn, 17/11/2009;

e Local Centre is assumed to be commercial;

e Estimated area of garden = 65% of OS area for low density;

e Estimated area of garden = 45% of OS area for med density;

e Estimated area of garden = 30% of OS area for high density;

e Persons per house from Water Corporation (2008) quoting ABS (2006);
e No lot drainage and no sub-surface drainage;

e Rain on Hard Surfaces is 4.5% Evap, 95.5% storm water (WAWA, 1987);
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e Rain and irrigation has a 17.5% surface loss; and

e Verge has been calculated as a scaled average based on average verge length per
block and total verge area based on road reserve

5.3 DOMESTIC WATER CONSUMPTION

5.3.1 Estimated Water Consumption

Water consumption was calculated for the development using residential water use
figures from a range of sources (Coghlan and Loh 2003, GHD 2005, Water Corporation
2008). The calculated potable water consumption was approximately 58 kL/person/year
with rainwater tanks (for toilet flushing) connected to an estimated 20% of the low and
medium density homes only. This is below the 100 kL/person/year recommended in the
State Water Strategy and within the Better Urban Water Management Plan target range
of 40 — 60 kL/person/year. The low potable water consumption reflects the fact that
the development is predominantly of a high density, with approximately 60% of the
dwellings being zoned R80 or greater. This higher density means that less water is used
outside the home than would otherwise be the case because there is very little garden
area. Information regarding estimated water consumption is given in Table 3.

Table 3: Estimated annual potable water consumption with rainwater tanks

Density Usage Volume Per Annual Usage | Total Usage
Type Area Resident (L) | (kL/resident/yr) (kL/year)
Low In-house 92 34 30,101

(R20,R25) Ex-house 93 34 30,570
' Total 185 68 60,671

. In-house 93 34 39,729
(g"fgggg) Ex-house 89 2 38,001
' Total 182 66 77,730
High In-house 116 42 147,893
Ex-house 31 11 40,034
(R8O,R160) =0 148 52 187,027
In-house 217,722
Ex-house 108,605
Total 326,328

|[Average scheme water usage (kL/yr/resident) 58.76

Note: In-house potable water use is less for the low and medium density homes due to the
use of rainwater as a substitute source. Total in-house water use is the same for all densities.

5.3.2 Water Efficiency Measures

The development will be expected to comply with waterwise principles and this has
been assumed in the domestic water consumption modelling. The City of Cockburn
encourages the use of waterwise landscaping and rainwater tanks in this development
however these practices are difficult to enforce. It is assumed that there will be a
certain level of voluntary uptake particularly within the lower density areas however
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this level cannot be quantified. Further investigation into the use of residential
rainwater tanks will occur at the UWMP stage.

5.4 PUBLIC OPEN SPACE

The development allows for a total of 6.34ha of Public Open Space. Assuming that 70%
of the POS is irrigated at the DoW’s accepted rate of 7500 kL/ha/yr, this will require a
total of 33 ML/year.

The site is located in the Cockburn Groundwater Area and the Kogalup Groundwater
Sub-area. The Department of Water indicates that the superficial aquifer in the area is
currently 87% allocated and over 600,000 kL/year is available (as of October 2010). As
such, it is considered that adequate ground water is available for irrigation of public
open space in the area if no other allocations are made.

POS landscaping within the site will be undertaken by the City of Cockburn, as part of
the Developer Contributions Scheme (DCA). POS will be developed as the land is
subdivided. Water use in public open space will be minimised where possible through
the use of hard surfaces and low water use plants where appropriate.

An indicative landscape plan for the POS areas is provided (Figure 12).

5.5 COMMERCIAL WATER CONSUMPTION

The commercial areas within the development are zoned ‘mixed business’ which can
include light and service industrial, wholesaling, showrooms, trade and professional
services. Because of the range of possible uses, it is difficult to determine the potable
water use of such a section. However, the proposed land uses are very unlikely to
individually consume above 20,000 kL/year or 55 kL/day of potable water. From July
2009, businesses consuming above this amount must develop and implement Water
Efficiency Management Plans (WEMP) to help reduce their water use (Government of
Western Australia, 2007).

Small to medium businesses are not required to have a WEMP. A simple way of
ensuring that small businesses are water efficient would be to ensure that new
commercial buildings meet standard water efficiency requirements in a similar manner
to new homes, based on 5 Star Plus and the Federal Government’s NABERS scheme for
water and energy efficiency in office and hotel buildings. These water efficiency options
will be recommended but not mandated.

Commercial reuse of rainwater for toilet flushing and cooling towers is also considered
to be an option. Such systems do not require a special license or treatment, but must
be approved by the Department of Health. At present none of these measures will be
mandated for the commercial areas of the development, but will be recommended by
the developer.
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5.6 POTABLE WATER SUPPLY

A servicing report for the site was prepared by Cardno BSD (2008) (Appendix F). While
potable water is currently available in the area, the current water mains are not
considered adequate to cope with the proposed lot yield (Cardno BSD, 2008). This
report recommends an extension from the existing 400 mm potable water pipe within
the Beeliar Road site, approximately 550 m south of the site (Cardno BSD, 2008).

Further details for the provision of potable water services will be outlined at the

subdivision stage.

5.7 WASTEWATER

The site is currently not connected to the Water Corporation Wastewater system.
Wastewater services are available in the North Lake Road Reserve and at the corner of
Semple Court and Berrigan Drive (Cardno BSD, 2008) (Figure 6). These pipes are
considered to have adequate capacity to service the site (Cardno BSD, 2008).

Arrangements will need to be made for provision of reticulated wastewater systems at

the subdivision stage.

5.8 MATTERS TO BE ADDRESSED AT THE SUBDIVISION STAGE

The Urban Water Management Plan should:

e Confirmation of groundwater allocation for POS and response in terms of
landscaping design;

e Undertake subdivision-level water balances based on the groundwater allocation;

e Provide further details on water conservation measures in-house and ex-house to be
implemented at the site;

e Provide information on the use of rainwater tanks, grey water systems or other
alternate water sources used

e Details of waterwise landscaping packages to be provided to households;

e Ensure that remnant vegetation of significance is clearly identified and retained
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6 STORMWATER MANAGEMENT STRATEGY

6.1 DESIGN PRINCIPLES AND GENERAL POINTS

The District Water Management Strategy (DWMS) (Cardno BSD, 2008) outlined the
principles by which the stormwater management of the Development Area 19 (Muriel
Court) is to be achieved. This report divides Development Area 19 into three sub-
catchments (Figure 3 of DWMS), each with its own bioretention areas and draining to
different outfalls. These sub-catchments (and associated bioretention areas) were
labelled Northern, Western and South Eastern catchment areas and bioretention areas
and these labels have been adopted in this report.

Each bioretention area has an outflow pipe connecting it to existing infrastructure
external to the site. A representation of these pipes can be seen in Figures 8 to 11. The
Northern catchment drains northward to connect with existing infrastructure at
Berrigan Drive before out-falling to Lakelands Reserve. The Western catchment
connects to the Anning Park drain and the South Eastern catchment drains southward to
connect to the North Lake Road drain. Storm water from both the Western and South
Eastern catchments finally outfalls at Yangebup Lake.

Drainage to the bioretention areas for smaller events will be through the drainage
network whereas larger events will utilise overland flow paths. Flood protection will be
achieved in the development through detaining the 1 in 100 year ARI event to pre-
development flow rates through the use of stormwater bioretention areas. This is
required by the DoW and is articulated in BUWM. Sizing of the bioretention areas is
predominantly to provide flood protection both within the development and to the
downstream catchment.

Protection of ecological assets is specified within the DWMS through infiltration of the 1
in 1 year ARI event. This infiltration area is shown in each sub-catchment in dark green
in Figures 8 to 11. The infiltration of stormwater up to the 1 in 1 year ARI event has
been allowed for in the design of the bioretention areas by placing the upstream invert
of the outflow pipe (the bioretention area end) at a height above the volume required
to store the 1 in 1 year ARI event. Street side entry pits and gullies will be bottomless
to increase infiltration.

As per discussion with the City of Cockburn during project meetings, the bases of the
bioretention areas have been set at AAMGL. It is understood that the department of
water recommends a 300mm clearance from the base of the bioretention areas to
groundwater level however due to the limitations on the site, specifically limited
stormwater storage areas within the POS, the level was set to AAMGL. The City of
Cockburn will design and manage the POS throughout the life of the development and
will take appropriate action to address any issues that may arise from the above
approach.
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The City of Cockburn has advised that they will not allow lot connections for any lots
with the Muriel Court development and that all lots manage stormwater through the
use of soakwells and storages for up to 1 in 100 year events. All runoff into the drains
and bioretention areas will therefore be from the roads and Public Open Spaces only up
to the 1in 100 year event.

For the purposes of this report North Lake Rd Drain is assumed to remain as an open
drain, as indicated in discussions with the City of Cockburn. The City of Cockburn has
also indicated that Anning Park will be upgraded to a piped drain in the short term. This
infrastructure is outside the Structure Plan boundary.

6.2 PROPOSED DRAINAGE DESIGN

The Muriel Court development area and surrounding contributing catchments were
modelled using XPSTORM software. The following assumptions and input parameters
were used in the model. Some of these have been modified from the requirements
outlined in the DWMS with the changes proposed by the City of Cockburn during project
management meetings.

o all storm water from storm event sizes up to and including the 1 in 100 year 24 hour
event are retained on lots for all lot types including mixed business;

e all storm water runoff (from roads and POS only) for 1 year ARl 1 hour storms is to
be retained within the bioretention areas with a maximum water level of no greater
than 0.3m;

e the runoff coefficient for road reserve areas is 90%;
e the runoff coefficient for POS areas is 10%,;

e the slope for roads was assumed to 0.005;

e the slope for POS was assumed to be 0.002; and

e the DWMS provided an Intensity Frequency Duration (IFD) table for the Cockburn
Area. A different IFD table for rainfall was obtained from the Bureau of
Meteorology specific to the Muriel Court site and was used rather than the more
general DWMS IFD table.

6.2.1 Bioretention Areas

The locations of the three bioretention areas have been determined in the DWMS as
being within the POS area of each catchment area in the development area. The exact
locations and shape of the bioretention areas within the POS will be designed in detail
by the City of Cockburn.
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The three bioretention areas were designed based on critical storms events and the
resulting inflows from the contributing catchments. The base of the bioretention area is
set at estimated AAMGL as advised by the City of Cockburn.

For each catchment, the roads surrounding the POS areas are required to be 1.2m above
AAMGL (the base of the bioretention areas) (Table 8). For the Western and South
Eastern catchment the flooded areas were determined by setting the depth of flooding
for the 100 year event to less than 1.2m. For the Northern catchment the depth of
flooding for the 1:100yr ARI 72 hr event is 1.4m. For this catchment the surrounding
roads have been set a minimum of 1.7m above AAMGL.

A square bioretention area shape was modelled due to the simplicity it afforded and it is
understood that this will not be the final shape of the bioretention area. The lowest
part of the bioretention area has vertical walls of height 300mm. This area fully
contains the 1 year ARl event and allows full recharge of this storm water.

The flood storage volumes and areas calculated using the XPSTORM model are detailed
in Table 4. Surface areas indicated in Table 4 are indicative only and will depend upon
the final shape of the bioretention area.

Bioretention area outflow pipe inverts are set at 300mm above the base of the
bioretention areas so that all storm water entering the bioretention areas is retained
and infiltrated for the 1 year 1 hour ARI event. Each bioretention area has been
designed with one 300mm outflow pipe to limit the flow rate from the bioretention area
to achieve the 1 in 100 year ARI pre-development.

Figures showing bioretention area sizing for a specific flood events are
e 100 Year Flood Event Plan - Figure 8.

e 10 Year Flood Event Plan - Figure 9.

e 5 Year Flood Event Plan - Figure 10.

e 1 Year Flood Event Plan - Figure 11.

The areas required to determine the POS credits are given below.

e The total structure plan area = 67.09 ha

e Deductions =3.62 ha

e Gross subdivisible area = 63.48 ha

e Public Open Space @10 per cent =6.347 ha

e Public open space above 1:1 ARI = 6.347 ha

e Drainage - up to 1:1 ARI (no credit) =0.713 ha
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e Total POS /drainage required = 7.060 ha
e Total POS/drainage shown on Structure Plan = 7.060 ha
From Table 4,

e Total submerged area for 1:1 yr event =0.94 ha
e Total submerged area for 1:5 yr event =1.04 ha

Under the current design, the inundated area for the 1:1 ARI event (0.94ha) is larger
than that permitted under the Liveable Neighbourhoods guidelines (0.713ha). It is
proposed that a portion of the volume of stormwater produced by a 1:1 year event will
be infiltrated using shallow underground drainage galleries (such as an Atlantis
stormwater harvesting tank), within the POS, reducing the area of inundation to comply
with the guidelines.

The underground drainage galleries will be designed to be hydraulically connected to
the inundation areas and will have the same inverts (at or above the AAMGL). Storm
water in the galleries will drain into the surrounding soil and will not be stored. They
will be located around the perimeter of the basins within the POS in the areas that have
a suitable separation to ground water to cover the galleries with soil. Stormwater for
events larger than 1 in 1 year ARI will initially fill the inundation areas, then the
galleries and then additional water will leave the site through the controlled outlets.
The detailed design and location of the galleries will be determined by the City when
they design and construct the POS areas and will be presented within future urban
water management plans.
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Table 4: Bioretention Area Data

Northern Western SthEastern
Estimated AAMGL (mAHD) 22.5 22.5 24
Base Area (ha) 0.45 0.21 0.17
Bioretention area Invert Level (mAHD) 22.5 22.5 24
Outlet pipe US invert (mAHD) 22.8 22.8 24.3
Outlet Pipe Diameter (mm) 1x300 1x300 1x300
Outlet pipe slope (%) 0.333 0.333 0.333
1 Year ARI : 1hr
Top Water Level (mAHD) 22.8 22.8 24.3
Top Water Level Area (ha) 0.45 0.27 0.22
Max Volume (m3) 1337 613 506
Peak Outflow (m?/s) 0 0 0
1 Year ARI : Critical
Critical Duration (hr) 72 72 72
Top Water Level (mAHD) 23.0 23.0 24.5
Top Water Level Area (ha) 0.50 0.24 0.19
Runoff Volume (ms) 2567 1051 818
Peak Outflow (m®/s) 0.047 0.031 0.028
5 Year ARI : Critical
Critical Duration (hr) 72 72 72
Top Water Level (mAHD) 23.4 23.1 24.6
Top Water Level Area (ha) 0.57 0.26 0.21
Max Volume (m3) 4600 1416 1100
Peak Outflow (ma/s) 0.054 0.054 0.047
10 Year ARI : Critical
Critical Duration (hr) 72 72 72
Top Water Level (mAHD) 23.6 23.24 24.7
Top Water Level Area (ha) 0.61 0.27 0.22
Max Volume (m3) 5481 1702 1284
Peak Outflow (m®/s) 0.056 0.055 0.048
100 Year ARI : Critical
Critical Duration (hr) 72 72 72
Top Water Level (mAHD) 23.9 23.6 25.0
Top Water Level Area (ha) n/a* n/a* n/a*
Max Volume (m3) 15309 4584 4368
Peak Outflow (m®/s) 0.060 0.064 0.055

* Top water level areas for 100 year events are not provided as they will greatly depend on the
shape of the bioretention areas. The top water level areas for the lesser events are provided as
a guide only.
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6.2.2 Conveyance from the Site

Stormwater into the bioretention areas will be from road runoff and from POS runoff
only. Open bottomed side entry pits will be used to convey road runoff into the
bioretention areas.

Conveyance from the site is by means of a 300mm outflow pipe from each of the
bioretention areas with the upstream inverts set at 300mm above the base of the
bioretention areas. These pipes connect to existing stormwater infrastructure at
different locations external to the Muriel Court site. These pipe details are shown in
Table 4.

Northern Catchment

The northern catchment bioretention area outflow pipe is proposed to drain north
across Verna Court to Berrigan Drive. From there the storm water drains west to join
with existing storm water infrastructure at the corner of Semple Court and Berrigan
Drive. This existing infrastructure drains westward for approximately 450m before
crossing Berrigan Drive and discharging into Lakelands Reserve. The City of Cockburn is
satisfied that there is sufficient capacity with Lakelands Reserve to manage this
stormwater.

Western Catchment

The Western catchment bioretention area outflow pipe is proposed to drain west and
connect to the existing Anning Park drain at the north east corner of the park. The City
of Cockburn advises that this drain will be upgraded to a piped system and so a piped
system was used for Anning Park in the stormwater modelling.

South Eastern Catchment

The South Eastern catchment is proposed to drain south to North Lake Road,
approximately 300m east of Poletti Road and connect with existing storm water
infrastructure. This infrastructure drains west along the southern side of North Lake
Road before crossing over North Lake Road at Semple Court and into Anning Park. At
Thomas Street the storm water then crosses back over North Lake Road before
outfalling at Yangebup Lake. Figures 8 to 11 show the flow paths of the modelled
network.

A maximum outflow rate was specified by the DWMS for the 5 year and for 100 year ARI
events from the south eastern and western catchments (Section 4.5 of DWMS). Table 5
outlines the maximum flows determined from the DWMS compared to the modelled
flow rates. No maximum flow rate was specified for the Northern catchment.
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Table 5: Actual and Allowable Maximum Outflow rates (m>/s)

South

North Western Eastern

5 Year ARI Peak Outflow (m?/s) 0.054 0.054 0.047
DWMS max allowable n/a .076 0.084

100 Year ARI Peak Outflow (m3/s) 0.060 0.064 0.055
DWMS max allowable n/a 0.091 0.101

6.2.3 Flood Protection

All stormwater for up to a 1:100 year ARI 72 hour event is expected to be detained
within the bioretention areas and therefore there should be no overland flow paths out
of the bioretention areas for floods up to the 1 in 100 year ARI event.

A minimum freeboard of 0.3m is required between peak flood level and minimum
habitable floor levels.

6.2.4 Stormwater Treatment within the Road Reserve

Due to the narrowness of road reserves in the area and the high density nature of the
proposed development, the City of Cockburn believes that the only suitable location of
swales is Muriel Court, east of the realigned Semple Court. The use of tree pit rain
gardens and permeable pavement to increase infiltration within the road reserve will be
encouraged. Open bottomed manholes should be used where adequate clearance to
groundwater exists.

This information should be read in conjunction with Table 8 in Section 7.2 which
outlines the separation requirements as part of the groundwater management strategy.

6.2.5 Lot Drainage

The City of Cockburn requires all lots, including the mixed business precinct , to store all
stormwater up to the 1 in 100 year ARI 24 hr event on site (as per the City Of Cockburn
On Site Drainage Requirements (Residential/Industrial/Subdivisions) (undated)). These
requirements provide guidance on sizing of onsite storage, either through soak wells,
drainage sumps or other approved methods and the volume and area required.

e For the R20-R60 and the Mixed Business (Non-Residential) areas the finished lot
levels need to be 1.5m above the AAMGL.

e For the R80 and R160 areas (including the Mixed Business — Office/ Residential R160
area) the finished lot levels need to be 2.8m above the AAMGL.

This information should be read in conjunction with Table 8 in Section 7.2 which
outlines the separation requirements as part of the groundwater management strategy.
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6.3 STORMWATER QUALITY

Management of stormwater quality relies on the use of both structural and non-
structural best management practices (BMPs) as specified in the Stormwater
Management Manual (DoW, 2004-2007).

In terms of structural BMPs, the development complies with the Department of Water’s
recommendation that an equivalent of 2% of the directly connected impervious area be
allowed as vegetated infiltration area to remove nutrients from groundwater. This area
will be vegetated with native vegetation and provided within the bioretention areas in
the POS.

The total directly connected impervious area for the development for events less than 1
in 100 year ARl is given below in Table 6. 2% of the directly connected impervious area
is 0.40 ha.

Table 6: Directly Connected Impervious Area

. Directly
Total Directly Connected
Connected Area Impervious Area
(ha) (ha)
Northern
Road (0.9) 11.7 10.5
POS (0.1) 3.3 0.3
Total 15.0 10.9
Western
Road (0.9) 5.4 4.9
POS (0.1) 1.7 0.2
Total 7.1 5.0
South Eastern
Road (0.9) 4.4 4.0
POS (0.1) 2.0 0.2
Total 6.4 4.2
| Total Area | 28.6 | 20.1 |

The bioretention areas are expected to remove pollutants including suspended solids,
nutrients, sediments and heavy metals to standards summarised in Table 7. The subsoil
drain is surrounded by a mixture of blue metal and cracked pea gravel (laterite) which
has a strong ability to bind phosphorus.
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Table 7: Typical Annual Pollutant Load Removal Efficiencies (Source: Stormwater Management
Manual (DoW, 2004-2007)

Pollutant Expected Removal

Litter >90%
Total Nitrogen 25-40%
Total Phosphorus 30-50%
Coarse Sediment >90%
Heavy Metals 20-60%

The use of tree pit rain gardens and permeable pavement to increase infiltration within
the road reserve will be encouraged.

If fill is required beyond the standard cut to fill within the site, fill should be yellow sand
with a phosphorus retention index (PRI) greater than 15.

6.3.1 Non-structural BMPs

The primary source of nutrients in residential developments is the fertiliser applied to
the lawns and gardens of properties and POS areas. However, as the proposed
development is of a higher density nature, areas of lawn and garden beds will be
generally low, and as such fertiliser use by householders is not expected to be high.

The following non-structural BMPs are recommended for this site:
e Use of fertiliser within POS to be limited; and
e Buyers should be provided with information regarding minimising fertiliser use at

the point of sale.

6.4 IMPACT ON WATER DEPENDANT ECOSYSTEMS

There are no priority wetlands within or adjacent to the site. There is some priority
vegetation in the south east catchment. Detail is provided in Appendix D.

6.5 DISEASE VECTOR AND NUISANCE INSECT MANAGEMENT

No artificial water bodies are being constructed as part of this development. As such,
the potential for midge and mosquito breeding on the site is low.
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Between November and May, the predominant mosquito breeding season, groundwater
levels will be below the base of the proposed bioretention areas not providing suitable
conditions for breeding.

When groundwater levels are at AAMGL in winter, temperatures are usually low enough
to substantially extend the breeding cycle of mosquitoes exposing them to the risk of
the water drying out, killing the eggs and larvae before the breeding cycle is complete
(DoH, 2004).

6.6 MATTERS TO BE ADDRESSED AT THE SUBDIVISION STAGE

e Provision of a detailed drainage plan for the subdivision area including swales, rain
gardens and confirmation of sizing and location of structures;

e Details of landscaping for swales, rain gardens and bioretention areas;
e Confirmation of finished lot levels;

e Identify monitoring locations, analytes and frequency for post-development
monitoring; and

e |dentify contingency action plan and trigger values for post development monitoring.
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7 GROUNDWATER MANAGEMENT STRATEGY

7.1 GROUNDWATER MANAGEMENT

The site currently has groundwater levels close to the surface with some surface
expressions. Fill will be required to ensure suitable separation between groundwater
levels and infrastructure. In addition, fill will be required to ensure sufficient
separation to allow for storm water from the lots to be infiltrated on site through the
use of soak wells or other sub surface drainage device.

It is expected that up to approximately 33 ML/year of ground water may be required to
maintain the POS. This water will be extracted from the superficial aquifer.

Subsoil drainage will be required under the conditions outlined in Table 8, and will be
set at AAMGL to maintain the predevelopment AAMGL level. The subsoil drains will be
connected to the main drainage lines which will have free draining outlets into the
bioretention areas for treatment.

7.2 GROUNDWATER LEVELS AND FILL

Fill requirements have been based on the requirements of the DWMS and the City’s
Guidelines and Standards for the Design, Construction and Handover of Subdivision
within the Municipality (2009) and are summarised in the table below.

Table 8: Design Parameters for Lot Levels

Mixed Business Urban

Minimum Lot Level 1.2 m above AAMGL, but | 1.5 m above AAMGL
minimum 1.5 m preferred

Minimum Stormwater | All to be disposed on site via | All to be disposed on site via
Disposal within lot soakwells (1 in 100 yr 24 hour | soakwells (1 in 100 yr 24 hour
event) event)

Lot subsoil drainage | Lot level less than 1.5 m above | Lot level less than 1.5 m above

required when... AAMGL or where lot requires | AAMGL or where lot requires
fill to meet minimum | fill to meet minimum clearance
clearance

Minimum Road | 1.2 m above AAMGL 1.2 m above AAMGL

Centreline Level

Road subsoil drainage | Road centreline is less than | Road centreline is less than 1.7

to be required when... 1.5 m above AAMGL m above AAMGL
Open bottomed | Road centreline is more than | Road centreline is more than
bioretention areas | 1.7 m above AAMGL 1.7 m above AAMGL

within road reserve
may be considered
when.
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The guidance in the DWMS was based on the DRCGL (design regional control
groundwater level). As the DRCGL is lower than the AAMGL on this site, the AAMGL has
been used as the groundwater control level. This is in line with the City of Cockburn’s
requirement that groundwater levels are not to be controlled to below the AAMGL (City
of Cockburn, 2009).

Soil permeability tests are to be taken on site and used to determine the spacing of
subsoil drainage lines. Data from such tests and the calculations are to be submitted
(City of Cockburn, 2009).

7.3 IMPACT ON WATER DEPENDANT ECOSYSTEMS

The site does not contain water dependant ecosystems. There are water dependant
ecosystems to the south east and the west of the site however the development is not
expected to have an impact on these systems.

7.4 GROUNDWATER QUALITY

Groundwater quality will be maintained through the use of BMPs to manage stormwater
quality prior to infiltration where ever possible and the minimisation of fertiliser use as
per Section 6.3.

7.5 ACID SULPHATE SOILS MANAGEMENT

The site includes areas of high risk of acid sulphate soils (ASS) (Appendix A).
Developments that contain or are adjacent to high risk areas shall undertake
Department of Environment and Conservation compliant investigations to determine
the presence of ASS on their sites. Where ASS is present, Dewatering Management
Plans shall be required at the UWMP stage.

7.6 WORK REQUIRED AT THE UWMP STAGE

Work required at the UWMP includes:

e Preparation of drainage design and earthworks levels for the subject site, including
subsoil drainage design where required; and

¢ Management of Potential Acid Sulphate Soils where appropriate.
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8 SUBDIVISION AND URBAN WATER MANAGEMENT
PLANS

An Urban Water Management Plan will be required at the point of subdivision to
confirm compliance of the development with the Local Water Management Strategy.
The Department of Water has agreed that the groundwater monitoring results
presented in the Local Water Management Strategy are adequate to support an Urban
Water Management Plan in this case (Department of Water, letter dated 19 January
2010).

8.1 ENVIRONMENTAL ISSUES

Additional environmental work may be required by the Western Australian Planning
Commission at the subdivision stage as a condition of subdivision. This work may
include:

e Acid sulphate soils investigations where sites have been identified as being at risk
(Figure 4);

e Contaminated site management plan where sites potentially contaminated sites have
been identified (Figure 5);

e Dewatering management plans;
e Ensure that remnant vegetation of significance is clearly identified and retained; and
e |dentify contingency action plan and trigger values for post development monitoring

(refer Table 10).

8.2 WATER CONSERVATION

The Urban Water Management Plan should:

e Provide information on the use of rainwater tanks, grey water systems or other
alternate water sources used;

e Details of any waterwise landscaping packages to be provided to households; and

e Provide further details on any other water conservation measures in-house and ex-
house to be implemented at the site.

8.3 STORMWATER MANAGEMENT

The Urban Water Management Plan should include:

e Details of landscaping for swales, rain gardens and bioretention areas;
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8.4

Confirmation of finished lot levels;

Provision of a detailed drainage plan for the subdivision area including swales, rain
gardens and bioretention areas and confirmation of sizing and location of structures;

A detailed drainage plan which should include consideration of upstream
catchments; and

Preparation of drainage design and earthworks levels for the subject site, including
subsoil drainage design where required.

GROUNDWATER MANAGEMENT

The Urban Water Management Plan should include:

Confirmation of groundwater allocation for POS and response in terms of
landscaping design;

Undertake subdivision-level water balances based on the groundwater allocation;

Identify monitoring locations, analytes and frequency for post-development
monitoring;

Contingency planning for post-development monitoring;
Management of Potential Acid Sulphate Soils where appropriate(Figure 4);

Preparation of drainage design and earthworks levels for the subject site, including
subsoil drainage design where required; and

Provide and implementation plan which includes monitoring, construction,
contingency, roles and responsibilities.
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9 IMPLEMENTATION

9.1 ROLES & RESPONSIBILITIES

Table 9: Implementation Plan

Responsibility for Interim Maintenance | Long-term
Scheme Development (first two years) Maintenance
Waterwise fittings Developer to Residents Residents
and rainwater tanks | encourage and provide
guidance. Residents to
construct their own
systems.
Swales and drainage | Developer Developer for 12 City of Cockburn
system within the months as per City
road reserve, requirements.
including subsoil
drainage
Public Open Space City of Cockburn City of Cockburn City of Cockburn
Monitoring of the Developer. The City of | Developer for two Holder of
development and Cockburn will oversee | years following groundwater license
contingency the monitoring and practical completion for monitoring in
responses coordinate reporting. of each stage of compliance with
development. license conditions.

9.2 POST- DEVELOPMENT MONITORING

A detailed post-development monitoring program and contingency plan should be
developed for the subdivision by the developer and submitted to the City of Cockburn
before any works are commenced. These programs should be inline with the LWMS.

Post-development monitoring for each stage will include monthly measurements of
ground water and surface water levels (where surface water is present) and quarterly
sampling for pH, electrical conductivity, redox potential, total nitrogen, ammonia, heavy
metals, Kjeldahl nitrogen, nitrate/nitrite, total phosphorus and phosphate in
groundwater for which trigger levels and resulting actions are outlined in Table 10. This
monitoring will be undertaken for two years following the practical completion of each
stage.

Monitoring shall be undertaken at the pre-development bores and at each bioretention
area (Figure 7). In addition to the predevelopment bores, a monitoring bore shall be
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installed at the east end of Muriel Court adjacent to the freeway (MC7 on Figure 7).
Where pre-development bores are destroyed during construction, replacement bores of
a similar depth shall be installed and monitored after development.

Surface water monitoring shall be undertaken in each main bioretention area, using

monthly grab samples taken when water is present.

Table 10: Parameters, Tests and Actions Associated with Monitoring

Parameter Test Trigger Action
Groundwater | Groundwater level Increase in Total Responsible body to
Levels and and water quality Phosphorus and Total | investigate reasons for any
Quality from pre- Nitrogen change. If intervention is
development bores, concentration required, this shall be
sampled quarterly compared to pre- undertaken prior to the
development following winter.
baseline for two
successive events
(refer Table 1).
Increase in
groundwater level
over two successive
winters from
predevelopment
levels.
Surface Surface water quality | Increase in Total Responsible body to
water - opportunistic event Phosphorus and Total | investigate reasons for any
quality based sampling at Nitrogen change. If intervention is
least 4 times per concentration required, this shall be
year. compared to pre- undertaken prior to the
development following winter.
baseline for two
successive events.

The contingency response to the monitoring program will be detailed in each UWMP.

It

will likely include trigger levels and action levels in the groundwater levels and wetlands
that will require investigation and responsive actions. There will also be water quality
criteria to be addressed.

9.3 REPORTING

Reporting will be co-ordinated by the developer and submitted to City of Cockburn and
DoW for review. The reports will compare the monitoring results with the target design
criteria and performance objectives and determine what, if any, further actions may be
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necessary. Reports will also provide ongoing assessment of the suitability of existing
monitoring and reporting frequencies. Assessment of performance compliance against
water quality criteria will require careful consideration to account for inter-seasonal
and inter-annual variability, and also take into account both surface and groundwater
quality function of historical land use practices not only within the development area,
but over the entire upstream catchment.

Reports will be prepared on an annual basis, and cover the calendar year. Developers
may choose to co-operate and issue joint reports.

9.4 CONTINGENCY PLAN

If baseline groundwater quality values (Table 1) are exceeded for two successive events,
then steps will be taken as follows:

e Re-sample the affected bores/surface water location to confirm the result;

e If the result is consistent, determine a cause through inspection (e.g. is there a
blockage in the system, are the subsoil drains working correctly);

e Undertake maintenance or mitigation measures if required.

Results from the affected area should be watched closely in subsequent monitoring
events, to determine if the management measures have been effective.

Given that the majority of increase in nutrient levels is expected from household
fertiliser applications, household education programs could be considered a potential
mitigation strategy should nutrient levels be seen to increase.

If sustained ponding is noted during the groundwater and surface water monitoring
program, then this will be referred to the entity managing the asset at the time. It will
trigger an investigation into the cause of the sustained ponding and an engineering
remedy will likely ensue. This is a responsibility link between the water quality
monitoring program and the hydraulic maintenance program.
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WESTERN AUSTRALIA

LIMITED PRELIMINARY SITE ASSESSMENT
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Ace Environmental Pty Ltd
Shop 17, 2 South Western Highway, Armadale WA 6112
Tel (08) 9497 5000; Fax (08) 9497 5111

ABN: 15 125 509 775



CONDITIONS RELATING TO THIS REPORT

This report has been prepared for the sole use of the City of Cockburn. It has been issued in
accordance with the agreed terms and scope detailed in the proposal for the investigation. No
responsibility or liability to any third party is accepted for any damages arising out of the use of this

report.

This report has been prepared by suitably qualified and experienced personnel for the purposes
stated herein. Every care is taken with the report as it relates to interpretation of sub-surface
conditions, discussion of findings and recommendations given. No responsibility for the

consequences of extrapolation by others is accepted by the company.

Findings and conclusions produced in the report are based on the investigation of the sub-surface
through isolated locations. Conditions between investigated sites are based on extrapolation,
interpretation and professional estimates. Unexpected variations in ground conditions often occur
which cannot always be anticipated. The conclusions and recommendations in the report were
considered accurate at the time of issue and based on certain assumptions at the time. Conditions

and assumptions change with time and may affect the accuracy of the report.

Certain content within this report is based on information provided by the client and/or other parties

and the accuracy of this information cannot be guaranteed.

These conditions must be read as part of the report and must be reproduced with all future copies.

The recommendations of this report should be considered a starting point. Recommendations should
be continuously reviewed during the earthworks stage as sub-surface information and resuits from
monitoring become available. It is strongly recommended that the Company be retained to provide

consultancy and/or inspections during the earthwork stages.
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1 Introduction

In August 2007, Ace Environmental Pty Limited (Ace) was commissioned by Koltasz Smith
on behalf of the City of Cockburn to undertake a Limited Preliminary Site Investigation
(PSI) of Development Area 19, Jandakot, Western Australia (the site). Brown Geotechnical
and Environmental Pty Limited (BGE) was initially commissioned to undertake the PSI in
October 2006, but were not able to complete the investigation. This report includes the
findings and data collected during both investigations.

A site locality map is presented in Figure 1 and detailed site layout maps are included in
Figures 2 and 3.

This report summarises the findings of the limited PSI conducted at the site from the 26 to 30
March and 31 October 2007 to provide an assessment of the human health and
environmental risks associated with the site from past and current activities.

1.1 Objectives

The objective of the scope of work was to provide the client with the results of the desktop
study enabling them to have a better understanding of the environmental issues that may
need addressing during the development stage.

1.2 Scope of Work

As detailed in BGE’s and Ace’s proposal dated 4 August 2006 and 6 August 2007,
respectively, the following scope of works was undertaken:

* Site inspection
*  Collection and review of historical information
= Assessment of the potential contamination status of the site

*  Preparation of a report that provides recommendations for any further investigations if
potentially contaminating activities are identified.



2 Methodology

A limited PSI was undertaken to identify past and present potentially contaminating land use
and to determine whether a detailed soil sampling program is required. The following
activities were undertaken as part of the PSI:

* Site inspection encompassing interviews with available personnel, identifying
neighbouring land use and a site walkover by qualified personnel

* Review of current and historical aerial photography from the Department of Land
Information (DOLI)

* Determine likely groundwater elevations and quality near the site including a search
of DEC AQWA database bore data

= Review of geological data to determine the topography and geology of the area

* Review of the City of Cockburn’s Planning, Health and Environment Departmental
records.

= Review of the WAPC Planning Bulletin 64 to determine ASS classification.

= Installation of 6 groundwater monitoring bores to depths of approximately 3 to 4
metres below ground level enabling the bores to be screened from above the
watertable to the end of the hole.

= Collection of one groundwater sample from each well and measurement of
groundwater level, field pH, conductivity and dissolved oxygen one week after
installation.

= Laboratory analysis of 7 groundwater samples (including 1 QA/QC sample) by a
NATA accredited laboratory for low level OC/OPs and heavy metals (As, Cd, Hg,
Cu, Cr, Ni, Pb and Zn), total petroleum hydrocarbons (TPH) and benzene, toluene,
ethyl benzene and xylenes (BTEX).

*  Preparation of a report detailing the results of the limited PSI investigation.



3 Site Description

Development Area 19 is approximately 79 ha in size and lies at the northwest corner of the
intersection of North Lake Road and the Kwinana Freeway. The land is approximately 16
km south of the Perth central business district and approximately 10 km southeast of
Fremantle, within the City of Cockburn. The land adjoins the predominantly developed
suburb of South Lake to the west along Semple Court, abuts the Kwinana Freeway to the
east, and is bounded by Verna Court to the north and North Lake Road to the south.

The area has previously been used for a mixture of rural lifestyle, horse agistment and
similar related activities. Some light industrial and commercial activities have also been
present in the area. Immediately to the west there is history of market gardens.

Development Area 19 encompasses 95 Lots including Lots 1, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39 and 40 Verna Court; Lots 11, 12, 13, 14, 15, 16, 17, 18, 41, 42, 43, 44, 45, 46, 47 and
500 Semple Court; Lots 1,2,3,7,9, 10, 11, 12, 13, 15, 20, 21, 30, 31, 48, 49, 50, 51, 52, 53,
54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 80, 100(1), 100(2), 101, 102, 130, 200 and 201
Muriel Court; Lots 16, 17, 53, 54 and 55 Tea Tree Close; Lots 1, 2, 3,4, 5,6, 7, 8, 18, 19,
32, 33, 50, 52, 53, 71, 73, 74, 75, 76, 81 and 131 North Lake Road and Lot 411 Kentucky
Court.

3.1 Site Inspection

Lot I Verna Court
A partially completed large building is situated in the middle of the Lot. Some building
debris, fill and stockpiles were observed.

Lot 30 Verna Court
Rubbish was seen at the roadside (Verna Court) and rear of the Lot and a stockpile at the
front of the Lot containing bricks and rubble.

Lot 31 Verna Court
Horses and stables and fenced off paddocks

Lot 32 Verna Court
Rubbish including an old battery and paint tins were observed at the rear of the Lot.

Lot 33 Verna Court
A residential dwelling is located at the front of the Lot and goats on bare land were observed
at the rear of the Lot.

Lot 34 Verna Court
An old greenhouse is located on the Lot and some sheep.

Lot 35 Verna Court
Junk and rubbish including old tyres and sand was observed on the Lot.

Lot 36 Verna Court
Stockpiles and potentially contaminated fill was observed at the front of the Lot and old
vehicles and piles of rubbish were scattered around the Lot.

Lot 37 Verna Court
An old car and piles of rubbish were observed on the Lot.



Lot 38 Verna Court
Disused stables and sheds

Lot 39 Verna Court

There is development occurring at the front of the Lot and some excavation in the middle of
the Lot, which contained some rubbish. Potentially uncontrolled fill may have been brought
onto the Lot. Some scrub at the rear of the Lot.

Lot 40 Verna Court
Some irrigation risers and an old shed.

Lot 11 Semple Court
A residential dwelling is located on the Lot and signs of possible market gardening/nursery
activities in the past.

Lot 12 Semple Court
A residential dwelling

Lot 13 Semple Court
The Lot contains irrigation risers and sheds.

Lot 14 Semple Court
Large amounts of stockpiles (sand)

Lot 15 Semple Court
Lots of junk including old oil drums

Lot 16 Semple Court
A shed and some rubbish was observed on the Lot

Lot 17 Semple Court
The Lot contained a residential dwelling, sheds and some garden.

Lot 18 Semple Court
A residential dwelling — some rubbish around the Lot.

Lot 41 Semple Court
Some old irrigation risers, sheds, junk and old cars were observed.

Lot 42 Semple Court
Some old irrigation risers, a shed and bricks in a hollow at the rear of the Lot were observed.

Lot 43 Semple Court
An old shed and dead trees were observed.

Lot 44 Semple Court
[rrigation risers and horses were observed on the Lot.

Lot 45 Semple Court
A derelict house was located at the front of the Lot and a concrete pad and old sheds were
observed at the rear of the Lot.

Lot 46 Semple Court
Old cars and stockpiles, old batteries and oil/paint drums were observed around the Lot.



Lot 47 Semple Court
A workshop was located on the Lot and piles of rubbish, bricks, timber, old vehicles, oil
drums and tyres.

Lot 500 Semple Court
An operational garden centre with a “Dutch Windmill” was observed.

Lot I Muriel Court
A residential dwelling was located at the front of the Lot with sheds and horses at the rear.

Lot 2 Muriel Court
A residential dwelling was located at the front of the Lot and grape vines and fruit trees at
the rear and a large shed.

Lot 3 Muriel Court
A residential dwelling was located at the front of the Lot and grape vines at the rear with
irrigation,

Lot 7 Muriel Court
A residential dwelling was located at the front of the Lot and horses, sheds and stables at the
rear.

Lot 9 Muriel Court
A residential dwelling is located at the front of the Lot and scrub at the rear of the Lot.

Lot 10 Muriel Court
A residential dwelling is located at the front of the Lot and scrub at the rear of the Lot.

Lot 11 Muriel Court
A residential dwelling is located at the front of the Lot and trees and vacant land at the rear.

Lot 12 Muriel Court
Scrub at the front of the Lot

Lot 13 Muriel Court
A residential dwelling is located at the front of the Lot and what appeared to be an asbestos
fence was observed.

Lot 15 Muriel Court
Lot 15 had old buildings and piles of rubbish, debris and irrigation — potential that welding
was undertaken in the past.

Lot 20 Muriel Court
A residential dwelling is located at the front of the Lot.

Lot 21 Muriel Court
Residential dwelling with irrigation risers for trees, some rubbish and a pile of old steel
which were not considered potentially contaminating.

Lot 30 Muriel Court
A residential dwelling is located at the front of the Lot and piles of rubbish, tyres and fill
were observed at the rear of the Lot.



Lot 31 Muriel Court
A residential dwelling is located at the front of the Lot and old sheds, fences and trees were
observed at the rear.

Lot 48 Muriel Court
A day care centre was located on the corner and piles of sand and fill were observed around
the Lot.

Lot 49 Muriel Court
A residential dwelling is located at the front of the Lot and sheds and old cars at the rear.

Lot 50 Muriel Court
A residential dwelling is located at the front of the Lot and old sheds, fruit trees and
irrigation at the rear.

Lot 51 Muriel Court
A residential dwelling is located at the front of the Lot and sheds and greenhouse at the rear.

Lot 52 Muriel Court
A residential dwelling and shed is located at the front of the Lot and a field was observed at
the rear of the Lot.

Lot 53 Muriel Court
A residential dwelling is located at the front of the Lot and a shed, rubbish and scrub at the
rear.

Lot 54 Muriel Court
Vacant land with a few trees.

Lot 55 Muriel Court
A residential dwelling is located at the front of the Lot and irrigation and an old vegetable
patch at the rear.

Lot 56 Muriel Court
A residential dwelling is located at the front of the Lot and sheds and piles of rubbish at the
rear.

Lot 57 Muriel Court
No site access

Lot 58 Muriel Court
A residential dwelling is located at the front of the Lot and some old tyres, sheds, scrub and
horses at the rear.

Lot 59 Muriel Court
A residential dwelling is located at the front of the Lot and an old car, stables, horses and
batteries and tyres were observed at the rear of the Lot.

Lot 60 Muriel Court
A residential dwelling is located at the front of the Lot and scrub at the rear with a shed and
some rubbish, which did not appear to be potentially contaminating.

Lot 61 Muriel Court
A residential dwelling is located at the rear of the Lot as well as a workshop. The site had
old oil drums, some junk, rubble, fill and bricks.
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Lot 62 Muriel Court
A residential dwelling is located at the front of the Lot and a shed at the rear full of rubbish,
lots of old vehicles, piles of rubbish, a large number of blue drums and horses and goats
were also observed.

Lot 63 Muriel Court

A residential dwelling is located at the front of the Lot with a workshop at the back. Two
above ground fuel storage tanks were found on the site with obvious signs of fuel leakage.
Other observations were a fuel truck at the Lot, oil drums, containers, old vehicles, rubbish
and a pile of old batteries.

Lot 64 Muriel Court
A residential dwelling is located at the front of the Lot and at the rear was a large shed,
sheep, irrigation and a large stockpile of sand overgrown with grass.

Lot 65 Muriel Court
Vacant land with trees and sheds. Bricks and rubbish including roofing material that could
be potentially asbestos material were observed around the Lot.

Lot 80 Muriel Court
No site access

Lot 100 Muriel Court

A residential dwelling was at the front of the Lot, which had irrigation for lawn and trees.
Part of the site at the back of the Lot had been cleared — stockpiles of soil and vegetation
were still present.

Lot 101 Muriel Court
A residential dwelling was at the front of the Lot. At the side and back of the Lot were an
old car wreck, workshop, old tyres, car parts, oil drums, and a pile of sand. Some oil
staining was observed.

Lot 102 Muriel Court
Vacant land with scrub

Lot 130 Muriel Court
A paddock with a horse and irrigation was observed on the Lot.

Lot 200 Muriel Court
No site access

Lot 201 Muriel Court
A residential dwelling is located at the front of the Lot and sheds and an old car were at the
rear.

Lot 16 Tea tree Close
Horse paddocks with irrigation were observed on the Lot.

Lot 17 Tea Tree Close
Horse paddocks with irrigation were observed on the Lot.

Lot 53 Tea Tree Close
Two Residential dwellings were located at the front of the Lot.



Lot 54 Tea Tree Close
[t was in the past an operational nursery. The Lot contained stockpiles, old cars and left over
plants.

Lot 55 Tea Tree Close
A veterinary clinic was located at the front and fibre cable optics are in the vicinity of the
Lot.

Lot 1 North Lake Road
A hire firm (Delta Handy Hire) is located on the Lot and a workshop is at the rear — possible
fuel storage on the Lot.

Lot 2 North Lake Road
No access to Lot - residential

Lot 3 North Lake Road
No access to Lot - residential

Lot 4 North Lake Road
No access to Lot - residential

Lot 5 North Lake Road
Piles of sand were observed on the Lot and it is being used as a building site for storage
units.

Lot 6 North Lake Road
Residential dwelling

Lot 7 North Lake Road
A residential dwelling is located at the front of the Lot and sheds at the rear.

Lot 8 North Lake Road
A residential dwelling is located at the front of the Lot and sheds at the rear.

Lot 18 North Lake Road
A residential dwelling is located at the front of Lot and scrub and rubbish was observed at
the rear of the Lot.

Lot 19 North Lake Road
Pete’s Discount Salvage and Hardware is located on this Lot. A large workshop and storage
shed was observed and some rubbish was at the rear of the Lot.

Lot 32 North Lake Road
His and Hers Home Garden Supplies is located on the Lot. [t consisted of sand, dirt and
gravel storage, large shed, house and a rubbish tip was observed at the rear of the Lot.

Lot 33 North Lake Road
Two residential dwellings were observed at the front of the Lot and at the rear were trees,
irrigation risers and a shipping container.

Lot 50 North Lake Road
A liquor store is located on this Lot and there is some shipping containers at the rear of the
Lot.



Lot 52 North Lake Road
A residential dwelling is located at the front of the Lot and scrub and grass and a large pile
of rubbish was observed at the rear of the Lot.

Lot 53 North Lake Road
Two residential dwellings are located at the front of the Lot.

Lot 71 North Lake Road
A large residential dwelling is located at the front of the Lot and a vegetable garden, sheep,
turkeys, some rubbish and sea containers were observed at the rear of the Lot.

Lot 73 North Lake Road
A residential dwelling and paddock are located at the front of the Lot and a nursery is
located at the rear — some chemical storage on the Lot.

Lot 74 North Lake Road
A medical centre is located at the front and at the rear is an old house, sheds, greenhouse and
stockpiles, piles of rocks and pushed up mounds of soil and vegetation.

Lot 75 North Lake Road

It appears to be used as a place to park large trailers and shipping containers. Piles of
rubbish, a large shed/workshop, stable, rubbles and a house that is being demolished was
observed on the Lot. Also observed were a truck wash area and some oil staining.

Lot 76 North Lake Road
A residential dwelling is located at the front of the Lot and horses at the rear.

Lot 81 North Lake Road
The Australian Institute of Holistic Medicine is located on this Lot. There is two main
buildings at the front and a car park at the rear of the Lot.

Lot 131 North Lake Road

A mechanic is located on this Lot. The Lot contains a mechanical workshop and previously
had working underground fuel storage tanks (USTs), which are still in the ground beneath
the Lot. LPG storage tanks were also observed on the Lot.

Lot 411 Kentucky Court
Horses and stables and fenced off paddocks.

Site photographs taken during the site inspection are included in Appendix A.

3.2 Neighbouring Land Use

Land use in the vicinity of the site includes:

North: church, bus depot and undeveloped land

East: Kwinana freeway

South: vacant land; South-east: undeveloped land and Cockburn central town centre
West: residential subdivision; South-west: industrial area

3.3 Zoning and Proposed Land Use

The zoning for the site is Development Area 19; split zoning: mixed business/development.
The proposed land use is for a low-high density residential subdivision.



4 Site History
4.1 Council or Local Government Records

The City of Cockburn found no records relating to current or historical environmental health
issues; complaints, cleanup notices, buried waste or applications of fuel tanks for Lots 10,
15, 21, 60, 61, 63, 100, 101, 102 Muriel Court, Lots 16 and 17 Tea Tree Close and 411
Kentucky Court. A copy of the letter is included in Appendix B. Records for the remaining
Lots were not accessed for this PSI.

4.2 Freedom of Information Searches

Records obtained from the Department of Water under the freedom of Information (FOI)
Act are included in Appendix C. A summary of the information collected is outlined
below:

Department of Water

The Department of Water conducted a thorough search and confirmed that they had no
documents relating to the properties. The site is located within a proclaimed groundwater
area and a proclaimed surface water area (Murray River Catchment) and licenses would be
required to take water.

4.3 Historical Aerial Photography Review
Historical aerial photos are shown in Appendix D and summarised in Table 4.1.

Table 4.1
_Observatio

Limit of DOL

Aerial Photography Review

[ supplied aerial photography

17/12/2005- colour Lot 15
*  Mostly vacant lot, old shed pad, small shed and trees bordering lot

Surrounds
*  North- Residential house and workshop, Kwinana freeway
s FEast-seelot4l1
= South- see lot 102
= West-see lot 101
Lot 16
=  Stables and paddocks bordered by trees
Surrounds
s  North- see lot 411
* East- see lot 17
*  South- Vacant land and cleared land for development
*  West- commercial buildings front of lot, residential house in middle
of lot, nursery plants across rest of lot
Lot 17
= Paddocks bordered by trees
Surrounds
*  North- see lot 411
*  East- Vacant scrub land, Kwinana freeway
»  South- Vacant land and cleared land for development
=  West-see lot 16
Lot 21
«  Building front of lot, remainder grass and vegetation with bush at
back of lot
Surrounds
*  North- Several buildings front of lot with swimming pool, more
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buildings on lot some grass/ vegetation
* East- see lot 100
*  South- large industrial building front of lot with car park, bushland
at back of lot
= West- residential property middle of lot, large shed at rear,
remainder grass and bushland
Lot 100
*  Building middle of lot, remainder grass and vegetation
Surrounds
*  North- large residential building front of lot, small shed remainder
grass and vegetation
= East-see lot 101
= South- large commercial building front of lot with car park, bushland
at back of lot
= West- see lot 21
Lot 101
*  No land development, grass and vegetation comprise lot
Surrounds
*  North- vacant lot, front of lot sandy, remainder grass and vegetation
= FEast- see lot 15
= South- large commercial building front of lot with car park, bushland
at back of lot
*  West-see lot 100
Lot 102
*  No land development, grass and bushland covers lot
Surrounds
»  North- see lot 15
= East-see lot411
*  South- commercial building and residential at front of lots, nursery
and vacant bush land at back of lots
= West-see lot 101
Lot 411
»  Several buildings between middle and back of lot, remainder grass
and vegetation, with a tree border
Surrounds
*  North- Kwinana Freeway, large commercial buildings
= East- grass and bushland, no evidence of development
*  South- see lot 16 and 17 Tea Tree CL
s West- see lot 15 and 102
1

= Front of lot has several buildings, back of lot cleared, trees bordering
the west edge

Surrounds
*  North- several residential buildings front of lot, remainder grass and
vegetation

»  East- vacant lot, no signs of development
*  South- several industrial buildings, market gardening takes up
majority of lot
*  West- several residential buildings front of lot, remainder grass and
vegetation
Lot 60
*  Residential house, with swimming pool, remainder bushland
Surrounds
*  North- large industrial building, remainder of lot cleared
= East- see lot 61
=  South- residential building front of lot, remainder grass and
vegetation
West- residential building front of lot, track at rear with grass and vegetation
Lot 61
*  Residential house at rear of site, trees across rest
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Surrounds
»  North- large industrial building, remainder of lot cleared
= East- residential building front of lot, track back of lot, remainder
grass and vegetation
*  South- residential building front of lot, remainder grass and
vegetation
*  West- see lot 60
Lot 63
*  Residential house and swimming pool front of lot, sheds, parking
area, grass and trees on boundaries
Surrounds
= North- Freeway
*  East- building front of lot, remainder grass and vegetation
*  South- large residential building middle of lot, remainder grass and
vegetation
*  West- residential building front of lot, track back of lot remainder
grass and vegetation
Lot 54
= Commercial nursery with many buildings
Surrounds
*  South- Vacant land
Lot 53
*  Front of site buildings, back of site bush
Surrounds
*  South - Vacant land
Lot 55
*  Front partially cleared, large car park, commercial development,
remainder grass and vegitation
Surrounds
*  South- Vacant land
Lot 52
*  Front of lot buildings, remainder of lot grass and bushland
towards back
Surrounds
= South- Vacant land
Lot 81
»  Car park at front of lot and several buildings, car park at back of
lot, remainder grass and vegetation
Surrounds
=  South- Vacant land
Lot 76
*  One building front of site, grass and vegetation remainder
Surrounds
*  South- Vacant land
Lot 75
*  Car park and buildings towards centre of site, remainder grass
and vegetation
Surrounds
=  South- Vacant land
Lot 74
*  Large building and car park front of land, bush back section of
site
Surrounds
v South- Vacant land
Lot 73
*  Front of site grass and vegetation and a car park, Buildings centre
of site, Possible market gardening at rear of site delineated by
lines
Surrounds
*  South- Vacant land
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Lot 53
«  Front of site cleared land, small building centre of site, shrub land
towards back of site
Surrounds
= South- Vacant land
Lot 18
*  Building front of site, remainder cleared land and vegetation
Surrounds
= South- Vacant land
Lot 19
»  (Cleared land, small building middle of site
Surrounds
*  South- Vacant land
Lot 32
= Car park front of site, buildings middle of site, grass and
vegetation back of site
Surrounds
= South- Vacant land
Lot 33
* Buildings front of site, land cleared, trees bordering back of site
Surrounds
= South- Vacant land
Lot 71
*  Buildings front right corner, remainder of land cleared, trees
neighbouring back of lot
Surrounds
=  South- Vacant lot
Lot 131
s Building at front of site, remainder of site grass and lots of trees
Surrounds
=  South- Vacant lot
Lot 50
*  Land cleared with large building and car park taking up majority
of lot
Surrounds
*  South- Vacant lot
Lot8
»  Building front of lot, small building centre of lot remainder grass
and vegetation

Surrounds
= South- Vacant lot
Lot7
»  Several small buildings front have of lot, remainder grass and
vegetation
Surrounds
=  South- Vacant lot
Lot 6
*  Small buildings towards front of lot, remainder grass and
vegetation
Surrounds
*  South- Vacant lot
LotS
*  Most of land cleared except for a few trees around edge of
property
Surrounds
= South- Vacant land
Lot 4
* Land cleared, no vegetation or grass
Surrounds

. South- Vacant lot
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Lot 3
=  Residential Building front of lot, remainder grass and vegetation
Surrounds
*«  South- Vacant lot
Lot2
= Building front and centre of lot, remainder grass and vegetation
Surrounds
*  South- Vacant lot
*  West- Bushland and grass, no signs of development
Lot1
» Land cleared, car park and large building at front of lot
Surrounds
=  South- Vacant Lot
= West- Bushland and grass, no signs of development
Lot 130
*  No signs of development, lot consists of grass and vegetation
Surrounds
= South- Lot 131, East- Lot 71, West- Lot 3, North- Lot 2
Lot 3
*  No signs of development, Lot consists of grass and vegetation
Surrounds
*  South- Lot 50, East lot 130, North- lot 1, West- Lot 8, 500, 11,
12,13, 14, 15
Lot 500
= Nursery back of site, front of site buildings and vegetation
Surrounds
*  West- Bushland and grass, no signs of development
Lot 11
*  Front of lot cleared, back of land building with grass and
vegetation
Surrounds
*  West- Bushland and grass, no signs of development
Lot 12
s Two residential buildings towards centre of lot, remainder grass
and trees bordering lot
Surrounds
»  West- Bushland and grass, no signs of development
Lot 13
*  Buildings at the front and back of lot, remainder grass with trees
bordering lot
Surrounds
*  West- Bushland and grass, no signs of development
Lot 14
»  South side of lot cleared, North side of lot has a building and
grass with trees bordering the lot
Surrounds
*  West- grass and bushland, no signs of development
Lot 15
*  Front of lot residential building, remainder of lot covered in grass
and some bushland
Surrounds
*  West- grass and bushland, no signs of development
Lot 16
*  One building front of lot, remainder covered in bushland
Surrounds
= West- grass and bushland no signs of development, South Lake
road
Lot 17
»  Several buildings north west side of property, remainder cleared
land with grass and vegetation
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Surrounds
*  West- Residential subdivision
Lot 18
= Several buildings front the front to the middle of the lot,
remainder grass with a tree border on the north side
Surrounds
*  Residential subdivision
Lot 200
*  Several buildings on centre of lot and a swimming pool,
remainder of lot trees and vegetation
Surrounds
*  West- Residential subdivision
=  North- See lot 48
Lot 201
*  Building on south side of lot, remainder grass with trees
bordering entire lot

Surrounds
=  North- See lot 48
Lot 1

* Building front of lot, remainder grass and vegetation
Surrounds
*  North- see lot 48
Lot2
*  Buildings front of site, orchard through middle of lot, rest grass
and vegetation

Surrounds
& North- See lot 49
Lot 7

*  Buildings back of lot and middle of lot, remainder grass and trees
with more trees to the back of the lot
Surrounds
*  North- See lots 50 and 51
Lot 30
*  Building front of lot with a swimming pool on the east side,
remainder grass and vegetation
Surrounds
*  North- See lot 52
Lot 31
*  Building front of lot, remainder grass and vegetation
Surrounds
* North- See lots 53 and 54
Lot9
*  Front of lot has a few small buildings, the remainder is grass and
vegetation
Surrounds
*  North- see lots 54,55,56
Lot 10
*  Front of lot has several buildings, back of lot cleared, trees
bordering the west edge
Surrounds
®=  North- See lot 57
Lot 11
* No evidence of land development, Land cleared with some grass
and vegetation
Surrounds
®=  North- See lot 58
Lot 12
*  Small building front of lot and Several buildings towards back of
lot, remainder grass and vegetation
Surrounds
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*  North- See lot 59

Lot 13

* Building and bushland front of lot, centre of lot cleared land and
grass, back of lot bush

Surrounds
= North- See lot 60
Lot 80

*  Two buildings front of lot, remainder grass and vegetation
Surrounds
*  North- See lot 61
Lot 20
*  Building middle and back of lot, remainder grass with trees
bordering
Surrounds
*  North- See lot 62
Lot 65
*  Vacant lot with some trees
Surrounds
=  North- Freeway
Lot 64
= Residential house, small shed, grass and some trees
Surrounds
*  North- Freeway
Lot 62
= Residential house, parking, horse track at rear of site
Surrounds
= North- Freeway
Lot 59
»  Residential house, trees and track at rear
Lot 58
= Residential, grass and trees at rear
Lot 57
»  Residential house, small sheds, grass
Lot 56
=  Residential house, small sheds, possible small orchard in middle
of site, scrub at rear
Lot 55
*  Vacant land, grass some trees
Lot 54
= Residential house, one shed, trees

s Residential house, two sheds, scrub

»  Residential house, shed, large cleared pad, grass

*  Residential house, large sheds, possible greenhouses, grass
Lot 50
s Residential house, small sheds, small orchard, grass
Lot 49
»  Residential house, shed, grass
Lot 48
*  Vacant land, grass
Surrounds
= West- new subdivision
Lot 47
*  Residential house, large shed, fenced paddocks at rear of site
Surrounds
=  West- new subdivision
Lot 46
s Residential house, shed, trees
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Surrounds
*  West- new subdivision
Lot 45
=  Two sheds, vacant land and track
Surrounds
*  West- new subdivision
Lot 44
® Residential house, trees and track
Surrounds
*  West- new subdivision
Lot 43
=  Residential house, trees and track
Surrounds
"  West- new subdivision
Lot 42
* Residential house, significant amount of trees front of property,
back of property grass
Surrounds
= West- new subdivision
Lot 41
*  Two buildings front of site, car park and tress with grass
remainder of lot
Surrounds
= West- new subdivision
Lot 40
*  West side of lot grass with tree border, east side corner residential
house with a swimming pool
Surrounds
* North- large block of land, majority grass and vegetation with
industrial buildings and car park
Lot 39
*  Vacant block of land with no signs of development
Surrounds
* North- large block of land, majority grass and vegetation with
industrial buildings and car park
Lot 38
»  Several buildings at front of lot, remainder grass with significant
amount of bushland
Surrounds
* North- large block of land, majority grass and vegetation with
industrial buildings and car park
Lot 37
* Building at front of property, remainder bushiand
Surrounds
* North- large block of land, majority grass and vegetation with
industrial buildings and car park
Lot 36
*  Several buildings towards front of property with a swimming
pool, remainder grass and vegetation
Surrounds
*  North- large block of land, majority grass and vegetation with
industrial buildings and car park
Lot 35
"  Residential building at front of lot, remainder grass and
vegetation
Surrounds
* North- large block of land, majority grass and vegetation with
industrial buildings and car park
Lot 34
*  Residential building and tress front of lot, back half of lot grass
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with one tree
Surrounds
*  North- large block of land, majority grass and vegetation with
industrial buildings and car park
Lot 33
* Residential building and trees front of lot, remainder grass and
vegetation
Lot 32
»  Residential building front of lot, remainder grass and bushland
Surrounds
*  North- large block of land, majority grass and vegetation with
industrial buildings and car park
Lot 31
»  Residential building front of lot, remainder grass and vegetation
Surrounds
»  North- large block of land, majority grass and vegetation with
industrial buildings and car park
Lot 30
= Residential building and trees front of lot, remainder of lot
cleared
Surrounds
*  North- large block of land, majority grass and vegetation with
industrial buildings and car park

Lot 1
= Large industrial building with track, remainder of grass and
vegetation
Surrounds

North- large block of land, majority grass and vegetation with industrial
buildings and car park

06/01/1995- colour

Lot 15

*  Residential house and sheds, trees bordering lot
Surrounds

= North- Small vacant lot with trees
» East-seelot4l1
= South- see lot 102
=  West-see lot 101
1

»  Stables and paddocks bordered by trees
Surrounds

*  North- see lot 411

* East-seelot 17

= South- Vacant scrubland

*  West- commercial buildings front of lot, residential house in middle

of lot, nursery plants across rest of lot

Lot 17

»  Paddocks bordered by trees
Surrounds

=  North- see lot 411

*  East- Vacant scrub land, Kwinnana freeway
*  South- Vacant land and cleared land for development
= West-see lot 16
Lot 21
*  Building front of lot, remainder grass and vegetation with bush at
back of lot
Surrounds

*  North- Several buildings front of lot with swimming pool, more
buildings on lot some grass/ vegetation

=  East-see lot 100

*  South- large industrial building front of lot with car park, bushland
at back of lot
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*  West- residential property middle of lot, large shed at rear,
remainder grass and bushland
Lot 100
*  Building middle of lot, remainder grass and vegetation
Surrounds
*  North- large residential building front of lot, small shed remainder
grass and vegetation
*  East- see lot 101
= South- large commercial building front of lot with car park, bushland
at back of lot
= West-see lot 21
Lot 101
*  No land development, grass and vegetation comprise lot
Surrounds
»  North- vacant lot, front of lot sandy, remainder grass and vegetation
*  East-see lot 15
»  South- large commercial building front of lot with car park, bushland
at back of lot
*  West- see lot 100
Lot 102
*  No land development, grass and bushland covers lot
Surrounds
*  North- see lot 15
= East-see lot411
»  South- commercial building and residential at front of lots, nursery
and vacant bush land at back of lots
*  West- see lot 101

Lot 411
=  Several buildings between middle and back of lot, remainder grass
and vegetation, with a tree border
Surrounds
»  North- Kwinana Freeway, large commercial buildings
*  East- grass and bushland, no evidence of development
»  South- see lot 16 and 17 Tea Tree CL
" West-see lot 1S and 102
1

*  Building front of lot, remainder of lot cleared with track, some
vegetation
Surrounds
»  North- Several buildings front of lot, remainder grass and vegetation
»  East- Vacant lot with track around sides
s South- Industrial buildings, nursery
West- Back of lot grass and bushland, front of lot residential building and
orchard
Lot 60
»  Small residential building front of lot with swimming pool,
remainder bush and grass
Surrounds
»  North- Bushland, no signs of development
* East- Seelot6l
= South- Small residential property front of lot, remainder grass and
vegetation
»  West- Residential building front of lot, track through middle of lot,
remainder grass and vegetation
Lot 61
»  Residential building back of lot, remainder grass and vegetation-
trees bordering, driveway down centre

Surrounds
»  North- Bushland, vacant lot with no signs of development
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s East- Small residential building front of lot, cleared land with track
round the lot
s South- Residential building centre of lot, remainder grass and
vegetation with tree border
*  West- see lot 60
Lot 63
*  Buildings front of lot with swimming pool, remainder of lot cleared
Surrounds
*  North- Kwinana Freeway
= East- Residential building front of lot, remainder of lot cleared with
some vegetation
= South- Residential property front of lot, remainder grass and
vegetation, bushland towards back
= West- Small residential building front of lot, cleared land with track.

20/04/1985 Colour

Lot 15
= No border between lot 100, 101, 15, 102- large grass oval, several
buildings with garden borders/ decorative gardens to eastern side of
property
Surrounds
*  North- two lots- residential property at front remainder grass and
bushland, eastern lot has a track
* FEast- seelot4ll
»  South- joined to lot 102
s West-joined to lot 101
1

=  Vacant lot with no signs of development
Surrounds

=  North-see lot 411
= East- Kentucky CT, bushland no signs of development
*  South- Tea Tree CL, bushland no signs of development
=  West-seelot 17
1

*  Vacant ot with no signs of development
Surrounds
*  North- see lot 411
*  FEast- see lot 16
=  South- Tea Tree CL- bushland, no signs of development
= West- residential building middle of lot, several buildings front of lot
remainder grass and vegetation
Lot 21
*  Residential building front of lot, remainder grass and vegetation
Surrounds
* North- Residential building front of lot, remainder grass and
vegetation
= East- see lot 100
=  South- Several buildings front of lot, remainder grass, bushland at
back of lot
=  West- Residential building front of lot with swimming pool,
remainder grass/ vegetation with a track
Lot 100
= No border between lot 100, 101, 15, 102 large grass oval, several
buildings with garden borders/ decorative gardens to eastern side of

property
Surrounds
* North- Residential building front of lot, remainder grass and
vegetation

*  East- Joined with lot 101, 15, 102

*  South- Industrial building, car park and swimming pool front of lot,
remainder grass and bushland

=  West- seelot21
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Lot 101
*  No border between lot 100, 101, 15, 102- large grass oval, several
buildings with garden borders/ decorative gardens to eastern side of
property
Surrounds
s North- Vacant lot, no signs of development
» East- joined to lot 15
»  South- - Industrial building, car park and swimming pool front of
lot, remainder grass and bushland
= West- Joined with lot 100
Lot 102
»  No border between lot 100, 101, 15, 102- large grass oval, several
buildings with garden borders/ decorative gardens to eastern side of
property
Surrounds
*  North- Joined to lot 15
* [Eastseelot4ll
=  South- two residential properties, eastern lot several buildings
remainder grass and bushland, western
*  West- residential building front of lot, remainder lot cleared with
some bushland at the back
Lot 411
= Split into two properties, eastern lot- residential building middle of
lot, remainder grass and vegetation, western lot- vacant block of land
with grass and vegetation and track round the sides
Surrounds
*  North- Two properties, one vacant lot, western lot- residential
building remainder grass and vegetation
East- Kentucky CT, bushland no signs of development
South- see lots 16 and 17 Tear Tree CL
West- see lot 102, 15, 101, 100

Lot 10
*  Building front of lot, remainder grass and vegetation, track around
sides of property
Surrounds
»  North- Several buildings front of lot, remainder grass and
vegetation, dense bushland at back
*  East- Vacant land, no signs of development
=  South- Two buildings, remainder grass and vegetation
= West- Residential building front of lot, evidence of orchard,
remainder of lot bushland
Lot 60
»  Small residential building front of lot with swimming pool,
remainder bushland
Surrounds
s North- Vacant lot, no signs of development
s FEast- See lot 61
»  South- Small residential building with swimming pool front of lot,
remainder vegetation- track around side
*  West- Small building front of lot, remainder grass and vegetation,
track around sides
Lot 61
*  Small residential building with swimming pool back of lot,
remainder bushland with driveway through the middle
Surrounds
*  North- Front of lot building and swimming pool, grass and
vegetation remainder of lot cleared
*  FEast- Residential building front of lot, remainder grass with track
around sides
»  South- Residential building front of lot, remainder grass and
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vegetation
= West- See lot 60
Lot 63
*  Residential building front of lot with swimming pool, remainder
grass and vegetation, dense bush at back
Surrounds
= North- Kwinana freeway no longer passes through top of lot, Lot
90- grass and vegetation, residential building front of lot
* East- Residential building front of lot, remainder grass and
vegetation
= South- Residential building front of lot, remainder grass and
vegetation
s West- Residential building front of lot, remainder grass with track
around sides

11/06/1975 B&W

Lot 15

s No distinctive boundaries between lot 100,101,15 and 102, large

track around outside, some decorative garden layout left side of lot

Surrounds

*  North- several buildings front of lot, remainder grass / vegetation
with small lake and back of lot
East- see lot 411
South- joined with lot 102
West- joined with lot 101

Lot 16
*  Building front of lot, remainder cleared with some grass and
vegetation
Surrounds
= North- seelot4ll
= FEast- Kentucky CT, bushland, no signs of development
»  South- Tea Tree CL, bushland, no signs of development
*  West-seelot 17
Lot 17
*  Vacant block of land with no signs of development, small lake
middle of lot?
Surrounds
*  North- see lot 411
* East- seelot 16
«  South- Tea Tree CL- bushland, with no signs of development
»  West- vacant block of land, with what looks like sheep
Lot 21

Vacant block of land with no signs of development
Surrounds
*  North- Vacant block of land, bushland, no signs of development
* East- see lot 100
*  South- Large building and car park front of lot, remainder grass and
vegetation
*  West- no distinctive border with lot 20, grass and bushland, vacant
land
Lot 100
*  No distinctive boundaries between lot 100,101,15 and 102, large
track around outside, some decorartive garden layout left side of lot
Surrounds
»  North- Residential building front of lot, remainder grass and
bushland with a track to back
= East- joined with lot 101
*  South- Large building and car park front of lot, remainder grass and
vegetation
*  West-see lot 21
Lot 101
= No distinctive boundaries between lot 100,101,15 and 102, large
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track around outside, some decorative garden layout left side of lot
Surrounds
*  North- Vacant lot of land with no signs of development
*  East- Joined with lot 15/21
= South- Vacant block of land, with what looks like sheep?
*  West- joined with lot 100
Lot 102
*  No distinctive boundaries between lot 100,101,15 and 102, large
track around outside, some decorative garden layout left side of lot
Surrounds
*  North- Joined with lot 15

= East-seelot4l1
»  South- vacant block of land, remains of lake
*  West- joined with lot 101
Lot 411
»  Several buildings back of lot with car park, remainder grass and
vegetation
Surrounds

*  North- Two lots- western lot- several buildings front of lot,
remainder grass and vegetation, eastern lot- vacant lot with no signs
of development

=  East- Kentucky CT, Bushland no signs of development

* South- seelot 16 and 17 Tea Tree CL

*  West-see lot 102 and15

1

*  Residential property front of lot, remainder grass and vegetation-
back of lot cleared
Surrounds
*  North- Vacant lot, no signs of development
* East- vacant lot, bushland front of lot, back of lot slightly cleared

with track
s South- Several buildings centre of lot, remainder grass and
vegetation
West- several buildings front of lot, remainder bushland

Lot 60

* Residential buildings front of lot, middle cleared, remainder bushland
Surrounds

* North- Vacant lot, no signs of development- bushland

s [East- Seelot61

*  South- Residential building front of lot, remainder grass and
vegetation
West- Vacant lot, no signs of development, some land cleared

*  Vacant lot, no signs of development, track through middle of

property
Surrounds

* North-Vacant lot, no signs of development- bushland

= East- Residential property back of lot, remainder bushland

* South- Residential building front of lot, remainder grass and
vegetation, with track around sides

*  West- See lot 60

Lot 63
*  Front of lot cleared, remainder bushland
Surrounds
*  North- Residential property front of lot, remainder grass and
vegetation
*  East- Residential property front of lot, remainder bushland with a
track

*  South- Vacant lot with no signs of development
*  West- Residential property back of lot, remainder bushland
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11/03/1965—- B&W

Lot 15
«  No distinctions between lot 100, 101, 15 and 102, track around land,
no signs of development

Surrounds
*  North- small residential property middle of lot, remainder grass and
vegetation

« East-seelot411

=  South- joined lot 102

*  West- joined with lot 101
1

*  Native vegetation with swamplands
Surrounds
= North- see lot 411
*  East- Kentucky CT- swamp and bushland
= South- Tea Tree CL, Cleared lot, no signs of development
=  West- joined to lot 17
Lot 17
*  Native vegetation with swamplands
Surrounds
= North- see lot 411
*  East- joined with lot 16
»  South- Tea Tree CL, cleared lot, no signs of development, evidence
of swamp further south east
*  West- vacant lot, native vegetation with swamp
Lot21
*  Vacant block of land, merged with lot 20, no signs of development
Surrounds
*  North- vacant land, with no signs of development
*  East- see lot 100
*  South- vacant land, with no signs of development
=  West- vacant land, with no signs of development
Lot 100
»  No distinctions between lot 100, 101, 15 and 102, track around land,
no signs of development
Surrounds
*  North- vacant lot, no signs of development
* East- joined with lot 101
«  South- vacant lot, no signs of development
*  West-see lot 21
Lot 101
s No distinctions between lot 100, 101, 15 and 102, track around land,
no signs of development
Surrounds
=  North- vacant lot no signs of development
*  East- joined with lot 15
=  South- vacant lot, no signs of development
*  West- joined with lot 100
Lot 102
»  No distinctions between lot 100, 101, 15 and 102, track around land,
no signs of development
Surrounds
*  North-joined with lot 15
*  East- see lot 411
= South- vacant lot, no signs of development
=  West- joined with lot 101
Lot 411 Kentucky CT
*  Vacant lot with no signs of development, small lake middle of lot
bordering lot 15
Surrounds
*  North- vacant lot, no signs of development
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Lot

=  East- scrubland no signs of development
= South- see lot 16, 17

= West-see lot 102, 15

10

*  Small residential building front of lot, remainder bushland

Surrounds

*  North- Several buildings front of lot, driveway down side, remainder
grass and vegetation

»  East- residential building front of lot, remainder bushland

»  South- Industrial and small building centre of lot, remainder of lot
cleared with some vegetation

»  West- Vacant lot, no signs of development

Lot 60

»  Residential building front of lot, remainder cleared with some
vegetation

Surrounds

«  North, East, South, West — Bushland, no signs of development

Lot 61

*  Bushland, no signs of development

Surrounds

= North- bushland, no signs of development
*  East- bushland, no signs of development
=  South- bushland, no signs of development
= West- See lot 60

Lot 63

= Bushland, no signs of development

Surrounds

= Nortl/ East/ South/ West- Bushland, no signs of development

06/11/1953—- B&W

Lot

15

»  No distinction between lot 100, 101, 15 and 102, vacant block of
land, no signs of development, lack bordering eastern side

Surrounds

*  North- small residential building middle of lot, remainder of lot
cleared with some grass and vegetation

East- see lot 411

South- joined with lot 15

West- joined with lot 101

Lot

16
= Swamplands, edge of lake on border, no distinction between lot 16
and 17

Surrounds

= North- see lot 411

*  East- scrubland, no signs of development

*  South- vacant land, no signs of development
s West- lake and native vegetation
1

= Swamplands, edge of lake on border, no distinction between lot 16
and 17

Surrounds

= North- see lot 411

»  East- joined with lot 16

»  South- Tea Tree CL, vacant land, no signs of development
»  West- lake and native vegetation

Lot 21

»  Vacant block of land with no signs of development

Surrounds

»  North- vacant block of land with no signs of development
= East- see lot 100

»  South- vacant block of land, lake at back of lot

*  West- vacant block of land no signs of development
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Lot 100
= No distinction between lot 100, 101, 15 and 102, vacant block of
land, no signs of development
Surrounds
*  North- vacant block of land, no signs of development
East- joined with lot 101
= South- vacant block of land, swamp at back of lot
»  West- see lot 21
Lot 101
= No distinction between lot 100, 101, 15 and 102, vacant block of
land, no signs of development, lack bordering eastern side
Surrounds
»  North- vacant block of land, no signs of development
= East- joined with lot 15 and 102
= South- vacant block of land, swamp at back of lot
*  West- joined with lot 100
Lot 102
= No distinction between lot 100, 101, 15 and 102, vacant block of
land, no signs of development, lack bordering eastern side
Surrounds
*  North- joined with lot 15
»  East-see lot 411
= South- vacant block of land with swamp at back of lot
*  West- joined with lot 101
Lot 411
= Vacant block of land, swamp bordering lot 15, mostly cleared
Surrounds
»  North- vacant block of land, with no signs of development
= East- scrubland, no signs of development
= South-see lot 16 and 17
*  West- see lot 102
Lot 10
= Bushland, no signs of deveiopment
Surrounds
*  North- bushland, no signs of development
*  East- bushland, no signs of development
»  South- Several buildings centre of lot, remainder grass and
vegetation
»  West- bushland, no signs of development
Lot 60
=  Residential building middle of lot
Surrounds
= North/ East/ South/ West- bushland, no signs of development
Lot 61
»  Bushland, no signs of development
Surrounds
»  North/ East/ South/ West- bushland, no signs of development
Lot 63
»  Bushland, no signs of development
Surrounds
»  North/ East/ South/ West- bushland, no signs of development
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5 Environmental Settings
5.1 Topography

The site is predominantly flat at a height of approximately 25 m above Australian Height
Datum (AHD) increasing to approximately 27 m AHD in the central south and north east of
the site (DoE, 2005).

5.2 Geology

Based on the hydrogeology and Groundwater Resources of the Perth Region Western
Australia, surface geology of the site comprises Quaternary aged Bassendean Sand.
Underlying this unit at depth is Kardinya member of the Osborne Formation a Cretaceous
aged formation of Sandstones and Shales.

The Bassendean Sand Formation which is present over most of the central Perth region
unconformably overlies the Cretaceous and Tertiary strata and inter-fingers to the east with
the Guildford Clay, which both unconformably overlie the Kardinya member of the Osborne
Formation. The stratigraphic relationships of the Bassendean Sand with the Guildford Clay
and Gnangara Sand indicate that the formation was deposited under changing and perhaps
alternating fluvial, estuarine and shallow-marine environments.

53 Acid Sulphate Soils

The Quarternary sands beneath the majority of the site have moderate to low risk of acid
generation. Soils containing peat in the south eastern corner of the site have high risk of acid
generation, which is likely to be associated with the swamp deposits shown on the
geological map (http:/www.wrc.wa.gov.au/infocentre/atlas/atlas_html/, accessed 27/06/07).

5.4 Surface Hydrology

No surface water bodies were identified within 500 m of the site. The nearest water bodies
to the site are Yangebup Lake and Kogolup Lake, which are approximately 1.5 km to the
west and southwest of the site, respectively. There are also other unnamed lakes and
swamps in the area.

5.5 Hydrogeology

The Perth Groundwater Atlas shows the watertable to be at approximately 23 m AHD at the
site, with a groundwater flow to the west.

Water bearing layers and aquifers potentially occurring beneath the site is the superficial
aquifer — Jandakot Mound, which has a maximum saturated thickness of approximately 40
m with total dissolved solids of 250-1000 mg/L. The groundwater has potential potable use
and the flow direction should be to the west. Based on the depth to groundwater, the
vulnerability of contamination to groundwater beneath the site is high.

5.6 Groundwater Resources and Beneficial Uses
Land use in the general area surrounding the site includes residential/semi rural, vacant land,

grazing of horses, nurseries and commercial buildings and the Kwinana Freeway is adjacent
to the site.
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A bore search identified 27 registered bores and 167 registered bores located within 1 and 2
km of the site, respectively. The recorded purpose of registered bores included monitoring,
observation, investigation, production, irrigation, livestock and domestic/household.

With respect to the use of groundwater beneath the site the Department of Health (DoH)
considers it an unsafe practice to drink or swim in untreated groundwater as experience has
shown the groundwater may contain microbiological and chemical contamination.
Groundwater should always be tested, assessed by an experienced person and then treated
appropriately to ensure that it is safe for the intended use.

Based on a TDS value of 250-1000 mg/L the most beneficial use of groundwater beneath the
site is for drinking purposes. However, as discussed above, the use of untreated
groundwater beneath the site for drinking water purposes is not advised.

5.7 Groundwater Quality

Groundwater quality for the south east portion of the site was obtained from the groundwater
investigation undertaken on the site by Ace Environmental in October 2007. A summary of
the findings is outlined below:

» The depth to shallow groundwater within monitoring wells across the site ranged
from 1.413 to 2.775 m below top of casing. Based on gauging and surveying of
wells, the inferred hydraulic gradient is flowing to the west.

= Measured pH values ranged from 5.88 to 6.45

=  Electrical conductivity readings ranged from 375 to 1390 uS/cm (hence
approximately 259 to 959 mg/L TDS), thereby indicating that groundwater is
suitable for drinking water purposes.

* Dissolved oxygen (DO) levels ranged from 1.47 to 2.15 mg/L.
= Redox potential values ranged from -139 to -10 mV.

An additional groundwater investigation needs to be undertaken for the entire site as
the groundwater investigation undertaken was only for the south east portion of the
site encompassing Lots 10, 15, 21, 60, 61, 63, 100, 101 and 102 Muriel Court, Lots 16
and 17 Tea Tree Close and Lot 411 Kentucky Court. The results should not be
extrapolated to include the entire site as potentially contaminating activities including
the storage of underground fuel tanks were found on other Lots.

Analytical results and the methodology used for the groundwater investigation have been
included in this report for reference only.
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6 Methodology

6.1

Groundwater Methodology

Field activities conducted as part of the groundwater assessment program were undertaken
on 27 March and 31 October 2007. Field activities are summarised in Table 6.1 and grid
references of the groundwater monitoring bores are included in Table 6.2. Groundwater
bore logs and gauging sheets are included in Appendices E and F, respectively.

Table 6.1
ctivity .
Clearance of underground

| Location

MBO1 to MB06

Summary of Groundwater Assessment
, L v

Service Location survey by MP

services inclusive Electrolocation
Well construction and MBO01 to MB06 Wells were constructed with 50 mm, class 18,
installation inclusive uPVC threaded screen and casing in

accordance with BGE well construction
procedures.

Well development

MBO01 to MB06
inclusive

Wells were purged of 5 well volumes or until
bailed dry upon completion of construction

Well gauging

MBO01 to MB06
inclusive

Wells were gauged for the presence of phase
separated hydrocarbons and standing water
levels using oil/water interface probe, which
was decontaminated in between each
measurement. Field measurements of pH,
temperature, dissolved oxygen, redox and EC
were taken every 12 L or until the parameters
stabilised.

Sampling method

MBO1 to MB06
inclusive

Disposable bailers were used to obtain the
groundwater samples. A base volatile valve
was not used to prevent agitation as it was not
deemed necessary since Ace do not invert the
bailer when collecting groundwater samples.
The sample is collected from the bottom of the
bailer, which minimises agitation.

Decontamination procedure

MBO01 to MB06
inclusive

New disposable gloves and new strings were
used for each well to avoid the risk of cross
contamination

Sample preservation

MBO01 to MB06
inclusive

Samples were collected in laboratory supplied
bottles and immediately stored in an insulated
esky chilled with ice bricks upon sampling
until transit to the laboratory

Table 6.2

115.854985E;

Grid Reference of Groundwater Bores
TGrid Re * '

32.120901S

115.853617E; 32.123196S8

115.852894E; 32.118617S

115.852417E; 32.1172128

115.853599E; 32.1177228

115.850562E; 32.118043S
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7 Environmental Investigation Levels

Groundwater investigation levels adopted for this PSI are based on Table 3, Assessment
Levels for Water (DoE, November 2003).

The highest potential beneficial use of groundwater of the superficial aquifer beneath the site
is for drinking water purposes as total dissolved solids were approximately 259 to 959 mg/L.
The WA Drinking Water guidelines have been adopted and the Long-term Irrigation
guidelines adopted in the absence of Drinking Water guidelines. No marine water
ecosystems have been identified within 1 km of the site.

The investigation levels adopted for assessing the contamination status of groundwater at the
site are provided in Table 7.1.

Table 7.1
te

OC/OPs Aldrin
Dieldrin 0.3 - 0.3
Chlordane 1 - 1
DDT 20 - 20
Chlorpyrifos 30 - 30
Diazinon 3 - 3

Metals Lead (mg/L) 0.01 2.0 0.01
Arsenic (mg/L) 0.007 0.1 0.007
Cadmium (mg/L) 0.002 0.01 0.002
Chromium (mg/L) - 0.1 0.1
Copper (mg/L) 2.0 0.2 0.2
Mercury (mg/L) 0.001 0.002 0.001
Nickel (mg/L) 0.02 0.2 0.02
Zinc (mg/L) 3.0 2.0 3.0

TPH, BTEX | Cs—Cs - - -
Cio—Cus - - -
Cis—Cas - - -
Ca9— Cse - - -
Benzene 1 - 1
Toluene 800 - 800
Ethylbenzene 300 - 300
Xylenes 600 - 600

Notes:

- No investigation level available
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8 Results and Discussion
8.1 Groundwater Analytical Results

The number of groundwater samples analysed, analytes tested for, minimum/maximum
constituent concentrations and samples that exceeded the investigation levels are detailed in
Table 8.1. Tables of groundwater analytical results, copies of laboratory certificates and
signed chain of custody documents are included in Appendices G and H, respectively.

Table 8.1 Summary of Groundwater Analytical Result

Aldrin <0.010 <0.010 None
Dieldrin <0.010 <0.010 None
Chlordane <0.010 <0.010 None
DDT <0.010 <0.010 None
Chlorpyrifos <0.050 <0.050 None
Diazinon <0.10 <0.10 None
Lead (mg/L) <0.001 0.003 None
Arsenic (mg/L) <0.001 0.003 None
Cadmium (mg/L) 0.0001 0.0004 None
Chromium (mg/L) <0.001 <0.001 None
Copper (mg/L) <0.001 0.003 None
Mercury (mg/L) <0.0001 <0.0001 None
Nickel (mg/L) 0.001 0.006 None
Zinc (mg/L) 0.014 0.024 None
TPH Cs—Cy <20 <20 None
TPH Cjp—Cua <50 60 None
TPH C,5 — Cag <100 400 None
TPH Cy — Css <30 100 None
Benzene <1 <1 None
Toluene <2 <2 None
Ethylbenzene <2 <2 None
Xylenes <2 <2 None

Field gauging results of the groundwater, with the exception of MBO! did not suggest the
presence of phase separated hydrocarbons and the water appeared to be free of sheen.

OC/OPs, metals and BTEX were either reported at below the laboratory detection limits or
at concentrations less than the WA Drinking Water and Long Term Irrigation Guidelines for
all groundwater samples. TPH was reported above laboratory detection in MBO1, but not in
any of the other monitoring bores. Western Australia does not currently have guidelines for
TPH in water and hence the Dutch guidelines are typically referred to when assessing TPH
impacts in groundwater. The concentrations of TPH found in MBO1 were well below the
Dutch guidelines.

31



82

8.2.1

Field Method Validation

QA/QC and Analytical Data Validation

Field methodologies were consistent with Ace’s field procedures and are summarised in

Table 8.2.

Table 8.2

Field Meth

equirement. \\
Sampling equipment properly decontaminated Yes None
Sample preservation following collection in the field Yes None
Sufficient field QA/QC samples collected Yes None
Samples delivered to laboratory within holding times Yes None
Review of field quality control (QC) sample results Yes None
Other anomalies No None

8.2.2

Analytical Data Validation

Relative percentage differences (RPD) calculations for the inter-laboratory field
duplicates are shown in Table 8.3 and analytical data validation interpretations are
summarised in Table 8.4.

Primary

Table 8.3 Relative Percentage Difference

Hept;l

Split sample

<0.010

<0.010

<0.005

<0.001

na

na

na

na

MBO1 Pri;nary <0.0001
QAL Split sample <0.0001 | 0.0002 | <0.001 | <0.001 0.027 0.002 | 0.002
RPD (%) na na na na 16 66 66
Primary
QA1 Split sample <l <2 <2 <2 <2
RPD (%) na na na na na
mple
- Dumbe
MBO01 <20 60 400 100
QA1 Split sample <20 100 600 140
RPD (%) na 50 40 33
RPD Relative Percentage Difference
na Not applicable as primary and/or QC sample are less than Practical Quantitation Limits
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Table 8.4 Analytical Data Validation

equirement \\ Yes/No | Comments
Holding times Yes None
Laboratory accreditation Yes None
Sample preservation methods Yes None
Review of laboratory quality control Yes None
results
Required analytical detection limits met | Yes None

It is considered that the accuracy and precision of the groundwater data, implied from the
field QA/QC information available for this project are of sufficient standard and that the
analytical results can be used as a basis for interpretation.
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9 Conclusion

Within the limitations of the scope of works, Ace has concluded that:

»  The PSI established that farming, poultry farming and a mechanical workshop with an
underground fuel storage tank were the only potentially contaminating activities
occurring in the proposed development area. However, a site inspection across the
entire area found a large amount of materials that are considered potentially
contaminating. These included piles of rubbish and uncontrolled Fill, car wrecks,
workshops, old tyres, oil drums, signs of oil staining and fuel leakages and piles of
batteries.

Based on the information available and within the limitations of the PSI, Ace recommends that
Detailed Site Investigations be carried out prior to subdivision and development occurring and
site remediation/validation be implemented as required. In addition, Ace did not identify any
environmental issues with the exception of the underground fuel storage tank that would
prevent the proposed development area from being classified suitable for residential
development. Removal of the tank would eliminate the potential risk to human health and the
environment and hence make the site suitable for residential development.

ACE ENVIRONMENTAL

GINA PEMBERTON
MANAGING DIRECTOR
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city of Cockburn

ABN: 27 471 341 209

PO Box 1215, Bibra Lake DC,

Western Australia 6965

Direct Indlal: 941 1 3589 9 Coleville Crescent, Spearwood,

Ref: 6003 Western Australia 6163

Telephone (08) 9411 3444

OWQ,/Q -
88 Facsimile (08) 9411 3416

19 January 2007

Attention: Gina Pemberton

Brown Geotechnical & Environmental
4/47 Monash Avenue

COMO WA 6152

RE: HEALTH SEARCH — LOTS 411, 102, 15, 101, 100, 21, 16, 17, 60, 61,
63 & 10 MURIEL COURT - JANDAKOT

Please be advised that your request for a search on the above properties with
respect to current & historical environmental health issues; records of
complaints, cleanup notices, buried waste, applications for installation of fuel
tanks etc. has been completed. No issues were found in this regard.

Should you have any further queries, please contact Health Services on 9411
3589.

G Taylor

Gail Taylor
Health Services Clerical Officer
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FO! Ref number: DOW LR 30
FOI Coordinator: Gérard Fabien

Contact Number: 08 6364 6489

Ms Gina Pemberton

Brown Geotechnical and Environmental
4/47 Monash Avenue

COMO WA 6152

Dear Ms Pemberton

FREEDOM OF INFORMATICN (FOI) APPLICATION NO: DOW LR 39
PROPERTY: AREA 19 NORTHLAKE ROAD, JANDAKOT

This letter refers to your FOI application requesting information about the
above-mentioned premises.

The Department has conducted searches of relevant databases, using the
description of the Properties contained in your application, and no documents have
been located.

Please note there are one licence issued under the Metropolitan Water Sewerage
Supply and Drainage Act 1909 and not the Rights in Water and Irrigation Act 1914
(RIWI Act) this Property. The Property is located in a proclaimed groundwater area
under the RIWI Act where groundwater from non artesian aquifer systems cannot
be taken without a 5c licence to take water. Additional information relating to
licensing is available on the Department’s website at
http://portal.water.wa.gov.au/portal/page/portal/LicensingWaterIndust
ryServices

The Property is located within a proclaimed surface water area (Murray River
Catchment) under the RIW! Act hence licences/permits for surface water is also
required, however GIS Viewer does not show a watercourse on the property.

If you wish to contest the decision in regard to access to the documents, you have a

right to have the decision reviewed. Details of the review process are set out in the
attached extract from the Act.

Yours sincerely

Gérard Fabien

FOI COORDINATOR

GOVERNMENT RELATIONS BRANCH
22 February 2007

Enc
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Aerial Photograph: Area 19, Jandakot; 3 February 1948.



6 November 1953

, Jandakot;

Area 19

ial Photograph

Aer



Aerial Photograph: Area 19, Jandakot; 11 March 1965.



Aerial Potograph: Area 19, Jandakot; 11 June 1975.



WA 2300 {

Aerial Photograp: 19, Jandakot; 20 April 1985. ”



N OUBOFE 68710790

Aerial Photograph: Area 19, andakot; 6 January 1995.



5180 : - ;
WAS351c METRO REGIONAL AREA 17/12/2005 ~ AUN 19 050001
(6151-5265) . , A
; : DLI COPYRIGHT 4 3

Aerial Photograp: Area 19, Jandakot; 17 December 2005.
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BOREHOLE / TEST PIT LOGS GPJ GINT ST AUSTRALIA GDT_20/1/08

-

|
1 E

BOREHOLE NUMBER MBO01]

; Ace | Ace Envionmental Pty Lid PAGE 1 OF 1
CLIENT _Landowner group 2 PROJECT NAME Development Area 19
PROJECT NUMBER _J07030 PROJECT LOCATION _Jandakot
DATE STARTED _4/4/07 COMPLETED _4/4/07 R.L. SURFACE DATUM
DRILLING CONTRACTOR _G.S Drilling SLOPE 90° BEARING _—
EQUIPMENT _Drilling Rig HOLE LOCATION 115 854985E  32.1209015 MGA
HOLE SIZE _100mm LOGGED BY _TW CHECKED BY _GP
NOTES
583 % Samples
-5 Q 23 Materai Descnption Tests Additional Observations
2| s 51422 Remarks
3! 3| RL |Depth; @ o5
sIS|{mlm| 00D
SP | SAND Loose, coarse dark gray. moist, roots © 1m
05]
10}
: medium dense and medwm grained below 1.0m
156
_- dense below 1 3m
2000
Y |25
- pale grey wet beiow 2.5m
30] °
45!
Sorehole MBO1 terminated at 4. 5m
50
551







|
Ace 1 Ace Environmental Pty Lid
i i
S
CLIENT _Landowner group 2
PROJECT NUMBER _J07030

BOREHOLE NUMBER MBO3]

PAGE 1 OF 1

PROJECT NAME _Development Area 19
PROJECT LOCATION _Jandakot

DATE STARTED COMPLETED _4/4/,07
DRILLING CONTRACTOR _G S Driling
EQUIPMENT _Drilling Rig

HOLE SIZE _100mm

4/4/07

mey

R.L. SURFACE
SLOPE _90° BEARING _---
HOLE LOCATION _115852894E 32.118617S MGA

115852894 32.1166l/> WA . —
LOGGED BY _TW CHECKEDBY _GP

DATUM

N l

|

| i SAND. Medium dense. medium grained, grey. mot

dense beiow 1 5m

GRS GINT STD AUSTRAL 1A GDT 2011408

BOREHOLE / TEST Pl LOGS

paier grey. wet below 330m

l\
!
|
|

NOTES
T T
|
< i
o4 3 ! o
55 i Samples
o Q £3 Matenal Descrption \ Tests Additional Observations
2| 5 = %8 i Remarks
| 3| RL |Depthi & ® 5 |
S Sim|m| O o9 i
R TOPSOIL, Medium dense, medium, dark grey with many rootlets 10 1.1mM

st

|
|
|
\
|
|
|
|

|
|
|
|

Borehole MB03 ‘erminated at 5 5m



I

CLENT Landowner group 2

‘ |
i Ace | AceEnvironmental Pty Ltd
|

PROJECT NUMBER _J07030

PROJECT NAME Development Area 19

BOREHOLE NUMBER MBO04]

PAGE 1 OF 1

PROJECT LOCATION _Jandakot

DATE STARTED _4/4/07
DRILLING CONTRACTOR _G.S Drilling
EQUIPMENT Drilling Rig

COMPLETED _4/4/07 R.L. SURFACE

SLOPE _90°

DATUM
BEARING _-—-

HOLE LOCATION

115852417E 321172125 MGA

BOREHOLE / TES! PIT LOGS GPJ GINT STD AUSTRALIA GUT 20/1/08

HOLE SIZE _100mm LOGGED BY _TW CHECKED BY _GP
NOTES
% % Samples
- o 23 Material Description Tests Additional Observations
2 3 . £ 22 Remarks
T3 RL {Cepth; S @5 |
siZ2lmim; & |00 |
:_’1 N TOPSOIL. Meawm dense, fine 1o medium, dark grey rootlets. dry
$ 1oy
1L
SAND: Medium dense, medium gramned., light grey trace silt, moist
05
i —
107
h dense below 1.2m
1.5

paler grey, wet pelow 2.3m

|
|
|
|
'\

Borehole MB04 terminated at 5m

e




BOREHOLE / TEST P LOGS GPJ GINT STD AUSTRALIA GDT 20/1/08

|

!
Ace ! Ace Envronmental Pty Ltd
l i
CLIENT Landowner group 2

PROJECT NUMBER _J07030

PROJECT NAME

PROJECT LOCATION _Jandakot

BOREHOLE NUMBER MBO5]

PAGE 1 OF 1

Development Area 19

DATE STARTED _4/4/07 COMPLETED _4/4/07
DRILLING CONTRACTOR _G.S Drilling

EQUIPMENT _Drilling Rig

HOLE SIZE _100mm

R.L. SURFACE

DATUM

SLOPE _90°

BEARING _---

HOLE LOCATION

LOGGED BY _TW

115 853599E  32.1171225 MGA

CHECKED BY _GP

[a )
[

pale grey. wet below 3 3m

=

(6]
[w)

.y

0
w0

NOTES
2|8
3 = Samples
- 2 1 23 Matenal Description Tests Additional Observatons
[*3 o = Py
= 3| 522 Remarks
S121R loeon| @1 38
s|l2lm|mi o 0n
R TOPSOIL. Medium dense medium, dark grey. rootlets. dry
—’/ R
—1 3P | SAND Medium dense medium grained. grey trace silt, moist
05"
10]
B dense beiow 12m
15]
20/ 1

Borehole MBOS5 terminated at 5 5m



= BOREHOLE NUMBER MBO6

1

El Ace !\ Ace Environmental Pty Ltd PAGE 1 OF 1
' 1
i

[

CLIENT _Landownef group 2 PROJECT NAME Development Area 19

PROJECT NUMBER J07030 PROJECT LOCATION Jandakot

DATE STARTED 4/4/07 COMPLETED _4/4,07 R.L. SURFACE DATUM

DRILLING CONTRACTOR _G S Drilling SLOPE _90° BEARING _---
EQUIPMENT _Drlling Rig HOLE LOCATION _1 15.850562E 321 180435 _MGA
HOLE Sl LOGGED BY _TW CHECKED BY _GP

[ -1 S

ZE _100mm
NOTES
_T—T . me— ‘ ‘__‘.————
| L 1els s |
o = i ampies
{ 5 © t { £ 1
o | ! vl 25 \ Matenal Descrnotion ' Tests ! Additionat Observations
2| = = 52 i |
=] l 2 a2 | Bg \ ! Remarks 1
Zls|RL Depth| © LR i !
= ‘ S my bomy | O] on | '
TTOPSOIL. Medium dense. medium Jraned. grey wace rootlets, dry !

|

SAND Medium dense. medium grained, light 3rey. race sit, moist \

e

1
dense beiow 2.4m \
|

paler grey wet below 3.4m \

e

Borenoie MB06 ‘erminated at 5 5m
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Groundwater Field Parameters

Job Number: JoT793O Sampling Point: SNBEo2
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|
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Job Number: J&7030 sampling Point: /!/[’503

; [ purging Date: 31/10/97 |

'~ Project: A[@(,Z {9 ,
.~ Site Location: aﬂda&rf % Sampling Date: 3//,0/07
: /
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Groundwater Field Parameters
Job Number: Jo7930 Sampling Point: Mé@éb
Purging Date: 3//30/07
S

ampling Date: 3/ 1’10/@7

M/7

:Project' A./eg !C?

|

|
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I

|
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Saimz {200 3O -5 —_“
Field Results While Purging 3
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Groundwater Field parameters

Job Number: 4O7030 sampling Point: A/BOS

:Project: A[Gﬂ &4 Purging Date: 3///0/07
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Ams A D o ~—~ e nda el el
2270 .0 - s = 2. iorweds o oL D
PPN e e ada N m Y
JE3 02T z2=30 20 AsS DT Ul T
| |
I PR N o o~ ~ o TSN = . s 4 2
[ERE T cofialtast cANROL I T = c3.2 3/\;._4‘ s oo Dre ourge e éf;’ 23
T T
Tamg a2 =°=z O >0 Q/S.Ss: o P Mo o nmaes ourZEs z

Field Results While Purging

pH ' Conductivity (mS.cm) | Redox (mV) . DO (ppm)} ' Temp. °C

TLooo . e - R =) 323 2.8707 . TITT DT s
Weather Conditions :
R —————
= T EYa-) = wm Toa - - ¥y .
2 3NDETEIINE Z Th.T:




Groundwater Field parameters

Job Number: %7@3@ sampling Point: ///5(96
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Table 1 — Groundwater Analytical Results: Dissolved Metals

Sample Sample QA Metals
Identification Date Sample | Arsenic | Cadmium | Chromium Copper | Lead Nickel Zinc Mercury
Number Type
Units mg/L
Assessment Criteria
Adopted Investigation Levels [ o1 0.01 0.1 02 2.0 02 | 20 | 0002
Analytical Results
MBO1 31/10/2007 <0.001 0.0002 <0.001 <0.001 <0.001 0.001 0.023 <0.0001
MBO02 31/10/2007 0.003 0.0002 <0.001 0.003 0.001 0.006 0.006 <0.0001
MBO03 31/10/2007 0.002 0.0001 <0.001 0.002 <0.001 0.001 0.017 <0.0001
MBO4 31/10/2007 <0.001 0.0002 <0.001 0.003 0.003 0.002 0.020 <0.0001
MBO5 31/10/2007 <0.001 0.0004 <0.001 0.002 <0.001 0.002 0.019 <0.0001
MBO06 31/10/2007 0.002 0.0002 <0.001 <0.001 <0.001 0.002 0.014 <0.0001
Table 2 — Total Petroleum Hydrocarbons and BTEX
Total Petroleum Hydrocarbons & BTEX
()
c 5 5 5 g
=) =] E= = e > 2
E=] |7} ) o c > c
Sample Sample S © o ® @ @ ] x H
Name Date o v w o ] 8 g g 2z
< © o N 3 @ [} !
3 | & | 8 3 5 2 < q 2
1 1 1 1 0 = £ o £
8 2 2 & u 3 ©
) O 3 2
MBO1 31/10/2007 <20 60 400 100 <1 <2 <2 <2 <2
MBO02 31/10/2007 <20 <50 <100 70 <1 <2 <2 <2 <2
MBO3 31/10/2007 <20 <50 <100 <50 <1 <2 <2 <2 <2
MBO4 31/10/2007 <20 <50 <100 <50 <1 <2 <2 <2 <2
MBO5 31/10/2007 <20 <50 <100 <50 <1 <2 <2 <2 <2
MBO6 31/10/2007 <20 <50 <100 <50 <1 <2 <2 <2 <2




Table 3a — Groundwater Analytical Result

s: Organophosphorus Pesticides (Ultra-trace)

Organochlorine Pesticides (pg/L)
= 5 @
£ £ | 4 s | 3 |9 g | 2 2
Sample Sample & s 2 € L = ez 5 g s c £ 5
Name Date Q S > > 5.2 S £ c £ o 2 e
£ 2 c a ag 5 N 2 c £ E =
Q. ® = o @ (] © = o = H c
o 2 = o S E EE =2 o € w g o
£ s <} £ = @ a a E ] i
o = = (%] 3] o a w
m o ©
MBO1 31/10/2007 | <0.10 | <0.10 | <0.10 <0.050 <010 | <010 | <0.10 | <0.10 | <0.10 <0.10 | <0.10 <0.10
MBO2 31/10/2007 | <0.10 | <0.10 <0.10 <0.050 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
MBO3 34/10/2007 | <0.10 <0.10 <0.10 <0.050 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
MBO4 31/40/2007 | <0.10 <0.10 <0.10 <0.050 <0.10 <0.10 <0.10 | <0.10 <0.10 <0.10 <0.10 <0.10
MBO5 311012007 | <0-10 <0.10 | <0.10 <0.050 2010 | <010 | <0.10 | <0.10 | <0.10 <0.10 | <0.10 <0.10
MBO6 31/10/2007 | <0.10 <0.10 <0.10 <0.050 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Table 3b — Groundwater Analytical Results: Organophosphorus Pesticides (Ultra-trace)
Organochlorine Pesticides (ug/L)
z g £ E
Sample | Sample 5 2 S 5 ] 9 8
] = o) 2 £ ! =
Name Date £ " 3 = & 8 9
5 s S B S 2 £
4 - ©
2 g 2 £ £ £ &
P = S Y
MBO1 31/10/2007 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
MBO02 31/10/2007 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
MBO3 31/10/2007 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
MBO04 31/10/2007 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
MBO5 31/10/2007 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
MBO6 31/10/2007 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10




Table 5 — Groundwater Analytical Results: Organochlorine Pesticides - Water

Sample Name

MBO1 MB02 [ weo3 [ mso4 EE MBO06
Sample Date
31/10/2007 31/10/2007 31/10/2007 3110/2007 | 31/10/2007 | 31/10/2007
Organochlorine Pesticides (pgiL)

Aldrin <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
alpha-BHC <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
beta-BHC <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
delta-BHC <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
44— DDD <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
44 — DDE <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
44 _DDT <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
DDT (total) <0.010 <0.010 <0.010 <0.010 <0.010 <0.010

Dieldrin <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
alpha-Endosulfan <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
beta-Endosulfan <0.010 <0.010 <0.010 <0.010 <0.010 <0.010

Endosulfan sulfate <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Endosulfan <0.010 <0.010 <0.010 <0.010 <0.010 <0.010

Endrin <0.010 <0.010 <0.010 <0.010 <0.010 <0.010

Endrin aldehyde <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Endrin ketone <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Heptachlor <0005 <0.005 <0.005 <0.005 <0.005 <0.005
Heptachlor epoxide <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Hexachiorobenzene (HCB) <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
gamma-BHC <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Methoxychlor <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
cis-Chlordane <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
wrans-Chiordane <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Total Chiordane <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
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DEPARTMENT OF WATER
CORRESPONDENCE

09.181-001-LWMS (20-9-11)
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APPENDIX D
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City of
Cockburn

Memorandum

To: Allen Blood

From: Dave Bright

Date: 1 November 2007

Re: Vegetation Assessment of Muriel Court
Allen

All lots covered by the Muriel Court Structure Plan were desk-top assessed for remnant
vegetation. This was followed by an on-ground vegetation survey, conducted during the
period mid July to end of August 2007.

Whilst there were many lots that supported isolated native trees, only three areas
contained remnant vegetation of any significance:

e Area1-Lot39 Verna Court
» Area 2 - Lots 53, 54 and 56 Muriel Court

e Area 3 — Lots 80, 20, 21, 100, 101 and 102 Muriel Court, Lots 52, and 81 North
Lake Road, Lots 53, 54, and 55 Tea Tree Close, and Lot 35 Kentucky Court

Area 1

The bushland on Lot 39 Verna Court is generally in poor to very poor condition. The
original vegetation would probably have been Grasstree heathland, Xanthorrhoea
preissii, with occasional Coastal Blackbutt, Eucalyptus todtiana and WA Christmas




Trees, Nuytsia floribunda. There are two small areas of slightly better (‘fair) quality
bushland at the southemn end of the lot. It is recommended that the larger area be
preserved although considerable weed control and some revegetation work will be
required.

Has some ecological value
o but considerable weed
& control/reveg work is

‘Poor’ condition bushland .
required

‘Fair’ condition bushland Recommend preserving

although some weed
confrol/reveg work is
required

Area 2

The bushland on Lot 53 Muriel Court is a monoculture of Spearwood, Kunzea
glabrescens with two Stout Paperbarks along the northern boundary. Whilst the core is
in very good condition, the firebreaks are very wide and weedy. It has some ecological
value and the Spearwood is fairly easy to restore, however there are better areas worth
preserving.

Lot 54 Muriel Court supports a monoculture of Flooded Gums, Eucalyptus rudis,
comprising a stand of mature specimens near the northern boundary with saplings of
several ages to the south. | consider these are worth preserving.

Lot 56 Muriel Court supports Heathland with Holly Banksia, Banksia ilicifolia. It has the
highest diversity of ail the remnants. | strongly recommend preserving this although
some weed control/reveg work is required.

Has some ecological
value however there are

F looded Guim] better areas worth

preserving

Very high
diversity

remnant Strongly recommend

preserving although
- some weed control/
reveg work is required




Area 3

Lots 80, 20, 21, 100, 101 and 102 Muriel Court, Lots 52, and 81 North Lake Road, Lots
53, 54, and 55 Tea Tree Ciose, and Lot 35 Kentucky Court support a large wetland
remnant in fair’ to ‘good’ condition. The wetland exhibits a degree of ‘zoning’, with Stout
Paperbarks, Melaleuca preissiana, along the north western edge, Flooded Gum,
Eucalyptus rudis, in the core and mostly Freshwater Paperbarks, Melaleuca
raphiophylla, in the south eastern corner. There is very little native understorey; it having
been replaced by grass (predominantly Kikuyu) and Arum Lily. Sydney Golden Wattle,
Acacia longifolia, is the major woody weed.

Recommend preserving
although some weed
control/reveg work is
o Fequired N.B. this area
3l has now been almost
completely cleared.

i Strongly recommend
preserving although
i~ some weed control/
b reveg work is required

P.apcrbark o . Has some ecological value
+ minor Astarteq hut considerable weed
control/reveg work is
Summa required

It is recommended that priority be given to preserving the remnant bushland on Lots 54
and 56 Muriel Court, and the wetland remnant centred on Lot 52 North Lake Road and
Lots 55 and 53 Tea Tree Close.
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Muriel Court Water Balance Summary

Pre-Development

Drainage and
Infiltration (ML/yr)

[[Pre Development

164

Post-Development

Drainage and
Infiltration (ML/yr)

[IR20 Houses 10.06||
[[R25 Houses 64.33|
[IR40 Houses 26.60
[[R60 Houses 46.32
[[R80 Houses 43.74
[[R160 Apartment Blocks 55.77
[[commercial 69.74
[irrigated POS 21.37
[[Non-irrigated POS 0.00
[[Roads and verges 147.27
||POS and apartment block irrigation (from bores) -77.18
[[Total recharge to groundwater and drains 408.03
% increase of recharge 248.98



Assumptions

Land areas are as provided by City of Cockburn, 17/11/2009
Local Centre is assumed to be commercial
Estimated area of garden = 65% of OS area for low density
Estimated area of garden = 45% of OS area for med density
Estimated area of garden = 30% of OS area for high density
Persons per house from Water Corporation (2007) quoting ABS (2001)
No lot drainage and no sub-surface drainage
Rain on Hard Surfaces is 4.5% Evap, 95.5% stormwater (WAWA, 1987)
Rain and irrigation has a 17.5% surface loss
Verge has been calculated as a scaled average based on average verge length per block and total verge area based on road reserve

References to GHD (2005) are to Non-potable Water Use: Guidelines for developers and their consultants (draft)

References to Water Authority of Western Australia (1987) are to Perth Urban Water Balance Study: Volume 2 - Data Collection & Analysis Techniques
References to Water Corporation (2007) are to Water Supply Consumption Tool
References to Davidson (1995) are to Hydrogeology and Groundwater Resources of the Perth Region Western Australia

. . . Lot Density Number of Persons per | Avglotsize | Min % open Min area OS Estimated area Estimated area Estimated area| Total Hard Total Hard
Residential Density Area (ha) Area % . on average of Hardstand surfaces - not
Code Houses/Units house (m?) space (0S) of house (m?) of Garden (m?)| surfaces (Ha)
block (m?) (m?) roof (Ha)

Low R20 1.63 3.7 33 2.79 500 50 250 250 88 163 1.11 0.29
Low R25 10.55 23.6 301 2.79 350 50 175 175 61 114 7.11 1.84
Medium R40 4.10 9.2 186 1.73 220 45 99 121 54 45 3.26 1.01
Medium R60 8.57 20.8 476 1.73 180 45 81 99 45 36 6.83 2.12
High R80 6.92 17.1 554 1.48 125 60 75 50 53 23 5.68 291
High R160 8.83 25.6 1413 1.48 63 60 38 25 26 11 7.24 3.71
Total (where applicable) 40.60 100.0 2963 31.24 11.88
Rainfall as per Jandakot, 1972 - 2009, Evaporation as per Medina 1983 -2009

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Totals
Monthly Rainfall (mm) 14.2 17.3 15.7 43.1 108.3 163.8 180.3 126.4 86.1 47.7 29.5 9.7 832.2
Monthly Evaporation (mm) 260.4 221.2 192.2 117 74.4 54 55.8 71.3 96 145.7 195 241.8 1724.8
Rainfall - Evaporation (mm) -246 -204 -177 -74 34 110 125 55 -10 -98 -166 -232 -883

Roof Area Hardstand

Commercial Lot Area (m?) (m?) Garden (m?) (m?)
Commercial 96,200 76,960 9,620 9,620
Total Commercial 96,200 76,960 9,620 9,620
Other ha m?
Irrigated POS 6.820 68,200
Bush and Wetland 0 0
Total POS 6.820 68,200
Road Reserve 21.730 217,300
Road Reserve as Road 15.646 156,456
Road Reserve as verge 6.084 60,844(28% of road reserve from WAPC road design criteria
School 0.000 0
Total Area 78.770 787,700
INumber of dwellings 2963|




Pre-clearing water balance

Bushland, assuming 25% of rainfall becomes recharge (as per Davidson, 1995)

Total rainfall for site 655,524 |kL/yr for site

Total flow to groundwater and drains 163,881 |kL/yr for site

164|ML/yr for site




@

2 - =

P1

Total Recharge to groundwater from R20 Households Irrigation and Household runoff.

Assumes that household irrigation includes non-swale verges, calculated as per assumptions sheet

Epot=0.7*Pan Evaporation

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Monthly Rainfall (mm) 14.2 17.3 15.7 43.1 108.3 163.8 180.3 126.4 86.1 47.7 29.5 9.7 842.1
Monthly Evaporation (mm) 260.4 221.2 192.2 117.0 74.4 54.0 55.8 71.3 96.0 145.7 195.0 241.8 1724.8]
Evap-Trans (mm) 182.3 154.8 134.5 81.9 52.1 37.8 39.1 49.9 67.2 102.0 136.5 169.3] 1207.4]
GHD (2005)- gives ratios over an annual
basis (ex-house Single) (L/house/day) 911 911 841 561 280 140 35 35 70 351 771 911 484.75
Irrigation in this subdivision
(L/house/day) 611 611 564 376 188 94 23 23 47 235 517 611 325.00
Irrigation kL/house/month 18.93 17.10 17.48 11.28 5.82 2.82 0.73 0.73 1.41 7.30 15.51 18.93 118.03|
Garden Rainfall (kL/house/month) 2.31 2.81 2.55 7.00 17.60 26.62 29.30 20.54 13.99 7.75 4.79 1.58] 136.84
Roof splash (10% of rain falling on roofs) 0.36 0.43 0.39 1.08 2.71 4.10 4.51 3.16 2.15 1.19 0.74 0.24] 21.05)
Paving runoff 1.19 1.45 1.31 3.60 9.05 13.69 15.07 10.56 7.19 3.99 2.47 0.81] 70.37
Total input to gardens 22.78 21.79 21.73 22.97 35.18| 47.22 49.60 34.99] 24.75 20.22 23.50 21.56) 346.30
Surface evaporation and interception
losses 3.99 3.81 3.80 4.02 6.16 8.26 8.68 6.12 4.33 3.54 4.11 3.77, 60.60,
Total input - surface evap 18.80 17.98 17.93 18.95 29.02 38.95 40.92 28.87 20.42 16.69 19.39 17.79 285.69
Potential Evap for area 29.62 25.16 21.86 13.31 8.46 6.14 6.35 8.11 10.92 16.57 22.18 27.50] 196.20)
Total input - potential evap -10.82 -7.18 -3.93 5.64 20.56 32.81 34.57 20.76 9.50 0.11 -2.79 -9.71 89.50
Therefore infiltration to groundwater
from gardens(kL/house) 0.00 0.00 0.00 5.64 20.56] 32.81 34.57 20.76 9.50 0.11 0.00 0.00| 123.94]
TOTAL GARDEN INFILTRATION FOR R20
LOTS 0 0 0 186 678 1083 1141 685 313 4 0 0 4090
Water to soakwells or drains from roof
(kL/house/month) 3.1 3.7 3.4 9.3 23.3 35.2 38.7 27.2 18.5 10.2 6.3 2.1 180.95]
Wastewater infiltrated on site
(kL/house/month) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00|
TOTAL SOAKWELL OR DRAIN
INFILTRATION FOR R20 LOTS (kL) 101 123 111 306 768 1161 1278 896 611 338 209 69 5971
Total Irrigation Water Use for R20 Lots
(kL) 625 564 577 372 192 93 24 24 46 241 512 625 3895

Garden Irrigation of 2L per m2 per day (Water
Corporation, 2007)

Assumes paving runoff flows to garden rather than
drains

houses not on septics therefore n/a
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Total Recharge to groundwater from R25 Households Irrigation and Household runoff. Excludes Swales

Assumes that household irrigation includes non-swale verges, calculated as per assumptions sheet

Epot=0.7*Pan Evaporation

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Monthly Rainfall (mm) 14.2 17.3 15.7 43.1 108.3 163.8 180.3 126.4 86.1 47.7 29.5 9.7 842.1
Monthly Evaporation (mm) 260.4 221.2 192.2 117.0 74.4 54.0 55.8 71.3 96.0 145.7 195.0 241.8 1724.8]
Evap-Trans (mm) 182.3 154.8 134.5 81.9 52.1 37.8 39.1 49.9 67.2 102.0 136.5 169.3] 1207.4
GHD (2005)- gives ratios over an annual
basis (ex-house Single) (L/house/day) 911 911 841 561 280 140 35 35 70 351 771 911 484.75
Irrigation in this subdivision
(L/house/day) 428 428 395 263 131 66 16 16 33 165 362 428 227.50
Irrigation kL/house/month 13.25 13.25 12.24 8.16 4.07 2.04 0.51 0.51 1.02 5.11 11.22 13.25 84.63
Garden Rainfall (kL/house/month) 1.62 1.97 1.79 4.90 12.32 18.63 20.51 14.38 9.79 5.43 3.36 1.10 95.79|
Roof splash (10% of rain falling on roofs) 0.25 0.30 0.27 0.75 1.90 2.87 3.16 2.21 1.51 0.83 0.52 0.17] 14.74
Paving runoff 0.83 1.01 0.92 2.52 6.33 9.58 10.55 7.39 5.04 2.79 1.73 0.57| 49.26
Total input to gardens 15.95 16.54 15.21 16.34 24.62| 33.12 34.72 2449 17.36 14.16 16.81 15.09 244.41
Surface evaporation and interception
losses 2.79 2.89 2.66 2.86 4.31 5.80 6.08 4.29 3.04 2.48 2.94 2.64] 42.77
Total input - surface evap 13.16 13.64 12.55 13.48 20.31 27.32 28.64 20.21 14.32 11.68 13.87 12.45 201.64
Potential Evap for area 20.73 17.61 15.30 9.32 5.92 4.30 4.44 5.68 7.64 11.60 15.53 19.25] 137.34]
Total input - potential evap -7.58 -3.97 -2.75 4.16 14.39 23.02 24.20 14.53 6.67 0.08 -1.65 -6.80 64.30|
Therefore infiltration to groundwater
from gardens(kL/house) 0.00 0.00 0.00 4.16 14.39(  23.02 24.20 14.53 6.67 0.08 0.00 0.00| 87.06
TOTAL GARDEN INFILTRATION FOR R20
LOTS 0 0 0 1253 4331 6930 7284 4373 2009 24 0 0 26,205
Water to soakwells or drains from roof
(kL/house/month) 2.1 2.6 2.4 6.5 16.3 24.6 27.1 19.0 13.0 7.2 4.4 1.5 126.66)
Wastewater infiltrated on site
(kL/house/month) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00|
TOTAL SOAKWELL OR DRAIN
INFILTRATION FOR R25 LOTS (kL) 643 783 711 1951 4903 7416 8163 5723 3898 2160 1336 439 38,125
Total Irrigation Water Use for R25 Lots
(kL) 3989 3989 3683 2457 1226 613 153 153 307 1537 3376 3989 25,474

Garden Irrigation of 2L per m2 per day (Water
Corporation, 2007)

Assumes paving runoff flows to garden rather than
drains

houses not on septics therefore n/a
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Total Recharge to groundwater from R40 Households Irrigation and Household runoff. Excludes Swales

Assumes that household irrigation includes non-swale verges, calculated as per assumptions sheet

Epot=0.7*Pan Evaporation

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Monthly Rainfall (mm) 14.2 17.3 15.7 43.1 108.3 163.8 180.3 126.4 86.1 47.7 29.5 9.7 842.1
Monthly Evaporation (mm) 260.4 221.2 192.2 117.0 74.4 54.0 55.8 71.3 96.0 145.7 195.0 241.8 1724.8)
Evap-Trans (mm) 182.3 154.8 134.5 81.9 52.1 37.8 39.1 49.9 67.2 102.0 136.5 169.3] 1207.4]
GHD (2005)- gives ratios over an annual
basis (ex-house Single) (L/house/day) 911 911 841 561 280 140 35 35 70 351 771 911 484.75
Irrigation in this subdivision
(L/house/day) 167 167 155 103 51 26 6 6 13 65 142 167, 89.10|
Irrigation kL/house/month 5.19 4.69 4.79 3.09 1.60 0.77 0.20 0.20 0.39 2.00 4.25 5.19 32.36
Garden Rainfall (kL/house/month) 0.63 0.77 0.70 1.92 4.82 7.30 8.03 5.63 3.84 2.13 1.31 0.43 37.52
Roof splash (10% of rain falling on roofs) 0.17 0.21 0.19 0.52 1.31 1.98 2.18 1.53 1.04 0.58 0.36 0.12] 10.19
Paving runoff 0.74 0.90 0.82 2.24 5.63 8.52 9.38 6.57 4.48 2.48 1.53 0.50 43.79
Total input to gardens 6.73 6.57 6.50 7.78 13.36] 18.57 19.79 13.93 9.74 7.18 7.46 6.24] 123.85
Surface evaporation and interception
losses 1.18 1.15 1.14 1.36 2.34 3.25 3.46 2.44 1.70 1.26 1.30 1.09 21.67,
Total input - surface evap 5.56 5.42 5.36 6.42 11.02 15.32 16.33 11.49 8.04 5.93 6.15 5.15 102.18]
Potential Evap for area 8.12 6.90 5.99 3.65 2.32 1.68 1.74 2.22 2.99 4.54 6.08 7.54 53.79
Total input - potential evap -2.57 -1.48 -0.63 2.77 8.70 13.64 14.59 9.27 5.04 1.38 0.07 -2.39 48.39
Therefore infiltration to groundwater
from gardens(kL/house) 0.00 0.00 0.00 2.77 8.70| 13.64 14.59 9.27 5.04 1.38 0.07 0.00| 55.46)
TOTAL GARDEN INFILTRATION FOR R40
LOTS 0 0 0 515 1619 2536 2713 1724 938 257 13 0 10,315
Water to soakwells or drains from roof
(kL/house/month) 1.5 1.8 1.6 4.5 11.3 17.0 18.8 13.1 9.0 5.0 3.1 1.0 87.58]
Wastewater infiltrated on site
(kL/house/month) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00)
TOTAL SOAKWELL OR DRAIN
INFILTRATION FOR R40 LOTS (kL) 275 335 304 834 2095 3169 3488 2445 1666 923 571 188| 16,290
Total Irrigation Water Use for R40 Lots
(kL) 966 872 891 575 297 144 37 37 72 372 791 966 6,019

Garden Irrigation of 2L per m2 per day (Water
Corporation, 2007)

Assumes paving runoff flows to garden rather than
drains

houses not on septics therefore n/a
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Total Recharge to groundwater from R60 Households Irrigation and Household runoff

Assumes that household irrigation includes non-swale verges, calculated as per assumptions sheet

Epot=0.7*Pan Evaporation

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Monthly Rainfall (mm) 14.2 17.3 15.7 43.1 108.3 163.8 180.3 126.4 86.1 47.7 29.5 9.7 842.1
Monthly Evaporation (mm) 260.4 221.2 192.2 117.0 74.4 54.0 55.8 71.3 96.0 145.7 195.0 241.8 1724.8)
Evap-Trans (mm) 182.3 154.8 134.5 81.9 52.1 37.8 39.1 49.9 67.2 102.0 136.5 169.3] 1207.4]
GHD (2005)- gives ratios over an annual
basis (ex-house Single) (L/house/day) 911 911 841 561 280 140 35 35 70 351 771 911 484.75
Irrigation in this subdivision
(L/house/day) 137 137 126 84 42 21 5 5 11 53 116 137 72.90)
Irrigation kL/house/month 4.25 3.84 3.92 2.53 1.31 0.63 0.16 0.16 0.32 1.64 3.48 4.25 26.48
Garden Rainfall (kL/house/month) 0.52 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 6.37
Roof splash (10% of rain falling on roofs) 0.14 0.17 0.16 0.43 1.07 1.62 1.78 1.25 0.85 0.47 0.29 0.10 8.34
Paving runoff 0.60 0.74 0.67 1.83 4.61 6.97 7.67 5.38 3.66 2.03 1.26 0.41) 35.83
Total input to gardens 5.51 5.28 5.28 5.32 7.52 9.75 10.15 7.32 5.36 4.67 5.56 5.29 77.01
Surface evaporation and interception
losses 0.96 0.92 0.92 0.93 1.32 1.71 1.78 1.28 0.94 0.82 0.97 0.93] 13.48]
Total input - surface evap 4.55 4.35 4.35 4.39 6.20 8.05 8.37 6.04 4.42 3.85 4.59 4.36 63.53
Potential Evap for area 6.64 5.64 4.90 2.99 1.90 1.38 1.42 1.82 2.45 3.72 4.98 6.17 44.01]
Total input - potential evap -2.10 -1.29 -0.55 1.41 4.30 6.67 6.95 4.22 1.98 0.14 -0.39 -1.81 19.53
Therefore infiltration to groundwater
from gardens(kL/house) 0.00 0.00 0.00 1.41 4.30 6.67 6.95 4.22 1.98 0.14 0.00 0.00| 25.66)
TOTAL GARDEN INFILTRATION FOR R60
LOTS 0 0 0 670 2048 3175 3309 2010, 940 64 0 0 12,217
Water to soakwells or drains from roof
(kL/house/month) 1.2 1.5 1.3 3.7 9.2 13.9 15.3 10.8 7.3 4.1 2.5 0.8 71.65
Wastewater infiltrated on site
(kL/house/month) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00|
TOTAL SOAKWELL OR DRAIN
INFILTRATION FOR R60 LOTS (kL) 575 701 636 1746 4386 6634 7303 5120 3487 1932 1195 393 34,108
Total Irrigation Water Use for R60 Lots
(kL) 2022 1826 1866 1205 621 301 78 78 150 779 1656 2022 12,603

Garden Irrigation of 2L per m2 per day (Water
Corporation, 2007)

Assumes paving runoff flows to garden rather than
drains

houses not on septics therefore n/a
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Total Recharge to groundwater from R80 Households Irrigation and Household runoff.

Assumes that household irrigation includes non-swale verges, calculated as per assumptions sheet

Epot=0.7*Pan Evaporation

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Monthly Rainfall (mm) 14.2 17.3 15.7 43.1 108.3 163.8 180.3 126.4 86.1 47.7 29.5 9.7 842.1
Monthly Evaporation (mm) 260.4 221.2 192.2 117.0 74.4 54.0 55.8 71.3 96.0 145.7 195.0 241.8 1724.8]
Evap-Trans (mm) 182.3 154.8 134.5 81.9 52.1 37.8 39.1 49.9 67.2 102.0 136.5 169.3] 1207.4
GHD (2005)- gives ratios over an annual
basis (ex-house Single) (L/house/day) 911 911 841 561 280 140 35 35 70 351 771 911 484.75
Irrigation in this subdivision
(L/house/day) 85 85 78 52 26 13 3 3 6 33 72 85 45.00
Irrigation kL/house/month 2.62 2.37 2.42 1.56 0.81 0.39 0.10 0.10 0.19 1.01 2.15 2.62] 16.34
Garden Rainfall (kL/house/month) 0.32 0.39 0.35 0.97 2.44 3.69 4.06 2.84 1.94 1.07 0.66 0.22 18.95
Roof splash (10% of rain falling on roofs) 0.07 0.09 0.08 0.22 0.54 0.82 0.90 0.63 0.43 0.24 0.15 0.05) 4.21
Paving runoff 0.71 0.87 0.79 2.16 5.43 8.21 9.04 6.34 4.32 2.39 1.48 0.49 42.22
Total input to gardens 3.72 3.71 3.64 4.91 9.21 13.11 14.10 9.91 6.88 4.71 4.44 3.37 81.72
Surface evaporation and interception
losses 0.65 0.65 0.64 0.86 1.61 2.29 2.47 1.73 1.20 0.82 0.78 0.59 14.30
Total input - surface evap 3.07 3.06 3.00 4.05 7.60 10.81 11.63 8.18 5.68 3.89 3.66 2.78 67.42
Potential Evap for area 4.10 3.48 3.03 1.84 1.17 0.85 0.88 1.12 1.51 2.29 3.07 3.81 27.17
Total input - potential evap -1.03 -0.42 -0.02 2.21 6.43 9.96 10.75 7.06 4.16 1.59 0.59 -1.02 40.25
Therefore infiltration to groundwater
from gardens(kL/house) 0.00 0.00 0.00 2.21 6.43 9.96 10.75 7.06 4.16 1.59 0.59 0.00| 42.76
TOTAL GARDEN INFILTRATION FOR R80
LOTS 0 0 0 1223 3562 5519 5957 3909 2307 883 327 0 23,686
Water to soakwells or drains from roof
(kL/house/month) 0.6 0.7 0.7 1.9 4.7 7.0 7.7 5.4 3.7 2.0 1.3 0.4 36.19
Wastewater infiltrated on site
(kL/house/month) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00|
TOTAL SOAKWELL OR DRAIN
INFILTRATION FOR R80 LOTS (kL) 338 412 374 1026 2578 3900 4293 3009 2050 1136 702 231 20,049
Total Irrigation Water Use for R80 Lots
(kL) 1452 1312 1341 866 446 216 56 56 108 560 1190 1452 9,054

Garden Irrigation of 2L per m2 per day (Water
Corporation, 2007)

Assumes paving runoff flows to garden rather than
drains

houses not on septics therefore n/a
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Total Recharge to groundwater from R160 Households Irrigation and Household runoff.

Assumes that household irrigation includes non-swale verges, calculated as per assumptions sheet

Epot=0.7*Pan Evaporation

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Monthly Rainfall (mm) 14.2 17.3 15.7 43.1 108.3 163.8 180.3 126.4 86.1 47.7 29.5 9.7 842.1
Monthly Evaporation (mm) 260.4 221.2 192.2 117.0 74.4 54.0 55.8 71.3 96.0 145.7 195.0 241.8 1724.8
Evap-Trans (mm) 182.3 154.8 134.5 81.9 52.1 37.8 39.1 49.9 67.2 102.0 136.5 169.3 1207.4
GHD (2005)- gives ratios over an annual
basis (ex-house Single) (L/house/day) 911 911 841 561 280 140 35 35 70 351 771 911 484.75|
Irrigation in this subdivision
(L/house/day) 42 42 39 26 13 6 2 2 3 16 36 42 22.50]
Irrigation kL/house/month 1.31 1.18 1.21 0.78 0.40 0.19 0.05 0.05 0.10 0.51 1.07 1.31 8.17
Garden Rainfall (kL/house/month) 0.16 0.19 0.18 0.48 1.22 1.84 2.03 1.42 0.97 0.54 0.33 0.11 9.47
Roof splash (10% of rain falling on roofs) 0.04 0.04 0.04 0.11 0.27 0.41 0.45 0.32 0.22 0.12 0.07 0.02 2.11]
Paving runoff 0.36 0.43 0.39 1.08 2.71 4.11 4.52 3.17 2.16 1.20 0.74 0.24 21.11]
Total input to gardens 1.86 1.86 1.82 2.45 4.61 6.55 7.05 4.96 3.44 2.36 2.22 1.69 40.86)
Surface evaporation and interception
losses 0.33 0.32 0.32 0.43 0.81 1.15 1.23 0.87 0.60 0.41 0.39 0.30 7.15)
Total input - surface evap 1.54 1.53 1.50 2.02 3.80 5.41 5.82 4.09 2.84 1.94 1.83 1.39 33.71
Potential Evap for area 2.05 1.74 1.51 0.92 0.59 0.43 0.44 0.56 0.76 1.15 1.54 1.90 13.58|
Total input - potential evap -0.51 -0.21 -0.01 1.10 3.21 4.98 5.38 3.53 2.08 0.80 0.29 -0.51] 20.13
Therefore infiltration to groundwater
from gardens(kL/house) 0.00 0.00 0.00 1.10 3.21 4.98 5.38 3.53 2.08 0.80 0.29 0.00 21.38
TOTAL GARDEN INFILTRATION FOR
R160 LOTS 0 0 0 1559 4543 7039 7597 4985 2942 1126 417 0 30,206
Water to soakwells or drains from roof
(kL/house/month) 0.3 0.4 0.3 0.9 2.3 3.5 3.9 2.7 1.9 1.0 0.6 0.2 18.09]
Wastewater infiltrated on site
(kL/house/month) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0} 0.00
TOTAL SOAKWELL OR DRAIN
INFILTRATION FOR R160 LOTS (kL) 431 525 477 1,309 3,288 4,973 5,474 3,838 2,614 1,448 896 295 25,568,
Total Irrigation Water Use for R160
LOTS (kL) 1,852 1,673 1,710 1,104 569 275 71 71 138 714 1,517 1,852] 11,546

Garden Irrigation of 2L per m2 per day (Water

Corporation, 2007)

Assumes paving runoff flows to garden rather than

drains

houses not on septics therefore n/a
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Total Recharge to groundwater from Commerical areas

Includes both irrigation and rainfall

It is assumed that total commercial consumption is 0.800 kL/m 2GLA/year (Water Corporation, 2007)
Roof area is assumed to be equivalent to GLA.

Irrigation for the commercial area is 5% of total consumption (Water Corporation, 2007)
Epot=0.7*Pan Evaporation

Assumes that household irrigation includes non-swale verges, calculated as per assumptions sheet
Epot=0.7*Pan Evaporation

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Monthly Rainfall (mm) 14.6 17.7 15.1 42.9 108.7 163.8 180.3 126.4 86.1 47.7 29.4 10.0 842.7
Monthly Evaporation (mm) 260.4 221.2 192.2 117.0 74.4 54.0 55.8 71.3 96.0 145.7 195.0 241.8 1724.8
Evap-Trans (mm) 182.3 154.8 134.5 81.9 52.1 37.8 39.1 49.9 67.2 102.0 136.5 169.3| 1207.4)
GHD (2005)- gives ratios over an annual basis (ex-house Single)

(L/house/day) 911 911 841 561 280 140 35 35 70 351 771 911 484.75
Irrigation in this subdivision (L/day) 36158 36158 33380 22266 11113 5557 1389 1389 2778 13931 30601 36158] 19240.00
Irrigation kL/house/month 1120.90 1120.90 1034.77 690.26 344.51 172.26 43.06 43.06 86.13 431.87 948.64 1120.90 7157.28|
Garden Rainfall (kL/house/month) 140.45 170.27 145.26 412.70 1045.69 1575.76 1734.49 1215.97 828.28 458.87 282.83 96.20 8106.77
Roof splash (10% of rain falling on roofs) 112.36 136.22 116.21 330.16 836.56 1260.60 1387.59 972.77 662.63 367.10 226.26 76.96 6485.42]
Paving runoff 134.13 162.61 138.73 394.13 998.64 1504.85 1656.43 1161.25 791.01 438.22 270.10 91.87 7741.97
Total input to gardens 1507.85 1590.01 1434.97 1827.24 3225.40 4513.46 4821.57 3393.06 2368.05 1696.07 1727.84 1385.93 29491.44
Surface evaporation and interception losses 263.87 278.25 251.12 319.77 564.45 789.86 843.78 593.78 414.41 296.81 302.37 242.54] 5161.00|
Total input - surface evap 1243.97 1311.75 1183.85 1507.47 2660.96 3723.61 3977.80 2799.27 1953.64 1399.26 1425.46 1143.39 24330.44
Potential Evap for area 1753.53 1489.56 1294.27 787.88 501.01 363.64 375.76 480.13 646.46 981.14 1313.13 1628.28 11614.80
Total input - potential evap -509.56 -177.81 -110.42 719.60 2159.95 3359.97 3602.04 2319.14 1307.17 418.11 112.33 -484.89 12715.64]
Therefore infiltration to groundwater from gardens(kL/house) 0.00 0.00 0.00 719.60 2159.95 3359.97 3602.04 2319.14 1307.17 418.11 112.33 0.00| 13998.32]
TOTAL GARDEN INFILTRATION FOR COMMERCIAL LOTS 0 0 0 720 2160 3360 3602 2319 1307 418 112 0 13,998]
Water to soakwells or drains from roof (kL/house/month) 965.7 1170.8 998.8 2837.7 7190.2 10834.9 11926.3 8361.0 5695.3 3155.2 1944.7 661.5 55742.18
Wastewater infiltrated on site (kL/house/month) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
[TOTAL SOAKWELL OR DRAIN INFILTRATION FOR COMMERCIAL LOTS

(kL) 965.7 1,171 999 2,838 7,190 10,835 11,926 8,361 5,695 3,155 1,945 661 55,742
Total Irrigation Water Use for Commercial Lots (kL) 1120.9 1,121 1,035 690 345 172 43 43 86 432 949 1,121 7,157,
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Total Recharge to groundwater from Irrigated POS

Includes both irrigation and rainfall
Epot=0.7*Pan Evaporation

Assume that 30% is shrubs, rest is irrigated lawn

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Monthly Rainfall 14.2 17.3 15.7 43.1 108.3 163.8 180.3 126.4 86.1 47.7 29.5 9.7 842.1
Monthly Evaporation 260.4 221.2 192.2 117.0 74.4 54.0 55.8 71.3 96.0 145.7 195.0 241.8 1724.8
Evapotranspiration (assume 70% of Evaporation) 182.3 154.8 134.5 81.9 52.1 37.8 39.1 49.9 67.2 102.0 136.5 169.3 1207.4
Irrigating at ET rate for Grass as per DoE/SRT
2004 (kL/ha/d) when evap exceeds rainfall 58.80) 55.30 43.40 27.30 0.00 0.00 0.00 0.00 0.00 32.90 45.50 54.60 317.8
Shrub Irrig (kL/d/ha) from GHD (2005) 34 33 21 9 0 0 0 0 0 9 15 31 152
Average volume per ha assuming 30% shrubs
(kl/d/ha) 51.36 48.61 36.68 21.81 0.00 0.00 0.00 0.00 0.00 25.73 36.35 47.52 268.06
Average volume per ha assuming 30% shrubs
(kl/month/ha) 1592.16 1361.08 1137.08 654.30 0.00 0.00 0.00 0.00 0.00 797.63 1090.50 1473.12 8105.87
For Total Irrigated POS
Monthly irrigation (kL/month) 10,859 9,283 7,755 4,462 0 0 0 0 0 5,440 7,437 10,047 55,282
Rainfall (kL/month) 968 1,180 1,071 2,939 7,386 11,171 12,296 8,620 5,872 3,253 2,012 662 57,431
Total input (kL/month) 11,827 10,462 8,826 7,402 7,386 11,171 12,296 8,620 5,872 8,693 9,449 10,708 112,713
Surface evaporation and interception losses 2,070 1,831 1,544 1,295 1,293 1,955 2,152 1,509 1,028 1,521 1,654 1,874 19,725
Total input - surface evap 9,757 8,632 7,281 6,106 6,093 9,216 10,145 7,112 4,844 7,172 7,796 8,834 92,988
Evapotranspiration for area 12,431 10,560 9,176 5,586 3,552 2,578 2,664 3,404 4,583 6,956 9,309 11,544 82,342
Total input - evapotranspiration -2,674 -1,929 -1,894 521 2,542 6,638 7,481 3,708 261 216 -1,514 -2,709 10,646
Therefore infiltration to groundwater from
irrigated POS (kL/month) 0 0 0 521 2,542 6,638 7,481 3,708 261 216 0 0 21,367

Non-irrigated POS

0.00 % of development area

Therefore 24.76% of predevelopment recharge

0.00 ML/yr




Total Recharge from roads and verges

Assumes no irrigation of these areas
Epot=0.7*Pan Evaporation

Pavement

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Monthly Rainfall 14.2 17.3 15.7 43.1 108.3 163.8 180.3 126.4 86.1 47.7 29.5 9.7 842.1
Monthly Evaporation 260 221 192 117 74 54 56 71 96 146 195 242 1724.8
Evap-Trans 182.3 154.8 134.5 81.9 52.1 37.8 39.1 49.9 67.2 102.0 136.5 169.3 1207.4
Rainfall falling on roads (kL) 2,222 2,707 2,456 6,743 16,944 25,627 28,209 19,776 13,471 7,463 4,615 1,518 131,752
Evaporation losses (kL) 100 122 111 303 762 1,153 1,269 890 606 336 208 68 5,929
Runoff from roads (kL) 2,122 2,585 2,346 6,440 16,182 24,474 26,940 18,886 12,865 7,127 4,408 1,449 125,823
Rain falling on drainage structures (kL) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Interception losses (kL) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00)
Evapotranspiration (kL) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00)
Total rainfall on roads, minus total losses
(kL) 2,122 2,585 2,346 6,440 16,182 24,474 26,940 18,886 12,865 7,127 4,408 1,449 125,823
Therefore water losses from roads
(kL/month) 2,122 2,585 2,346 6,440 16,182 24,474 26,940 18,886 12,865 7,127 4,408 1,449 125,823
Includes both irrigation and rainfall
Epot=0.7*Pan Evaporation
Assume all verges are lawn
Assume all verge is irrigated at POS rates

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Monthly Rainfall 14.2 17.3 15.7 43.1 108.3 163.8 180.3 126.4 86.1 47.7 29.5 9.7 842.1
Monthly Evaporation 260.4 221.2 192.2 117.0 74.4 54.0 55.8 71.3 96.0 145.7 195.0 241.8| 1724.8
Evapotranspiration (assume 70% of Evaporation) 182.3 154.8 1345 81.9 52.1 37.8 39.1 49.9 67.2 102.0 136.5 169.3 1207.4
Irrigating at ET rate for Grass as per DoE/SRT
2004 (kL/ha/d) when evap exceeds rainfall 58.80! 55.30 43.40 27.30| 0.00 0.00] 0.00 0.00] 0.00 32.90 45.50 54.60) 317.8]
Average volume per ha/month 1822.80 1714.30 1345.40 846.30 0.00 0.00 0.00 0.00 0.00 1019.90 1410.50 1692.60) 9851.8]
For Total Irrigated verge
Monthly irrigation (kL/month) 11,091 10,430 8,186 5,149 0 0 0 0 0 6,205 8,582 10,298 59,942
Rainfall (kL/month) 864 1,053 955 2,622 6,589 9,966 10,970 7,691 5,239 2,902 1,795 590 51,237,
Total input (kL/month) 11,955 11,483 9,141 7,772 6,589 9,966 10,970 7,691 5,239 9,108 10,377 10,889 111,179
Surface evaporation and interception losses 2,092 2,010 1,600 1,360 1,153 1,744 1,920 1,346 917 1,594 1,816 1,906 19,456
Total input - surface evap 9,863 9,474 7,541 6,412 5,436 8,222 9,050 6,345 4,322 7,514 8,561 8,983 91,723
Evapotranspiration for area 11,091 9,421 8,186 4,983 3,169 2,300 2,377 3,037 4,089 6,205 8,305 10,298 73,461
Total input - evapotranspiration -1,228 52 -644 1,428 2,268 5,922 6,674 3,308 233 1,308 256 -1,315
Therefore infiltration to groundwater from
irrigated POS (kL/month) 0 52 0 1,428 2,268 5,922 6,674 3,308 233 1,308 256 0 21,450




CITY OF COCKBURN — Development Area 19 (Muriel Court) Local Water Management Strategy

APPENDIX F
SERVICING REPORT

09.181-001-LWMS (20-9-11)























































































CITY OF COCKBURN — Development Area 19 (Muriel Court) Local Water Management Strategy

APPENDIX G
CALCULATION OF AAMGL

09.181-001-LWMS (20-9-11)



Bore 3157

Date mAHD Years Max Date mAHD Years Max Date mAHD Years Max Date mAHD Years Max
6/06/1975 21.940 4/01/1991 21.970 6/01/1998 21.970 25/01/2005 22.030

11/07/1975 22.110 14/02/1991 21.740 2/02/1998 21.820 22/02/2005 21.890

13/08/1975 22.710 11/03/1991 21.630 4/03/1998 21.650 22/03/2005 21.750

8/09/1975 22.790 3/04/1991 21.500 31/03/1998 21.590 19/04/2005 21.690

14/10/1975 22.710 21/05/1991 21.430 4/05/1998 21.460 17/05/2005 21.250

12/11/1975 22620 22.79 12/06/1991 21.580 3/06/1998 21.450 14/06/2005 22.420

15/03/1976 22.040 11/07/1991 22.060 1/07/1998 21.650 26/07/2005 22.850

23/04/1976 21.790 5/08/1991 22.410 5/08/1998 21.820 23/08/2005 22.930

13/05/1976 21.730 16/09/1991 22.620 2/09/1998 22.050 29/09/2005 22.980

11/06/1976 21.730 7/10/1991 22.640 1/10/1998 22.230 26/10/2005 22.890

14/07/1976 21.810 12/11/1991 22.520 27/10/1998 22.220 30/11/2005 22.760

21/09/1976 22240 2224 9/12/1991 22.460| 22.64 26/11/1998 22.100| 22.23 21/12/2005 22.660| 22.08
7/09/1981 22.490 7/01/1992 22.340 6/01/1999 21.910 30/01/2006 22,510

21/10/1981 22.470| 2247 6/02/1992 22.180 3/02/1999 21.780 22/02/2006 22.410

19/03/1985 21.890 9/03/1992 22.500 4/03/1999 21.650 29/03/2006 22.210

19/03/1985 21.890 1/04/1992 22.460 8/04/1999 21.490 27/04/2006 22.160

9/04/1985 21.860 19/05/1992 22.310 4/05/1999 21.390 26/05/2006 22.040

9/04/1985 21.860 10/06/1992 22.300 4/06/1999 21.450 28/06/2006 21.970

16/07/1985 22.060 13/07/1992 22.650 30/06/1999 21.610 26/07/2006 22.520

12/08/1985 22.350 12/08/1992 22.800 23/07/1999 21.820 29/08/2006 22.320

9/09/1985 22.520 3/09/1992 22.930 7/09/1999 22.160 28/09/2006 22.300

14/10/1985 22,510 10/09/1992 22.960 5/10/1999 22.390 26/10/2006 22.210

13/11/1985 22.400 7/10/1992 22.940 29/10/1999 22.480 29/11/2006 22.080

11/12/1985 22290 2252 9/11/1992 22.790 3/12/1999 22.340| 22.48 18/12/2006 22.010| 22.32
30/01/1986 22.010 2/12/1992 22.730| 22.96 6/01/2000 22.160 12/01/2007 21.910

19/02/1986 21.900 7/01/1993 22.600 1/02/2000 22.250 14/02/2007 21.750

18/03/1986 21.830 3/02/1993 22.440 29/02/2000 22.060 15/03/2007 21.610

10/04/1986 21.900 4/03/1993 22.270 30/03/2000 21.920 16/04/2007 21.500

12/05/1986 21.630 2/04/1993 22.120 1/05/2000 21.850 11/05/2007 21.440

16/06/1986 21.730 4/05/1993 22.010 1/06/2000 21.800 12/06/2007 21.380

14/07/1986 22.090 3/06/1993 22.020 4/07/2000 22.180 11/07/2007 21.670

13/08/1986 22.630 7/07/1993 22.150 1/08/2000 22.610 8/08/2007 22.010

16/09/1986 22.850 10/08/1993 22.360 31/08/2000 22.770 13/09/2007 22.310

22/10/1986 22.750 6/09/1993 22.550 29/09/2000 22.720 5/10/2007 22.390

18/11/1986 22.630 12/10/1993 22.690 1/11/2000 22.600 7/11/2007 22.360

18/12/1986 22.450| 22.85 4/11/1993 22.590 6/12/2000 22450 22.77 5/12/2007 22.230| 22.39
28/01/1987 22.200 6/12/1993 22.480| 22.69 3/01/2001 22.310 9/01/2008 22.080

26/02/1987 22.030 7/01/1994 22.310 31/01/2001 22.140 7/02/2008 21.920

16/03/1987 21.930 4/02/1994 22.150 7/03/2001 21.940 19/03/2008 21.760

13/04/1987 21.850 4/03/1994 22.030 30/03/2001 21.810 8/04/2008 21.830

13/05/1987 21.900 7/04/1994 21.820 30/04/2001 21.670 5/05/2008 21.750

10/06/1987 21.930 4/05/1994 21.680 31/05/2001 21.770 5/06/2008 21.920

15/07/1987 22.270 7/06/1994 21.810 27/06/2001 21.820 2/07/2008 22.180

13/08/1987 22.680 5/07/1994 22.170 27/07/2001 22.080 14/08/2008 22.730

7/09/1987 22.730 9/08/1994 22.710 29/08/2001 22.470 3/09/2008 22.680

19/10/1987 22.680 8/09/1994 22.800 14/09/2001 22.570 16/10/2008 22.660

12/11/1987 22.590 7/10/1994 22.740 28/09/2001 22.610 11/11/2008 22.680

14/12/1987 22.450| 22.73 7/11/1994 22.620 17/10/2001 22.610 9/12/2008 22.610| 22.73
28/01/1988 22.230 5/12/1994 22560| 228 26/10/2001 22.660 14/01/2009 22.450

25/02/1988 22.020 6/01/1995 22.340 4/12/2001 22.480| 22.66 12/02/2009 22.280

14/03/1988 21.920 6/02/1995 22.110 3/01/2002 22.320 12/03/2009 22.140

27/04/1988 21.755 28/02/1995 21.980 31/01/2002 22.170 9/04/2009 21.990

17/05/1988 21.870 3/04/1995 21.790 27/02/2002 22.000 14/05/2009 21.820

13/06/1988 22.140 5/05/1995 21.640 3/04/2002 21.800 10/06/2009 21.810

22/07/1988 22.590 12/06/1995 21.840 24/04/2002 21.840 9/07/2009 22.100

18/08/1988 22.960 5/07/1995 21.910 29/05/2002 21.730 14/08/2009 22.450

14/09/1988 22.900 8/08/1995 22.390 27/06/2002 22.010 8/09/2009 22.690

26/10/1988 22.860 8/09/1995 22.590 25/07/2002 22.300 8/10/2009 22.720

22/11/1988 22.795 5/10/1995 22.540 22/08/2002 22.410 4/11/2009 22.580

9/12/1988 22670 22.96 13/11/1995 22570| 22,59 26/09/2002 22.500 3/12/2009 22.490| 22.72
17/01/1989 22.440 9/01/1996 22.340 29/10/2002 22.380 8/01/2010 22.290

10/02/1989 22.290 13/02/1996 22.080 4/12/2002 22.670

27/02/1989 22.250 7/03/1996 21.960 31/12/2002 22120 225 3157 AAMGL 2261
23/03/1989 22.070 4/04/1996 21.800 30/01/2003 21.910

19/04/1989 21.950 13/05/1996 21.630 26/02/2003 21.780

20/04/1989 21.940 11/06/1996 21,550 26/03/2003 21.630

20/04/1989 21.940 2/07/1996 21.880 1/05/2003 21.580

20/04/1989 21.940 9/08/1996 22.400 28/05/2003 21.640

29/05/1989 21.990 12/09/1996 22.590 25/06/2003 21.710

30/06/1989 22.030 3/10/1996 22.710 30/07/2003 22.310

24/07/1989 22.140 7/11/1996 22.630 27/08/2003 22.630

29/08/1989 22.590 3/12/1996 22540 22.71 1/10/2003 22.720 Calculation of AAMGL

22/09/1989 22.660 3/01/1997 22.380 30/10/2003 22.580 Calculated AAMGL for 3157 2261 |mAHD
19/10/1989 22.630 5/02/1997 22.160 28/11/2003 22480 22.72 Measured Level (22/9/2009) 2272 |mAHD
27/11/1989 22450  22.66 4/03/1997 22.000 6/01/2004 22.280 Difference between calculated
4/01/1990 22.310 2/04/1997 21.900 29/01/2004 22.140 and measured -0.10 | mAHD
23/01/1990 22.230 13/05/1997 21.710 26/02/2004 21.980

15/02/1990 22.090 4/06/1997 21.830 25/03/2004 21.820 22/09/2009 calculated AAMGL
12/03/1990 21.980 1/07/1997 21.900 23/04/2004 21.670 (mAHD) (mAHD)
9/04/1990 21.890 5/08/1997 22.010 21/05/2004 21.720 MC1 21.647 21.55
10/05/1990 21.870 2/09/1997 22.290 30/06/2004 21.910 MC2 23.131 23.03
9/06/1990 21.840 1/10/1997 22.380 29/07/2004 22.080 MC3 21.914 21.81
9/07/1990 21.910 4/11/1997 22.280 31/08/2004 22.430 MC4 23.804 23.70
14/08/1990 22.210 1/12/1997 22.160| 22.38 28/09/2004 22.460 MC5 20.674 20.57
7/09/1990 22.310 26/10/2004 22.420 MC6 24.087 23.99
9/10/1990 22.270 23/11/2004 22.320 DoW 3157 | 22.715 2261
12/11/1990 22.170 21/12/2004 22220| 22.46

3/12/1990 22.100| 22.31
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