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AWT Consulting Engineers Pty Ltd 
ABN  35 093 828 794 

 

Suite 201, 157Walker St
North Sydney NSW 2060

P:  (02) 9922 2466

F:  (02) 9922 3705
adam@awtce.net.au

GPO Box 436 
Gungahlin ACT 2912

P:  (02) 6257 2614

F:  (02) 6257 1723
alan@awtce.net.au

 

 

 

 

 

CERTIFICATE OF STRUCTURAL SUFFICIENCY – DESIGN 

 

Address: 12-16 King St Suburb: Warners bay 

 

Lessee or Permit Holder’s Name: BLOC (ACT) Pty Ltd 

Contact: Peter Bowyer(BLOC) Peter.bowyer@bloc.com.au 

 

AWT Job No: 169224 

Title: The Lakehouse Apartments Warner Bay 

 

 

Description of Building Work: 

 

New Work x Additions  Alterations  Other  

 

 

I certify that: 

 

1. I have checked the proposed structural design computations for the building named above and/or 

the following components and of their supporting elements 

Foundations 

2. In checking the structural design, I have paid attention to the integrity of the building under 

normal conditions relevant for this type of structure.  The strength requirements and 

serviceability requirements of the building and its structural elements comply with the Building 

Code of Australia and all relevant SAA Codes (including AS 1170 Part 4 Earthquake Code). 

3. The foundations have been designed in accordance with Coffey Geosciences Report NL6000/1 

May 2005 

 

 

 

Declaration 

 

I am a professional engineer as defined in Part A1 Clause A1.1 of the Building Code of Australia.  

This "Structural Engineers Certificate" is issued pursuant to Section 47 of the ACT Building Act 2004 

Signature           Date:  06/04/17 

 

Engineer:  Alan Tingcombe 

Qualifications:  BE(Hons) F.I.E. Aust 

Address:  2 Brindabella Cct, Canberra Airport ACT 2609 

Telephone:  (02) 6257 2614 

Fax:   (02) 6257 1723 

Email:   alan@awtce.net.au 
 
Y:\Engine\Jobfiles\2016\1692\169224-The Lakehouse Apartments Warner Bay\AWT Certificates - NSW\169224-[001]-AWT Certificate  Design-

Foundations-06.04.17.doc 
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7th September 2015

Yahav Property Investments Pty Ltd
c/PKF Newcastle
755 Hunter St
NEWCASTLE NSW 2300

Waste Classification for Lot 1 DP90877, BP Service Station, 482 The Esplanade, Warners Bay, NSW

To Whom It May Concern,

Aurora Environmental Consulting Pty Ltd (Aurora) was engaged by Yahav Property Investments to
provide a waste classification for off site disposal of material from the abovementioned site. Details
of the source site, material characterisation and waste classification are provided below. The
Limitations included in Attachment 1 apply to the advice provided herein.

1. Source Site Details

Lot/DP Lot 1 DP90877
Address 482 The Esplanade, Warners Bay, NSW, 2282
Local Government Authority Lake Macquarie City Council
Description of Source Site/Area Surface material on site to a depth of 4.5m below ground surface in the anticipated

excavation areas as shaded orange in Figure 1 in Attachment 3. Areas outside of
the shaded zone have been validated as Excavated Natural Material (ENM) in
accordance with the NSW EPA ENM Order (2014) under separate reporting cover.

2. Material Characterisation

Material identification Silty Clay and Sandy Gravel Fill, soft to stiff, dark brown
Silty Clay and Clayey Sandy Silt Natural Soils, soft to stiff, grey/brown/red,
moderate plasticity and homogenous structure, and natural yellow sandstone.

Area Approximately 800m2
Estimated volume (m3) Approximately 2000m3 (in situ)
Characterisation Samples SB1 (0.8 1.0m), SB1 (2.3 2.5m), SB1 (3.8 4.0m), SB2 (0.8 1.0m), SB2 (2.3 2.5m),

SB2 (3.8 4.0m), SB3 (0.8 1.0m), SB3 (2.3 2.5m), SB3 (3.8 4.0m), SB7(0.5 1.0m),
SB7 (2.5 3.0m), SB7 (3.5 4.0m).
Sample Locations are shown in Attachment 3.

QA/QC Samples QS4. This was collected from sample SB3 (2.3 2.5m)
TCLP Samples N/A
Sampling Date(s) 30th July 2015
Laboratory Australian Laboratory Services (ALS)
Contaminants of Concern Total Petroleum Hydrocarbons (TPHs), benzene, toluene, ethylbenzene, xylene

(BTEX), Naphthalene, Lead (Pb)
Laboratory Report Attached? Yes – Attachment 2
Additional Data Sources? N/A
Additional Data Attached? N/A
All laboratory methods NATA certified? Yes
Material description Material in the vicinity of proposed excavation areas included heterogenous,

sandy gravel fill, dark grey silty clays, brown/grey/red clayey silts and sandstone
Visible Asbestos Containing Material
(ACM)?

No visible asbestos containing material was identified during the waste
classification.

Visible Putrescible Material None observed
Is the material covered by a General
Immobilisation Approval?

No
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Lot 1 DP90877 Waste Classification L01

3. Waste Classification

Waste Classification GENERAL SOLID WASTE
Does ‘Special Waste’ apply? No
Is the material classified as
‘Hazardous Waste’?

No

General/Specific Immobilisation
Approval No.

N/A

Classification Comments The classification applies to all the material identified and described herein as a
whole, and only the material identified and described herein. Should
subsurface conditions differ from the material described in this document, or
excavation works extend beyond the extent shown in the figure in Attachment
3, the waste classification may require revision.

Disposal Comments Waste must be transported by an appropriately licensed transporter and
disposed to a facility that is licensed to receive that class of waste

Should you have any queries or require further clarification, please feel free to contact the
undersigned on 0438233779 or by email tim@auroraenvironmentalconsulting.com.au

Yours sincerely:

Tim Brown
Director
Aurora Environmental Consulting Pty Ltd

Attachments:
1. Limitations
2. Laboratory Analysis Report and COCs
3. Site Layout

1 The estimated volume of waste is an indicative estimate only based on site dimensions and investigation depot. For
material characterised in situ, a bulking factor may be applied.
2 Material observations including those relating to visible ACM and putrescible materials were made prior to material
leaving the source site.
3 Wastes that are not generally classified as putrescible include: soils, timber, garden trimmings, agricultural, forestry and
crop materials, and natural fibrous organic and vegetative materials, as per NSW DECCW (2009) Waste Classification
Guidelines, Part 1: Classifying Waste.
4 Waste classification in accordance with NSW DECCW (2009) Waste Classification Guidelines, Part 1: Classifying Waste.
5 Disposal Facility or Facilities must be appropriately licensed under Schedule 1, Section 39; "Waste Disposal (Application to
Land)" , of The Protection of the Environment Operations (POEO) Act 1997. Disposal of 'Asbestos Waste', as defined under
the Act and associated Waste Guidelines, is required to be managed in accordance with Section 42 of The Protection of the
Environment Operations (Waste) Regulation 2005 in terms of loading, transport, unloading and disposal. The POEO Act
1997 states that if waste is transported to a facility not lawfully authorised as a waste facility for that waste, the owner,
transporter and receiver of the waste are each guilty of an offence. The owner of waste includes, in relation to waste that
has been transported, the person who was the owner of the waste immediately before it was transported.
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Lot 1 DP90877 Waste Classification L01

Attachment 1 – Limitations
This report has been prepared for use by the client who commissioned the works in
accordance with the project brief only, and has been based in part on information obtained
from the client and other parties. The report has been prepared specifically for the client
for the purposes of the commission, including use by the Site Auditor acting as an agent of
the client in this respect. No warranties, express or implied, are offered to any third parties
and no liability will be accepted for use or interpretation of this report by any third party.

The advice herein relates only to this project and all results conclusions and
recommendations made should be reviewed by a competent person with experience in
environmental investigations, before being used for any other purpose. This report should
not be amended in any way without prior approval by Aurora, or reproduced other than in
full including all attachments as originally provided to the client by Aurora.

Limited sampling and laboratory analyses were undertaken as part of the investigations
reviewed, as described herein. Ground conditions between sampling locations and media
may vary, and this should be considered when extrapolating between sampling points.
Chemical analytes are based on the information detailed in the site history. Further
chemicals or categories of chemicals may exist at the site, which were not identified in the
site history and which may not be expected at the site.

Changes to the stockpile or subsurface conditions may occur subsequent to the
investigations described herein, through natural processes or through the intentional or
accidental addition of contaminants. The conclusions and recommendations reached in this
report are based on the information obtained at the time of the investigations.

This report does not provide a complete assessment of the environmental status of the site
or material investigated, and it is limited to the scope defined herein. Should information
become available regarding conditions at the site including previously unknown sources of
contamination, Aurora reserves the right to review the report in the context of the
additional information.
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Lot 1 DP90877 Waste Classification L01

Attachment 2 – Laboratory Analysis Report and COCs
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EXECUTIVE SUMMARY

Aurora Environmental Consulting Pty Ltd (Aurora) was commissioned by Mr Basil Chakos of Nine One One

Convenience Pty Ltd to undertake a Groundwater Monitoring Event (GME) at the BP service station facility

located at 482 The Esplanade, Warners Bay, NSW (the Site).

The assessment is intended to provide an environmental condition report of the site, with this report

documenting the findings of the monitoring event conducted on 18th May 2015.

The objectives of this GME were to collect, analyse, and report on the extent of hydrocarbon impacted

groundwater at the site in accordance with the reporting requirements and recommendations of the NSW

EPA’s Underground Petroleum Storage System (UPSS) Regulations 2008.

The outcomes of the assessment were:

• The site is used as a retail store and fuel facility, and contains a UPSS comprising four underground

storage tanks with six (6) storage compartments, and five (5) dispensing pumps;

• Groundwater was encountered below the site at between 0.9m and 2.1m BGL. The direction of

groundwater movement below the site is towards the west, following the decrease in natural surface

elevations towards Warners Bay, a distance of 100m from the site;

• A total of six (6) on site groundwater monitoring wells exist at the site. On site wells provide

adequate site coverage for UPSS compliance purposes.

• Phase Separated Hydrocarbon (PSH) was not identified in any on site monitoring well; and

• Concentrations of petroleum hydrocarbon compounds in groundwater samples collected from on site

monitoring wells MW1 to MW6 were below the adopted site assessment criteria, with the exception

of the Naphthalene concentration in monitoring well MW4 which exceeded the NEPM (2013)

groundwater investigation levels for the protection of aquatic ecosystems in fresh water.

In summary, the extent of petroleum hydrocarbon impact to groundwater appears to be generally contained

to within the boundaries of the site. The Naphthalene impact in MW4 is below a concrete slab within an

operational service station, and is delineated towards the nearest environmental receptor by downgradient

monitoring wells MW2, MW5 and MW6. As such, the risk of harm to any potential aquatic ecosystem with the

site in its current state is considered low. The extent of naphthalene impact to groundwater laterally to the

south has not been confirmed, however is unlikely to extend beyond the current site boundary.

On the basis of this investigation, the environmental condition of the groundwater does not preclude the

suitability of the site for ongoing service station use. More detailed environmental assessment would be

required to confirm the site’s suitability for ongoing residential or commercial land use.
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1. INTRODUCTION

Aurora Environmental Consulting Pty Ltd (Aurora) was commissioned by Mr Basil Chakos of Nine One One

Convenience Pty Ltd to undertake a Groundwater Monitoring Event (GME) at the BP Warners Bay service

station facility located at 482 The Esplanade, Warners Bay, NSW (the Site). The location of the Site is depicted

in Figure 1, Site Location Plan which is attached in Appendix A.

The assessment is intended to provide an environmental condition report of the site.

1.1 Background

Groundwater monitoring wells within the site were initially installed at the site during previous ownership of

the site by BP Australia Pty Ltd (BP) in 2003. Monitoring well locations within the site provide adequate

coverage of the UPSS network. A total of six (6) on site monitoring wells were sampled as part of this GME.

1.2 Objectives

The objectives of this GME were to:

• Collect, analyse, and report on the extent of hydrocarbon impacted groundwater at the site in

accordance with the reporting requirements and recommendations of the NSW EPA;

• Confirm the extent and distribution of petroleum hydrocarbon impacted groundwater;

• Provide Nine One One Convenience Pty Ltd with an updated GME report documenting the

contamination status of the site.

1.3 Scope of Work

The following scope of work was undertaken by Aurora for the GME:

• Gauge and sample all six (6) existing on site monitoring wells;

• Collection of groundwater samples via well dedicated disposable bailers from wells;

• Laboratory analysis of groundwater samples for the following potential contaminants:

o Total petroleum hydrocarbons (TPH); and

o Benzene, toluene, ethylbenzene, xylenes, and naphthalene (BTEXN).

• Preparation of a GME report.
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2. SITE IDENTIFICATION

2.1 Site Use

The Site is located at 482 The Esplanade, Warners Bay, NSW, approximately 105km north of Sydney on the

north eastern shores of Lake Macquarie, NSW. The Site location is illustrated in Figure 1, Site Location Plan.

The site is currently in used as a petroleum service station, and is located within the Lake Macquarie City

Council LGA and previously zoned Urban Centre 3(1) in accordance with the Lake Macquarie City Council LEP

(2004), with the current zoning in accordance with the 2014 LEP listed as “Deferred Matter”. For the purposes

of this assessment, the site has been assessed as residential land use.

The monitoring wells are located in the western portion of the site, downgradient of the Underground

Petroleum Storage System (UPSS). These areas are shown on the site plan provided in Figure 2 of Appendix A.

2.2 Physiography

The surface of the site is relatively flat, displaying a slight slope towards the west. Regionally, the surrounding

topography also displays a moderate slope to the west. The elevation of the site is approximately 11mAHD.

2.3 Surrounding Land Use

The area surrounding the Site is generally residential / commercial property. The surrounding land use is

summarised in Table 1 below.

Table 1: Surrounding Land Use

Direction Description

North King St, then commercial property.

East Residential property.

South Residential property.

West The Esplanade, then shoreline of Lake Macquarie

2.4 Regional Geology and Hydrogeology

A review of the Newcastle and Coal Measures 1:100,000 Geological Sheet produced by the NSW Geological

Survey indicates the site is intersected by the contact between the Quaternary alluvium of North Creek and

the Boolaroo Subgroup.
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A boresearch of the NSW Natural Resources Groundwater Interactive Map hosted by the NSW Office of Water

was conducted with a search radius of 1 km around the site. There were no registered groundwater bores

located within a 1km radius of the site.

Groundwater below the site occurs within the Quaternary Alluvium and the residual sandstone of the

Boolaroo Subgroup forming a semi confined aquifer overlain by silty clay alluvial sediments. Further

information relating to the physical properties of the groundwater at the site is provided in Section 4.2.

2.5 Nearby Surface Waters and Site Drainage

Surface drainage from the site is predominantly collected in on site and boundary stormwater drains, and

discharged off site via the stormwater drainage network below The Esplanade and King Street. Lake

Macquarie is the closest environmentally sensitive surface water body to the site, located 75m to the west.

2.6 Site History

Site history for the site was documented in the ESA conducted for the site by Environmental Resources

Management Pty Ltd (ERM) in 2003 for BP Australia Pty Ltd. The ERM 2003 report identifies that a portion of

the site (Lots 1 and 2) was purchased in 1958 by BP Australia for fuel retail purposes, with Lot 3 purchased in

1974. The site was sold to Nine One One Convenience Pty Ltd in 2003. Prior to 1958, the site does not appear

to have been used for activities of a potentially contaminating nature.

2.7 Previous Investigations

The ERM (2003) ESA was sourced as the only previous environmental investigation report for the site.

Environmental Site Assessment (ESA) for BP Warners Bay Service Station, The Esplanade, Warners Bay, NSW

(October 2003)

Environmental Resources Management Australia Pty Limited (ERM) was commissioned by BP Australia Pty Ltd

(BP) to conduct drilling and monitoring well installation, at the BP Warners Bay Service Station in 2003.

The objective of the assessment was to determine whether the current and/or historical use of the site for fuel

retail purposes, had resulted in hydrocarbon or lead impact to the soils and/or groundwater at the site. In

addition, the investigation was to determine the vertical and lateral extent of impact to the soils and/or

seepage water, both on and downgradient of the site. In order to achieve the above objectives, the

assessment was conducted in two stages. BP’s intention was to divest the site in the later part of the year,

with the site to continue operation as a service station facility.

The results of the assessment works defined the lateral and vertical extent of hydrocarbon impact to the soils

and groundwater below the site, and indicated that impact above the site assessment criteria, downgradient

of the main source area extended to the western boundary. Given that hydrocarbon impacted soils and
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groundwater above the site assessment criteria were detected at the site’s western boundary, and not in any

off site boreholes/monitoring wells, the extent of hydrocarbon impact to the soils and groundwater, was likely

to be confined to within the boundaries of the site and possibly for a short distance below The Esplanade.

Hydrocarbon impacted soils above the site assessment criteria were generally confined to below concrete

surfaced areas in the south western portion of the site. ERM therefore considered that the exposure risk to

human health associated with the soil impact is likely to be minimal, with the site in its current configuration.

2.8 Site Features

At the time of the GME, the site contained an operational service station facility including:

• A sales building and mechanical workshop in the central portion of the Site;

• A canopy in the central portion of the site, below which comprised five (5) fuel dispensing pumps;

• Two (2) split compartmentalised single walled fibreglass underground storage tanks (USTs) and two

(2) single unit single walled fibreglass USTs. UST details are provided in Table 2 below;

• A car wash located in the south western portion of the site; and

• Ingress and egress is provided via two driveways on the site’s northern boundary with King St, and an

exit driveway on The Esplanade.

The site is surfaced throughout with concrete. Minor hydrocarbon staining on the concrete surface was

evident in the areas surrounding the refuelling dispensers and remote fill points. A detailed site layout plan

showing the locations of the site’s features is presented in Figure 2, Site Plan, which is located in Appendix A.

2.9 Petroleum Storage

The storage of petroleum products is outlined in Table 2 below.

Table 2: Petroleum Storage Information

Tank Number Product Material Year of Install Capacity (kL)

UST 1 ULP 91 Fibreglass 1996 24.6

UST 2 ULT 98 Fibreglass 1996 20.2

UST 3 PULP 95 Fibreglass 1996 20.0

UST 4 Not In Use Fibreglass 1996 27.2

UST 5 E10 ULP Fibreglass 1996 45.0

UST 6 ADF Fibreglass 1996 33.0
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3. FIELD ACTIVITIES

3.1 Summary of Field Activities

GME activities are summarised in the following table.

Table 3: Summary of Field Activities

Activity Details

Date of Field Activities 18th May 2015

Groundwater Gauging Gauging of all wells (MW1 – MW6) was conducted on the 18th May 2015. Gauging was
conducted using an oil/water interface probe to establish depth to groundwater, total well
depth, and to check for the presence of LNAPL. Groundwater gauging results are summarised in
Section 3.2 below.

Groundwater
Sampling

Sampling of all wells MW1 to MW6 was conducted on 18th May 2015. Each groundwater
monitoring well was purged using a well dedicated disposable bailer, with between 10L and 15L
of water being removed from each well.

Groundwater samples were collected in laboratory supplied containers specific to the
parameters being analysed. All groundwater samples were analysed for TPH, BTEXN
compounds. Groundwater results summary tables are attached as Appendix B.

Sample Preservation Groundwater samples stored on ice whilst on site and in transit to the NATA accredited
laboratory. Sampled were transported using chain of custody protocols.

Groundwater laboratory reports are attached as Appendix C.

Decontamination
Procedures

The interface probe and water quality meter were decontaminated between uses at each well
with a Decon 90 solution, then rinsed with potable water. Disposable nitrile gloves were
changed between handling of each groundwater sample. Well dedicated bailers were used for
sampling each well, to prevent cross contamination.

3.2 Localised Hydrogeology

Groundwater was encountered between the alluvium and underlying sandstone. Depth to groundwater

ranged between 0.88mm BTOC (Below Top of Casing) in monitoring well MW2, to 2.06m BTOC in monitoring

well MW3. Phase Separated Hydrocarbon (PSH) was not identified in any monitoring well.

The direction of groundwater movement across the site was calculated from surveyed relative levels to

determine the corrected groundwater elevations in each well. The groundwater gradient was determined to

be 0.014 m/m or 0.78 degrees towards the west, following a decrease in natural surface elevations towards

Warners Bay. The groundwater contour plan for the site is provided as Figure 3 in Appendix A.
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4. ASSESSMENT CRITERIA

To assess the relative level and significance of any detected contaminants, reference is made to established

environment and/or human health threshold level or criterion. These criteria are dependant mainly on the

proposed use of the site and associated environmental and human health risk, either on or off site, in both the

long and short term. More stringent levels apply to sensitive land uses and chemicals with higher toxicity.

Based on the current zoning of the site, the surrounding land use, the potential future beneficial use of the

site and groundwater beneath it and identified potential receptors at and in the vicinity of the site, the

following investigation levels are considered relevant for the GME.

As the GME was undertaken as a component of the NSW (2008) POEO UPSS Regulation, the groundwater

analytical data has been compared to the:

• NSW DECC (2009) – Department of Environment and Climate Change, Guidelines on the Duty to

Report Contamination under the Contaminated Land Management Act 1997 Column 2, trigger values

for fresh water.

Furthermore, to evaluate groundwater conditions at the site, analyte concentrations have been compared to

relevant groundwater guidelines. For this site, there are no potable water users in the vicinity of the site, the

groundwater results have therefore been compared to the ecological risk based criteria for fresh water

developed in the following guidelines:

• NEPM (1999: amendment 2013) – National Environmental Protection (Assessment of Site

Contamination) Measure (NEPM), Groundwater Investigation Levels (GILs), Schedule B(1), Table 1(C).

GILs for Fresh Waters and Marine Waters are based on trigger values for slightly moderately

disturbed ecosystems obtained from the National Water Quality Management Strategy (NWQMS),

Australian and New Zealand Guidelines for Fresh and Marine Water Quality (Australian and New

Zealand Environment and Conservation Council (ANZECC) & Agriculture and Resource Management

Council of Australia and New Zealand (ARMCANZ), October 2000); and

• NEPM (1999: amendment 2013) – National Environmental Protection (Assessment of Site

Contamination) Measure (NEPM), Health Screening Levels (HSLs) for Petroleum Hydrocarbons in Soil

and Groundwater. The guidelines provide Tier 1 groundwater HSLs for vapour intrusion of petroleum

hydrocarbons, and have been developed for the protection of site users from vapours released from

the impacted groundwater. The HSLs take into consideration the potential land use receptors

(residential or commercial/industrial); the depth of groundwater intersection (2m to <4m, 4m to

<8m); and the dominant soil type (sand, silt or clay) overlying the groundwater intersection depth.

The HSLs are not clean up levels but are used to trigger additional assessment (Tier 2 or Tier 3) or for

development of appropriate risk management options.
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5. GROUNDWATER ANALYTICAL RESULTS SUMMARY

Groundwater analytical results are summarised in Table 4 contained in Appendix B. Complete copies of the

NATA endorsed analytical reports, with analytical methods and analytical results, and accompanying chain of

custody documentation, are provided in Appendix C.

5.1 TPH (C6 C9)

TPH (C6 C9) compound concentrations in groundwater samples collected from each of the sampled monitoring

wells ranged between below laboratory detection limits in MW2 and MW3, up to 2,290 ug/L in MW4..

5.2 TPH (C10 C36)

TPH (C10 C36) compound concentrations in groundwater samples collected from each of the sampled

monitoring wells ranged between below laboratory detection limits in several wells, up to 7,600ug/L in MW4.

5.3 TRH

Total Recoverable Hydrocarbon concentrations were either below laboratory detection limits (MW2 and

MW3), or below the NEPM (2013) site assessment criteria (MW1, MW4, MW5 and MW6) for all sampled

monitoring wells. Monitoring well MW4 recorded elevated TRH concentrations however concentrations were

below the NEPM (2013) health screening levels (HSLs) for soil vapour intrusion when compared to residential

land use criteria for Silt based soils.

5.4 Benzene

Benzene concentrations in each of the sampled monitoring wells were below the NEPM (2013) health

screening levels (HSLs) for soil vapour intrusion compared to residential land use criteria for Silt based soils.

5.5 BTEXN

Benzene, Toluene, Ethylbenzene, Xylenes and Naphthalene (BTEXN) compounds in groundwater collected

from each of the sampled monitoring wells were below the NEPM (2013) groundwater investigation levels for

the protection of aquatic ecosystems in fresh water, with the exception of the concentration of Naphthalene

detected in MW4 (427 ug/L) which exceeded the threshold level of 16 ug/L.

Given the location of the observed impact to groundwater is below a concrete slab within an operational

service station, and is delineated towards the nearest environmental receptor by downgradient monitoring

wells MW2, MW5 and MW6, the risk of harm to any potential aquatic ecosystem with the site in its current

state is considered low. The extent of naphthalene impact to groundwater laterally to the south has not been

confirmed, however is unlikely to extend beyond the current site boundary.
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6. QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)

Groundwater samples were collected in the field by Aurora personnel, placed on ice, and transferred to the

analytical laboratory using appropriate sample preservation methods and chain of custody documentation.

The National Association of Testing Authorities (NATA) certifies both laboratories for the analytical testing

employed. As part of their internal QA/QC, these laboratories conduct regular audits on their analyses

through the use of reagent blanks, analysis of surrogate spikes, repeat duplicates and verification of

recoveries.

Copies of the final NATA endorsed laboratory reports, including internal QA/QC results and chain of custody

documentation are attached as Appendix C.

Overall, the QA/QC assessment found that:

• The internal duplicates were within the acceptable relative percentage difference range (0% to 30

50%RPD);

• Trip Blank sample returned an acceptable concentration of contaminant (Below laboratory

detection limits), indicating the field samples were not externally contaminated during the sampling

event;

• Matrix and surrogate spike recoveries were within the acceptable range (70 130%) for the majority

of samples submitted; and

• Samples were received by the laboratory in good order, appropriately chilled and analysed within

appropriate sample holding times.

Based on a review of the results for the QA/QC program adopted, the overall data quality is acceptable.
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7. CONCLUSIONS

Based on the results of the May 2015 Groundwater Monitoring Event (GME) at the BP Warners Bay Service

Station, 482 The Esplanade, Warners Bay, NSW, the following can be concluded:

• The site is used as a retail store and fuel facility, and contains a UPSS comprising four underground

storage tanks with six (6) storage compartments, and five (5) dispensing pumps;

• Groundwater was encountered below the site at between 0.9m and 2.1m BGL. The direction of

groundwater movement below the site is towards the west, following the decrease in natural surface

elevations towards Warners Bay, a distance of 100m from the site;

• A total of six (6) on site groundwater monitoring wells exist at the site. On site wells provide

adequate site coverage for UPSS compliance purposes.

• Phase Separated Hydrocarbon (PSH) was not identified in any on site monitoring well; and

• Concentrations of petroleum hydrocarbon compounds in groundwater samples collected from on site

monitoring wells MW1 to MW6 were below the adopted site assessment criteria, with the exception

of the Naphthalene concentration in monitoring well MW4 which exceeded the NEPM (2013)

groundwater investigation levels for the protection of aquatic ecosystems in fresh water.

In summary, the extent of petroleum hydrocarbon impact to groundwater appears to be generally contained

to within the boundaries of the site. The Naphthalene impact in MW4 is below a concrete slab within an

operational service station, and is delineated towards the nearest environmental receptor by downgradient

monitoring wells MW2, MW5 and MW6. As such, the risk of harm to any potential aquatic ecosystem with the

site in its current state is considered low. The extent of naphthalene impact to groundwater laterally to the

south has not been confirmed, however is unlikely to extend beyond the current site boundary.

On the basis of this investigation, the environmental condition of the groundwater does not preclude the

suitability of the site for ongoing service station use. More detailed environmental assessment would be

required to confirm the site’s suitability for ongoing residential or commercial land use.
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8. LIMITATIONS OF REPORT

The findings of this report are based on site conditions that existed at the time this Groundwater Monitoring

Event (GME) was conducted. The report was prepared in accordance with accepted environmental practices

used by environmental professionals working within this area. Conclusions are made from a limited number of

observation points assuming that the soil, groundwater, geological and chemical conditions are representative

across the site. No other warranties are made or intended.

This report has been prepared exclusively for use by Nine One One Convenience Pty Ltd for the May 2015

Groundwater Monitoring Event (GME) of the BP Service Station, 482 The Esplanade, Warners Bay, NSW. This

report cannot be reproduced without the written authorisation of Aurora Environmental Consulting Pty Ltd

and then can only be reproduced in its entirety.
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7th September 2015

Yahav Property Investments
c/ PKF Newcastle
755 Hunter St
NEWCASTLE NSW 2300

Attn: To Whom It May Concern

RE: Excavated Natural Material (ENM) Classification Assessment of Soil for
Proposed Warners Bay Development Site

1 Introduction

Aurora Environmental Consulting Pty Ltd (Aurora) has completed an in situ Excavated
Natural Material (ENM) soil classification assessment on a 5,101 m2 parcel of land in
Warners Bay, NSW, which is the subject of a proposed development by Yahav Property
Investments. The locality plan of the area is shown in Figure 1 attached.

The site is comprised by the following allotments bounded by The Esplanade, King Street
and Howard Street in Warners Bay, NSW and as shown in Figure 2 attached:

• Lot 1 DP 90877 (482 The Esplanade)

• Lot 122 DP 578045 (16 King St)

• Lot 3 DP 32518 (486 The Esplanade)

• Lot 4 DP 32518 (488 The Esplanade)

• Lot 1 DP 155951 (14 King St)

• Lot 2 DP 155951 (12 King St)

• Lot 3 DP 155951 (1 Howard St)

The operational service station area and car wash facility (located partially within Lot 1 DP
90877) was excluded from the ENM assessment due to the presence of underground
petroleum infrastructure, and the identification of concentrations of petroleum
hydrocarbons in soil above the ENM exemption criteria. Figure 2 identifies the approximate
area excluded from the assessment. This area is subject to a separate in situ waste
classification assessment and report.

The purpose of the investigation was to adequately classify the in situ soil material across
the site (with the exception of the operational service station area and car wash area) in
order to facilitate off site use as excavated natural material (ENM).
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The results for sampling and analysis of the soil have been compared against the New South
Wales Environmental Protection Authority (NSW EPA) Resource Recovery Order under Part
9, Clause 93 of the Protection of the Environment Operations (Waste) Regulation 2014, The
Excavated Natural Material Order 2014.

Supporting documentation including site plans (Figures 1 and 2) showing the site location
and the area where the soil samples were collected, results summary tables (Table T1 to
Table T5), and Laboratory Reports (Attachment A).

2 Scope of Works

In accordance with the sampling requirements detailed in Table 2 of the NSW EPA’s ENM
Order (2014), and based on an in situ assessment area of 5,000m2, a total of 13 systematic
sampling points across the site were proposed for investigation.

Based on information provided by Yahav Property Investments regarding the maximum
extent of excavations anticipated for the proposed development, the assessment required
the in situ sampling to between 3m and 6m below ground level across the site. As such, in
situ sampling was conducted in accordance with Table 3 of the ENM Order (2014), based on
a depth of 3m below ground level in the western portion of the site, grading to 4.5m in the
central portion of the site, and up to 6m below ground level in the eastern portion of the
site.

As such, between 29th and 30th July 2015, a total of 42 discrete ENM samples were collected
from the 13 systematic sampling points across the site, in accordance with the in situ
sampling requirements of the ENM Order (2014). Samples were collected using a Geoprobe
drilling rid equipped with push tube capability. Due to the sample volume required for the
ENM analysis, samples were collected in approximately 1m lengths, ensuring compliance
with the ENM Order (2014) sampling requirements for in situ assessment. All samples were
inspected both visually and field screened for the presence of Volatile Organic Compounds
(VOCs) utilising a Photo Ionisation Detector (PID) or via olfactory sensing.

All soil samples were collected in the field by a qualified environmental engineer using an
excavator to access all areas of the stockpile. The samples were immediately placed on ice
and transferred to the laboratory with relevant Chain of Custody (CoC) documentation.

3 Assessment Criteria

Laboratory analytical results were compared against the Maximum Average and the
Absolute Maximum Concentrations for Characterisation found in Table 4 of the NSW EPA
Excavated Natural Material (ENM) Order (2014) as shown in Table T1 to T5.

4 Sample Analysis

A total of forty two (42) discrete soil samples and two (2) field duplicates were collected for
the in situ soil classification assessment and were submitted to Australian Laboratory
Services (ALS) of Smithfield, New South Wales. The laboratory results and comparison with
the criteria specified in Table 4 of the ENM Order (2014) are summarised in Table T1 to
Table T5 attached. The laboratory reports are attached (Attachment B)
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All samples were submitted for the soil classification assessment were analysed for the
following Contaminants of Concern (COC):

• Total Petroleum Hydrocarbons (TPH), Total Recoverable Hydrocarbons (TRH);

• Benzene, Toluene, Ethyl benzene, Xylenes, collectively known as BTEX;

• Polycyclic Aromatic Hydrocarbons (PAHs);

• Metals (including As, Cd, Cu Cr, Pb, Zn, Hg, Ni);

• pH;

• Electrical Conductivity; and

• Foreign Materials Testing (FMT) *

*Samples were analysed for Foreign Materials Testing (FMT) in accordance with RTA276
requirements, including testing for the presence of rubber, plastic, cloth, paper, bitumen,
paint and wood.

In accordance with the ENM Order (2014), samples with a pH below 5.0 were tested for
potential acid sulfate soils (PASS). The testing method for PASS is referred to as SPOCAS
(Suspended Peroxide Oxidation Combined Acidity and Sulfur) which is a measure of existing
soil acidity and potential soil acidity to determine the soil’s acid sulfate soil potential.

5 Analytical Results

5.1 Field Analysis Results

The stratigraphy encountered during drilling is summarised below and detailed in the
borehole logs, which are presented in Attachment A.

The geology encountered in the boreholes drilled across the site comprised of alluvial
sediments from North Creek and Lake Macquarie and residual soils of the Boolaroo
Subgroup. The soils comprised dark grey and black sandy clay alluvium to varying depths of
approximately 1.0 m below ground level. This is underlain by orange brown sandy clays
grading to clayey sand residual soils of the Boolaroo Subgroup to the maximum depth of
drilling at 6.0m. The alluvial clay sequence thickens towards the west in the boreholes
closest to Lake Macquarie. Each sample collected was tested for the presence of volatile
organic compounds (VOCs) using a hand held gas meter. All samples recorded VOC
concentrations less than 1ppm (parts per million).

5.2 Laboratory Analysis Results

The laboratory analysis results of forty two (42) discrete samples from boreholes ENM1 to
ENM13 are summarized in the following section below:

• Concentrations of TPH, and BTEX compounds were below the laboratory
detection limits in all samples.

• Concentrations of PAH compounds were below the laboratory detection limits in
all samples;

• Concentrations of metals were detected below the NSW EPA ENM Order (2014)
Maximum Average and Absolute Maximum concentrations in all samples;

• Foreign Materials were not detected in any of the samples analysed; and
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• Laboratory pH ranged from 4.6 to 8.5 and had an average of 6.1. The pH values
meet the NSW EPA ENM Order (2014) Maximum Average and Absolute values.

5.3 SPOCAS Assessment

Four samples returned pH concentrations below 5.0 and as such were submitted for SPOCAS
analysis in accordance with the NSW EPA ENM Order (2014). An additional two samples
were submitted for SPOCAS analysis for site coverage purposes.

A review of the results provided for the six samples submitted for SPOCAS analysis indicates
that thematerial is not consistent with actual or potential acid sulfate soils.

A review of the KCl extractible sulphur indicates all concentrations are below the most
conservative action criteria as per the Acid Sulfate Soils Manual (1998) and all the peroxide
oxidisable sulfate (or Spos%) results occur in the range of <0.02 % to 0.023 %, all of which
are less than the most conservative action criteria threshold of 0.03 %. This indicates that
oxidation of the soils does not result in the production of sulfuric acid and so the soils are
not classed as Acid Sulfate Soil.

It should be noted that whilst the SPOCAS results identified that the titratable sufitic acidity
and net acidity exceeded the assessment criteria in selected samples, these results are an
indirect test that comprises the addition of a basic solution of known concentration to the
soil sample solution whilst measuring the change in pH. The amount of basic solution that is
required to raise the pH to a value of pH 5.5 is then called the 'Acidity' value. As such if the
soils are acidic for any reason (not necessarily acid sulfate), you get a positive result. The
total sulfidic acidity (TSA) value is calculated by TPA minus TAA, assuming all acid produced
during oxidation is the result of sulfate release, but this is often not the case, resulting in
false positives for Acid Sulfate Soils.

5.3 Results Summary Tables

The summary tables (Table T1 to Table T5) attached to this report provide a summary of all
laboratory results collected from the site, and indicate that all laboratory results meet the
NSW EPA ENM Order (2014) criteria. The laboratory data is provided in Attachment B.
 

6 QA/QC Results

To ensure that the data reported during the investigation fulfilled the overall project
objectives and specific qualitative and quantitative Data Quality Objectives (DQOs), the
following Data Quality Indicators (DQIs) were adopted for the collection and analysis of soil
samples during the investigation:

• Use of appropriate field and analytical sampling methodology;

• Preservation of samples upon collection and during transport to the laboratory
meet applicable standards and guidelines;

• Sample holding times meet applicable standards and guidelines;

• Testing was carried out by a laboratory accredited by NATA, using methods
approved by NATA (or the USEPA);
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• Laboratory Limits of Reporting (LOR) or Estimated Quantitation Limits (EQL) meet
applicable standards and guidelines;

• Frequency of collection of field and laboratory quality control samples meet
applicable standards and guidelines;

• Results of the field quality control samples meet applicable standards and
guidelines (i.e. duplicate samples);

• Results of the laboratory quality control samples meet applicable standards and
guidelines (i.e. method blanks, laboratory control samples, duplicates, matrix spike,
and surrogate recoveries); and

• Occurrence of apparent inconsistencies between laboratory data results as
compared to field observations and measurements.

A Quality Assurance/ Quality Control (QA/QC) Program was implemented to assess the
quality and reliability of the data collected and used in this investigation.

Primary or parent samples and intra laboratory duplicates were submitted to Australian
Laboratory Services (ALS) of Smithfield, New South Wales. The QA/QC program for
analytical data is summarised in Table T5.

ALS’s analytical methods for the tests requested are certified by the NATA. The analytical
testing laboratories utilised during the investigation were also required to adhere to
accepted analytical methodologies and conduct regular quality control checks on their
analysis. Aurora requires these laboratories to regularly provide results of method or
reagent blanks, control standards, duplicates, and surrogate recoveries. These procedures
and results are documented in the laboratory reports in Attachment B.

The overall quality of the data is considered suitable for the purposes of this investigation.

7 Conclusions

The samples collected indicated concentrations of contaminants and physical attributes
were within the Maximum Average and Absolute Maximum Concentrations listed in Table 4
of the New South Wales Environmental Protection Authority (NSW EPA) Resource Recovery
Order under Part 9, Clause 93 of the Protection of the Environment Operations (Waste)
Regulation 2014, The Excavated Natural Material Order 2014.

In summary, the in situ sampling of soil across the 5,101m2 site has confirmed that the soils
meet the requirements of the NSW EPA ENM Order (2014) facilitating off site disposal as
Excavated Natural Material, noting that the assessment excludes that area comprising
service station operations as indicated in Figure 2. A separate in situ waste classification
assessment and report has been prepared for the area comprising service station
operations.
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8 Limitations

The findings of this report are based on site conditions which existed on the 29th and 30th

July 2015. The report was prepared in accordance with accepted environmental practices
used by environmental professionals working within this area. Conclusions have been made
from a limited number of observation points assuming that the chemical conditions are
representative across the assessed area. No other warranties are made or intended.

This report has been prepared by Aurora Environmental Consulting (Aurora) as part of the
ENM Classification Report performed on the subject sites described as Lots 1 and 2
DP90877, Lots 3 and 4 DP32518, Lot 122 DP578045, and Lots 1 3 DP155951. This report
cannot be reproduced without the written authorisation of Aurora Environmental
Consulting Pty Ltd and then be can only reproduced in its entirety.

Yours sincerely,

Aurora Environmental Consulting Pty Ltd

Tim Brown (B.E. Env)
Director
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ENM1 0.4-1.4m 30-Jul-15 nd nd 3 nd 8 nd nd nd

ENM1 2.0-3.0m 30-Jul-15 nd nd 9 nd 7 nd nd nd

ENM2 0.4-1.4m 30-Jul-15 nd nd 7 nd 8 nd nd nd

ENM2 2.0-3.0m 30-Jul-15 nd nd 2 nd nd nd nd nd

ENM2 3.5-4.5m 30-Jul-15 nd nd nd nd nd nd nd nd

ENM3 0.0-1.0m 29-Jul-15 nd nd 2 nd 20 nd 18 nd

ENM3 2.0-3.5m 29-Jul-15 nd nd nd nd nd nd nd nd

ENM3 4.5-6.0m 29-Jul-15 nd nd nd nd nd nd nd nd

ENM4 0.4-1.4m 30-Jul-15 nd nd 2 nd 6 nd 6 nd

ENM4 2.0-3.0m 30-Jul-15 nd nd nd nd nd nd nd nd

ENM4 3.5.4.5m 30-Jul-15 nd nd nd nd nd nd nd nd

ENM5 0.4-1.4m 30-Jul-15 nd nd 6 nd 5 nd nd nd

ENM5 2.0-3.0m 30-Jul-15 nd nd nd nd nd nd nd nd

ENM5 3.5-4.5m 30-Jul-15 nd nd nd nd nd nd nd nd

ENM6 0.0-1.0m 29-Jul-15 5 0.4 4 13 43 nd 142 nd

ENM6 2.0-3.0m 29-Jul-15 nd nd nd nd nd nd nd nd

ENM6 3.5-4.5m 29-Jul-15 nd nd 4 nd nd nd nd nd

ENM6 5.0-6.0m 29-Jul-15 nd nd nd nd 6 nd nd nd

ENM7 0.0-1.0m 29-Jul-15 nd nd 4 6 32 nd 33 nd

ENM7 2.0-3.0m 29-Jul-15 nd nd 7 nd 8 nd nd nd

ENM7 3.5-4.5m 29-Jul-15 nd nd 4 nd nd nd nd nd

ENM7 5.0-6.0m 29-Jul-15 8 nd 5 nd 5 nd nd nd

ENM8 0.0-1.0m 29-Jul-15 6 nd 8 nd 19 nd 29 nd

ENM8 1.0-2.0m 29-Jul-15 nd nd 6 nd 7 nd nd nd

ENM8 2.0-3.0m 29-Jul-15 nd nd 16 nd 7 3 nd nd

ENM9 0.0-1.0m 29-Jul-15 6 nd 11 nd 7 2 15 nd

ENM9 1.0-2.0m 29-Jul-15 17 nd 13 nd 6 nd nd nd

ENM9 2.0-3.0m 29-Jul-15 nd nd 8 nd nd nd nd nd

ENM10 0.0-1.0m 29-Jul-15 6 nd 18 nd 11 nd nd nd

ENM10 1.0-2.0m 29-Jul-15 7 nd 17 nd 8 nd nd nd

ENM10 2.5-3.5m 29-Jul-15 nd nd 11 nd 6 nd nd nd

ENM10 3.5-4.5m 29-Jul-15 nd nd 8 nd 7 nd nd nd

ENM11 0.0-1.0m 29-Jul-15 10 nd 22 nd 32 nd 10 nd

ENM11 2.0-3.0m 29-Jul-15 7 nd 4 nd 17 nd nd nd

ENM11 3.5-4.5m 29-Jul-15 nd nd 3 nd nd nd nd nd

ENM11 5.0-6.0m 29-Jul-15 11 nd nd nd 7 nd nd nd

ENM12 0.0-1.0m 29-Jul-15 nd nd 4 nd 8 nd nd nd

ENM12 1.0-2.0m 29-Jul-15 nd nd 5 nd 6 nd nd nd

ENM12 2.0-3.0m 29-Jul-15 nd nd 3 nd nd nd nd nd

ENM13 0.0-1.0m 29-Jul-15 nd nd 4 nd 18 nd 73 nd

ENM13 1.0-2.0m 29-Jul-15 nd nd 7 nd 6 nd nd nd

ENM13 2.0-3.0m 29-Jul-15 6 nd 7 nd nd nd nd nd

QS1 29-Jul-15 nd nd nd nd nd nd nd nd

QS2 29-Jul-15

8 - 7 10 12 3 41 -

4 - 5 2 10 1 25 -

2 - 3 1 6 0 15 -

10 - 11 11 18 3 55 -

20 0.5 75 100 50 30 150 0.5

40 1 150 200 100 60 300 1

5 1 2 5 5 2 5 0.1

EG035TEG005T

Lead      

(Pb)

NSW EPA (2014) The Excavation of Natural Material Order

Sample Mean

Sample Standard Deviation

95% Confidence Level

95% UCL of Mean

Sample ID

Laboratory Methodology

LOR

Column 2 - Maximum Average Concentration

Column 3 - Absolute Maximum Concentration

Mercury    

(Hg)

Nickel     

(Ni)

Zinc       

(Zn)

Date Sample 

Obtained

Arsenic    

(As)

Cadmium 

(Cd)

Total 

Chromium 

(Cr)

Copper    

(Cu)

Table T3
Soil Analytical Summary

Metals

EXCAVATED NATURAL MATERIAL (ENM) ASSESSMENT

WARNERS BAY, NEW SOUTH WALES

Notes:
Sample ID:  SB#/#.#-#.# denotes a soil sample taken a specific depth (m) and Q# denotes a quality assurance sample;
All Units = mg/kg, unless otherwise noted, e.g. pH, Electrical Conductivity (
"nd" denotes concentrations not detected above the laboratory Limit of Reporting (LOR);
" - " denotes that analysis was not requested;
"__" denotes that no relevant criteria are available;
"^" denotes that the total is the sum of individual results;
95% UCL of mean dentoes 95% Upper Confidence Level of mean;
Sample mean, standard deviation and 95%UCL of mean do not include the quality assurance samples;
Criteria for chromium is relevant for hexavalent chromium only; 
Criteria for mercury is for inorganic mercury;
NSW EPA (2012) denotes the New South Wales (NSW) Environment Protection Authority (EPA) Protection of the Environment Operations (Waste) 

Regulation 2005 - General Exemption Under Part 6, Clause 51 and 51A: The excavated natural material exemption 2012; and
Shading denotes concentrations exceeds the relevant guideline.
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Rubber Plastic Bitumen Paint Paper Cloth Wood

ENM1 0.4-1.4m 30-Jul-15 7 22 0.02 nd nd nd nd nd nd nd

ENM1 2.0-3.0m 30-Jul-15 6.6 13 - nd nd nd nd nd nd nd

ENM2 0.4-1.4m 30-Jul-15 7.5 23 - nd nd nd nd nd nd nd

ENM2 2.0-3.0m 30-Jul-15 5.3 42 - nd nd nd nd nd nd nd

ENM2 3.5-4.5m 30-Jul-15 5.3 37 - nd nd nd nd nd nd nd

ENM3 0.0-1.0m 29-Jul-15 7 12 - nd nd nd nd nd nd nd

ENM3 2.0-3.5m 29-Jul-15 6.8 52 - nd nd nd nd nd nd nd

ENM3 4.5-6.0m 29-Jul-15 6.8 11 - nd nd nd nd nd nd nd

ENM4 0.4-1.4m 30-Jul-15 8.0 49 - nd nd nd nd nd nd nd

ENM4 2.0-3.0m 30-Jul-15 5.1 96 - nd nd nd nd nd nd nd

ENM4 3.5.4.5m 30-Jul-15 7.5 66 - nd nd nd nd nd nd nd

ENM5 0.4-1.4m 30-Jul-15 5.5 76 - nd nd nd nd nd nd nd

ENM5 2.0-3.0m 30-Jul-15 5.2 80 - nd nd nd nd nd nd nd

ENM5 3.5-4.5m 30-Jul-15 5.6 40 - nd nd nd nd nd nd nd

ENM6 0.0-1.0m 29-Jul-15 6.8 31 - nd nd nd nd nd nd nd

ENM6 2.0-3.0m 29-Jul-15 5.5 25 - nd nd nd nd nd nd nd

ENM6 3.5-4.5m 29-Jul-15 5.1 36 - nd nd nd nd nd nd nd

ENM6 5.0-6.0m 29-Jul-15 6.0 21 - nd nd nd nd nd nd nd

ENM7 0.0-1.0m 29-Jul-15 6.9 18 - nd nd nd nd nd nd nd

ENM7 2.0-3.0m 29-Jul-15 5.1 88 - nd nd nd nd nd nd nd

ENM7 3.5-4.5m 29-Jul-15 5.6 32 - nd nd nd nd nd nd nd

ENM7 5.0-6.0m 29-Jul-15 5.8 26 - nd nd nd nd nd nd nd

ENM8 0.0-1.0m 29-Jul-15 7.6 78 - nd nd nd nd nd nd nd

ENM8 1.0-2.0m 29-Jul-15 5.5 53 nd nd nd nd nd nd nd nd

ENM8 2.0-3.0m 29-Jul-15 6.1 36 - nd nd nd nd nd nd nd

ENM9 0.0-1.0m 29-Jul-15 8.5 102 - nd nd nd nd nd nd nd

ENM9 1.0-2.0m 29-Jul-15 5.2 76 - nd nd nd nd nd nd nd

ENM9 2.0-3.0m 29-Jul-15 5.5 48 - nd nd nd nd nd nd nd

ENM10 0.0-1.0m 29-Jul-15 6.8 74 - nd nd nd nd nd nd nd

ENM10 1.0-2.0m 29-Jul-15 4.6 399 0.02 nd nd nd nd nd nd nd

ENM10 2.5-3.5m 29-Jul-15 5.2 62 - nd nd nd nd nd nd nd

ENM10 3.5-4.5m 29-Jul-15 5.3 47 - nd nd nd nd nd nd nd

ENM11 0.0-1.0m 29-Jul-15 6.7 15 - nd nd nd nd nd nd nd

ENM11 2.0-3.0m 29-Jul-15 5.8 38 - nd nd nd nd nd nd nd

ENM11 3.5-4.5m 29-Jul-15 5.8 43 - nd nd nd nd nd nd nd

ENM11 5.0-6.0m 29-Jul-15 6.1 28 - nd nd nd nd nd nd nd

ENM12 0.0-1.0m 29-Jul-15 7.3 9 - nd nd nd nd nd nd nd

ENM12 1.0-2.0m 29-Jul-15 5.4 47 - nd nd nd nd nd nd nd

ENM12 2.0-3.0m 29-Jul-15 4.9 37 nd nd nd nd nd nd nd nd

ENM13 0.0-1.0m 29-Jul-15 7.2 16 - nd nd nd nd nd nd nd

ENM13 1.0-2.0m 29-Jul-15 4.7 169 0.023 nd nd nd nd nd nd nd

ENM13 2.0-3.0m 29-Jul-15 4.9 109 nd nd nd nd nd nd nd nd

0.1 1 0.02 0.05 0.05 0.05 0.05 0.05 0.05 0.05

pH Units uS/cm %S % % % % % % %

EA002 EA010 EA029

6.1 57 na na na na na na na 0.03
1 63 na na na na na na na 0.01

0.6 23 na na na na na na na 0.01
6.7 79 na na na na na na na 0.04

5 - 9 1500

4.5 - 10 3000 0.03*

Notes:
-  ND = not detected above the laboratory Limit of Reporting;

-  ^ = the Total is cumulative, derived from the sum of each constituents Limit Of Reporting;

-  N/A = criteria not specified;

Bold type denotes concentrations in excess of the relevant criteria.

- LOR = Laboratory Limit of Reporting

"na" denotes that the sample was not analysed for this chemical

pH
Electrical

Conductivity 

Column 2 Maximum Average 

Concentration

LOR

Units

Laboratory Method

Foreign Materials
Sample ID

Date Sample 

Obtained

EA155

Sulfur Trail 

(%Spos)

Table T4
Soil Analytical Summary

 pH, Electrical Conductivity, Sulfur Trail, Foreign Materials

EXCAVATED NATURAL MATERIAL (ENM) ASSESSMENT

WARNERS BAY, NEW SOUTH WALES

 NSW EPA (2012) denotes the New South Wales (NSW) Environment Protection Authority (EPA) Protection of the Environment Operations (Waste) Regulation 2005 - 

General Exemption Under Part 6, Clause 51 and 51A: The excavated natural material exemption 2012.

Column 3 Absolute Maximum 

Concentration

0.05%

0.10%

Sample Mean
Sample Standard Deviation

95% Confidence Level
95% UCL of Mean

NSW EPA (2014) Excavated Natural Material Order
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BOREHOLE LOG REPORT

BOREHOLE LOG: ENM1

Site Name: Yahav Property Investments - Warners Bay

Location: Lot 1 DP90877 (482 The Esplanade) Warners Bay, NSW

Job Description: Excavated Natural Material (ENM) Classification

Date hole commenced: Borehole depth: 3.0m Contractor: Terratest

Date hole completed: R.L casing: Driller: JC

Logged by: T Brown R.L surface: Drill rig: Geoprobe

Datum: Drilling fluid:

Field PID 

Drilling Piezometer Material Description Sample Readings Lab Other

Method Construction Details ANALYSED (ppm) Analysis Comments

# 0 No Odour

1.0 # 0 ENM1 No Odour

0.4-1.4m

2.0 # 0 No Odour

ENM 1

3.0 # 0 2.0-3.0m No Odour

Borehole Terminated at 3.0m depth

4.0

5.0

6.0

Cement/Grout Asphalt/Concrete Clay
Backfill/Cuttings Sand Rock

Bentonite Silt Gravel

Sand/Filter Pack

CONCRETE

RESIDUAL: CLAYEY SAND: moist, fine grained, well 

graded, grey, wet, dense

RESIDUAL: SANDY CLAY with some GRAVEL: 

moderate plasticity, fine to medium grained, well graded, 

grey/brown, moist, firm consistency                                     

GEOLOGY

P

U

S

H

T

U

B

E

ALLUVIUM: SILTY SANDY CLAY, high plasticity, well 

graded, dark brown/grey, moist, firm consistency               

FILL: GRAVELEY SAND: brown, moist, dense

Page   1 of  1         
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BOREHOLE LOG REPORT

BOREHOLE LOG: ENM2

Site Name: Yahav Property Investments - Warners Bay

Location: Lot 122 DP578045 (16 King St) Warners Bay, NSW

Job Description: Excavated Natural Material (ENM) Classification

Date hole commenced: Borehole depth: 4.5m Contractor: Terratest

Date hole completed: R.L casing: Driller: JC

Logged by: T Brown R.L surface: Drill rig: Geoprobe

Datum: Drilling fluid:

Field PID

Drilling Piezometer Material Description Sample Readings Lab Other

Method Construction Details ANALYSED (ppm) Analysis Comments

1.0 # 0 ENM 2 No Odour

0.4 - 1.4m

2.0

# 0 ENM 2 No Odour

2.0-3.0m

3.0

4.0 # 0 ENM 2 No Odour

3.5-4.5m

Borehole Terminated at 4.5m depth
5.0

6.0

Cement/Grout Asphalt/Concrete Clay
Backfill/Cuttings Sand Rock

Bentonite Silt Gravel

Sand/Filter Pack

GEOLOGY

RESIDUAL: SANDY CLAY with some GRAVEL: 

moderate plasticity, fine to medium grained, well graded, 

grey/brown, moist, firm consistency

RESIDUAL: CLAYEY SAND: moist, fine grained, well 

graded, grey, wet below 3m, dense

P

U

S

H

T

U

B

E

CONCRETE

FILL: GRAVELEY SAND: brown, moist, dense

ALLUVIUM: SILTY SANDY CLAY, high plasticity, well 

graded, dark brown/grey, moist, firm

RESIDUAL: SANDSTONE: low plasticity, fine grained, 

yellow, dry, hard

Page   1 of  1
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BOREHOLE LOG REPORT

BOREHOLE LOG: ENM3

Site Name: Yahav Property Investments - Warners Bay

Location: Lot 1 DP155951 (14 King St) Warners Bay, NSW

Job Description: Excavated Natural Material (ENM) Classification

Date hole commenced: Borehole depth: 6.0m Contractor: Terratest

Date hole completed: R.L casing: Driller: JC

Logged by: T Brown R.L surface: Drill rig: Geoprobe

Datum: Drilling fluid:

Field PID

Drilling Piezometer Material Description Sample Readings Lab Other

Method Construction Details ANALYSED (ppm) Analysis Comments

1.0 # 0 ENM 3 No Odour

0 - 1m

2.0 # 0 No Odour

3.0 # 0 ENM 3 No Odour

2.0-3.5m

4.0 # 0 No Odour

# 0 ENM 3 No Odour

5.0 4.5-6.0m

# 0 No Odour

6.0
Borehole Terminated at 6.0m depth

Cement/Grout Asphalt/Concrete Clay
Backfill/Cuttings Sand Rock

Bentonite Silt Gravel

Sand/Filter Pack

GEOLOGY

P

U

S

H

T

U

B

E

RESIDUAL: SANDSTONE: low plasticity, fine grained, 

yellow, dry, hard

RESIDUAL: SAND: low plasticity, fine grained, yellow, 

wet, less dense

RESIDUAL: CLAYEY SAND: moist, fine grained, well 

graded, grey, wet below 3m, dense

ALLUVIUM: SILTY SANDY CLAY, high plasticity, well 

graded, dark brown/grey, moist, firm consistency

RESIDUAL: SILTY SANDY CLAY: moderate plasticity, 

fine to medium sand, well graded, light and dark brown 

bands, moist, firm consistency

Page   1 of  1
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BOREHOLE LOG REPORT

BOREHOLE LOG: ENM4

Site Name: Yahav Property Investments - Warners Bay

Location: Lot 2 DP90877 (484 The Esplanade) Warners Bay, NSW

Job Description: Excavated Natural Material (ENM) Classification

Date hole commenced: Borehole depth: 4.5m Contractor: Terratest

Date hole completed: R.L casing: Driller: JC

Logged by: T Brown R.L surface: Drill rig: Geoprobe

Datum: Drilling fluid:

Field PID

Drilling Piezometer Material Description Sample Readings Lab Other

Method Construction Details ANALYSED (ppm) Analysis Comments

# 0 No Odour

1.0 # 0 ENM 4 No Odour

0.4 - 1.4m

2.0 # 0

# 0 ENM 4 No Odour

2.0-3.0m

3.0 # 0 No Odour

4.0 # 0 ENM 4 No Odour

3.5-4.5m

# 0

Borehole Terminated at 4.5m depth
5.0

6.0

Cement/Grout Asphalt/Concrete Clay
Backfill/Cuttings Sand Rock

Bentonite Silt Gravel

Sand/Filter Pack

GEOLOGY

RESIDUAL: SANDY GRAVELEY CLAY: moderate 

plasticity, fine to medium gravels, well graded, light and 

dark brown bands, very moist, firm consistency

RESIDUAL: SANDY CLAY with some GRAVEL: 

moderate plasticity, fine to medium grained, well graded, 

grey/brown, moist, firm consistency

ALLUVIUM: SILTY SANDY CLAY, high plasticity, well 

graded, dark brown/grey, moist, firm

RESIDUAL: SANDY CLAY with some GRAVEL: 

moderate plasticity, fine to medium grained, well graded, 

grey/brown, moist, firm consistency

RESIDUAL: CLAYEY SAND: moist, fine grained, well 

graded, grey, wet below 3.5m, dense

RESIDUAL: SANDSTONE: low plasticity, fine grained, 

yellow, dry, hard

P

U

S

H

T

U

B

E

CONCRETE

FILL: GRAVELEY SAND: brown, moist, dense

Page   1 of  1
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BOREHOLE LOG REPORT

BOREHOLE LOG: ENM5

Site Name: Yahav Property Investments - Warners Bay

Location: Lot 122 DP578045 (16 King St) Warners Bay, NSW

Job Description: Excavated Natural Material (ENM) Classification

Date hole commenced: Borehole depth: 4.5m Contractor: Terratest

Date hole completed: R.L casing: Driller: JC

Logged by: T Brown R.L surface: Drill rig: Geoprobe

Datum: Drilling fluid:

Field PID

Drilling Piezometer Material Description Sample Readings Lab Other

Method Construction Details ANALYSED (ppm) Analysis Comments

1.0 # 0 ENM 5 No Odour

0.4 - 1.4m

2.0

# 0 ENM 5 No Odour

2.0-3.0m

3.0

4.0 # 0 ENM 5 No Odour

3.5-4.5m

Borehole Terminated at 4.5m depth
5.0

6.0

Cement/Grout Asphalt/Concrete Clay
Backfill/Cuttings Sand Rock

Bentonite Silt Gravel

Sand/Filter Pack

GEOLOGY

ALLUVIUM: SILTY SANDY CLAY, high plasticity, well 

graded, dark brown/grey, moist, firm

FILL: GRAVELEY SAND: brown, moist, dense

RESIDUAL: SANDY CLAY with some GRAVEL: 

moderate plasticity, fine to medium grained, well graded, 

grey/brown, moist, firm consistency

RESIDUAL: CLAYEY SAND: moist, fine grained, well 

graded, grey, wet below 3m, dense

RESIDUAL: SANDSTONE: low plasticity, fine grained, 

yellow, dry, hard

P

U

S

H

T

U

B

E

CONCRETE

Page   1 of  1
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BOREHOLE LOG REPORT

BOREHOLE LOG: ENM6

Site Name: Yahav Property Investments - Warners Bay

Location: Lot 1 DP155951 (14 King St) Warners Bay, NSW

Job Description: Excavated Natural Material (ENM) Classification

Date hole commenced: Borehole depth: 6.0m Contractor: Terratest

Date hole completed: R.L casing: Driller: JC

Logged by: T Brown R.L surface: Drill rig: Geoprobe

Datum: Drilling fluid:

Field PID

Drilling Piezometer Material Description Sample Readings Lab Other

Method Construction Details ANALYSED (ppm) Analysis Comments

1.0 # 0 ENM 3 No Odour

0 - 1m

2.0 # 0 No Odour

3.0 # 0 ENM 3 No Odour

2.0-3.5m

4.0 # 0 No Odour

# 0 ENM 3 No Odour

5.0 4.5-6.0m

# 0 No Odour

6.0
Borehole Terminated at 6.0m depth

Cement/Grout Asphalt/Concrete Clay
Backfill/Cuttings Sand Rock

Bentonite Silt Gravel

Sand/Filter Pack

GEOLOGY

RESIDUAL: SILTY SANDY CLAY: moderate plasticity, 

fine to medium sand, well graded, light and dark brown 

bands, moist, firm consistency

RESIDUAL: CLAYEY SAND: moist, fine grained, well 

graded, grey, dense

RESIDUAL: SANDSTONE: low plasticity, fine grained, 

yellow, wet, dense

P

U

S

H

T

U

B

E

ALLUVIUM: SILTY SANDY CLAY, high plasticity, well 

graded, dark brown/grey, moist, firm consistency

RESIDUAL: SANDSTONE: low plasticity, fine grained, 

white, dry, hard
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BOREHOLE LOG REPORT

BOREHOLE LOG: ENM7

Site Name: Yahav Property Investments - Warners Bay

Location: Lot 2 DP155951 (12 King St) Warners Bay, NSW

Job Description: Excavated Natural Material (ENM) Classification

Date hole commenced: Borehole depth: 6.0m Contractor: Terratest

Date hole completed: R.L casing: Driller: JC

Logged by: T Brown R.L surface: Drill rig: Geoprobe

Datum: Drilling fluid:

Field PID

Drilling Piezometer Material Description Sample Readings Lab Other

Method Construction Details ANALYSED (ppm) Analysis Comments

ENM 7

1.0 # 0 0 - 1m No Odour

2.0 # 0 No Odour

ENM 7 

# 0 2.0-3.0m No Odour

3.0

4.0 # 0 No Odour

ENM 7 

3.5-4.5m

# 0 No Odour

5.0

# 0 ENM7 No Odour

6.0 5.0-6.0m

Borehole Terminated at 6.0m depth

Cement/Grout Asphalt/Concrete Clay
Backfill/Cuttings Sand Rock

Bentonite Silt Gravel

Sand/Filter Pack

GEOLOGY

RESIDUAL: SANDSTONE: low plasticity, fine grained, 

white, dry, hard

RESIDUAL: SANDSTONE: low plasticity, fine grained, 

yellow, wet, dense

RESIDUAL: CLAYEY SAND: moist, fine grained, well 

graded, grey, wet below 3m, dense

RESIDUAL: SILTY SANDY CLAY: moderate plasticity, 

fine to medium sand, well graded, light and dark brown 

bands, moist, firm consistency

P

U

S

H

T

U

B

E

ALLUVIUM: SILTY SANDY CLAY, high plasticity, well 

graded, dark brown/grey, moist, firm consistency
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BOREHOLE LOG REPORT

BOREHOLE LOG: ENM8

Site Name: Yahav Property Investments - Warners Bay

Location: Lot 3 DP32518 (486 The Esplanade) Warners Bay, NSW

Job Description: Excavated Natural Material (ENM) Classification

Date hole commenced: Borehole depth: 3.0m Contractor: Terratest

Date hole completed: R.L casing: Driller: JC

Logged by: T Brown R.L surface: Drill rig: Geoprobe

Datum: Drilling fluid:

Field PID

Drilling Piezometer Material Description Sample Readings Lab Other

Method Construction Details ANALYSED (ppm) Analysis Comments

1.0 # 0 ENM8 0-1m No Odour

2.0 # 0 ENM8 1-2m No Odour

3.0 # 0 ENM8 2-3m No Odour

Borehole Terminated at 3.0m depth

4.0

5.0

6.0

Cement/Grout Asphalt/Concrete Clay
Backfill/Cuttings Sand Rock

Bentonite Silt Gravel

Sand/Filter Pack

RESIDUAL: SANDY GRAVELEY CLAY: moderate 

plasticity, fine to medium gravels, well graded, light and 

dark brown bands, very moist to wet, firm consistency

Page   1 of  1
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GEOLOGY

P

U

S

H

T

U

B

E

ALLUVIUM: SILTY SANDY CLAY, high plasticity, well 

graded, dark brown/grey, moist, firm consistency

RESIDUAL: SANDY CLAY with some GRAVEL: 

moderate plasticity, fine to medium grained, well graded, 

grey/brown, moist, firm consistency
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BOREHOLE LOG REPORT

BOREHOLE LOG: ENM9

Site Name: Yahav Property Investments - Warners Bay

Location: Lot 3 DP32518 (486 The Esplanade) Warners Bay, NSW

Job Description: Excavated Natural Material (ENM) Classification

Date hole commenced: Borehole depth: 3.0m Contractor: Terratest

Date hole completed: R.L casing: Driller: JC

Logged by: T Brown R.L surface: Drill rig: Geoprobe

Datum: Drilling fluid:

Field PID

Drilling Piezometer Material Description Sample Readings Lab Other

Method Construction Details ANALYSED (ppm) Analysis Comments

1.0 # 0 ENM 9 0-1m No Odour

2.0 # 0 ENM9 1-2m No Odour

3.0 # 0 ENM9 2-3m No Odour

Borehole Terminated at 3.0m depth

4.0

5.0

6.0

Cement/Grout Asphalt/Concrete Clay
Backfill/Cuttings Sand Rock

Bentonite Silt Gravel

Sand/Filter Pack

RESIDUAL: CLAYEY SAND: moist, fine grained, well 

graded, grey, wet, dense

RESIDUAL: SANDY CLAY with some GRAVEL: 

moderate plasticity, fine to medium grained, well graded, 

grey/brown, moist, firm consistency

ALLUVIUM: SILTY SANDY CLAY, high plasticity, well 

graded, dark brown/grey, moist, firm consistency

FILL: GRAVELEY SAND: brown, moist, dense
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BOREHOLE LOG REPORT

BOREHOLE LOG: ENM10

Site Name: Yahav Property Investments - Warners Bay

Location: Lot 122 DP578045 (16 King St) Warners Bay, NSW

Job Description: Excavated Natural Material (ENM) Classification

Date hole commenced: Borehole depth: 4.5m Contractor: Terratest

Date hole completed: R.L casing: Driller: JC

Logged by: T Brown R.L surface: Drill rig: Geoprobe

Datum: Drilling fluid:

Field PID

Drilling Piezometer Material Description Sample Readings Lab Other

Method Construction Details ANALYSED (ppm) Analysis Comments

1.0 # 0 ENM 10 0-1m No Odour

2.0 # 0 ENM10 1-2m No Odour

3.0 # 0 ENM10 No Odour

2.5-3.5m

4.0 # 0 ENM10 No Odour

3.5-4.5m

Borehole Terminated at 4.5m depth
5.0

6.0

Cement/Grout Asphalt/Concrete Clay
Backfill/Cuttings Sand Rock

Bentonite Silt Gravel

Sand/Filter Pack

ALLUVIUM: SILTY SANDY CLAY, high plasticity, well 

graded, dark brown/grey, moist, firm consistency

FILL: GRAVELEY SAND: brown, moist, dense

GEOLOGY

P

U

S

H

T

U

B

E

RESIDUAL: CLAYEY SAND: moist, fine grained, well 

graded, grey, wet, dense

RESIDUAL: SANDSTONE: low plasticity, fine grained, 

yellow, dry, hard

RESIDUAL: SANDY CLAY with some GRAVEL: 

moderate plasticity, fine to medium grained, well graded, 

grey/brown, moist, firm consistency
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BOREHOLE LOG REPORT

BOREHOLE LOG: ENM11

Site Name: Yahav Property Investments - Warners Bay

Location: Lot 3 DP155951 (1 Howard St) Warners Bay, NSW

Job Description: Excavated Natural Material (ENM) Classification

Date hole commenced: Borehole depth: 6.0m Contractor: Terratest

Date hole completed: R.L casing: Driller: JC

Logged by: T Brown R.L surface: Drill rig: Geoprobe

Datum: Drilling fluid:

Field PID

Drilling Piezometer Material Description Sample Readings Lab Other

Method Construction Details ANALYSED (ppm) Analysis Comments

ENM 11

1.0 # 0 0 - 1m No Odour

2.0 # 0 No Odour

ENM 11 

# 0 2.0-3.0m No Odour

3.0

4.0 # 0 No Odour

ENM 11 

3.5-4.5m

# 0 No Odour

5.0

# 0 ENM 11 No Odour

6.0 5.0-6.0m

Borehole Terminated at 6.0m depth

Cement/Grout Asphalt/Concrete Clay
Backfill/Cuttings Sand Rock

Bentonite Silt Gravel

Sand/Filter Pack

GEOLOGY

RESIDUAL: SANDSTONE: low plasticity, fine grained, 

yellow, wet, dense

RESIDUAL: SANDSTONE: low plasticity, fine grained, 

white, dry, hard

RESIDUAL: CLAYEY SAND: moist, fine grained, well 

graded, grey, wet below 3m, dense

RESIDUAL: SILTY SANDY CLAY: moderate plasticity, 

fine to medium sand, well graded, light and dark brown 

bands, moist, firm consistency

P

U

S

H

T

U

B

E

ALLUVIUM: SILTY SANDY CLAY, high plasticity, well 

graded, dark brown/grey, moist, firm consistency
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BOREHOLE LOG REPORT

BOREHOLE LOG: ENM12

Site Name: Yahav Property Investments - Warners Bay

Location: Lot 4 DP32518 (488 The Esplanade) Warners Bay, NSW

Job Description: Excavated Natural Material (ENM) Classification

Date hole commenced: Borehole depth: 3.0m Contractor: Terratest

Date hole completed: R.L casing: Driller: JC

Logged by: T Brown R.L surface: Drill rig: Geoprobe

Datum: Drilling fluid:

Field PID

Drilling Piezometer Material Description Sample Readings Lab Other

Method Construction Details ANALYSED (ppm) Analysis Comments

1.0 # 0 ENM12 0-1m No Odour

2.0 # 0 ENM12 1-2m No Odour

3.0 # 0 ENM12 2-3m No Odour

Borehole Terminated at 3.0m depth

4.0

5.0

6.0

Cement/Grout Asphalt/Concrete Clay
Backfill/Cuttings Sand Rock

Bentonite Silt Gravel

Sand/Filter Pack

ALLUVIUM: SILTY SANDY CLAY, high plasticity, well 

graded, dark brown/grey, moist, firm consistency

RESIDUAL: SANDY CLAY with some GRAVEL: 

moderate plasticity, fine to medium grained, well graded, 

grey/brown, moist, firm consistency

RESIDUAL: SANDY GRAVELEY CLAY: moderate 

plasticity, fine to medium gravels, well graded, light and 

dark brown bands, very moist to wet, firm consistency

Page   1 of  1

29/07/2015

29/07/2015

S
ym

bo
l

Depth

(m)

GEOLOGY

P

U

S

H

T

U

B

E

D08347877



BOREHOLE LOG REPORT

BOREHOLE LOG: ENM13

Site Name: Yahav Property Investments - Warners Bay

Location: Lot 4 DP32518 (488 The Esplanade) Warners Bay, NSW

Job Description: Excavated Natural Material (ENM) Classification

Date hole commenced: Borehole depth: 3.0m Contractor: Terratest

Date hole completed: R.L casing: Driller: JC

Logged by: T Brown R.L surface: Drill rig: Geoprobe

Datum: Drilling fluid:

Field PID

Drilling Piezometer Material Description Sample Readings Lab Other

Method Construction Details ANALYSED (ppm) Analysis Comments

1.0 # 0 ENM13 0-1m No Odour

2.0 # 0 ENM13 1-2m No Odour

3.0 # 0 ENM13 2-3m No Odour

Borehole Terminated at 3.0m depth

4.0

5.0

6.0

Cement/Grout Asphalt/Concrete Clay
Backfill/Cuttings Sand Rock

Bentonite Silt Gravel

Sand/Filter Pack

P

U

S

H

T

U

B

E

ALLUVIUM: SILTY SANDY CLAY, high plasticity, well 

graded, dark brown/grey, moist, firm consistency

GEOLOGY

RESIDUAL: SANDY CLAY with some GRAVEL: 

moderate plasticity, fine to medium grained, well graded, 

grey/brown, moist, firm consistency

RESIDUAL: SANDY GRAVELEY CLAY: moderate 

plasticity, fine to medium gravels, well graded, light and 

dark brown bands, very moist to wet, firm consistency
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ATTACHMENT B

LABORATORY REPORTS

D08347877
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EXECUTIVE SUMMARY

Aurora Environmental Consulting Pty Ltd (Aurora) was commissioned by Yahav Property Investments to

perform an environmental site assessment (ESA) to provide an updated contamination status report for due

diligence purposes of the properties described as Lot 1 DP90877 and Lot 122 DP578045, currently in use as a

BP branded service station located at 482 The Esplanade, Warners Bay, NSW.

The objective of this assessment was to assess the status of the site with respect to petroleum hydrocarbon

contamination potentially associated with current and former operations at the site by drilling, testing, and

reporting on the soil and groundwater quality at the site. The assessment targeted areas within the site which

were most likely to represent areas of potential hydrocarbon impact based on historical site operations and

management practices.

A secondary objective of the works was to install an additional groundwater monitoring well at the site, to

provide more substantive coverage of the current underground petroleum storage system (UPSS), in order to

delineate previously identified groundwater impacts within the site, and to facilitate more comprehensive

compliance with the NSW EPA’s Protection of the Environment (UPSS) Operations Regulation (2008).

The outcomes of the assessment were:

• The site is currently owned by Nine One One Convenience Pty Ltd and leased to Darton Warners Bay
Pty Ltd who operate the site. The service station is located within a mixed residential and commercial
setting In Warners Bay, on the north – eastern shores of Lake Macquarie. The service station site
covers an area of approximately 2,200m2, and slopes at a low gradient to the west.

• At the time of assessment, the site comprised an underground petroleum storage system (UPSS)
including four underground storage tanks (USTs) with six storage compartments, five (5) fuel
dispensing pumps and associated pipelines. The UPSS at the site was installed in 1996.

• There were no visible signs of vegetation stress within the site, or in areas located down gradient
(north west) of the site.

• The closest environmentally sensitive receptor to the site is Lake Macquarie, a large saltwater coastal
lake, located 100m to the west of the site.

• During the assessment, seven (7) boreholes (SB1 to SB7) were drilled to depths of up to 4.5m BGL and
one (1) additional monitoring well installed (to complement the six existing wells) in a location
targeted to identify and/or define areas of potential soil and groundwater contamination associated
with former service station operations.

• The geology encountered during drilling consisted of gravely sand fill extending from below the
concrete slab to approximately 0.4m BGL, underlain by dark grey and black silty clay alluvium to
varying depths of between approximately 1.0 m and 3.8m below ground level. This was underlain by
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orange brown silty clays grading to clayey sand residual soils of the Boolaroo Subgroup to the
maximum depth of drilling at 4.5m.

• Groundwater below the site occurs as a semi confined aquifer within the silty clay and clayey sands
between 1.5m and 2.2m BGL. The groundwater is flowing in a westerly direction towards Lake
Macquarie with a slope of 1.89 degrees, or 0.033m/m.

• Petroleum hydrocarbon impacts to the soils were below the adopted site assessment criteria in all
samples submitted for analysis with the exception of boreholes SB3 and SB7 at approximately 2.5m
depth which exceeded the NEPM (2013) criteria for based on a residential land use setting for soil
vapour intrusion. The criteria was not exceeded based on a commercial land use setting.

• Concentrations of petroleum hydrocarbon compounds in groundwater samples collected from
monitoring wells MW1 to MW7 were below the adopted site assessment criteria, with the exception
of the Naphthalene concentration in monitoring well MW4 which exceeded the NEPM (2013)
groundwater investigation levels for the protection of aquatic ecosystems in fresh water.

In summary, the extent of petroleum hydrocarbon impacts to soil appears to be generally contained to within

the operational areas of the site, extending towards the south western boundary of the site, in the vicinity of

impacted soil bore SB7. Petroleum hydrocarbon impact beyond SB7 has not been delineated, however impact

is unlikely to extend beyond the site boundary, based on a residential land use exposure setting.

The extent of petroleum hydrocarbon impacts to groundwater appears isolated to the area around MW4 in

the central portion of the site. Groundwater impact is below a concrete slab within an operational service

station, and is delineated towards the nearest environmental receptor by downgradient monitoring wells

MW2, MW5 and MW6, and to the south by MW7. As such, the risk of harm to any potential aquatic

ecosystem with the site in its current state is considered low.

Overall, there was an absence of significant hydrocarbon impacts to soil and groundwater associated with the

current and historical service station operations. The identified contamination appears to be securely

immobilised within the site, under the building and car wash/ concreted areas, and is unlikely to be currently

causing any offsite consequences to the community or environment.

Any potential re development of the site would require these contaminated areas to be cleaned up, in

conjunction with any subsequent excavation or redevelopment of the land. Such remediation works would

likely be addressed through the planning and development consent process.

As such the environmental condition of the site is considered unlikely to present a risk of harm to current

users of the site in its current state. Remediation works including the excavation of identified petroleum

hydrocarbon impacted soils would be conducted during re development to validate the site for alternative

land uses. On the basis of the assessment, Aurora considers the assessment suitable for application as an

assessment of current site conditions.
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1. INTRODUCTION

Aurora Environmental Consulting Pty Ltd (Aurora) was commissioned by Yahav Property Investments to

perform an environmental site assessment (ESA) for due diligence purposes and to provide an updated

contamination status report of the properties described as Lot 1 DP90877 and Lot 122 DP578045 currently in

use as a BP branded service station located at 482 The Esplanade, Warners Bay, NSW.

1.1 Objectives

The objectives of the ESA were to:

• Assess the status of the site with respect to petroleum hydrocarbon associated contamination
potentially associated with historical operations at the site.

• Define the vertical and lateral extent of petroleum hydrocarbon associated impact to the soil and
groundwater;

• Identify any other potential sources of petroleum hydrocarbon impact on or in close proximity to the
site;

• Assess whether any residual petroleum hydrocarbon impact to soil and groundwater would affect the

suitability of the site for continued use as a retail service station facility, or permitted land use under

the current zoning; and

• Provide more substantive groundwater monitoring well coverage of the current underground

petroleum storage system (UPSS), to facilitate more comprehensive compliance with the NSW EPA’s

Protection of the Environment (UPSS) Operations Regulation (2008)

1.2 Scope of Work

The following tasks were performed during the ESA by Aurora personnel:

• A review of historical environmental reporting for the site, and an historical survey of the site to
identify potential on and off site contamination sources;

• Collation of geological and hydrogeological information to identify potential receptors and assist with
determining the likely fate and distribution of potential contaminants;

• Preparation of a scaled site map identifying key site features including underground services, storage
tanks and other physical structures;

• Conduct a site inspection to validate historical information, identify potential contaminant sources
and receptors not previously identified during the historical survey and identify safety issues needing
consideration during field activities;
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• Obtain the necessary works approvals from landowners / site operators prior to commencement of
field activities;

• Develop and implement an appropriate investigation and sampling program in accordance with
relevant NSW and Australian guidelines and supported by qualified professional judgement during
the historical survey, site inspection and field activities;

• Developed and implemented a quality assurance / quality control program (QA/QC) program
throughout all stages of the investigation;

• Establish groundwater flow direction based on a level survey and groundwater monitoring well
gauging;

• Undertake screening analysis of soil and groundwater samples in the field using available field
instrumentation;

• Analysis of selected soil and groundwater samples for a range of analytes typically associated with
petroleum hydrocarbon products; and

• Derived conclusions based on field assessment relating to the source, nature and extent of petroleum

hydrocarbon related impact at the site associated with former service station operations, and the

suitability of the site for permitted ongoing use under the current zoning.
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2. BACKGROUND INFORMATION

2.1 Site Use

The site is located at 482 The Esplanade, Warners Bay, on the north eastern shores of Lake Macquarie. A site

location map is provided as Figure 1 in Appendix A. The site (Lot 1 DP90877 and Lot 122 DP578045) is

currently zoned 3(1) Urban Centre in accordance with the Lake Macquarie City Council LEP (2014). The site is

owned by Nine One One Convenience Pty Ltd, and operated by Darton Warners Bay Pty Ltd as a BP branded

service station.

The site is used as a retail service station facility which stores and distributes petroleum products for retail

consumption. The service station covers an area of approximately 2,200m2. The entire site is surfaced with

concrete, with the exception of some narrow garden beds around the perimeter of the property. Access to

the site is from two driveways along King St, and one driveway on The Esplanade.

2.2 Physiography

The surface of the site is relatively flat, displaying a slight slope towards the west. Regionally, the surrounding

topography also displays a moderate slope to the west. The elevation of the site is approximately 7mAHD.

The nearest sensitive environmental receptor is Warners Bay, located approximately 100m to the west of the

site. Warners Bay forms part of Lake Macquarie, a large coastal saltwater lake.

2.3 Surrounding Land Use

The area surrounding the Site is generally residential / commercial property. The surrounding land use is

summarised in Table 1 below.

Table 1: Surrounding Land Use

Direction Description

North King St, then commercial property.

East Residential property.

South Residential property.

West The Esplanade, then shoreline of Lake Macquarie

2.4 Regional Geology and Hydrogeology

Information from the 1:100,000 Newcastle Coalfield Geology Map, indicates that the site is intersected by the

contact between the Quaternary alluvium of North Creek and the Boolaroo Subgroup. The alluvium does not
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extend across the whole site and the boundary between the Quaternary Alluvium and the Boolaroo Subgroup

is to the south east between boreholes SB4 and SB7. The geological contact between the Quaternary Alluvium

and underlying bedrock of the Boolaroo Subgroup was intersected from the surface to 3.8m below ground

level (bgl) from east to west across the site. There appears to be a depression in the bedrock surface in the

south eastern portion of the site. This is reflected in a thickening wedge of alluvial sediments in the south

west of the site, from borehole SB3 to SB7.

A boresearch of the NSW Natural Resources Groundwater Interactive Map hosted by the NSW Office of Water

was conducted with a search radius of 1 km around the site. There were no registered groundwater bores

located within a 1km radius of the site. Groundwater below the site occurs within the Quaternary Alluvium

and the residual sandstone of the Boolaroo Subgroup forming a semi confined aquifer overlain by silty clay

alluvial sediments. Further information relating to the physical properties of the groundwater at the site is

provided in Section 4.3.

2.5 Nearby Surface Waters and Site Drainage

Surface drainage from the site is predominantly collected in on site and boundary stormwater drains, and

discharged off site via the stormwater drainage network below The Esplanade and King Street. Lake

Macquarie is the closest environmentally sensitive surface water body to the site, located 75m to the west.

2.6 Previous Investigations

In addition to the recently completed Aurora Groundwater Monitoring Event (GME) Report (2015), the ERM

(2003) ESA and ERM (2004) Remediation Works reports were sourced as the only previous environmental

investigation reports for the site.

Environmental Site Assessment (ESA) for BP Warners Bay Service Station, The Esplanade, Warners Bay, NSW

(October 2003)

Environmental Resources Management Australia Pty Limited (ERM) was commissioned by BP Australia Pty Ltd

(BP) to conduct drilling and monitoring well installation, at the BP Warners Bay Service Station in 2003.

The objective of the assessment was to determine whether the current and/or historical use of the site for fuel

retail purposes, had resulted in hydrocarbon or lead impact to the soils and/or groundwater at the site. In

addition, the investigation was to determine the vertical and lateral extent of impact to the soils and/or

seepage water, both on and downgradient of the site. In order to achieve the above objectives, the

assessment was conducted in two stages. BP’s intention was to divest the site in the later part of the year,

with the site to continue operation as a service station facility.

The results of the assessment works defined the lateral and vertical extent of hydrocarbon impact to the soils

and groundwater below the site, and indicated that impact above the site assessment criteria, downgradient

of the main source area extended to the western boundary. Given that hydrocarbon impacted soils and
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groundwater above the site assessment criteria were detected at the site’s western boundary, and not in any

off site boreholes/monitoring wells, the extent of hydrocarbon impact to the soils and groundwater, was likely

to be confined to within the boundaries of the site and possibly for a short distance below The Esplanade.

Hydrocarbon impacted soils above the site assessment criteria were generally confined to below concrete

surfaced areas in the south western portion of the site. ERM therefore considered that the exposure risk to

human health associated with the soil impact is likely to be minimal, with the site in its current configuration.

Remediation Works for BP Warners Bay Service Station, The Esplanade, Warners Bay, NSW (October 2004)

Environmental Resources Management Australia Pty Limited (ERM) was commissioned by BP Australia Pty

Limited (BP) to conduct excavation and validation sampling at the BP Warners Bay service station, located at

482 The Esplanade, Warners Bay, NSW. The objective of the remediation works was to identify and excavate

the hydrocarbon impacted soil for off site disposal, including chasing out areas of impacted soils as close to

the buildings as practical. The excavation targeted the areas in the south western portion of the site identified

during the ERM (2003) ESA resulting from a historical line leak of zoom (premix) fuel below the site.

Approximately 450m3 of hydrocarbon impacted material was removed from the excavation and disposed off

site as Inert Waste. Approximately 416m3 of washed fill sand was imported to the site from Metromix

Quarries in Teralba to reinstate the excavation. On the basis of the results for the remediation program, ERM

considers that the majority of the hydrocarbon impacted soil identified in the ERM 2003 assessment has been

excavated and disposed off site to landfill. Some impact could not be removed due to the presence of

buildings and underground services. However the residual soil impact was below the adopted site assessment

criteria for an ongoing service station facility.

Analysis of groundwater samples showed two locations (on site) where concentrations exceeded assessment

criteria. No exceedance of the adopted criteria was detected in any of the off site monitor wells. On the basis

of the assessment ERM considered that the site was suitable for continued use as a service station facility and

that the site did not represent a significant risk of harm to human health and the environment.

Groundwater Monitoring Event (GME) Report for BP Warners Bay Service Station (May 2015)

Aurora Environmental Consulting Pty Ltd (Aurora) was commissioned by Mr Basil Chakos of Nine One One

Convenience Pty Ltd to undertake a Groundwater Monitoring Event (GME) at the BP service station facility

located at 482 The Esplanade, Warners Bay, NSW. The assessment was intended to provide an environmental

condition report of the site, with this report documenting the findings of the monitoring event conducted on

18th May 2015. The assessment identified that concentrations of petroleum hydrocarbon compounds in

groundwater samples collected from on site monitoring wells MW1 to MW6 were below the adopted site

assessment criteria, with the exception of the Naphthalene concentration in monitoring well MW4 which

D08347862



Yahav Property Investments 
Environmental Site Assessment Report
BP Warners Bay Service Station, 482 The Esplanade, Warners Bay NSW 2282 
                                                                

9

exceeded the NEPM (2013) groundwater investigation levels for the protection of aquatic ecosystems in fresh

water.

The extent of petroleum hydrocarbon impact to groundwater appeared to be generally contained to within

the boundaries of the site. The Naphthalene impact in MW4 is below a concrete slab within an operational

service station, and is delineated towards the nearest environmental receptor by downgradient monitoring

wells MW2, MW5 and MW6. As such, the risk of harm to any potential aquatic ecosystem with the site in its

current state was considered low.

2.7 Site History

Site history for the site was documented in the ESA conducted for the site by Environmental Resources

Management Pty Ltd (ERM) in 2003 for BP Australia Pty Ltd. The ERM 2003 report identifies that a portion of

the site (Lots 1 and 2) was purchased in 1958 by BP Australia for fuel retail purposes, with Lot 3 purchased in

1974. The site was sold to Nine One One Convenience Pty Ltd in 2004. Prior to 1958, the site does not appear

to have been used for activities of a potentially contaminating nature.

The title information reviewed describes the land as being Lot 1 DP 90877 and Lot 122 DP 578045, in the

County of Northumberland, Parish of Kahibah, in the Lake Macquarie Local Government Area (LGA).

The following documents were reviewed by Aurora as part of the historical research into site activities:

• historical title deed documents, provided by advanced legal search;

• LMCC Section 149(2) certificates of environmental planning information;

• NSW EPA register of unhealthy building land; and

• correspondence with current site owners in relation to knowledge of current/previous potentially

contaminating activities conducted at the site.

Historical Title Deed Documents

A summary of the site ownership for the Lot 122 DP 578054 follows, which was sourced from Land Title Deed

documents:

• 1889 – 1903: John Connal & William Connal;

• 1903 – 1915: William Connal, Marian McDonald & John McDonald;

• 1915 – 1916: Robert Gibbs;

• 1916 – 1942: Arthur Howard;

• 1942 – 1946: Isabella Palmer, Hubert Palmer and James Namus;
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• 1946 – 1948: Walter Phee;

• 1948 – 1948: Public Trustee;

• 1948 – 1972: Isabella Phee;

• 1972 – 1973: Neville Phee & Janice Crittenden;

• 1973 – 1974: Eric Jennison & June Jennison;

• 1974 – 2004: BP Australia Limited

• 2004 – current: Nine One One Convenience Pty Ltd

A summary of the site ownership for the Lot 1 DP 90877 follows, which was Lot 1 and Lot 2 previous to 1958:

Lot 1

• 1889 – 1903: John Connal & William Connal;

• 1903 – 1915: William Connal, Marian McDonald & John McDonald;

• 1915 – 1916: Robert Gibbs;

• 1916 1926: Arthur Palmer;

• 1926 – 1947: Elizabeth Feighan;

• 1947 – 1947: Patrick Feighan and Frances Feighan;

• 1947 – 1952: James Feighan;

• 1952 – 1958: Ellen Lowndes;

• 1958 – 2004: BP Australia Limited

• 2004 – current: Nine One One Convenience Pty Ltd

Lot 2

• 1889 – 1903: John Connal & William Connal;

• 1903 – 1915: William Connal, Marian McDonald & John McDonald;

• 1915 – 1916: Robert Gibbs;

• 1916 – 1942: Arthur Palmer;

• 1942 – 1947: Mary Palmer & James Namus;

• 1947 – 1953: Inglis Alexander and Margaret Alexander;

• 1953 – 1958: Ellen Lowndes;

• 1958 – 2004: BP Australia Limited

• 2004 – current: Nine One One Convenience Pty Ltd
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In summary, it appears that prior to BP’s occupation of the site since 1958 activities associated of a potentially

contaminating nature, with respect to petroleum hydrocarbon impact, are not likely to have been conducted.

Section 149(2) Planning Certificate

The planning certificates for Lot 1 DP 90877 and Lot 122 DP 578045, were prepared by Lake Macquarie City

Council under Section 149(2) of the Environmental Planning and Assessment Act 1979. The information

supplied in the Section 149 certificates indicate that the sites are not affected by matters that are required to

be disclosed under Section 59(2) of the Contaminated Land Management Act 1997.

NSW EPA Register Of Unhealthy Building Land

A search of the NSW EPA records indicated that there are currently no statutory notices issued under the

Unhealthy Building Land Act for the site.

NSW EPA Contaminated Sites Register (www.epa.nsw.gov.au/clm/publiclist.htm)

A search of the NSW Environment Protection Authority (EPA) contaminated sites register indicated that the

service station site was not listed as notified under Section 60 of the Contaminated Land Management Act

(1997) and as such was not under assessment by the NSW EPA as a site requiring further information to

determine whether regulation is required.
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3. SITE FEATURES

At the time of the GME, the site contained an operational service station facility including:

• A sales building and mechanical workshop in the central portion of the Site;

• A canopy in the central portion of the site, below which comprised five (5) fuel dispensing pumps;

• Two (2) split compartmentalised single walled fibreglass underground storage tanks (USTs) and two

(2) single unit single walled fibreglass USTs. UST details are provided in Table 2 below;

• A car wash located in the south western portion of the site; and

• Ingress and egress is provided via two driveways on the site’s northern boundary with King St, and an

exit driveway on The Esplanade.

The site is surfaced throughout with concrete. Minor hydrocarbon staining on the concrete surface was

evident in the areas surrounding the refuelling dispensers and remote fill points. A detailed site layout plan

showing the locations of the site’s features is presented in Figure 2, Site Plan, which is located in Appendix A.

3.1 Petroleum Storage

The storage of petroleum products is outlined in Table 2 below.

Table 2: Petroleum Storage Information

Tank Number Product Material Year of Install Capacity (kL)

UST 1 ULP 91 Fibreglass 1996 24.6

UST 2 ULT 98 Fibreglass 1996 20.2

UST 3 PULP 95 Fibreglass 1996 20.0

UST 4 Not In Use Fibreglass 1996 27.2

UST 5 E10 ULP Fibreglass 1996 45.0

UST 6 ADF Fibreglass 1996 33.0

The USTs were all installed at the site in 1996, during a site upgrade conducted by BP Australia Pty Ltd. The

previous underground tanks were located in the location of the existing tanks. It is understood a total of eight

underground tanks were removed from the site in 1996 as part of the site upgrade. No further information

regarding the environmental condition of the soils or the tank replacement works were available.

Underground tank UST #4 formerly contained Zoom 50 (50:1 Petrol/Oil) and was taken out of service in early
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2000s following the leaking fuel line between the tank and the dispensing pump previously located in the

north west corner of the site building. The line leak in this location of the site was considered to be the source

of the identified soil and groundwater impact in the vicinity of the suite building, car wash and western

portions of the site which was subsequently remediated to the extent practicable by BP in 2004.

D08347862



Yahav Property Investments 
Environmental Site Assessment Report
BP Warners Bay Service Station, 482 The Esplanade, Warners Bay NSW 2282 
                                                                

14

4. FIELD ACTIVITIES

4.1 Summary of Field Activities

Field activities are summarised in the following table:

Table 3: Summary of Field Activities

Activity Details

Date of Field Activities 30th July 2015 (drilling)

6th August 2015 (groundwater sampling)

Drilling All soil boreholes (SB1 – SB7) were advanced to a maximum depth of 4.5m using a
combination of solid flight augers and push tubing. Borehole SB4 was converted to
monitoring well MW7 at the completion of drilling.

Details of the soil bore locations are shown on Figure 2 in Appendix A.

Soil Logging Soil and rock type classifications and descriptions are based on USCS and AS4482.1
1997. Soil bores were logged by Aurora personnel. The borelogs including monitoring
well construction details are attached as Appendix C.

Soil Sampling Soil samples were collected directly from the solid flight augers or from the push tube
sleeves. Soil samples were placed in clean, laboratory supplied acid washed solvent
rinsed glass jars with Teflon lids. Soil results summary tables are attached as Appendix
B and the laboratory results are attached as Appendix D.

Soil Sample Screening Concentrations of volatile organic compounds from collected soil samples were
screened using a pho6 to ionisation detector (PID). Volatile organic compounds (VOCs)
measured in soil samples using a PID were detected in concentrations ranging from
0ppm in several locations up to 509ppm in SB7 at 2.5 to 3.0m. PID results are
presented on the borelogs attached as Appendix C.

Decontamination
Procedures

The augers were decontaminated between samples with a phosphate free solution and
rinsed with potable water. Disposable gloves were changed between handling of each
sample.

Surveying of Wells Top of casing (TOC) elevations were measured against surveyed height datum levels in
metres above AHD (Australian Height Datum) for the purpose of comparing respective
standing water levels in each of the available groundwater monitoring wells.

Groundwater Gauging
and Sampling

Gauging and sampling of all wells was conducted on the 6th August 2015.
Groundwater results summary tables are attached as Appendix B and the laboratory
results are attached as Appendix D.

Sample Preservation Soil and groundwater samples were stored on ice, in an esky whilst on site and in
transit to the laboratory.
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4.2 Localised Geological Profile

Borehole logs in Appendix C have been provided with information relating to the subsurface conditions

observed. The soil profile underlying the site and surrounding areas is observed to consist of:

• Silty clay alluvium from below the concrete slab bedding sands to a depth ranging between 1.0m and

3.8m BGL;

• Orange/brown silty and sandy clays from the base of the alluvium to the interface with the underlying

residual sandstone of the Boolaroo Subgroup between 1.0m and 4.5m BGL; and

• Residual yellow and white sandstone from the base of the silty/sandy clays to the maximum extent of

drilling at 4.5mBGL.

4.3 Localised Hydrogeology

Groundwater below the site occurs within the alluvial clay sediments and the residual sandy soils between

approximately 1.5m and 2.2m BGL. Groundwater was present in each of the monitoring wells MW1 to MW7.

Static water levels (SWLs) are calculated by subtracting the depth to groundwater from each of the respective

top of casing (TOC) elevations. The SWL and relative elevation of the water in each of the wells is summarised

in Table 4 below.

Table 4: Relative Groundwater Elevation

Location
TOC Elevation

(m)
PSH Thickness Depth to Water (m)

Relative Groundwater

Elevation (mAHD)

MW1 6.831 0.0 2.200 4.631

MW2 6.128 0.0 1.538 4.590

MW3 8.000 0.0 2.265 5.735

MW4 6.974 0.0 1.865 5.109

MW5 5.909 0.0 1.951 3.958

MW6 6.792 0.0 2.157 4.635

MW7 6.964 0.0 2.151 4.813

Measured against an arbitrary level of 8.00m for MW3

Depth to Water measured from top of well casing (m)

PSH = Phase Separated Hydrocarbon

The groundwater contours are presented on Figure 3 in Appendix A. The relative elevations of the SWLs infer

that groundwater is flowing in a westerly direction towards Lake Macquarie to the west of the site with a slope

of 1.89 degrees, or 0.033m/m.
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5. SAMPLING AND ANALYSIS PROGRAM

5.1 Soil

All primary soil samples were submitted to ALS Environmental Laboratories (ALS) in Smithfield, NSW, Australia.

A total of nineteen (19) primary soil samples and two (2) quality assurance (QAQC) sample were collected by

an Aurora environmental engineer and submitted to the laboratory for analysis. The soil samples were

submitted to the laboratory using appropriate sample preservation methods and chain of custody

documentation. Soil samples were analysed for the following:

• Total Petroleum Hydrocarbon fractions (TPH);

• Benzene, toluene, ethylbenzene, and total xylenes (BTEX);

• Naphthalene; and

• Lead (Pb).

ALS is accredited by the National Association of Testing Authorities (NATA) for the analytical testing employed.

Soil bore locations are illustrated in Figure 2 in Appendix A, and the soil analytical results discussed in

Section 7.1.

5.2 Groundwater

The primary and duplicate groundwater samples collected were submitted to ALS Environmental Laboratories

(ALS), in Smithfield, NSW, Australia.

Seven (7) primary samples and one (1) quality assurance (QAQC) sample were collected by Aurora personnel

and submitted to the primary laboratory for analysis. The groundwater samples were submitted to the

laboratory using appropriate sample preservation methods and chain of custody documentation.

Groundwater samples were analysed for the following:

• Total Petroleum Hydrocarbon fractions (TPH);

• Benzene, toluene, ethylbenzene, and total xylenes (BTEX); and

• Polycyclic Aromatic Hydrocarbons (PAHs) including Naphthalene.

ALS is accredited by the National Association of Testing Authorities (NATA) for the analytical testing employed.

Groundwater monitoring well locations are illustrated in Figure 2 in Appendix A, and the groundwater

analytical results discussed in Section 7.2.
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6. ASSESSMENT CRITERIA

To assess the relative level and significance of any detected contaminants, reference is made to an established

environment and/or human health threshold level or criterion. These criteria are dependant mainly on the

proposed use of the site, and the associated environmental and human health risk, either on or off site, in

both the long and short term. More stringent levels apply to more sensitive land use and to chemicals with

higher toxicity.

The primary source of guideline values adopted for this assessment is the National Environment Protection

(Assessment of Site Contamination) Measure (NEPM (1999, amended 2013)), specifically those provided in

Schedule B1: Guideline on Investigation Levels for Soil and Groundwater. The NEPM (amended 2013)

emphasises consideration of the site on a site specific basis using a risk based approach. According to the

NEPM (amended 2013), human health should be a primary concern when assessing land use and exposure

scenarios. Furthermore, the selection of the most appropriate investigation levels (for use in a range of

environmental settings and land use scenarios) should also consider factors including the protection of

ecosystems, groundwater resources and aesthetics.

Based on the current zoning of the site, the surrounding land use, the potential future beneficial use of the

site and groundwater beneath it and identified potential receptors at and in the vicinity of the site, the

following investigation levels are considered relevant for this ESA. 

6.1 Soil Investigation Levels

Schedule B(1) of the NEPM (amended 2013) provides a range of investigation levels for the protection of

human health, referred to as Health Investigation Levels (HILs) and Health Screening Levels (HSLs). HILs have

been developed for a broad range of metals and organic substances, however do not include the COPCs

potentially present at this site. Adoption of HSLs is considered relevant as the identified COPCs are consistent

with those considered in the development of HSLs (petroleum/diesel products).

The following should be noted:

HSLs have been developed for selected petroleum compounds and fractions and are applicable to assessing

human health risk via the inhalation and direct contact pathways. The HSLs depend on specific soil

physicochemical properties, land use scenarios and the characteristics of building structures. They apply to

different soil types, and depths below surface to >4m;

Values for HSLs are provided for four exposure settings based on land use:
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• HSL A Residential with garden/accessible soil (home grown produce <10% fruit and vegetable

intake, (no poultry), also includes children’s day care centres, preschools and primary schools;

• HSL B Residential with minimal opportunities for soil access includes dwellings with fully and

permanently paved yard space such as high rise buildings and flats;

• HSL C Public open space such as parks, playgrounds, playing fields (eg: ovals), secondary schools

and footpaths. It does not include undeveloped public open space (such as urban bushland and

reserves) which should be subject to a site specific assessment where appropriate; and

• HSL D Commercial/industrial such as shops, offices, factories and industrial sites.

For the ESA, the soil results have been compared to NEPM (1999: amendment 2013) Health Screening Levels

and Health Investigation Levels (where relevant), land use scenario A+B for silty clay based soils.

The soil results are compared against the relevant soil guidelines in the results summary tables provided in

Table T1 in the Tables section at the end of this report

6.2 Groundwater Investigation Levels

Human Health

The NEPM (1999 Amendment 2013) provides Tier 1 groundwater HSLs for vapour intrusion for Petroleum

Hydrocarbons, that have been developed for protection of site users from vapours released from the

impacted groundwater. The HSLs take into consideration the land use receptors (HSL A, HSL B, HSL C, and

HSL D); the depth of groundwater intersection (2m to <4m, 4m to <8m, and 8m+), and the dominant soil type

(Sand, Silt or Clay) overlying the groundwater intersection depth. The HSLs are not clean up levels but are

used to trigger additional assessment (Tier 2 or Tier 3) or for development of appropriate risk management

options.

As indicated previously, the site is used for commercial industrial purposes, and as such, HSL D has been

selected as the land use receptor. The depth groundwater was encountered as either moist or saturated

conditions was approximately 1.5m bgl, which corresponded to the 1m to <2m depth interval. The geology

below the site is predominantly weathered shale. As such, the dominant lithology type for comparing the

reported COPC concentrations with was Silt. Furthermore, to evaluate groundwater conditions at the site,

analyte concentrations have been compared to the relevant groundwater guidelines.
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Ecological Investigation Levels

The groundwater analytical data has been compared to the following investigation levels for fresh water:

• NEPM (1999 – Amendment 2013), Schedule B (1) Groundwater Investigation Levels (GILs);

Based on the setting of the site and off site area, 95% protection levels in fresh water has been used for the

assessment of groundwater conditions. The analytical results are compared against the relevant groundwater

guidelines in the results summary tables provided in Table T2 in the Tables section at the end of this report.
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7. ANALYTICAL RESULTS SUMMARY

7.1 Soil Analytical Results

Analytical results of soil samples obtained during the soil boring program indicated the following:

• Concentrations of all organic analytes including TPH, TRH and BTEXN in each soil sample analysed in

boreholes SB1, SB2, SB4, and SB6 were below the laboratory’s Limit of Reading (LOR);

• Concentrations of TPH C6 C10 – BTEX (referred to as F1) exceeded the NEPM (2013) Assessment

Criteria (HSLs) for residential land use in the 2.3m to 2.5m sample from borehole SB3 and the 2.5m to

3.0m samples from borehole SB7, located in the western portion of the site; and

• Concentrations of F1 also exceeded the NEPM 2013 Environmental Screening Levels (ESLs) in the

2.5m to 3.0m sample from borehole SB7;

• Concentrations of organic analytes including TPH, TRH and BTEXN in all remaining soil samples

analysed in borehole SB3, SB5, and SB7 were either below the either the laboratory’s Limit of Reading

(LOR) or below the adopted NEPM (2013) Assessment Criteria for residential land use; and

• Concentrations of organic analytes in all soil samples were below the NEPM 2013 Assessment Criteria

(HSLs) for commercial land use.

Analytical data and comparison to the relevant site assessment criteria is summarised in Table T1 in the

Tables section at the end of this report. The laboratory reports for the soil samples and associated

documentation are provided in Appendix D.

7.2 Groundwater Analytical Results

Analytical results of groundwater samples indicated the following:

• TPH (C6 C9) compound concentrations in groundwater samples collected from each of the sampled

monitoring wells ranged between below laboratory detection limits in MW2, MW3 and MW7, up to

2,270 ug/L in MW4;

• TPH (C10 C36) compound concentrations in groundwater samples collected from each of the sampled

monitoring wells ranged between below laboratory detection limits in several wells, up to 5,170ug/L

in MW4;

• Total Recoverable Hydrocarbon concentrations were either below laboratory detection limits (MW2,

MW3 and MW7), or below the NEPM (2013) site assessment criteria (MW1, MW4, MW5 and MW6)

for all sampled monitoring wells. Monitoring well MW4 recorded elevated TRH concentrations
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however concentrations were below the NEPM (2013) health screening levels (HSLs) for soil vapour

intrusion when compared to residential land use criteria for Silt based soils;

• Benzene concentrations in each of the sampled monitoring wells were below the laboratory

detection limits with the exception of MW4, which recorded a concentration of benzene below the

NEPM (2013) health screening levels (HSLs) for soil vapour intrusion compared to residential land use

criteria for Silt based soils;

• Concentrations of Toluene, Ethylbenzene, and Xylene compounds in groundwater collected from

each of the sampled monitoring wells were below the NEPM (2013) groundwater investigation levels

for the protection of aquatic ecosystems in fresh water; and

• Concentrations of Polycyclic Aromatic Hydrocarbons (PAHs) ranged between below laboratory

detection limits in MW2, MW3, MW6 and MW7, up to 218 ug/L in MW4. Naphthalene

concentrations were detected above the NEPM (2013) groundwater investigation levels for the

protection of aquatic ecosystems in MW4 only, located in the central portion of the site;

Analytical data for groundwater and comparison to the relevant site assessment criteria is summarised in

Table T2 in the Tables section at the end of this report. The laboratory reports and associated documentation

are provided in Appendix D.

7.3 Discussion of Results

Soil

The analysis results of the soil samples identified the extent of petroleum hydrocarbon impacts to soil appears

to be generally contained to within the operational areas of the site, extending towards the south western

boundary of the site, in the vicinity of impacted soil bores SB3 and SB7, and at a depth of between 2.0m and

3.0m. Petroleum hydrocarbon impact beyond SB7 has not been delineated, however impact is unlikely to

extend beyond the site boundary, as the assessment has been based on a residential land use exposure

setting. The concentrations do not exceed recreational/open space land use criteria which would apply across

the site’s western boundary.

Groundwater

The extent of petroleum hydrocarbon impacts to groundwater appears isolated to the area around MW4 in

the central portion of the site. Groundwater impact is below a concrete slab within an operational service

station, and is delineated towards the nearest environmental receptor by downgradient monitoring wells

MW2, MW5 and MW6, and to the south by MW7. As such, the risk of harm to any potential aquatic

ecosystem with the site in its current state is considered low.
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Site Redevelopment / Remediation Works

Overall, there was an absence of significant hydrocarbon impacts to soil and groundwater associated with the

current and historical service station operations. The identified contamination appears to be securely

immobilised within the site, under the building and car wash/ concreted areas, and is unlikely to be currently

causing any offsite consequences to the community or environment.

Any potential re development of the site would require these contaminated areas to be cleaned up, in

conjunction with any subsequent excavation or redevelopment of the land. Such remediation works would

likely be addressed through the planning and development consent process.

As such the environmental condition of the site is considered unlikely to present a risk of harm to current

users of the site in its current state. Remediation works including the excavation of the service station’s

Underground Petroleum Storage System (UPSS) and identified petroleum hydrocarbon impacted soils would

be conducted during re development to validate the site for alternative land uses.

Excavation works in the areas of identified impact would need to be managed in accordance with a site

specific management plan to ensure the short term risk of exposure of workers to hydrocarbon vapours was

managed to an acceptable level.
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8. QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)

To ensure that the data reported during the ESA was of known quality, that is, it fulfilled overall project

objectives, specific qualitative and quantitative Data Quality Objectives (DQOs) were determined to clarify the

study objectives; define appropriate types and methods of collecting data; and, specify tolerable levels of

potential error. The DQOs are demonstrated by assessment in terms of Data Quality Indicators (DQIs) that

include precision; accuracy; representativeness; completeness; and, comparability. The DQIs that have been

adopted for analytical data validation purposes for this project are:

• Use of appropriate field and analytical sampling methodology (i.e. sample location and analysis

rationale) including standardised field forms and documentation of (as well as calibration if

applicable) field instrumentation utilised;

• Preservation of samples upon collection and during transport to the laboratory meet applicable

standards and guidelines;

• Sample holding times meet applicable standards and guidelines;

• Testing must be carried out by a laboratory accredited by NATA, using methods approved by NATA

(or the United States Environmental Protection Agency USEPA) for that type of test;

• Laboratory Limits of Reporting (LOR) or Estimated Quantitation Limits (EQL) meet applicable

standards and guidelines;

• Frequency of collection of field and laboratory quality control samples meet applicable standards and

guidelines;

• Results of the field quality control samples meet applicable standards and guidelines (i.e. trip blanks;

rinsates; duplicate and triplicate samples);

• Results of the laboratory quality control samples meet applicable standards and guidelines (i.e.

method blanks, laboratory control samples, duplicates, matrix spike, and surrogate recoveries); and

• Occurrence of apparent inconsistencies between laboratory data results as compared to field

observations and measurements.

A QA/QC Program was implemented to assess the quality and reliability of the data collected and used in this

investigation.  

8.1 Field QA/QC Program

Quality control sampling and analysis is routinely conducted as part of Aurora’s ongoing QA/QC program to

validate the integrity of field procedures and assess the reliability of laboratory analyses. In summary, the
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following table outlines the quality control samples collected during the field activities and the analyses

conducted on these samples:

Table 5: QA/QC Program

QA/QC Sample Parent Sample Date Obtained QA/QC Sample Type

Soil Boring Program

QS3 SB5 0.4 – 1.0m 30/7/15 Intra laboratory duplicate

QS4 SB4 2.3 2.5m 30/7/15 Intra laboratory duplicate

TRIP BLANK 30/7/15 Trip Blank

TRIP SPIKE 30/7/15 Trip Spike

Groundwater Monitoring Event

QW1 MW7 06 08 15 Intra laboratory duplicate

TRIP BLANK 06 08 15 Trip Blank

TRIP SPIKE 06 08 15 Trip Spike

Primary or parent samples and intra laboratory duplicates were submitted to Australian Laboratory Services

(ALS) of Smithfield, New South Wales. The QA/QC program analytical data is summarised in Table T3 in the

Tables section at the end of this report. 

8.2 Laboratory QA/QC Program

ALS’s analytical methods for the tests requested are certified by NATA. The analytical testing laboratory

utilised during this ESA was also required to adhere to accepted analytical methodologies and conduct regular

quality control checks on their analysis. These procedures and results are documented in the laboratory

reports in Appendix D.

The QA/QC assessment indicated that, overall, the laboratory results are considered to be indicative of the

concentrations present on the site at the time of sample collection. As such, the QAQC data for the

assessment has shown that the data set is valid and can be relied upon for the purposes of the investigation.

D08347862



Yahav Property Investments 
Environmental Site Assessment Report
BP Warners Bay Service Station, 482 The Esplanade, Warners Bay NSW 2282 
                                                                

25

9. CONCLUSIONS

Based on the results of the baseline ESA conducted, including laboratory analysis for soil and water samples, at

the BP branded service station located at 482 The Esplanade, Warners Bay, the following can be concluded.

• The site is currently owned by Nine One One Convenience Pty Ltd and leased to Darton Warners Bay
Pty Ltd who operate the site. The service station is located within a mixed residential and commercial
setting In Warners Bay, on the north – eastern shores of Lake Macquarie. The service station site
covers an area of approximately 2,200m2, and slopes at a low gradient to the west.

• At the time of assessment, the site comprised an underground petroleum storage system (UPSS)
including four underground storage tanks (USTs) with six storage compartments, five (5) fuel
dispensing pumps and associated pipelines. The UPSS at the site was installed in 1996.

• There were no visible signs of vegetation stress within the site, or in areas located down gradient
(north west) of the site.

• The closest environmentally sensitive receptor to the site is Lake Macquarie, a large saltwater coastal
lake, located 100m to the west of the site.

• During the assessment, seven (7) boreholes (SB1 to SB7) were drilled to depths of up to 4.5m BGL and
one (1) additional monitoring well installed (to complement the six existing wells) in a location
targeted to identify and/or define areas of potential soil and groundwater contamination associated
with former service station operations.

• The geology encountered during drilling consisted of gravely sand fill extending from below the
concrete slab to approximately 0.4m BGL, underlain by dark grey and black silty clay alluvium to
varying depths of between approximately 1.0 m and 3.8m below ground level. This was underlain by
orange brown silty clays grading to clayey sand residual soils of the Boolaroo Subgroup to the
maximum depth of drilling at 4.5m.

• Groundwater below the site occurs as a semi confined aquifer within the silty clay and clayey sands
between 1.5m and 2.2m BGL. The groundwater is flowing in a westerly direction towards Lake
Macquarie with a slope of 1.89 degrees, or 0.033m/m.

• Petroleum hydrocarbon impacts to the soils were below the adopted site assessment criteria in all
samples submitted for analysis with the exception of boreholes SB3 and SB7 at approximately 2.5m
depth which exceeded the NEPM (2013) criteria for based on a residential land use setting for soil
vapour intrusion. The criteria was not exceeded based on a commercial land use setting.

• Concentrations of petroleum hydrocarbon compounds in groundwater samples collected from
monitoring wells MW1 to MW7 were below the adopted site assessment criteria, with the exception
of the Naphthalene concentration in monitoring well MW4 which exceeded the NEPM (2013)
groundwater investigation levels for the protection of aquatic ecosystems in fresh water.
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In summary, the extent of petroleum hydrocarbon impacts to soil appears to be generally contained to within

the operational areas of the site, extending towards the south western boundary of the site, in the vicinity of

impacted soil bore SB7. Petroleum hydrocarbon impact beyond SB7 has not been delineated, however impact

is unlikely to extend beyond the site boundary, based on a residential land use exposure setting.

The extent of petroleum hydrocarbon impacts to groundwater appears isolated to the area around MW4 in

the central portion of the site. Groundwater impact is below a concrete slab within an operational service

station, and is delineated towards the nearest environmental receptor by downgradient monitoring wells

MW2, MW5 and MW6, and to the south by MW7. As such, the risk of harm to any potential aquatic

ecosystem with the site in its current state is considered low.

Overall, there was an absence of significant hydrocarbon impacts to soil and groundwater associated with the

current and historical service station operations. The identified contamination appears to be securely

immobilised within the site, under the building and car wash/ concreted areas, and is unlikely to be currently

causing any offsite consequences to the community or environment.

Any potential re development of the site would require these contaminated areas to be cleaned up, in

conjunction with any subsequent excavation or redevelopment of the land. Such remediation works would

likely be addressed through the planning and development consent process.

As such the environmental condition of the site is considered unlikely to present a risk of harm to current

users of the site in its current state. Remediation works including the excavation of identified petroleum

hydrocarbon impacted soils would be conducted during re development to validate the site for alternative

land uses.

On the basis of the assessment, Aurora considers the assessment suitable for application as an assessment of

current site conditions.
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10. LIMITATIONS OF REPORT

The findings of this report are based on site conditions that existed at the time this Environmental Site

Assessment (ESA) was conducted at the BP branded service station located at 482 The Esplanade, Warners

Bay, NSW. The report was prepared in accordance with accepted environmental practices used by

environmental professionals working within this area. Conclusions are made from a limited number of

observation points assuming that the soil, groundwater, geological and chemical conditions are representative

across the site. No other warranties are made or intended.

This report has been prepared exclusively for use by Yahav Property Investments and Lake Macquarie City

Council. This report cannot be reproduced without the written authorisation of Aurora Environmental

Consulting Pty Ltd and then can only be reproduced in its entirety.
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BOREHOLE LOG REPORT

BOREHOLE LOG: SB1

Site Name: Yahav Property Investments - Warners Bay

Location: Lot 1 DP90877 (482 The Esplanade) Warners Bay, NSW

Job Description: Environmental Site Assessment

Date hole commenced: Borehole depth: 4.5m Contractor: Terratest

Date hole completed: R.L casing: Driller: JC

Logged by: T Brown R.L surface: Drill rig: Geoprobe

Datum: Drilling fluid:

Field PID

Drilling Piezometer Material Description Sample Readings Lab Other

Method Construction Details ANALYSED (ppm) Analysis Comments

1.0 # 0 SB1 No Odour

0.8-1.0m

2.0

# 0 SB1 No Odour

2.3-2.5m

3.0

SB1

4.0 # 0 3.8-4.0m No Odour

Borehole Terminated at 4.5m depth
5.0

6.0

Cement/Grout Asphalt/Concrete Clay
Backfill/Cuttings Sand Rock

Bentonite Silt Gravel

Sand/Filter Pack

S
ym

bo
lDepth

(m)

ALLUVIUM: SILTY SANDY CLAY, high plasticity, well 

graded, dark brown/grey, moist, firm

P

U

S

H

T

U

B

E

CONCRETE

Page   1 of  1

30/07/2015

30/07/2015

RESIDUAL: SANDY CLAY with some GRAVEL: 

moderate plasticity, fine to medium grained, well graded, 

grey/brown, moist, firm consistency

RESIDUAL: CLAYEY SAND: moist, fine grained, well 

graded, grey, wet below 3m, dense

GEOLOGY

FILL: GRAVELEY SAND: brown, moist, dense

RESIDUAL: SANDSTONE: low plasticity, fine grained, 

yellow, dry, hard

D08347862



BOREHOLE LOG REPORT

BOREHOLE LOG: SB2

Site Name: Yahav Property Investments - Warners Bay

Location: Lot 1 DP90877 (482 The Esplanade) Warners Bay, NSW

Job Description: Environmental Site Assessment

Date hole commenced: Borehole depth: 4.5m Contractor: Terratest

Date hole completed: R.L casing: Driller: JC

Logged by: T Brown R.L surface: Drill rig: Geoprobe

Datum: Drilling fluid:

Field PID

Drilling Piezometer Material Description Sample Readings Lab Other

Method Construction Details ANALYSED (ppm) Analysis Comments

1.0 # 0 SB2 No Odour

0.8-1.0m

2.0

# 0 SB2 No Odour

2.3-2.5m

3.0

SB2

4.0 # 0 3.8-4.0m No Odour

Borehole Terminated at 4.5m depth
5.0

6.0

Cement/Grout Asphalt/Concrete Clay
Backfill/Cuttings Sand Rock

Bentonite Silt Gravel

Sand/Filter Pack

RESIDUAL: CLAYEY SAND: moist, fine grained, well 

graded, grey, wet below 3m, dense

RESIDUAL: SANDSTONE: low plasticity, fine grained, 

yellow, dry, hard

ALLUVIUM: SILTY SANDY CLAY, high plasticity, well 

graded, dark brown/grey, moist, firm

Page   1 of  1

30/07/2015

30/07/2015

S
ym

bo
lDepth

(m)

FILL: GRAVELEY SAND: brown, moist, dense, blocky fill 

with pieces of brick

CONCRETE

GEOLOGY

P

U

S

H

T

U

B

E

RESIDUAL: SANDY CLAY with some GRAVEL: 

moderate plasticity, fine to medium grained, well graded, 

grey/brown, moist, firm consistency

D08347862



BOREHOLE LOG REPORT

BOREHOLE LOG: SB3

Site Name: Yahav Property Investments - Warners Bay

Location: Lot 1 DP90877 (482 The Esplanade) Warners Bay, NSW

Job Description: Environmental Site Assessment

Date hole commenced: Borehole depth: 4.5m Contractor: Terratest

Date hole completed: R.L casing: Driller: JC

Logged by: T Brown R.L surface: Drill rig: Geoprobe

Datum: Drilling fluid:

Field PID

Drilling Piezometer Material Description Sample Readings Lab Other

Method Construction Details ANALYSED (ppm) Analysis Comments

1.0 # 10 SB3 Slight Odour

0.8-1.0m

# 75 Slight Odour

2.0

# 115 SB3 Moderate Odour

2.3-2.5m

3.0
# 45 Slight Odour

SB3

4.0 # 45 3.8-4.0m Slight Odour

Borehole Terminated at 4.5m depth
5.0

6.0

Cement/Grout Asphalt/Concrete Clay
Backfill/Cuttings Sand Rock

Bentonite Silt Gravel

Sand/Filter Pack

GEOLOGY

P

U

S

H

T

U

B

E

CONCRETE

FILL: GRAVELEY SAND: brown, moist, dense

ALLUVIUM: SILTY SANDY CLAY, high plasticity, well 

graded, dark brown/grey, moist, firm

RESIDUAL: SANDY CLAY with some GRAVEL: 

moderate plasticity, fine to medium grained, well graded, 

grey/brown, moist, firm consistency

RESIDUAL: CLAYEY SAND: moist, fine grained, well 

graded, grey, wet below 3m, dense

RESIDUAL: SANDSTONE: low plasticity, fine grained, 

yellow, dry, hard

Page   1 of  1

30/07/2015

30/07/2015

S
ym

bo
lDepth

(m)

D08347862



BOREHOLE LOG REPORT

BOREHOLE LOG: SB4/MW7

Site Name: Yahav Property Investments - Warners Bay

Location: Lot 1 DP90877 (482 The Esplanade) Warners Bay, NSW

Job Description: Environmental Site Assessment

Date hole commenced: Borehole depth: 4.5m Contractor: Terratest

Date hole completed: R.L casing: Driller: JC

Logged by: T Brown R.L surface: Drill rig: Geoprobe

Datum: 8m Drilling fluid:

Field PID

Drilling Piezometer Material Description Sample Readings Lab Other

Method Construction Details ANALYSED (ppm) Analysis Comments

# 0 SB4 No Odour

0.4 - 0.6m

1.0 # 0 No Odour

2.0 # 0 No Odour

SB4

# 0 2.3-2.5m No Odour

QS4

3.0 # 0 No Odour

4.0 # 0 SB4 No Odour

3.8-4.0m

Borehole Terminated at 4.5m depth
5.0

6.0

Cement/Grout Asphalt/Concrete Clay
Backfill/Cuttings Sand Rock

Bentonite Silt Gravel

Sand/Filter Pack

S
ym

bo
lDepth

(m)

P

U

S

H

T

U

B

E

CONCRETE

FILL: GRAVELEY SAND: brown, moist, dense

Page   1 of  1

30/07/2015

30/07/2015 6.964m

GEOLOGY

RESIDUAL: SANDY GRAVELEY CLAY: moderate 

plasticity, fine to medium gravels, well graded, light and 

dark brown bands, very moist, firm consistency

RESIDUAL: SANDY CLAY with some GRAVEL: 

moderate plasticity, fine to medium grained, well graded, 

grey/brown, moist, firm consistency

ALLUVIUM: SILTY SANDY CLAY, high plasticity, well 

graded, dark brown/grey, moist, firm

RESIDUAL: SANDY CLAY with some GRAVEL: 

moderate plasticity, fine to medium grained, well graded, 

grey/brown, moist, firm consistency

RESIDUAL: CLAYEY SAND: moist, fine grained, well 

graded, grey, wet below 3.5m, dense

RESIDUAL: SANDSTONE: low plasticity, fine grained, 

yellow, dry, hard

D08347862



BOREHOLE LOG REPORT

BOREHOLE LOG: SB5

Site Name: Yahav Property Investments - Warners Bay

Location: Lot 1 DP90877 (482 The Esplanade) Warners Bay, NSW

Job Description: Environmental Site Assessment

Date hole commenced: Borehole depth: 3.0m Contractor: Terratest

Date hole completed: R.L casing: Driller: JC

Logged by: T Brown R.L surface: Drill rig: Geoprobe

Datum: Drilling fluid:

Field PID 

Drilling Piezometer Material Description Sample Readings Lab Other

Method Construction Details ANALYSED (ppm) Analysis Comments

# 0 No Odour

SB5

1.0 # 0 0.4-1.0m No Odour

QS3

2.0 # 0 No Odour

SB5

3.0 # 0 2.5-3.0m No Odour

Borehole Terminated at 3.0m depth

4.0

5.0

6.0

Cement/Grout Asphalt/Concrete Clay
Backfill/Cuttings Sand Rock

Bentonite Silt Gravel

Sand/Filter Pack

Page   1 of  1         

30/07/2015

30/07/2015

S
ym

bo
l

Depth

(m)

CONCRETE

RESIDUAL: CLAYEY SAND: moist, fine grained, well 

graded, grey, wet, dense

RESIDUAL: SANDY CLAY with some GRAVEL: 

moderate plasticity, fine to medium grained, well graded, 

grey/brown, moist, firm consistency                                     

GEOLOGY

P

U

S

H

T

U

B

E

ALLUVIUM: SILTY  CLAY, high plasticity, well graded, 

dark brown/grey, moist, firm consistency                             

FILL: GRAVELEY SAND: brown, moist, dense

D08347862



BOREHOLE LOG REPORT

BOREHOLE LOG: SB6

Site Name: Yahav Property Investments - Warners Bay

Location: Lot 122 DP578045 (16 King St) Warners Bay, NSW

Job Description: Environmental Site Assessment

Date hole commenced: Borehole depth: 4.5m Contractor: Terratest

Date hole completed: R.L casing: Driller: JC

Logged by: T Brown R.L surface: Drill rig: Geoprobe

Datum: Drilling fluid:

Field PID

Drilling Piezometer Material Description Sample Readings Lab Other

Method Construction Details ANALYSED (ppm) Analysis Comments

SB6

1.0 # 0 0.6-0.8m No Odour

2.0

# 0 No Odour

3.0

4.0 # 0 SB6 No Odour

2.8-3.0m

Borehole Terminated at 4.5m depth
5.0

6.0

Cement/Grout Asphalt/Concrete Clay
Backfill/Cuttings Sand Rock

Bentonite Silt Gravel

Sand/Filter Pack

Page   1 of  1

30/07/2015

30/07/2015

S
ym

bo
lDepth

(m)

GEOLOGY

RESIDUAL: SANDY CLAY with some GRAVEL: 

moderate plasticity, fine to medium grained, well graded, 

grey/brown, moist, firm consistency

RESIDUAL: CLAYEY SAND: moist, fine grained, well 

graded, grey, wet below 3m, dense

P

U

S

H

T

U

B

E

CONCRETE

FILL: GRAVELEY SAND: brown, moist, dense

ALLUVIUM: SILTY CLAY, high plasticity, well graded, 

dark brown/grey, moist, firm

RESIDUAL: SANDSTONE: low plasticity, fine grained, 

yellow, dry, hard

D08347862



BOREHOLE LOG REPORT

BOREHOLE LOG: SB7

Site Name: Yahav Property Investments - Warners Bay

Location: Lot 1 DP90877 (482 The Esplanade) Warners Bay, NSW

Job Description: Environmental Site Assessment

Date hole commenced: Borehole depth: 4.5m Contractor: Terratest

Date hole completed: R.L casing: Driller: JC

Logged by: T Brown R.L surface: Drill rig: Geoprobe

Datum: Drilling fluid:

Field PID

Drilling Piezometer Material Description Sample Readings Lab Other

Method Construction Details ANALYSED (ppm) Analysis Comments

# 0 SB7 No Odour

1.0 0.5-1.0m

# 178 Moderate Odour

2.0

# 509 SB7 Strong HC Odour

2.5-3.0m

3.0
# 155 Moderate Odour

SB7

4.0 # 45 3.5-4.0m Slight Odour

Borehole Terminated at 4.5m depth
5.0

6.0

Cement/Grout Asphalt/Concrete Clay
Backfill/Cuttings Sand Rock

Bentonite Silt Gravel

Sand/Filter Pack

GEOLOGY

ALLUVIUM: SILTY SANDY CLAY, high plasticity, well 

graded, dark brown/grey, moist, firm

ALLUVIUM: SILTY SAND:  fine to medium grained, well 

graded, grey/brown, wet, firm consistency

RESIDUAL: CLAYEY SAND: moist, fine grained, well 

graded, grey, wet below 3m, dense

P

U

S

H

T

U

B

E

CONCRETE

FILL: GRAVELEY SAND: brown, moist, dense

Page   1 of  1

30/07/2015

30/07/2015

S
ym

bo
lDepth

(m)
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Yahav Property Investments 
Environmental Site Assessment Report
BP Service Station, 482 The Esplanade, Warners Bay, NSW 2282
                                                                

 

Appendix D
Soil and Groundwater Laboratory Analytical Reports

D08347862



&'
(%

) *
Ā+

,Ā-
)

)
.'/

+#
'0

+#
1

23
4%

50
65

74
#+

58
%

50
'3

Ā9
47

4:
4+

5Ā
;1

<5
%

1
)

)
2+

50
'=

0
2+

50
'=

0
>?

Ā"
@

>Ā
A?

BC
D

)
)

E<
<#

%
::

E<
<#

%
::

&B
ĀA

BF
Ā*

G
Ȁ

D
6C

2E
;".

6Ā
D

;C
H

EI
;"?

E.
@

EĀ
JK

!!
J-

-L
JM

N
ĀC

++
<O

'#
PĀ

?+
'<

Ā;
84

0Q
,4

%
3<

ĀD
;C

ĀE
$:

0#
'3

4'
ĀJ

*G
R

)
)

6L
8'

43
6L

8'
43

04
8S

'$
#+

#'
%

57
4#

+5
8%

50
'3

=+
5:

$3
04

5(
 =

+8
 '$

)
)

"%
3%

O
Q

+5
%

"%
3%

O
Q

+5
%

TG
*Ā

!R
ĀK

M
JK

ĀK
--N

TG
*L

JL
M

-M
R

ĀM
ȀȀ

Ȁ
)

)
U

'=
:4

84
3%

U
'=

:4
84

3%
LL

LL
TG

*L
JL

M
-M

R
ĀM

Ȁ!
!

)
&#

+V
%

=0
A&

ĀC
E?

D
6?

;Ā
AE

W
X2

Ā.
%

7%
3

)D
6&

>Ā
J!

*K
ĀĀ

;=
Q

%
<$

3%
ĀA

YK
ZĀ

'5
<Ā

E.
;Ā

X2
;K

Ā#
%

[$
4#

%
8%

50
)

B#
<%

#Ā
5$

8/
%

#
LL

LL
9'

0%
Ā;

'8
O

3%
:Ā

?%
=%

47
%

<
)

K!
L\

$3
LJ

!*Ȁ
Ā*

Ȁ)
!!

)
2L

BL
2Ā

5$
8/

%
#

LL
LL

9'
0%

ĀE
5'

31
:4

:Ā
2+

88
%

5=
%

<
)

K*
L\

$3
LJ

!*Ȁ
;'8

O
3%

#
)"

@
>Ā

A?
BC

D
@

::$
%

Ā9
'0

%
)

!Ȁ
LE

$(
LJ

!*Ȁ
Ā*

-)K
!

;4
0%

)A
&Ā

C
E?

D
6?

;Ā
AE

W
JR )

D
+ 

Ā+
,Ā

:'8
O

3%
:Ā

#%
=%

47
%

<
X$

+0
%

Ā5
$8

/%
#

)L
LL

L
JR )

D
+ 

Ā+
,Ā

:'8
O

3%
:Ā

'5
'3

1:
%

<

"Q
4:

Ā#
%

O
+#

0Ā
:$

O
%

#:
%

<%
:Ā

'5
1Ā

O
#%

74
+$

:Ā
#%

O
+#

0Y
:Z

Ā]
40

Q
Ā0

Q
4:

Ā#
%

,%
#%

5
=%

 Ā
?%

:$
30

:Ā
'O

O
31

Ā0
+Ā

0Q
%

Ā:
'8

O
3%

Y:
ZĀ

':Ā
:$

/8
40

0%
< 

ĀĀ

"Q
4:

Ā2
%

#0
4,

4=
'0

%
Ā+

,Ā
E5

'3
1:

4:
Ā=

+5
0'

45
:Ā

0Q
%

Ā,
+3

3+
]4

5(
Ā4

5,
+#

8'
04

+5
)

^%
5%

#'
3Ā

2+
88

%
50

:
E5

'3
10

4=
'3

Ā?
%

:$
30

:

Ā
Ȁ

 !"
#$

%
Ȁ

&
'

"Q
4:

Ā
<+

=$
8%

50
ĀQ

':Ā
/%

%
5Ā

%
3%

=0
#+

54
='

33
1Ā

:4
(5

%
<Ā

/1
Ā

0Q
%

Ā'
$0

Q
+#

4_
%

<Ā:4
(5

'0
+#

4%
:Ā

45
<4

='
0%

<Ā/
%

3+
] Ā

63
%

=0
#+

54
=Ā:4

(5
45

(Ā
Q

':Ā
/%

%
5

='
##

4%
<Ā

+$
0Ā

45
Ā=

+8
O

34
'5

=%
Ā]

40
Q

ĀO
#+

=%
<$

#%
:Ā

:O
%

=4
,4

%
<Ā

45
ĀJ

*Ā
2U

?Ā
&

'#
0Ā

**
 

Ā
Ȁ

 !"
#$

%
Ȁ

&
'

()
)%

&
*Ȁ

#"
#Ȁ

$!
+,

"#
&

 $
%

-
.$

'Ȁ
#Ȁ

$!

2%
34

5%
Ā2

+5
=%

4=
'+

;%
54

+#
Ā;

O
%

=0
#+

:=
+O

4:
0

;1
<5

%
1Ā

@
5+

#(
'5

4=
:

&'
/4

Ā;
$/

/'
;%

54
+#

ĀB
#(

'5
4=

Ā2
Q

%
84

:0
;1

<5
%

1Ā
B#

('5
4=

:
&Q

'3
'P

Ā@
50

Q
'P

%
:+

5%
.'

/+
#'

0+
#1

Ā>
'5

'(%
#Ā

LĀ
B#

('5
4=

:
;1

<5
%

1Ā
B#

('5
4=

:
;'5

V%
:Q

54
Ā\

1+
04

;%
54

+#
Ā2

Q
%

84
:0

Ā`
+3

'0
43

%
:

;1
<5

%
1Ā

B#
('5

4=
:

;Q
+/

Q
5'

Ā2
Q

'5
<#

'
>

%
0'

3:
Ā2

++
#<

45
'0

+#
;1

<5
%

1Ā
@

5+
#(

'5
4=

:

D
E"

EĀ
E=

=#
%

<4
0%

<Ā
.'/

+#
'0

+#
1Ā

M
JȀ

E=
=#

%
<4

0%
<Ā

,+
#Ā

=+
8O

34
'5

=%
Ā]

40
Q

Ā
@

;B
a@

62
Ā*

-!J
Ȁ 

D08347862



JĀ
+,

Ā-
)

&'
(%

C
+#

PĀ
B#

<%
#

) )
23

4%
50

6;
*Ȁ

J-
JG

N

A&
ĀC

E?
D

6?
;Ā

AE
W

)
&#

+V
%

=0
EI

?B
?E

Ā6
D

`@
?B

D
>6

D
"E

.Ā
2B

D
;I.

"@
D

^

"Q
%

Ā'
5'

31
04

='
3Ā

O
#+

=%
<$

#%
:Ā$:

%
<Ā

/1
Ā

0Q
%

Ā6
57

4#
+5

8%
50

'3
Ā94

74
:4

+5
ĀQ'

7%
Ā/

%
%

5Ā
<%

7%
3+

O
%

<Ā,#
+8

Ā
%:

0'
/3

4:
Q

%
<Ā

45
0%

#5
'0

4+
5'

33
1Ā#%

=+
(5

4_
%

<ĀO
#+

=%
<$

#%
:Ā:$

=Q
Ā'

:Ā
0Q

+:
%

ĀO
$/

34
:Q

%
<Ā/

1Ā
0Q

%
ĀI

;6
&E

H
Ā

E&
bE

H
ĀE

;Ā
'5

<Ā
D

6&
> 

Ā
@5

Ā
Q

+$
:%

Ā
<%

7%
3+

O
%

<Ā
O

#+
=%

<$
#%

:Ā
'#

%
Ā%

8O
3+

1%
<Ā

45
Ā0

Q
%

Ā'
/:%

5=
%

Ā+
,Ā

<+
=$

8%
50

%
<Ā

:0
'5

<'
#<

:Ā
+#

Ā/
1Ā

=3
4%

50
Ā#

%
[$

%
:0

 

C
Q

%
#%

Ā8
+4

:0
$#

%
Ā<

%
0%

#8
45

'0
4+

5Ā
Q

':Ā
/%

%
5Ā

O
%

#,
+#

8%
<H

Ā#
%

:$
30

:Ā
'#

%
Ā#

%
O

+#
0%

<Ā
+5

Ā'
Ā<

#1
Ā]

%
4(

Q
0Ā

/':
4:

 

C
Q

%
#%

Ā'
Ā#

%
O

+#
0%

<Ā
3%

::Ā
0Q

'5
ĀY

cZ
Ā#

%
:$

30
Ā4

:Ā
Q

4(
Q

%
#Ā

0Q
'5

Ā0
Q

%
Ā.

B?
H

Ā0
Q

4:
Ā8

'1
Ā/

%
Ā<

$%
Ā0

+Ā
O

#4
8'

#1
Ā:

'8
O

3%
Ā%

d0
#'

=0
a<

4(
%

:0
'0

%
Ā<

43
$0

4+
5Ā

'5
<

a+
#Ā

45
:$

,,4
=4

%
50

Ā:
'8

O
3%

Ā,
+#

Ā'
5'

31
:4

: 

C
Q

%
#%

Ā0
Q

%
Ā.

B?
Ā+

,Ā
'Ā

#%
O

+#
0%

<Ā
#%

:$
30

Ā<
4,

,%
#:

Ā,
#+

8Ā
:0

'5
<'

#<
Ā.

B?
H

Ā0
Q

4:
Ā8

'1
Ā/

%
Ā<

$%
Ā0

+Ā
Q

4(
Q

Ā8
+4

:0
$#

%
Ā=

+5
0%

50
H

Ā4
5:

$,
,4

=4
%

50
Ā:

'8
O

3%
ĀY

#
%

<$
=%

<Ā
]%

4(
Q

0Ā
%

8O
3+

1%
<Z

Ā+
#Ā

8'
0#

4d
Ā4

50
%

#,
%

#%
5=

%
 

C
Q

%
5Ā

:'8
O

34
5(

Ā0
48

%
Ā4

5,
+#

8'
04

+5
Ā4

:Ā
5+

0Ā
O

#+
74

<%
<Ā

/1
Ā0

Q
%

Ā=
34

%
50

H
Ā:

'8
O

34
5(

Ā<
'0

%
:Ā

'#
%

Ā:
Q

+]
5Ā

]4
0Q

+$
0Ā

'Ā
04

8%
Ā=

+8
O

+5
%

50
 Ā

Ā@
5Ā

0Q
%

:%
Ā4

5:
0'

5=
%

:H
Ā0

Q
%

Ā0
48

%
Ā=

+8
O

+5
%

50
ĀQ

':Ā
/%

%
5Ā

'::
$8

%
<Ā

/1
Ā0

Q
%

Ā3
'/+

#'
0+

#1
Ā,

+#
ĀO

#+
=%

::4
5(

ĀO
$#

O
+:

%
: 

2E
;Ā

D
$8

/%
#Ā

eĀ
2E

;Ā
#%

(4
:0

#1
Ā5

$8
/%

#Ā
,#

+8
Ā<

'0
'/':

%
Ā8

'4
50

'4
5%

<Ā
/1

Ā2
Q

%
84

='
3Ā

E/
:0

#'
=0

:Ā
;%

#7
4=

%
: Ā

"Q
%

Ā2
Q

%
84

='
3Ā

E/
:0

#'
=0

:Ā
;%

#7
4=

%
Ā4

:Ā
'Ā

<4
74

:4
+5

Ā+
,Ā

0Q
%

ĀE
8%

#4
='

5Ā
2Q

%
84

='
3Ā

;+
=4

%
01

 
.B

?Ā
eĀ

.4
84

0Ā
+,

Ā#
%

O
+#

04
5(

Āe
Ā"

Q
4:

Ā#
%

:$
30

Ā4
:Ā

=+
8O

$0
%

<Ā
,#

+8
Ā4

5<
47

4<
$'

3Ā
'5

'3
10

%
Ā<

%
0%

=0
4+

5:
Ā'

0Ā
+#

Ā'
/+

7%
Ā0

Q
%

Ā3
%

7%
3Ā

+,
Ā#

%
O

+#
04

5(
fĀ

eĀ
E.

;Ā
4:

Ā5
+0

ĀD
E"

EĀ
'=

=#
%

<4
0%

<Ā
,+

#Ā
0Q

%
:%

Ā0
%

:0
: 

g%
1Ā

)

6&
!M

!)Ā
"Q

%
Ā0

#4
O

Ā:
O

4P
%

Ā'
5<

Ā4
0:

Ā=
+5

0#
+3

ĀQ
'7

%
Ā/

%
%

5Ā
'5

'3
1:

%
<Ā

,+
#Ā

7+
3'

04
3%

Ā"
&b

Ā'
5<

ĀA
"6

FĀ
+5

31
 Ā

Ā"
Q

%
Ā0

#4
O

Ā:
O

4P
%

Ā'
5<

Ā=
+5

0#
+3

Ā]
%

#%
ĀO

#%
O

'#
%

<Ā
45

Ā0
Q

%
Ā3

'/Ā
$:

45
(Ā

#%
'(%

50
Ā(

#'
<%

Ā:
'5

<Ā
:O

4P
%

<Ā
]4

0Q
ĀO

%
0#

+3
 Ā

"Q
%

Ā:
O

4P
%

Ā]
':Ā

<4
:O

'0
=Q

%
<Ā

,#
+8

Ā0
Q

%
Ā3

'/Ā
'5

<Ā
0Q

%
Ā=

+5
0#

+3
Ā#

%
0'

45
%

< 

D08347862



KĀ
+,

Ā-
)

&'
(%

C
+#

PĀ
B#

<%
#

) )
23

4%
50

6;
*Ȁ

J-
JG

N

A&
ĀC

E?
D

6?
;Ā

AE
W

)
&#

+V
%

=0
EI

?B
?E

Ā6
D

`@
?B

D
>6

D
"E

.Ā
2B

D
;I.

"@
D

^ ,/Ȁ
&

!#
+'

"0
1/

&
+2

3
;$

/L
>'

0#
4d

>'
0#

4d
hK

!L
\$

3L
J!

*Ȁ
i

hK
!L

\$
3L

J!
*Ȁ

i
hK

!L
\$

3L
J!

*Ȁ
i

hK
!L

\$
3L

J!
*Ȁ

i
hK

!L
\$

3L
J!

*Ȁ
i

,/Ȁ
&

!#
+'

"0
1/

Ȁ
! +

*"
#&

+4
+#

Ȁ
0&

5!
Ȁ

#
67

8
,(Ā

+9
:0

;&
%

,$
01

$:
!*

?%
:$

30
?%

:$
30

?%
:$

30
?%

:$
30

?%
:$

30

jĀ
k

*
LL

LL

cȀ
8(

aP
(

Ȁ
-R

KN
LN

JL
*

c*
!

c*
!

c*
!

c*
!

c*
!

8(
aP

(
*!

LL
LL

cȀ
!

cȀ
!

cȀ
!

cȀ
!

cȀ
!

8(
aP

(
Ȁ!

LL
LL

c*
!!

c*
!!

c*
!!

c*
!!

c*
!!

8(
aP

(
*!!

LL
LL

c*
!!

c*
!!

c*
!!

c*
!!

c*
!!

8(
aP

(
*!!

LL
LL

cȀ
!

jĀ
cȀ

!
cȀ

!
cȀ

!
cȀ

!
8(

aP
(

Ȁ!
LL

LL

c*
!

c*
!

c*
!

c*
!

c*
!

8(
aP

(
*!

2G
l2

*!
c*

!
jĀ

c*
!

c*
!

c*
!

c*
!

8(
aP

(
*!

2G
l2

*!L
A"

6F

cȀ
!

cȀ
!

cȀ
!

cȀ
!

cȀ
!

8(
aP

(
Ȁ!

m
2*

!l2
*G

c*
!!

c*
!!

c*
!!

c*
!!

c*
!!

8(
aP

(
*!!

LL
LL

c*
!!

c*
!!

c*
!!

c*
!!

c*
!!

8(
aP

(
*!!

LL
LL

cȀ
!

jĀ
cȀ

!
cȀ

!
cȀ

!
cȀ

!
8(

aP
(

Ȁ!
LL

LL
cȀ

!
jĀ

cȀ
!

cȀ
!

cȀ
!

cȀ
!

8(
aP

(
Ȁ!

LL
LL

c!
 J

c!
 J

c!
 J

c!
 J

c!
 J

8(
aP

(
! J

-*
LR

KL
J

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

8(
aP

(
! Ȁ

*!M
LM

M
LK

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

8(
aP

(
! Ȁ

*!!
LR

*L
R

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

8(
aP

(
! Ȁ

*!M
LK

M
LK

Ā*
!G

LR
JL

K
c!

 Ȁ
c!

 Ȁ
c!

 Ȁ
c!

 Ȁ
c!

 Ȁ
8(

aP
(

! Ȁ
N

ȀL
R

-L
G

c!
 J

jĀ
c!

 J
c!

 J
c!

 J
c!

 J
8(

aP
(

! J
LL

LL
c!

 Ȁ
jĀ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

8(
aP

(
! Ȁ

*K
K!

LJ
!L

-
c*

c*
c*

c*
c*

8(
aP

(
*

N
*L

J!
LK

k
! J

*-
!G

!L
!-L

!
k

! J
J!

K-
LJ

G
LȀ

k
! J

R
G

!L
!!L

R

D08347862



RĀ
+,

Ā-
)

&'
(%

C
+#

PĀ
B#

<%
#

) )
23

4%
50

6;
*Ȁ

J-
JG

N

A&
ĀC

E?
D

6?
;Ā

AE
W

)
&#

+V
%

=0
EI

?B
?E

Ā6
D

`@
?B

D
>6

D
"E

.Ā
2B

D
;I.

"@
D

^ ,/Ȁ
&

!#
+'

"0
1/

&
+2

3
;$

/L
>'

0#
4d

>'
0#

4d
hK

!L
\$

3L
J!

*Ȁ
i

hK
!L

\$
3L

J!
*Ȁ

i
hK

!L
\$

3L
J!

*Ȁ
i

hK
!L

\$
3L

J!
*Ȁ

i
hK

!L
\$

3L
J!

*Ȁ
i

,/Ȁ
&

!#
+'

"0
1/

Ȁ
! +

*"
#&

+4
+#

Ȁ
0&

5!
Ȁ

#
67

8
,(Ā

+9
:0

;&
%

,$
01

$:
!*

?%
:$

30
?%

:$
30

?%
:$

30
?%

:$
30

?%
:$

30

jĀ
k

*
LL

LL

cȀ
cȀ

cȀ
8(

aP
(

Ȁ
-R

KN
LN

JL
*

c*
!

c*
!

c*
!

8(
aP

(
*!

LL
LL

cȀ
!

cȀ
!

cȀ
!

cȀ
!

8(
aP

(
Ȁ!

LL
LL

c*
!!

c*
!!

c*
!!

c*
!!

c*
!!

8(
aP

(
*!!

LL
LL

c*
!!

c*
!!

c*
!!

c*
!!

c*
!!

8(
aP

(
*!!

LL
LL

cȀ
!

jĀ
cȀ

!
cȀ

!
cȀ

!
8(

aP
(

Ȁ!
LL

LL

c*
!

c*
!

c*
!

8(
aP

(
*!

2G
l2

*!
c*

!
jĀ

c*
!

c*
!

8(
aP

(
*!

2G
l2

*!L
A"

6F

cȀ
!

cȀ
!

cȀ
!

cȀ
!

cȀ
!

8(
aP

(
Ȁ!

m
2*

!l2
*G

c*
!!

c*
!!

c*
!!

c*
!!

c*
!!

8(
aP

(
*!!

LL
LL

c*
!!

c*
!!

c*
!!

c*
!!

c*
!!

8(
aP

(
*!!

LL
LL

cȀ
!

jĀ
cȀ

!
cȀ

!
cȀ

!
cȀ

!
8(

aP
(

Ȁ!
LL

LL
cȀ

!
jĀ

cȀ
!

cȀ
!

cȀ
!

cȀ
!

8(
aP

(
Ȁ!

LL
LL

c!
 J

c!
 J

c!
 J

c!
 J

c!
 J

8(
aP

(
! J

-*
LR

KL
J

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

8(
aP

(
! Ȁ

*!M
LM

M
LK

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

8(
aP

(
! Ȁ

*!!
LR

*L
R

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

8(
aP

(
! Ȁ

*!M
LK

M
LK

Ā*
!G

LR
JL

K
c!

 Ȁ
c!

 Ȁ
c!

 Ȁ
c!

 Ȁ
c!

 Ȁ
8(

aP
(

! Ȁ
N

ȀL
R

-L
G

c!
 J

jĀ
c!

 J
c!

 J
c!

 J
c!

 J
8(

aP
(

! J
LL

LL
c!

 Ȁ
jĀ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

8(
aP

(
! Ȁ

*K
K!

LJ
!L

-
c*

c*
c*

c*
c*

8(
aP

(
*

N
*L

J!
LK

k
! J

*-
!G

!L
!-L

!
k

! J
J!

K-
LJ

G
LȀ

k
! J

R
G

!L
!!L

R

D08347862



ȀĀ
+,

Ā-
)

&'
(%

C
+#

PĀ
B#

<%
#

) )
23

4%
50

6;
*Ȁ

J-
JG

N

A&
ĀC

E?
D

6?
;Ā

AE
W

)
&#

+V
%

=0
EI

?B
?E

Ā6
D

`@
?B

D
>6

D
"E

.Ā
2B

D
;I.

"@
D

^ ,/Ȁ
&

!#
+'

"0
1/

&
+2

3
;$

/L
>'

0#
4d

>'
0#

4d
hK

!L
\$

3L
J!

*Ȁ
i

hK
!L

\$
3L

J!
*Ȁ

i
hK

!L
\$

3L
J!

*Ȁ
i

hK
!L

\$
3L

J!
*Ȁ

i
hK

!L
\$

3L
J!

*Ȁ
i

,/Ȁ
&

!#
+'

"0
1/

Ȁ
! +

*"
#&

+4
+#

Ȁ
0&

5!
Ȁ

#
67

8
,(Ā

+9
:0

;&
%

,$
01

$:
!*

?%
:$

30
?%

:$
30

?%
:$

30
?%

:$
30

?%
:$

30

jĀ
k

*
LL

LL

8(
aP

(
Ȁ

-R
KN

LN
JL

*

c*
!

c*
!

c*
!

c*
!

8(
aP

(
*!

LL
LL

cȀ
!

cȀ
!

cȀ
!

cȀ
!

cȀ
!

8(
aP

(
Ȁ!

LL
LL

c*
!!

c*
!!

c*
!!

c*
!!

c*
!!

8(
aP

(
*!!

LL
LL

c*
!!

c*
!!

c*
!!

c*
!!

c*
!!

8(
aP

(
*!!

LL
LL

cȀ
!

jĀ
cȀ

!
cȀ

!
cȀ

!
cȀ

!
8(

aP
(

Ȁ!
LL

LL

c*
!

c*
!

c*
!

c*
!

8(
aP

(
*!

2G
l2

*!
c*

!
jĀ

c*
!

c*
!

c*
!

8(
aP

(
*!

2G
l2

*!L
A"

6F

cȀ
!

cȀ
!

cȀ
!

cȀ
!

cȀ
!

8(
aP

(
Ȁ!

m
2*

!l2
*G

c*
!!

c*
!!

c*
!!

c*
!!

c*
!!

8(
aP

(
*!!

LL
LL

c*
!!

c*
!!

c*
!!

c*
!!

c*
!!

8(
aP

(
*!!

LL
LL

cȀ
!

jĀ
cȀ

!
cȀ

!
cȀ

!
cȀ

!
8(

aP
(

Ȁ!
LL

LL
cȀ

!
jĀ

cȀ
!

cȀ
!

cȀ
!

cȀ
!

8(
aP

(
Ȁ!

LL
LL

c!
 J

c!
 J

c!
 J

c!
 J

c!
 J

8(
aP

(
! J

-*
LR

KL
J

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

8(
aP

(
! Ȁ

*!M
LM

M
LK

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

8(
aP

(
! Ȁ

*!!
LR

*L
R

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

8(
aP

(
! Ȁ

*!M
LK

M
LK

Ā*
!G

LR
JL

K
c!

 Ȁ
c!

 Ȁ
c!

 Ȁ
c!

 Ȁ
c!

 Ȁ
8(

aP
(

! Ȁ
N

ȀL
R

-L
G

c!
 J

jĀ
c!

 J
c!

 J
c!

 J
8(

aP
(

! J
LL

LL
c!

 Ȁ
jĀ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

8(
aP

(
! Ȁ

*K
K!

LJ
!L

-
c*

c*
c*

c*
c*

8(
aP

(
*

N
*L

J!
LK

k
! J

*-
!G

!L
!-L

!
k

! J
J!

K-
LJ

G
LȀ

k
! J

R
G

!L
!!L

R

D08347862



GĀ
+,

Ā-
)

&'
(%

C
+#

PĀ
B#

<%
#

) )
23

4%
50

6;
*Ȁ

J-
JG

N

A&
ĀC

E?
D

6?
;Ā

AE
W

)
&#

+V
%

=0
EI

?B
?E

Ā6
D

`@
?B

D
>6

D
"E

.Ā
2B

D
;I.

"@
D

^ ,/Ȁ
&

!#
+'

"0
1/

&
+2

3
;$

/L
>'

0#
4d

>'
0#

4d
hK

!L
\$

3L
J!

*Ȁ
i

hK
!L

\$
3L

J!
*Ȁ

i
hK

!L
\$

3L
J!

*Ȁ
i

hK
!L

\$
3L

J!
*Ȁ

i
hK

!L
\$

3L
J!

*Ȁ
i

,/Ȁ
&

!#
+'

"0
1/

Ȁ
! +

*"
#&

+4
+#

Ȁ
0&

5!
Ȁ

#
67

8
,(Ā

+9
:0

;&
%

,$
01

$:
!*

?%
:$

30
?%

:$
30

?%
:$

30
?%

:$
30

?%
:$

30

jĀ
k

*
LL

LL

cȀ
cȀ

8(
aP

(
Ȁ

-R
KN

LN
JL

*

c*
!

c*
!

8(
aP

(
*!

LL
LL

cȀ
!

cȀ
!

cȀ
!

cȀ
!

8(
aP

(
Ȁ!

LL
LL

c*
!!

c*
!!

c*
!!

c*
!!

c*
!!

8(
aP

(
*!!

LL
LL

c*
!!

c*
!!

c*
!!

c*
!!

c*
!!

8(
aP

(
*!!

LL
LL

cȀ
!

jĀ
cȀ

!
cȀ

!
cȀ

!
8(

aP
(

Ȁ!
LL

LL

c*
!

c*
!

8(
aP

(
*!

2G
l2

*!
c*

!
jĀ

c*
!

8(
aP

(
*!

2G
l2

*!L
A"

6F

cȀ
!

cȀ
!

cȀ
!

cȀ
!

cȀ
!

8(
aP

(
Ȁ!

m
2*

!l2
*G

c*
!!

c*
!!

c*
!!

c*
!!

c*
!!

8(
aP

(
*!!

LL
LL

c*
!!

c*
!!

c*
!!

c*
!!

c*
!!

8(
aP

(
*!!

LL
LL

cȀ
!

jĀ
cȀ

!
cȀ

!
cȀ

!
cȀ

!
8(

aP
(

Ȁ!
LL

LL
cȀ

!
jĀ

cȀ
!

cȀ
!

cȀ
!

cȀ
!

8(
aP

(
Ȁ!

LL
LL

c!
 J

c!
 J

c!
 J

c!
 J

c!
 J

8(
aP

(
! J

-*
LR

KL
J

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

8(
aP

(
! Ȁ

*!M
LM

M
LK

c!
 Ȁ

c!
 Ȁ

c!
 Ȁ

8(
aP

(
! Ȁ

*!!
LR

*L
R

c!
 Ȁ

c!
 Ȁ

8(
aP

(
! Ȁ

*!M
LK

M
LK

Ā*
!G

LR
JL

K
c!

 Ȁ
c!

 Ȁ
c!

 Ȁ
c!

 Ȁ
c!

 Ȁ
8(

aP
(

! Ȁ
N

ȀL
R

-L
G

c!
 J

jĀ
c!

 J
8(

aP
(

! J
LL

LL
c!

 Ȁ
jĀ

c!
 Ȁ

8(
aP

(
! Ȁ

*K
K!

LJ
!L

-
c*

c*
c*

c*
8(

aP
(

*
N

*L
J!

LK

k
! J

*-
!G

!L
!-L

!
k

! J
J!

K-
LJ

G
LȀ

k
! J

R
G

!L
!!L

R

D08347862



-Ā
+,

Ā-
)

&'
(%

C
+#

PĀ
B#

<%
#

) )
23

4%
50

6;
*Ȁ

J-
JG

N

A&
ĀC

E?
D

6?
;Ā

AE
W

)
&#

+V
%

=0
EI

?B
?E

Ā6
D

`@
?B

D
>6

D
"E

.Ā
2B

D
;I.

"@
D

^ ,/Ȁ
&

!#
+'

"0
1/

&
+2

3
;$

/L
>'

0#
4d

>'
0#

4d
LL

LL
hK

!L
\$

3L
J!

*Ȁ
i

hK
!L

\$
3L

J!
*Ȁ

i
hK

!L
\$

3L
J!

*Ȁ
i

hK
!L

\$
3L

J!
*Ȁ

i
,/Ȁ

&
!#

+'
"0

1/
Ȁ

! +
*"

#&
+4

+#
Ȁ

0&

5!
Ȁ

#
67

8
,(Ā

+9
:0

;&
%

,$
01

$:
!*

?%
:$

30
?%

:$
30

?%
:$

30
?%

:$
30

?%
:$

30

jĀ
k

*
LL

LL

8(
aP

(
Ȁ

-R
KN

LN
JL

*

c*
!

c*
!

8(
aP

(
*!

LL
LL

cȀ
!

8(
aP

(
Ȁ!

LL
LL

c*
!!

8(
aP

(
*!!

LL
LL

c*
!!

8(
aP

(
*!!

LL
LL

cȀ
!

jĀ
8(

aP
(

Ȁ!
LL

LL

c*
!

c*
!

8(
aP

(
*!

2G
l2

*!
c*

!
jĀ

c*
!

8(
aP

(
*!

2G
l2

*!L
A"

6F

cȀ
!

8(
aP

(
Ȁ!

m
2*

!l2
*G

c*
!!

8(
aP

(
*!!

LL
LL

c*
!!

8(
aP

(
*!!

LL
LL

cȀ
!

jĀ
8(

aP
(

Ȁ!
LL

LL
cȀ

!
jĀ

8(
aP

(
Ȁ!

LL
LL

c!
 J

c!
 J

c!
 J

8(
aP

(
! J

-*
LR

KL
J

c!
 Ȁ

c!
 Ȁ

8(
aP

(
! Ȁ

*!M
LM

M
LK

c!
 Ȁ

c!
 Ȁ

8(
aP

(
! Ȁ

*!!
LR

*L
R

c!
 Ȁ

c!
 Ȁ

8(
aP

(
! Ȁ

*!M
LK

M
LK

Ā*
!G

LR
JL

K
c!

 Ȁ
c!

 Ȁ
8(

aP
(

! Ȁ
N

ȀL
R

-L
G

c!
 J

jĀ
c!

 J
8(

aP
(

! J
LL

LL
c!

 Ȁ
jĀ

c!
 Ȁ

8(
aP

(
! Ȁ

*K
K!

LJ
!L

-
c*

c*
c*

c*
8(

aP
(

*
N

*L
J!

LK

k
! J

*-
!G

!L
!-L

!
k

! J
J!

K-
LJ

G
LȀ

k
! J

R
G

!L
!!L

R

D08347862



ĀȀ
 !"#$

$%
&&

'()
"

*Ȁ
+"

, -
#./

#0

,
,

1Ȁ
2.

(Ȁ
3.

(4
5 

6"
73

87
96

(.7
:"7

3Ȁ
 #

;6
96

!6
.7

#<
4=

7"
4

,
5.

73
Ȁ>

3
?@

#'
A?

#B
@

C
D

E
,

5.
73

Ȁ>
3

,
F=

=(
"!!

*C
#B

C
G

#-
H

$
E8

D
5F

<'
18

#E
<D

IF
J<

'@
F1

AF
#K

L&
&

F=
=(

"!!
,K

M
M

N
KO

0#
D

..=
PȀ

(Q
#@

.Ȁ
=#

<:
63

R
/6

" =
#E

<D
#F

)!3
(Ȁ

 6
Ȁ#

K-
H

S

,
,

8N
:Ȁ

6 
8N

:Ȁ
6 

36
:T

Ȁ)
(.(

Ȁ"
79

6(
.7

:"7
3Ȁ

 >
.7

!) 
36

7+
%

>.
:%

Ȁ)
,

,
'" 

"P
R

.7
"

U
H

-#
&S

#L
O

KL
#L

M
M

0
U

H
-N

KN
O

M
O

S#
O

$$
$

,
'" 

"P
R

.7
"

,
,

ĀȀ
>!

6:
6 

"
ĀȀ

>!
6:

6 
"

N
N

N
N

U
H

-N
KN

O
M

O
S#

O
$&

&
V5

#1
"9

" 
,E

8*
?#

K&
-L

##
<>

R
"=

) "
#B

W
LX

#Ȁ
7=

#F
1<

#V
5<

L#
("

Y)
6(

":"
73

,
*(

.Z
">

3
B*

#D
F@

E8
@

<#
BF

[
;Ȁ

3"
#<

Ȁ:
P 

"!#
@

">
"6

9"
=

,L
&N

\) 
N

K&
-$

,
C

(=
"(

#7
):2

"(
N

N
N

N
;Ȁ

3"
#F

7Ȁ
 4

!6
!#

5.
::"

7>
"=

,L
-N

\) 
N

K&
-$

,
5N

C
N

5#
7)

:2
"(

N
N

N
N

A!
!)"

#;
Ȁ3

"
,&

$N
F)

+N
K&

-$
<Ȁ

:P
 "(

,'
A?

#B
@

C
D

E
E.

%
#.

/#
!Ȁ

:P
 "!

#(
">

"6
9"

=
KS ,

<6
3"

,B
*#

D
F@

E8
@

<#
BF

[
E.

%
#.

/#
!Ȁ

:P
 "!

#Ȁ
7Ȁ

 4
!"=

KS ,
V)

.3
"#

7)
:2

"(
,N

N
N

N

'R
6!

#(
"P

.(3
#!

)P
"(

!"=
"!#

Ȁ7
4#

P(
"9

6.
)!#

("
P.

(3
W

!X
#]

63
R

#3
R

6!
#(

"/"
("

7
>"

%
#@

"!)
 3

!#
ȀP

P 
4#

3.
#3

R
"#

!Ȁ
:P

 "W
!X

#Ȁ
!#

!)2
:6

33
"=

%
##

'R
6!

#V
)Ȁ

 6
34

#5
.7

3(
. #

@
"P

.(3
#>

.7
3Ȁ

67
!#

3R
"#

/. 
 .]

67
+#

67
/.(

:Ȁ
36

.7
,

1Ȁ
2.

(Ȁ
3.

(4
#;

)P
 6

>Ȁ
3"

#W
;J

*X
#@

"P
.(3^#@

" Ȁ
36

9"
#*

"(
>"

73
Ȁ+

"#
;6

//"
("

7>
"#

W
@

*;X
#Ȁ

7=
#F

>>
"P

3Ȁ
7>

"#
16

:6
3!

?"
3R

.=
#B

 Ȁ
7Q

#W
?B

X#
Ȁ7

=#
1Ȁ

2.
(Ȁ

3.
(4

#5
.7

3(
. #

<P
6Q

"#
W

15
<X

#@
"P

.(3
^#@

">
.9

"(
4#

Ȁ7
=#

F>
>"

P3
Ȁ7

>"
#1

6:
63

!
?Ȁ

3(
6_

#<
P6

Q
"#

W
?<

X#
@

"P
.(3

^#@
">

.9
"(

4#
Ȁ7

=#
F>

>"
P3

Ȁ7
>"

#1
6:

63
!

Ā
Ȁ

 !"
#$

%
Ȁ

&
'

'R
6!

#
=.

>)
:"7

3#
RȀ

!#
2"

"7
#

" "
>3

(.7
6>

Ȁ 
 4

#!
6+

7"
=#

24
#

3R
"#

Ȁ)
3R

.(6
`"

=#
!6

+7
Ȁ3

.(6
"!#

67
=6

>Ȁ
3"

=#2
" .

]%
#

8 
">

3(
.7

6>
#!

6+
76

7+
#R

Ȁ!
#

2"
"7

#
>Ȁ

((6
"=#

.)3
#

67
>.

:P
 6

Ȁ7
>"

#]
63

R
#P

(.>
"=

)("
!#

!P
">

6/
6"

=#
67

#K
-#

5Ā
@

#*
Ȁ(

3#
--%

Ā
Ȁ

 !"
#$

%
Ȁ

&
'

()
)%

&
*Ȁ

#"
#Ȁ

$!
+,

"#
&

 $
%

-
.$

'Ȁ
#Ȁ

$!

5"
 6

7"
#5

.7
>"

6>
Ȁ.

<"
76

.(#
<P

">
3(

.!>
.P

6!
3

<4
=7

"4
#A

7.
(+

Ȁ7
6>

!
*Ȁ

26
#<

)2
2Ȁ

<"
76

.(#
C

(+
Ȁ7

6>
#5

R
":6

!3
<4

=7
"4

#C
(+

Ȁ7
6>

!
*R

Ȁ 
ȀQ

#A
73

R
ȀQ

"!.
7"

1Ȁ
2.

(Ȁ
3.

(4
#?

Ȁ7
Ȁ+

"(
#N

#C
(+

Ȁ7
6>

!
<4

=7
"4

#C
(+

Ȁ7
6>

!
<Ȁ

7Z
"!R

76
#\

4.
36

<"
76

.(#
5R

":6
!3

#a
. Ȁ

36
 "!

<4
=7

"4
#C

(+
Ȁ7

6>
!

<R
.2

R
7Ȁ

#5
R

Ȁ7
=(

Ȁ
?

"3
Ȁ 

!#
5.

.(=
67

Ȁ3
.(

<4
=7

"4
#A

7.
(+

Ȁ7
6>

!

EF
'F

#F
>>

("
=6

3"
=#

1Ȁ
2.

(Ȁ
3.

(4
#O

K$

F>
>(

"=
63

"=
#/

.(#
>.

:P
 6

Ȁ7
>"

#]
63

R
#

A<
C

bA
85

#-
M

&K
$%

D08347862



K#
./

#0
,

*Ȁ
+"

D
.(Q

#C
(=

"(
, ,

5 
6"

73
8<

-$
KM

KH
0

FJ
@

C
@

F#
8E

aA
@

C
E?

8E
'F

1#
5C

E<
J1

'A
Ec

B*
#D

F@
E8

@
<#

BF
[

,
*(

.Z
">

3

'R
"#

Ȁ7
Ȁ 

43
6>

Ȁ 
#P(

.>
"=

)("
!#

)!
"=

#
24

#
3R

"#
87

96
(.7

:"7
3Ȁ

 #
;6

96
!6

.7
#R

Ȁ9
"#

2"
"7

#
="

9"
 .P

"=
#

/(.
:#

"!3
Ȁ2

 6
!R

"=
#6

73
"(

7Ȁ
36

.7
Ȁ 

 4
#("
>.

+7
6`

"=
#

P(
.>

"=
)("

!#
!)>

R
#

Ȁ!
#

3R
.!"

#
P)

2 
6!

R
"=

#
24

#
3R

"#
J<

8*
FI

#
F*

dF
I#

F<
#

Ȁ7
=#

E8
*?

%
#

A7
#

R
.)!

"#
="

9"
 .P

"=
#P

(.>
"=

)("
!#

Ȁ(
"#

":P
 .4

"=
#6

7#
3R

"#
Ȁ2

!"7
>"

#.
/#

=.
>)

:"7
3"

=#
!3

Ȁ7
=Ȁ

(=
!#

.(#
24

#>
 6

"7
3#

("
Y)

"!3
%

D
R

"(
"#

:.6
!3

)("
#=

"3
"(

:6
7Ȁ

36
.7

#R
Ȁ!

#2
""

7#
P"

(/.
(:"

=I
#(

"!)
 3

!#
Ȁ(

"#
("

P.
(3

"=
#.

7#
Ȁ#

=(
4#

]"6
+R

3#
2Ȁ

!6
!%

D
R

"(
"#

Ȁ#
("

P.
(3

"=
# 

"!!
#3

R
Ȁ7

#W
eX

#(
"!)

 3
#6

!#
R

6+
R

"(
#3

R
Ȁ7

#3
R

"#
1C

@
I#

3
R

6!
#:

Ȁ4
#2

"#
=)

"#
3.

#P
(6

:Ȁ
(4

#!
Ȁ:

P 
"#

"_
3(

Ȁ>
3b

=6
+"

!3
Ȁ3

"#
=6

 )3
6.

7#
Ȁ7

=
b.

(#
67

!)/
/6

>6
"7

3#
!Ȁ

:P
 "#

/.(
#Ȁ

7Ȁ
 4

!6
!%

#D
R

"(
"#

3R
"#

1C
@

#.
/#

Ȁ#
("

P.
(3

"=
#(

"!)
 3

#=
6/

/"(
!#

/(.
:#

!3
Ȁ7

=Ȁ
(=

#1
C

@
I#

3R
6!

#:
Ȁ4

#2
"#

=)
"#

3.
#R

6+
R

F7
.7

4:
.)!

#f
#@

"/"
(!#

3.
#!

Ȁ:
P 

"!#
]R

6>
R

#Ȁ
("

#7
.3

#!
P"

>6
/6

>Ȁ
  4

#P
Ȁ(

3#
./#
3R

6!
#]

.(Q
#.

(=
"(

#2
)3

#/
.(:

"=
#P

Ȁ(
3#

./#
3R

"#
V5

#P
(.>

"!!
# 

.3
5F

<#
E)

:2
"(

#f
#5

F<
#(

"+
6!

3(
4#

7)
:2

"(
#/

(.:
#=

Ȁ3
Ȁ2

Ȁ!
"#

:Ȁ
67

3Ȁ
67

"=
#2

4#
5R

":6
>Ȁ

 #
F2

!3
(Ȁ

>3
!#

<"
(9

6>
"!%

#'
R

"#
5R

":6
>Ȁ

 #
F2

!3
(Ȁ

>3
!#

<"
(9

6>
"#

6!
#Ȁ

#
=6

96
!6

.7
#.

/#
3R

"#
F:

"(
6>

Ȁ7
#5

R
":6

>Ȁ
 #

<.
>6

"3
4%

#
1C

@
#f

#1
6:

63
#.

/#
("

P.
(3

67
+#

@
*;#

f#
@

" Ȁ
36

9"
#*

"(
>"

73
Ȁ+

"#
;6

//"
("

7>
"

g#
#f

#A
7=

6>
Ȁ3

"!#
/Ȁ

6 
"=

#V
5

h"
4#

,

D08347862



L#
./

#0
,

*Ȁ
+"

D
.(Q

#C
(=

"(
, ,

5 
6"

73
8<

-$
KM

KH
0

FJ
@

C
@

F#
8E

aA
@

C
E?

8E
'F

1#
5C

E<
J1

'A
Ec

B*
#D

F@
E8

@
<#

BF
[

,
*(

.Z
">

3

'R
"#

Y)
Ȁ 

63
4#>

.7
3(

. #
3"

(:#
1Ȁ

2.
(Ȁ

3.
(4

#
;)P

 6
>Ȁ

3"
#

("
/"(

!#
3.

#
Ȁ#

(Ȁ
7=

.:
 4

#
!" 

">
3"

=#
67

3(
Ȁ 

Ȁ2
.(Ȁ

3.
(4

#!P
 6

3%
#1Ȁ

2.
(Ȁ

3.
(4

#
=)

P 
6>

Ȁ3
"!#

P(
.9

6=
"#

67
/.(

:Ȁ
36

.7
#

("
+Ȁ

(=
67

+#
:"3

R
.=

#
P(

">
6!

6.
7#

Ȁ7
=#

!Ȁ
:P

 "#
R

"3
"(

.+
"7

"
63

4%
#'R

"#
P"

(:6
33

"=
#

(Ȁ
7+

"!#
/.(

#
3R

"#
@

" Ȁ
36

9"
#*"

(>
"7

3#
;"9

6Ȁ
36

.7
#W

@
*;X

#./
#

1Ȁ
2.

(Ȁ
3.

(4
#;

)P
 6

>Ȁ
3"!

#
Ȁ(

"#
!P

">
6/

6"
=#

67
#F

1<
#

?"
3R

.=
#

VD
A

N
8E

bL
O

#Ȁ7
=#

Ȁ(
"#

="
P"

7=
"7

3#
.7

#
3R

"#
:Ȁ

+7
63

)=
"#

./#
("

!) 
3!

#
67

#>
.:P

Ȁ(
6!

.7
#

3.#
3R

"#
 "9

" #
./#

("
P.

(3
67

+,#
@

"!)
 3

#
e#

-&
#3

6:
"!#

1C
@

,#
E.

#1
6:

63
^#

@
"!)

 3
#2

"3
]""

7#
-&

#Ȁ
7=

#K
&#

36
:"!

#1
C

@
,N

#&
i#

N
#$

&i
^#

@
"!)

 3
#j

#K
&#

36
:"!

#1
C

@
,&

i#
N

#K
&i

%

<)
2N

?Ȁ
3(

6_
+

8F
&$

$N
-&

L,
#?

.6
!3

)("
#5

.7
3"

73
#W

=(
6"

=#
T#

-&
Lk

5X
N

N
N

N
-

i
H

%
H

O%
L

KK
%

&
E.

#1
6:

63
F7

.7
4:

.)!
#

8<
-$

KM
KH

O
N

&-
K

8F
&$

$N
-&

L,
#?

.6
!3

)("
#5

.7
3"

73
#W

=(
6"

=#
T#

-&
Lk

5X
N

N
N

N
-

i
-0

%
H

K-
%

&
H%

0M
&i

#N
#K

&i
F7

.7
4:

.)!
#

8<
-$

KM
KH

O
N

&K
$

8F
&$

$N
-&

L,
#?

.6
!3

)("
#5

.7
3"

73
#W

=(
6"

=#
T#

-&
Lk

5X
N

N
N

N
-

i
K&

%
S

K&
%

H
&%

0S
H

&i
#N

#K
&i

<B
L#

L%
O

N
S%

&#
8<

-$
KM

KH
0N

&&
0

8F
&$

$N
-&

L,
#?

.6
!3

)("
#5

.7
3"

73
#W

=(
6"

=#
T#

-&
Lk

5X
N

N
N

N
-

i
KM

%
$

KS
%

O
-&

%
S

&i
#N

#K
&i

V<
L#

8<
-$

KM
KH

0N
&K

&

8c
&&

$'
,#

1"
Ȁ=

M
SL

0N
0K

N
-

$
:+

bQ
+

--
0

-&
M

-&
%

H
&i

#N
#K

&i
<B

S#
&%

SN
&%

H
#

8<
-$

KM
KH

0N
&-

&

8c
&&

$'
,#

1"
Ȁ=

M
SL

0N
0K

N
-

$
:+

bQ
+

S0
LK

L0
%

O
E.

#1
6:

63
F7

.7
4:

.)!
#

8<
-$

KM
KK

$N
&&

$

8*
&O

&,
#5

H
#N

#5
0#

Ā(
Ȁ>

36
.7

N
N

N
N

-&
:+

bQ
+

e-
&

e-
&

&%
&&

E.
#1

6:
63

<B
-#

&%
O

N
-%

&#
8<

-$
KM

KH
0N

&&
-

8*
&O

&,
#5

H
#N

#5
0#

Ā(
Ȁ>

36
.7

N
N

N
N

-&
:+

bQ
+

e-
&

e-
&

&%
&&

E.
#1

6:
63

<B
S#

K%
LN

K%
$#

8<
-$

KM
KH

0N
&-

-

8*
&O

&,
#5

H
#N

#5
0#

Ā(
Ȁ>

36
.7

N
N

N
N

-&
:+

bQ
+

e-
&

e-
&

&%
&&

E.
#1

6:
63

F7
.7

4:
.)!

#
8<

-$
KM

KM
SN

&&
-

8*
&O

&,
#5

H
#N

#5
0#

Ā(
Ȁ>

36
.7

N
N

N
N

-&
:+

bQ
+

e-
&

e-
&

&%
&&

E.
#1

6:
63

F7
.7

4:
.)!

#
8<

-$
KM

K$
0N

&&
-

8*
&M

-,#
5-

$#
N

#5
KO

#Ā
(Ȁ

>3
6.

7
N

N
N

N
-&

&
:+

bQ
+

e-
&&

e-
&&

&%
&&

E.
#1

6:
63

<B
-#

&%
O

N
-%

&#
8<

-$
KM

KH
0N

&&
-

8*
&M

-,#
5K

0#
N

#5
LH

#Ā
(Ȁ

>3
6.

7
N

N
N

N
-&

&
:+

bQ
+

e-
&&

e-
&&

&%
&&

E.
#1

6:
63

8*
&M

-,#
5-

&#
N

#5
-S

#Ā
(Ȁ

>3
6.

7
N

N
N

N
$&

:+
bQ

+
e$

&
e$

&
&%

&&
E.

#1
6:

63

8*
&M

-,#
5-

$#
N

#5
KO

#Ā
(Ȁ

>3
6.

7
N

N
N

N
-&

&
:+

bQ
+

e-
&&

e-
&&

&%
&&

E.
#1

6:
63

<B
S#

K%
LN

K%
$#

8<
-$

KM
KH

0N
&-

-

8*
&M

-,#
5K

0#
N

#5
LH

#Ā
(Ȁ

>3
6.

7
N

N
N

N
-&

&
:+

bQ
+

e-
&&

e-
&&

&%
&&

E.
#1

6:
63

8*
&M

-,#
5-

&#
N

#5
-S

#Ā
(Ȁ

>3
6.

7
N

N
N

N
$&

:+
bQ

+
e$

&
e$

&
&%

&&
E.

#1
6:

63

8*
&M

-,#
5-

$#
N

#5
KO

#Ā
(Ȁ

>3
6.

7
N

N
N

N
-&

&
:+

bQ
+

e-
&&

e-
&&

&%
&&

E.
#1

6:
63

F7
.7

4:
.)!

#
8<

-$
KM

KH
O

N
&K

-

8*
&M

-,#
5K

0#
N

#5
LH

#Ā
(Ȁ

>3
6.

7
N

N
N

N
-&

&
:+

bQ
+

e-
&&

e-
&&

&%
&&

E.
#1

6:
63

8*
&M

-,#
5-

&#
N

#5
-S

#Ā
(Ȁ

>3
6.

7
N

N
N

N
$&

:+
bQ

+
e$

&
e$

&
&%

&&
E.

#1
6:

63

8*
&O

&,
#5

H
#N

#5
0#

Ā(
Ȁ>

36
.7

N
N

N
N

-&
:+

bQ
+

e-
&

e-
&

&%
&&

E.
#1

6:
63

F7
.7

4:
.)!

#
8<

-$
KM

KH
-N

&S
-

8*
&O

&,
#5

H
#N

#5
0#

Ā(
Ȁ>

36
.7

N
N

N
N

-&
:+

bQ
+

e-
&

e-
&

&%
&&

E.
#1

6:
63

F7
.7

4:
.)!

#
8<

-$
KM

K0
0N

&&
S

8*
&O

&,
#5

H
#N

#5
-&

#Ā
(Ȁ

>3
6.

7
5H

l5
-&

-&
:+

bQ
+

e-
&

e-
&

&%
&&

E.
#1

6:
63

<B
-#

&%
O

N
-%

&#
8<

-$
KM

KH
0N

&&
-

8*
&O

&,
#5

H
#N

#5
-&

#Ā
(Ȁ

>3
6.

7
5H

l5
-&

-&
:+

bQ
+

e-
&

e-
&

&%
&&

E.
#1

6:
63

<B
S#

K%
LN

K%
$#

8<
-$

KM
KH

0N
&-

-

8*
&O

&,
#5

H
#N

#5
-&

#Ā
(Ȁ

>3
6.

7
5H

l5
-&

-&
:+

bQ
+

e-
&

e-
&

&%
&&

E.
#1

6:
63

F7
.7

4:
.)!

#
8<

-$
KM

KM
SN

&&
-

8*
&O

&,
#5

H
#N

#5
-&

#Ā
(Ȁ

>3
6.

7
5H

l5
-&

-&
:+

bQ
+

e-
&

e-
&

&%
&&

E.
#1

6:
63

F7
.7

4:
.)!

#
8<

-$
KM

K$
0N

&&
-

D08347862



S#
./

#0
,

*Ȁ
+"

D
.(Q

#C
(=

"(
, ,

5 
6"

73
8<

-$
KM

KH
0

FJ
@

C
@

F#
8E

aA
@

C
E?

8E
'F

1#
5C

E<
J1

'A
Ec

B*
#D

F@
E8

@
<#

BF
[

,
*(

.Z
">

3

<)
2N

?Ȁ
3(

6_
+

8*
&M

-,#
j5

-H
#N

#5
LS

#Ā
(Ȁ

>3
6.

7
N

N
N

N
-&

&
:+

bQ
+

e-
&&

e-
&&

&%
&&

E.
#1

6:
63

<B
-#

&%
O

N
-%

&#
8<

-$
KM

KH
0N

&&
-

8*
&M

-,#
j5

LS
#N

#5
S&

#Ā
(Ȁ

>3
6.

7
N

N
N

N
-&

&
:+

bQ
+

e-
&&

e-
&&

&%
&&

E.
#1

6:
63

8*
&M

-,#
j5

-&
#N

#5
-H

#Ā
(Ȁ

>3
6.

7
j5

-&
l5

-H
$&

:
+b

Q
+

e$
&

e$
&

&%
&&

E.
#1

6:
63

8*
&M

-,#
j5

-H
#N

#5
LS

#Ā
(Ȁ

>3
6.

7
N

N
N

N
-&

&
:+

bQ
+

e-
&&

e-
&&

&%
&&

E.
#1

6:
63

<B
S#

K%
LN

K%
$#

8<
-$

KM
KH

0N
&-

-

8*
&M

-,#
j5

LS
#N

#5
S&

#Ā
(Ȁ

>3
6.

7
N

N
N

N
-&

&
:+

bQ
+

e-
&&

e-
&&

&%
&&

E.
#1

6:
63

8*
&M

-,#
j5

-&
#N

#5
-H

#Ā
(Ȁ

>3
6.

7
j5

-&
l5

-H
$&

:
+b

Q
+

e$
&

e$
&

&%
&&

E.
#1

6:
63

8*
&M

-,#
j5

-H
#N

#5
LS

#Ā
(Ȁ

>3
6.

7
N

N
N

N
-&

&
:+

bQ
+

e-
&&

e-
&&

&%
&&

E.
#1

6:
63

F7
.7

4:
.)!

#
8<

-$
KM

KH
O

N
&K

-

8*
&M

-,#
j5

LS
#N

#5
S&

#Ā
(Ȁ

>3
6.

7
N

N
N

N
-&

&
:+

bQ
+

e-
&&

e-
&&

&%
&&

E.
#1

6:
63

8*
&M

-,#
j5

-&
#N

#5
-H

#Ā
(Ȁ

>3
6.

7
j5

-&
l5

-H
$&

:
+b

Q
+

e$
&

e$
&

&%
&&

E.
#1

6:
63

8*
&O

&,
#5

H
#N

#5
-&

#Ā
(Ȁ

>3
6.

7
5H

l5
-&

-&
:+

bQ
+

e-
&

e-
&

&%
&&

E.
#1

6:
63

F7
.7

4:
.)!

#
8<

-$
KM

KH
-N

&S
-

8*
&O

&,
#5

H
#N

#5
-&

#Ā
(Ȁ

>3
6.

7
5H

l5
-&

-&
:+

bQ
+

e-
&

e-
&

&%
&&

E.
#1

6:
63

F7
.7

4:
.)!

#
8<

-$
KM

K0
0N

&&
S

8*
&O

&,
#B

"7
`"

7"
M

-N
SL

N
K

&%
K

:+
bQ

+
e&

%
K

e&
%

K
&%

&&
E.

#1
6:

63
<B

-#
&%

O
N

-%
&#

8<
-$

KM
KH

0N
&&

-

8*
&O

&,
#8

3R
4 

2"
7`

"7
"

-&
&N

S-
N

S
&%

$
:+

bQ
+

e&
%

$
e&

%
$

&%
&&

E.
#1

6:
63

8*
&O

&,
#:

"3
ȀN

#m
#P

Ȁ(
ȀN

G
4 

"7
"

-&
O

N
LO

N
L#

-&
H

N
SK

N
L

&%
$

:
+b

Q
+

e&
%

$
e&

%
$

&%
&&

E.
#1

6:
63

8*
&O

&,
#.

(3
R

.N
G

4 
"7

"
0$

N
SM

N
H

&%
$

:+
bQ

+
e&

%
$

e&
%

$
&%

&&
E.

#1
6:

63

8*
&O

&,
#'

. )
"7

"
-&

O
N

O
O

N
L

&%
$

:+
bQ

+
e&

%
$

e&
%

$
&%

&&
E.

#1
6:

63

8*
&O

&,
#E

ȀP
R

3R
Ȁ 

"7
"

0-
N

K&
N

L
-

:+
bQ

+
e-

e-
&%

&&
E.

#1
6:

63

8*
&O

&,
#B

"7
`"

7"
M

-N
SL

N
K

&%
K

:+
bQ

+
e&

%
K

e&
%

K
&%

&&
E.

#1
6:

63
<B

S#
K%

LN
K%

$#
8<

-$
KM

KH
0N

&-
-

8*
&O

&,
#8

3R
4 

2"
7`

"7
"

-&
&N

S-
N

S
&%

$
:+

bQ
+

e&
%

$
e&

%
$

&%
&&

E.
#1

6:
63

8*
&O

&,
#:

"3
ȀN

#m
#P

Ȁ(
ȀN

G
4 

"7
"

-&
O

N
LO

N
L#

-&
H

N
SK

N
L

&%
$

:
+b

Q
+

e&
%

$
e&

%
$

&%
&&

E.
#1

6:
63

8*
&O

&,
#.

(3
R

.N
G

4 
"7

"
0$

N
SM

N
H

&%
$

:+
bQ

+
e&

%
$

e&
%

$
&%

&&
E.

#1
6:

63

8*
&O

&,
#'

. )
"7

"
-&

O
N

O
O

N
L

&%
$

:+
bQ

+
e&

%
$

e&
%

$
&%

&&
E.

#1
6:

63

8*
&O

&,
#E

ȀP
R

3R
Ȁ 

"7
"

0-
N

K&
N

L
-

:+
bQ

+
e-

e-
&%

&&
E.

#1
6:

63

8*
&O

&,
#B

"7
`"

7"
M

-N
SL

N
K

&%
K

:+
bQ

+
e&

%
K

e&
%

K
&%

&&
E.

#1
6:

63
F7

.7
4:

.)!
#

8<
-$

KM
KM

SN
&&

-

8*
&O

&,
#8

3R
4 

2"
7`

"7
"

-&
&N

S-
N

S
&%

$
:+

bQ
+

e&
%

$
e&

%
$

&%
&&

E.
#1

6:
63

8*
&O

&,
#:

"3
ȀN

#m
#P

Ȁ(
ȀN

G
4 

"7
"

-&
O

N
LO

N
L#

-&
H

N
SK

N
L

&%
$

:
+b

Q
+

e&
%

$
e&

%
$

&%
&&

E.
#1

6:
63

8*
&O

&,
#.

(3
R

.N
G

4 
"7

"
0$

N
SM

N
H

&%
$

:+
bQ

+
e&

%
$

e&
%

$
&%

&&
E.

#1
6:

63

8*
&O

&,
#'

. )
"7

"
-&

O
N

O
O

N
L

&%
$

:+
bQ

+
e&

%
$

e&
%

$
&%

&&
E.

#1
6:

63

8*
&O

&,
#E

ȀP
R

3R
Ȁ 

"7
"

0-
N

K&
N

L
-

:+
bQ

+
e-

e-
&%

&&
E.

#1
6:

63

8*
&O

&,
#B

"7
`"

7"
M

-N
SL

N
K

&%
K

:+
bQ

+
e&

%
K

e&
%

K
&%

&&
E.

#1
6:

63
F7

.7
4:

.)!
#

8<
-$

KM
K$

0N
&&

-

8*
&O

&,
#8

3R
4 

2"
7`

"7
"

-&
&N

S-
N

S
&%

$
:+

bQ
+

e&
%

$
e&

%
$

&%
&&

E.
#1

6:
63

8*
&O

&,
#:

"3
ȀN

#m
#P

Ȁ(
ȀN

G
4 

"7
"

-&
O

N
LO

N
L#

-&
H

N
SK

N
L

&%
$

:
+b

Q
+

e&
%

$
e&

%
$

&%
&&

E.
#1

6:
63

D08347862



$#
./

#0
,

*Ȁ
+"

D
.(Q

#C
(=

"(
, ,

5 
6"

73
8<

-$
KM

KH
0

FJ
@

C
@

F#
8E

aA
@

C
E?

8E
'F

1#
5C

E<
J1

'A
Ec

B*
#D

F@
E8

@
<#

BF
[

,
*(

.Z
">

3

<)
2N

?Ȁ
3(

6_
+

8*
&O

&,
#.

(3
R

.N
G

4 
"7

"
0$

N
SM

N
H

&%
$

:+
bQ

+
e&

%
$

e&
%

$
&%

&&
E.

#1
6:

63
F7

.7
4:

.)!
#

8<
-$

KM
K$

0N
&&

-

8*
&O

&,
#'

. )
"7

"
-&

O
N

O
O

N
L

&%
$

:+
bQ

+
e&

%
$

e&
%

$
&%

&&
E.

#1
6:

63

8*
&O

&,
#E

ȀP
R

3R
Ȁ 

"7
"

0-
N

K&
N

L
-

:+
bQ

+
e-

e-
&%

&&
E.

#1
6:

63

8*
&O

&,
#B

"7
`"

7"
M

-N
SL

N
K

&%
K

:+
bQ

+
e&

%
K

e&
%

K
&%

&&
E.

#1
6:

63
F7

.7
4:

.)!
#

8<
-$

KM
KH

-N
&S

-

8*
&O

&,
#8

3R
4 

2"
7`

"7
"

-&
&N

S-
N

S
&%

$
:+

bQ
+

e&
%

$
e&

%
$

&%
&&

E.
#1

6:
63

8*
&O

&,
#:

"3
ȀN

#m
#P

Ȁ(
ȀN

G
4 

"7
"

-&
O

N
LO

N
L#

-&
H

N
SK

N
L

&%
$

:
+b

Q
+

e&
%

$
e&

%
$

&%
&&

E.
#1

6:
63

8*
&O

&,
#.

(3
R

.N
G

4 
"7

"
0$

N
SM

N
H

&%
$

:+
bQ

+
e&

%
$

e&
%

$
&%

&&
E.

#1
6:

63

8*
&O

&,
#'

. )
"7

"
-&

O
N

O
O

N
L

&%
$

:+
bQ

+
e&

%
$

e&
%

$
&%

&&
E.

#1
6:

63

8*
&O

&,
#E

ȀP
R

3R
Ȁ 

"7
"

0-
N

K&
N

L
-

:+
bQ

+
e-

e-
&%

&&
E.

#1
6:

63

8*
&O

&,
#B

"7
`"

7"
M

-N
SL

N
K

&%
K

:+
bQ

+
e&

%
K

e&
%

K
&%

&&
E.

#1
6:

63
F7

.7
4:

.)!
#

8<
-$

KM
K0

0N
&&

S

8*
&O

&,
#8

3R
4 

2"
7`

"7
"

-&
&N

S-
N

S
&%

$
:+

bQ
+

e&
%

$
e&

%
$

&%
&&

E.
#1

6:
63

8*
&O

&,
#:

"3
ȀN

#m
#P

Ȁ(
ȀN

G
4 

"7
"

-&
O

N
LO

N
L#

-&
H

N
SK

N
L

&%
$

:
+b

Q
+

e&
%

$
e&

%
$

&%
&&

E.
#1

6:
63

8*
&O

&,
#.

(3
R

.N
G

4 
"7

"
0$

N
SM

N
H

&%
$

:+
bQ

+
e&

%
$

e&
%

$
&%

&&
E.

#1
6:

63

8*
&O

&,
#'

. )
"7

"
-&

O
N

O
O

N
L

&%
$

:+
bQ

+
e&

%
$

e&
%

$
&%

&&
E.

#1
6:

63

8*
&O

&,
#E

ȀP
R

3R
Ȁ 

"7
"

0-
N

K&
N

L
-

:+
bQ

+
e-

e-
&%

&&
E.

#1
6:

63

D08347862



H#
./

#0
,

*Ȁ
+"

D
.(Q

#C
(=

"(
, ,

5 
6"

73
8<

-$
KM

KH
0

FJ
@

C
@

F#
8E

aA
@

C
E?

8E
'F

1#
5C

E<
J1

'A
Ec

B*
#D

F@
E8

@
<#

BF
[

,
*(

.Z
">

3

'R
"#

Y)
Ȁ 

63
4#>

.7
3(

. #
3"

(:#
?"

3R
.=

#
b#

1Ȁ
2.

(Ȁ
3.

(4
#B

 Ȁ
7Q

#("
/"(

!#
3.

#Ȁ
7#

Ȁ7
Ȁ 

43
"#/

("
"#

:Ȁ
3(

6_
#3

.#
]R

6>
R

#Ȁ
  #

("
Ȁ+

"7
3!

#
Ȁ(

"#
Ȁ=

="
=#

67
#3

R
"#

!Ȁ
:

"#
9.

 ):
"!#

.(
#P

(.P
.(3

6.
7!

#
Ȁ!

#
)!"

=#
67

#!3
Ȁ7

=Ȁ
(=

#!
Ȁ:

P 
"#

P(
"P

Ȁ(
Ȁ3

6.
7%

#'R
"#

P)
(P

.!"
#

./#
3R

6!
#V

5#
PȀ

(Ȁ
:"3

"(
#

6!#
3.

#
:

.7
63

.(#
P.

3"
73

6Ȁ
 # 

Ȁ2
.(Ȁ

3.
(4

#
>.

73
Ȁ:

67
Ȁ3

6.
7%

#'R
"#

Y)
Ȁ 

63
4#>

.7
3(

. #
3"

(:#
1Ȁ

2.
(Ȁ

3.
(4

#
5.

73
(. 

#
<Ȁ

:P
 "#

W
15

<X
#("

/"(
!#

3.
#

Ȁ#
>"

(3
6/

6"
=#

("
/"(

"7
>"

#
:

Ȁ3
"(

6Ȁ
 I#

.(
#

Ȁ#
Q

7.
]7

#
67

3"
(/"

("
7>

"#
/("

"#
:

Ȁ3
(6

_#!
P6

Q
"=

#]
63

R
#3

Ȁ(
+"

3#
Ȁ7

Ȁ 
43

"!%
#'

R
"#

P)
(P

.!"
#.

/#
3R

6!
#V

5#
PȀ

(Ȁ
:"3

"(
#6

!#
3.

#:
.7

63
.(#

:"3
R

.=#P
("

>6
!6

.7
#Ȁ

7=
#Ȁ

>>
)(Ȁ

>4
#6

7=
"P

"7
="

73
#.

/#
!Ȁ

:P
 "#

:Ȁ
3(

6_
%

#;
47

Ȁ:
6>

#@
">

.9
"(

4#
16

:6
3!

#Ȁ
("

#2
Ȁ!

"=
#.

7#
!3

Ȁ3
6!

36
>Ȁ

 #
"9

Ȁ 
)Ȁ

36
.7

#.
/#

P(
.>

"!!
"=

#1
5<

%

<)
2N

?Ȁ
3(

6_ +

8c
&&

$'
,#

1"
Ȁ=

M
SL

0N
0K

N
-

$
:

+b
Q

+
e$

0S
%

-
S&

#:
+b

Q
+

-K
S

O
H

8*
&O

&,
#5

H
#N

#5
0#

Ā(
Ȁ>

36
.7

N
N

N
N

-&
:+

bQ
+

e-
&

0K
%

&
KH

#:
+b

Q
+

-K
O

H
O

8*
&O

&,
#5

H
#N

#5
0#

Ā(
Ȁ>

36
.7

N
N

N
N

-&
:+

bQ
+

e-
&

0&
%

$
KH

#:
+b

Q
+

-K
O

H
O

8*
&M

-,#
5-

&#
N

#5
-S

#Ā
(Ȁ

>3
6.

7
N

N
N

N
$&

:+
bQ

+
e$

&
-&

0
K&

&#
:+

bQ
+

-L
-

M
-

8*
&M

-,#
5-

$#
N

#5
KO

#Ā
(Ȁ

>3
6.

7
N

N
N

N
-&

&
:+

bQ
+

e-
&&

--H
K$

&#
:+

bQ
+

-L
O

M
S

8*
&M

-,#
5K

0#
N

#5
LH

#Ā
(Ȁ

>3
6.

7
N

N
N

N
-&

&
:+

bQ
+

e-
&&

-&
0

K&
&#

:+
bQ

+
-K

O
H

S

8*
&M

-,#
5-

&#
N

#5
-S

#Ā
(Ȁ

>3
6.

7
N

N
N

N
$&

:+
bQ

+
e$

&
---

K&
&#

:+
bQ

+
-L

-
M

-

8*
&M

-,#
5-

$#
N

#5
KO

#Ā
(Ȁ

>3
6.

7
N

N
N

N
-&

&
:+

bQ
+

e-
&&

--$
K$

&#
:+

bQ
+

-L
O

M
S

8*
&M

-,#
5K

0#
N

#5
LH

#Ā
(Ȁ

>3
6.

7
N

N
N

N
-&

&
:+

bQ
+

e-
&&

-&
L

K&
&#

:+
bQ

+
-K

O
H

S

8*
&O

&,
#5

H
#N

#5
0#

Ā(
Ȁ>

36
.7

N
N

N
N

-&
:+

bQ
+

e-
&

M
H

%
&

KH
#:

+b
Q

+
-K

O
H

O

8*
&O

&,
#5

H
#N

#5
-&

#Ā
(Ȁ

>3
6.

7
5H

l5
-&

-&
:+

bQ
+

e-
&

0K
%

S
L-

#:
+b

Q
+

-K
O

H
O

8*
&O

&,
#5

H
#N

#5
-&

#Ā
(Ȁ

>3
6.

7
5H

l5
-&

-&
:+

bQ
+

e-
&

0&
%

L
L-

#:
+b

Q
+

-K
O

H
O

8*
&M

-,#
j5

-&
#N

#5
-H

#Ā
(Ȁ

>3
6.

7
j5

-&
l5

-H
$&

:+
bQ

+
e$

&
-&

$
K$

&#
:+

bQ
+

-L
&

M
&

8*
&M

-,#
j5

-H
#N

#5
LS

#Ā
(Ȁ

>3
6.

7
N

N
N

N
-&

&
:+

bQ
+

e-
&&

--M
L$

&#
:+

bQ
+

-L
O

M
S

8*
&M

-,#
j5

LS
#N

#5
S&

#Ā
(Ȁ

>3
6.

7
N

N
N

N
-&

&
:+

bQ
+

e-
&&

-&
-

K&
&#

:+
bQ

+
-L

-
H

L

8*
&M

-,#
j5

-&
#N

#5
-H

#Ā
(Ȁ

>3
6.

7
j5

-&
l5

-H
$&

:+
bQ

+
e$

&
00

%
S

K$
&#

:+
bQ

+
-L

&
M

&

8*
&M

-,#
j5

-H
#N

#5
LS

#Ā
(Ȁ

>3
6.

7
N

N
N

N
-&

&
:+

bQ
+

e-
&&

-K
&

L$
&#

:+
bQ

+
-L

O
M

S

8*
&M

-,#
j5

LS
#N

#5
S&

#Ā
(Ȁ

>3
6.

7
N

N
N

N
-&

&
:+

bQ
+

e-
&&

-&
S

K&
&#

:+
bQ

+
-L

-
H

L

8*
&O

&,
#5

H
#N

#5
-&

#Ā
(Ȁ

>3
6.

7
5H

l5
-&

-&
:+

bQ
+

e-
&

M
L%

L
L-

#:
+b

Q
+

-K
O

H
O

8*
&O

&,
#B

"7
`"

7"
M

-N
SL

N
K

&%
K

:
+b

Q
+

e&
%

K
M

K%
$

-#
:+

bQ
+

--H
H

K

8*
&O

&,
#8

3R
4 

2"
7`

"7
"

-&
&N

S-
N

S
&%

$
:+

bQ
+

e&
%

$
OM

%
M

-#
:+

bQ
+

--O
$O

D08347862



M#
./

#0
,

*Ȁ
+"

D
.(Q

#C
(=

"(
, ,

5 
6"

73
8<

-$
KM

KH
0

FJ
@

C
@

F#
8E

aA
@

C
E?

8E
'F

1#
5C

E<
J1

'A
Ec

B*
#D

F@
E8

@
<#

BF
[

,
*(

.Z
">

3

<)
2N

?Ȁ
3(

6_ +

8*
&O

&,
#:

"3
ȀN

#m
#P

Ȁ(
ȀN

G
4 

"7
"

-&
O

N
LO

N
L#

-&
H

N
SK

N
L

&%
$

:
+b

Q
+

e&
%

$
0M

%
O

K#
:+

bQ
+

-K
&

H
&

8*
&O

&,
#E

ȀP
R

3R
Ȁ 

"7
"

0-
N

K&
N

L
-

:
+b

Q
+

e-
0-

%
K

-#
:+

bQ
+

-L
O

H
K

8*
&O

&,
#.

(3
R

.N
G

4 
"7

"
0$

N
SM

N
H

&%
$

:
+b

Q
+

e&
%

$
O

M
%

M
-#

:+
bQ

+
-K

&
H

&

8*
&O

&,
#'

. )
"7

"
-&

O
N

O
O

N
L

&%
$

:+
bQ

+
e&

%
$

0L
%

O
-#

:+
bQ

+
-K

O
H

K

8*
&O

&,
#B

"7
`"

7"
M

-N
SL

N
K

&%
K

:
+b

Q
+

e&
%

K
0-

%
O

-#
:+

bQ
+

--H
H

K

8*
&O

&,
#8

3R
4 

2"
7`

"7
"

-&
&N

S-
N

S
&%

$
:+

bQ
+

e&
%

$
O$

%
&

-#
:+

bQ
+

--O
$O

8*
&O

&,
#:

"3
ȀN

#m
#P

Ȁ(
ȀN

G
4 

"7
"

-&
O

N
LO

N
L#

-&
H

N
SK

N
L

&%
$

:
+b

Q
+

e&
%

$
O

$%
$

K#
:+

bQ
+

-K
&

H
&

8*
&O

&,
#E

ȀP
R

3R
Ȁ 

"7
"

0-
N

K&
N

L
-

:
+b

Q
+

e-
O

K%
&

-#
:+

bQ
+

-L
O

H
K

8*
&O

&,
#.

(3
R

.N
G

4 
"7

"
0$

N
SM

N
H

&%
$

:
+b

Q
+

e&
%

$
O

M
%

L
-#

:+
bQ

+
-K

&
H

&

8*
&O

&,
#'

. )
"7

"
-&

O
N

O
O

N
L

&%
$

:+
bQ

+
e&

%
$

OM
%

K
-#

:+
bQ

+
-K

O
H

K

8*
&O

&,
#B

"7
`"

7"
M

-N
SL

N
K

&%
K

:
+b

Q
+

e&
%

K
M

0%
-

-#
:+

bQ
+

--H
H

K

8*
&O

&,
#8

3R
4 

2"
7`

"7
"

-&
&N

S-
N

S
&%

$
:+

bQ
+

e&
%

$
HM

%
K

-#
:+

bQ
+

--O
$O

8*
&O

&,
#:

"3
ȀN

#m
#P

Ȁ(
ȀN

G
4 

"7
"

-&
O

N
LO

N
L#

-&
H

N
SK

N
L

&%
$

:
+b

Q
+

e&
%

$
H

O
%

H
K#

:+
bQ

+
-K

&
H

&

8*
&O

&,
#E

ȀP
R

3R
Ȁ 

"7
"

0-
N

K&
N

L
-

:
+b

Q
+

e-
M

S%
M

-#
:+

bQ
+

-L
O

H
K

8*
&O

&,
#.

(3
R

.N
G

4 
"7

"
0$

N
SM

N
H

&%
$

:
+b

Q
+

e&
%

$
H

0%
H

-#
:+

bQ
+

-K
&

H
&

8*
&O

&,
#'

. )
"7

"
-&

O
N

O
O

N
L

&%
$

:+
bQ

+
e&

%
$

OO
%

0
-#

:+
bQ

+
-K

O
H

K

'R
"#

Y)
Ȁ 

63
4#>

.7
3(

. #
3"

(:#
?Ȁ

3(
6_

#<
P6

Q
"#W

?<
X#

("
/"(

!#
3.

#
Ȁ7

#
67

3(
Ȁ 

Ȁ2.
(Ȁ

3.
(4

#
!P

 6
3#

!Ȁ
:P

 "#
!P

6Q
"=

#]
63

R
#Ȁ

#(
"P

("
!"7

3Ȁ
36

9"
#!

"3
#

./#
3Ȁ

(+
"3

#Ȁ
7Ȁ

 4
3"

!%
#'R

"#
P)

(P
.!"

#
./#

3R
6!

#V
5#

PȀ
(Ȁ

:"3
"(

#
6!#

3.
#

:
.7

63
.(#

P.
3"

73
6Ȁ

 #:Ȁ
3(

6_
#"

//"
>3

!#
.7

#
Ȁ7

Ȁ 
43

"#
("

>.
9"

(6
"!%

#<
3Ȁ

36
>#

@
">

.9
"(

4#
16

:6
3!

#Ȁ
!#

P"
(#

 Ȁ
2.

(Ȁ
3.

(4
#;

Ȁ
3Ȁ

#V
)Ȁ

 6
34

#C
2Z

">
36

9"
!#

W
;V

C
!X

%
#A

="
Ȁ 

#(
">

.9
"(

4#
(Ȁ

7+
"!#

!3
Ȁ3

"=
#:

Ȁ4
#

2"
#]

Ȁ6
9"

=#
67

#3
R

"#
"9

"7
3#

./#
!Ȁ

:P
 "#

:Ȁ
3(

6_
#6

73
"(

/"(
"7

>"
%

<)
2N

?Ȁ
3(

6_

+

<B
-#

&%
O

N
-%

&#
8<

-$
KM

KH
0N

&&
-

M
SL

0N
0K

N
-

8c
&&

$'
,#

1"
Ȁ=

-&
S

K$
&#

:+
bQ

+
-L

&
M

&

<B
-#

&%
O

N
-%

&#
8<

-$
KM

KH
0N

&&
-

N
N

N
N

8*
&O

&,
#5

H
#N

#5
0#

Ā(
Ȁ>

36
.7

-K
-

LK
%

$#
:+

bQ
+

-L
&

M
&

F7
.7

4:
.)!

#
8<

-$
KM

K$
0N

&&
-

N
N

N
N

8*
&O

&,
#5

H
#N

#5
0#

Ā(
Ȁ>

36
.7

---
LK

%
$#

:+
bQ

+
-L

&
M

&

<B
-#

&%
O

N
-%

&#
8<

-$
KM

KH
0N

&&
-

N
N

N
N

8*
&M

-,#
5-

&#
N

#5
-S

#Ā
(Ȁ

>3
6.

7
0L

%
0

$K
L#

:+
bQ

+
-L

M
M

L

D08347862



O#
./

#0
,

*Ȁ
+"

D
.(Q

#C
(=

"(
, ,

5 
6"

73
8<

-$
KM

KH
0

FJ
@

C
@

F#
8E

aA
@

C
E?

8E
'F

1#
5C

E<
J1

'A
Ec

B*
#D

F@
E8

@
<#

BF
[

,
*(

.Z
">

3

<)
2N

?Ȁ
3(

6_

+

<B
-#

&%
O

N
-%

&#
8<

-$
KM

KH
0N

&&
-

N
N

N
N

8*
&M

-,#
5-

$#
N

#5
KO

#Ā
(Ȁ

>3
6.

7
-&

-
KL

-0
#:

+b
Q

+
-L

-
$L

N
N

N
N

8*
&M

-,#
5K

0#
N

#5
LH

#Ā
(Ȁ

>3
6.

7
-K

&
-M

-S
#:

+b
Q

+
-L

K
$K

F7
.7

4:
.)!

#
8<

-$
KM

KH
O

N
&K

-
N

N
N

N
8*

&M
-,#

5-
&#

N
#5

-S
#Ā

(Ȁ
>3

6.
7

0H
%

H
$K

L#
:+

bQ
+

-L
M

M
L

N
N

N
N

8*
&M

-,#
5-

$#
N

#5
KO

#Ā
(Ȁ

>3
6.

7
-&

K
KL

-0
#:

+b
Q

+
-L

-
$L

N
N

N
N

8*
&M

-,#
5K

0#
N

#5
LH

#Ā
(Ȁ

>3
6.

7
-K

&
-M

-S
#:

+b
Q

+
-L

K
$K

F7
.7

4:
.)!

#
8<

-$
KM

KH
-N

&S
-

N
N

N
N

8*
&O

&,
#5

H
#N

#5
0#

Ā(
Ȁ>

36
.7

-&
K

LK
%

$#
:+

bQ
+

-L
&

M
&

<B
-#

&%
O

N
-%

&#
8<

-$
KM

KH
0N

&&
-

5H
l5

-&
8*

&O
&,

#5
H

#N
#5

-&
#Ā

(Ȁ
>3

6.
7

-K
&

LM
%

$#
:+

bQ
+

-L
&

M
&

F7
.7

4:
.)!

#
8<

-$
KM

K$
0N

&&
-

5H
l5

-&
8*

&O
&,

#5
H

#N
#5

-&
#Ā

(Ȁ
>3

6.
7

-&
O

LM
%

$#
:+

bQ
+

-L
&

M
&

<B
-#

&%
O

N
-%

&#
8<

-$
KM

KH
0N

&&
-

j5
-&

l5
-H

8*
&M

-,#
j5

-&
#N

#5
-H

#Ā
(Ȁ

>3
6.

7
0H

%
K

O
H

&#
:+

bQ
+

-L
M

M
L

N
N

N
N

8*
&M

-,#
j5

-H
#N

#5
LS

#Ā
(Ȁ

>3
6.

7
--H

LK
KL

#:
+b

Q
+

-L
-

$L
N

N
N

N
8*

&M
-,#

j5
LS

#N
#5

S&
#Ā

(Ȁ
>3

6.
7

--&
-&

$O
#:

+b
Q

+
-L

K
$K

F7
.7

4:
.)!

#
8<

-$
KM

KH
O

N
&K

-
j5

-&
l5

-H
8*

&M
-,#

j5
-&

#N
#5

-H
#Ā

(Ȁ
>3

6.
7

-&
&

O
H

&#
:+

bQ
+

-L
M

M
L

N
N

N
N

8*
&M

-,#
j5

-H
#N

#5
LS

#Ā
(Ȁ

>3
6.

7
--O

LK
KL

#:
+b

Q
+

-L
-

$L
N

N
N

N
8*

&M
-,#

j5
LS

#N
#5

S&
#Ā

(Ȁ
>3

6.
7

-&
0

-&
$O

#:
+b

Q
+

-L
K

$K

F7
.7

4:
.)!

#
8<

-$
KM

KH
-N

&S
-

5H
l5

-&
8*

&O
&,

#5
H

#N
#5

-&
#Ā

(Ȁ
>3

6.
7

-&
-

LM
%

$#
:+

bQ
+

-L
&

M
&

<B
-#

&%
O

N
-%

&#
8<

-$
KM

KH
0N

&&
-

M
-N

SL
N

K
8*

&O
&,

#B
"7

`"
7"

O
0%

K
K%

$#
:+

bQ
+

-L
&

M
&

-&
&N

S-
N

S
8*

&O
&,

#8
3R

4 
2"

7`
"7

"
-&

K
K%

$#
:+

bQ
+

-L
&

M
&

-&
O

N
LO

N
L#

-&
H

N
SK

N
L

8*
&O

&,
#:

"3
ȀN

#m
#P

Ȁ(
ȀN

G
4 

"7
"

--M
K%

$#
:+

bQ
+

-L
&

M
&

0-
N

K&
N

L
8*

&O
&,

#E
ȀP

R
3R

Ȁ 
"7

"
O

S%
K

K%
$#

:+
bQ

+
-L

&
M

&
0$

N
SM

N
H

8*
&O

&,
#.

(3
R

.N
G

4 
"7

"
-&

-
K%

$#
:+

bQ
+

-L
&

M
&

-&
O

N
O

O
N

L
8*

&O
&,

#'
. )

"7
"

--K
K%

$#
:+

bQ
+

-L
&

M
&

F7
.7

4:
.)!

#
8<

-$
KM

K$
0N

&&
-

M
-N

SL
N

K
8*

&O
&,

#B
"7

`"
7"

0K
%

O
K%

$#
:+

bQ
+

-L
&

M
&

-&
&N

S-
N

S
8*

&O
&,

#8
3R

4 
2"

7`
"7

"
0K

%
L

K%
$#

:+
bQ

+
-L

&
M

&
-&

O
N

LO
N

L#
-&

H
N

SK
N

L
8*

&O
&,

#:
"3

ȀN
#m

#P
Ȁ(

ȀN
G

4 
"7

"
0-

%
S

K%
$#

:+
bQ

+
-L

&
M

&

0-
N

K&
N

L
8*

&O
&,

#E
ȀP

R
3R

Ȁ 
"7

"
O

H
%

K
K%

$#
:+

bQ
+

-L
&

M
&

D08347862



0#
./

#0
,

*Ȁ
+"

D
.(Q

#C
(=

"(
, ,

5 
6"

73
8<

-$
KM

KH
0

FJ
@

C
@

F#
8E

aA
@

C
E?

8E
'F

1#
5C

E<
J1

'A
Ec

B*
#D

F@
E8

@
<#

BF
[

,
*(

.Z
">

3

<)
2N

?Ȁ
3(

6_

+

F7
.7

4:
.)!

#
8<

-$
KM

K$
0N

&&
-

0$
N

SM
N

H
8*

&O
&,

#.
(3

R
.N

G
4 

"7
"

0-
%

K
K%

$#
:+

bQ
+

-L
&

M
&

-&
O

N
O

O
N

L
8*

&O
&,

#'
. )

"7
"

0L
%

K
K%

$#
:+

bQ
+

-L
&

M
&

F7
.7

4:
.)!

#
8<

-$
KM

KH
-N

&S
-

M
-N

SL
N

K
8*

&O
&,

#B
"7

`"
7"

O
0%

0
K%

$#
:+

bQ
+

-L
&

M
&

-&
&N

S-
N

S
8*

&O
&,

#8
3R

4 
2"

7`
"7

"
00

%
-

K%
$#

:+
bQ

+
-L

&
M

&
-&

O
N

LO
N

L#
-&

H
N

SK
N

L
8*

&O
&,

#:
"3

ȀN
#m

#P
Ȁ(

ȀN
G

4 
"7

"
00

%
-

K%
$#

:+
bQ

+
-L

&
M

&

0-
N

K&
N

L
8*

&O
&,

#E
ȀP

R
3R

Ȁ 
"7

"
O

0%
L

K%
$#

:+
bQ

+
-L

&
M

&
0$

N
SM

N
H

8*
&O

&,
#.

(3
R

.N
G

4 
"7

"
-&

-
K%

$#
:+

bQ
+

-L
&

M
&

-&
O

N
O

O
N

L
8*

&O
&,

#'
. )

"7
"

0L
%

&
K%

$#
:+

bQ
+

-L
&

M
&

D08347862



ĀȀ
 !

"#
$!

% &
'()

'*

%
%

+#
,(Ȁ

#-
(Ȁ

.
/0

1!
2-

32
41

Ȁ(
25

!2
-#

0'
61

41
71

(2
'8

.9
2!

.
%

/(2
-#

:-
;<

'Ā
=;

'>
<?

@
A

Ā!
0!

BC
(2

!
%D

E&
FG

FH
IH

J'
H

**
*

%
"Ȁ

(K
!:-

>"
'@

L<
A3

<8
'>

LM
6#

-!'
8#

5B
0!

7'
<!

:!1
4!

9
%N

O
FP

 0
FG

O
&*

81
-!

%>
"'@

L<
A3

<8
'>

LM
=7

7 
!'6

#-
!

%O
*F

L 
$F

G
O

&*
Ā=

;'>
<?

@
A

%
8#

5B
0!

Ȁ
A(

Q
'()

'7
#5

B0
!7

'Ȁ
!:!

14
!9

%G
J

%
?Ȁ

9!
Ȁ'

2 
5,

!Ȁ
FF

FF
A(

Q
'()

'7
#5

B0
!7

'#
2#

0.
7!

9
%G

J

>Ȁ
1!

)'5
!-C

(9
'7

 5
5#

Ȁ1
!7

'#
29

'Ȁ
!)!

Ȁ!
2:

!7
'#

Ȁ!
'#

07
('B

Ȁ(
41

9!
9'

-('
#7

71
7-

'1
2'

-Ȁ
#:

!#
,1

01
-.Q

ĀC
17

'Ȁ
!B

(Ȁ
-'C

1$
C

01
$C

-7
'( 

-0
1!

Ȁ7
')0

#$
$!

9'
12

'-C
!'R

 #
01

-.'
/(2

-Ȁ
(0

'
SR

/T
'<

!B
(Ȁ

-Q

D08347862



G'
()

'*
%

"#
$!

@
(Ȁ

U
'?

Ȁ9
!Ȁ

% %
/0

1!
2-

38
&*

G
IG

EV
LW

<?
<L

'3
AX

=<
?A

;3
AĀ

L+
'/?

A8
W

+Ā
=A

Y
>"

'@
L<

A3
<8

'>
LM

%
"Ȁ

(K
!:-

ĀC
17

'Ȁ!
B(

Ȁ-
'

7 
55

#Ȁ
1Z

!7
'

![-
Ȁ#

:-1
(2

'
\'

BȀ
!B

#Ȁ
#-

1(
2'#

29
'

#2
#0

.7
17

'-1
5!

7'
#2

9'
:(5

B#
Ȁ!

7'
!#

:C
'

]1
-C

'
L+

8'
Ȁ!

:(5
5!

29
!9

'
C

(0
91

2$
'-1

5!
7'

SȀ
!)!

Ȁ!2
:1

2$
'

W
83

"L
'

8@
'

H
JÊ
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INTRODUCTION 

This report provides the results, findings and recommendations arising 
from an acoustical assessment of a proposed commercial and 
residential development to be constructed on land on the corner of 
King Street and The Esplanade, Warners Bay, NSW.  The 
development is to consist of two separate buildings with two levels of 
car parking, ground floor residential units and commercial space and 
residential units up to the seventh floor.  
 
Site details have been obtained from inspections and also with 
reference to plans obtained from the proponent (plans by Stewart 
Architecture, dated 2016).  
 
The assessment was requested to support a D.A. to Lake Macquarie 
City Council (LMCC).  

 
Table 1 contains a glossary of commonly used acoustic terms and is 
presented as an aid in understanding this report. 
 

TABLE 1 

GLOSSARY OF ACOUSTICAL TERMS 

Term Definition 

dB(A) The quantitative measure of sound heard by the human ear, measured by 

the A-Scale Weighting Network of a sound level meter expressed in 

decibels (dB). 

SPL Sound Pressure Level. The incremental variation of sound pressure above 

and below atmospheric pressure and expressed in decibels. The human 

ear responds to pressure fluctuations, resulting in sound being heard. 

STL Sound Transmission Loss. The ability of a partition to attenuate sound, in 

dB 

Lw Sound Power Level radiated by a noise source per unit time re 1pW. 

Leq Equivalent Continuous Noise Level – The summation of noise events 

integrated over a selected period of time.  This noise descriptor is 

commonly used to correlate noise exposure and human annoyance. 

L1 Average Peak Noise Level - the level exceeded for 1% of the monitoring 

period 

L10 Average Maximum Noise Level - the level exceeded for 10% of the 

monitoring period. 

L90 Average Minimum Noise Level - the level exceeded for 90% of the 

monitoring period and recognised as the Background Noise Level.  
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BACKGROUND TO THE PROPOSAL 

The proposal is to demolish the existing buildings on the site and 
construct a seven storey development in two residential buildings with 
lower level car parks, commercial space and residential space on the 
ground floor and up to seven floors of residential above this (see 
Appendix I).   
 
The site may be potentially impacted by noise from traffic on King 
Street and The Esplanade. 
 
From an acoustic point of view the significant sections of the 
development will be: 
 

 Road traffic noise intrusion, 
 

 Mechanical plant associated with residential and commercial 
premises, and 

 
 Traffic noise associated with the development. 

 
 

EXISTING ACOUSTIC ENVIRONMENT 
Traffic noise levels were measured on the site and supplemented with 
data from previous noise measurements made in the near vicinity. 
 
A Rion NL-4.2 sound level meter set up an environmental noise logger 
was installed on the site, on the first floor verandah of number 482 The 
Esplanade from 21th to 24th March, 2017.  Since the dominant noise 
source in the area is road traffic, the NSW Industrial Noise Policy (INP) 
requires a minimum of three days valid data, which was successfully 
obtained during the survey. 
 
The microphone had full line of sight to the road (and traffic) and was 
approximately the same distance from the edge of traffic as the closest 
façade of the proposed development. 
 
In addition to this, data was obtained from previous noise logging 
undertaken for a nearby project.  To this end, a noise logger was 
located on the fence line of at the boundary of numbers 51 and 53 King 
Street, from Friday, 23rd until Friday 30th October, 2015.   
 
Each instrument was programmed to accumulate environmental noise 
data continuously over sampling periods of fifteen (15) minutes 
duration for the entire monitoring period.  Internal software calculates 
and stores the Ln Percentile Noise Levels for the chosen sampling 
period, which are then retrieved for detailed analysis. 
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Tables 2 and 3 show a summary of the relevant measured data, which 
is also shown graphically in Appendix II.  The acoustic environment of 
the area is characterised by noise from road traffic, with some 
contributions from commercial and domestic sources, particularly 
during the day. 
 

TABLE 2 

MEASURED AMBIENT NOISE LEVELS  

482 THE ESPLANADE 21/3/17 to 24/3/17 

 Noise Levels dB(A) 

Percentile Day Evening Night 

L90 58 56 41 

Leq 64 63 59 

Leq (1 hr) 66 62 

 
TABLE 3 

MEASURED AMBIENT NOISE LEVELS  

51 KING STREET 23/10/15 to 30/10/15 

 Noise Levels dB(A) 

Percentile Day Evening Night 

L90 49 41 29 

Leq 62 59 56 

Leq (1 hr) 64 61 

 
 

NOISE ASSESSMENT CRITERIA 

Mechanical Plant 

Noise emissions from all mechanical plant at the site must comply with 
criteria determined using procedures in the NSW Industrial Noise 
Policy (INP).  The same will apply to any noise emissions from the 
communal area on the ground floor. 
 
The INP sets out two separate noise criteria designed to ensure 
developments meet environmental noise objectives.  The first criteria 
account for intrusive noise and the others apply to the protection of 
amenity of particular land uses.  Depending on the existing acoustic 
environment, a new development is usually assessed by applying both 
criteria to the situation and adopting the more stringent of the two. 
 
The amenity criterion is designed to protect areas from increasing 
industrial noise.  As such, the acceptable noise levels for various 
receiver types listed in the INP refer only to noise from industrial 
sources.   
 
The data shows that the noise levels from the King Street logger are 
lower than those from the logger located at The Esplanade.  For 
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conservatism the noise measurements from the King Street logger 
have been used to determine the environmental noise criteria as per 
the procedures in the INP. 
 
The site in question is relatively remote from major industrial noise 
sources.  The measured noise levels were dominated by emissions 
from road traffic.  Noise from nearby commercial areas would not have 
significantly influenced the measured results.   
 
In this instance then the Intrusiveness criteria (background + 5dB(A)) 
are the ones applicable to the assessment.  The Project Specific Noise 
Levels for residential receivers for this assessment are thus shown in 
Table 4. 
 

TABLE 4 

PROJECT SPECIFIC NOISE GOALS 

Period Intrusiveness Criterion* 

Leq (15 min) dB(A) 

Day (7 a.m. to 6 p.m. 6 days, 8 a.m. to 6 p.m. Sunday) 54 

Evening (6 p.m. to 10 p.m.) 46 

Night (all other times) 35** 

* - Rating Background Level (RBL) + 5 dB.  RBL is the median value of each ABL (Assessment 

Background Level) over the entire monitoring period.  The ABL is a single figure representing 

the “L90 of the L90’s” for each separate day of the monitoring period. 

** - Minimum RBL of 30 dB(A) adopted per procedures in the INP. 

Received Road Traffic Noise 

The development is on the corner of King Street and The Esplanade, 
Warners Bay and parts of it may, therefore, be potentially impacted by 
noise emissions from road traffic on those roads. 
 
In NSW new residential developments near busy roads must meet 
internal noise goals in the Infrastructure SEPP (Department of 
Planning NSW, 2007).  The SEPP (2007) is supported by the 
Department of Planning guideline “Development near Rail Corridors 
and Busy Roads – Interim Guideline” (2008) (Guideline) which gives 
the following criteria in Section 3.5: 
 

 In any bedroom in the building: 35 dB(A) Leq at any time 10pm 
– 7am, and 

 
 Anywhere else in the building (other than a garage, kitchen, 

bathroom or hallway): 40dB(A) Leq at any time.   
 
These criteria originated from the Rail Infrastructure Corporation (RIC) 
publication “Consideration of Rail Noise and Vibration in the Planning 
Process” (2003).  In the RIC document it is explicit that the criteria 
apply with windows and doors closed.   
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The Guideline doesn’t contain criteria in relation to commercial 
premises.  At the time of writing this report there is no end user for the 
commercial spaces in the development.   
 
Criteria for this area has been taken from AS/NZS 2107 2000, 
Acoustics—Recommended design sound levels and reverberation 
times for building interiors.   
 
This Standard details recommended design sound levels for 
restaurants and coffee bars in public buildings and small retail outlets 
or show rooms as 45 dB(A) Leq, and this will be adopted here for  the 
commercial areas.   

Generated Road Traffic Noise 

Noise generated by road traffic associated with a proposed 
development is assessed separate to site noise using the OEH 
accepted Intermittent Traffic Noise guidelines.  This is due to the non-
continuous nature of traffic flow to and from the site.   
 
The NSW Road Noise Policy (RNP) as adopted by Roads and 
Maritime Services (RMS) NSW, recommends various criteria for 
different road developments and uses.   
 
Traffic generated by the current proposal will enter and leave the site 
via Howard Street.  This would be regarded as a local road as per 
definitions in the RNP.  An extract Table 3 of the RNP relating to land 
use developments with the potential to create traffic on local roads is 
shown in Table 5.  
 

TABLE 5 

BASE TRAFFIC NOISE OBJECTIVE 

Situation Recommended Criteria 

Day - (7am - 10pm) Night (10pm – 7am) 

Existing residences affected by 

additional traffic on existing local 

roads generated by land use 

developments 

55 Leq(1hr) 

External  

50 Leq (1 hr) 

External 

 
 

NOISE ASSESSMENT 

Mechanical Plant  

The proposed building is at the development application stage.  As 
such, locations and specifications of all mechanical plant items have 
yet to be finalised.   
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Noise from mechanical plant may impact on surrounding residential 
areas.  As it is possible some mechanical plant may run at any time of 
the day, the lower, or limiting, of the criteria, that for night-time, has 
been used here to determine any potential noise impacts.  This is, 35 
dB(A) Leq (15 min) for all surrounding residential receivers. 

Air Conditioning 

Each unit will be individually air conditioned by split systems with the 
condenser unit mounted on each veradah. 
 
Typically air conditioner condensers for this sort of application have an 
Lw in the range 66 to 70 dB(A).  For a condenser with an average Lw 
of 68 dB(A) Leq, this means that compliance with the most stringent 
night time criterion will be achieved at a minimum, unshielded, distance 
of 17m.   
 
In reality the balcony of each unit will be separated from others by a 
blade wall which will provide additional noise attenuation.  As a result 
of this, it is unlikely that there will be any adverse impacts due to noise 
emissions from the air conditioning condensers for each unit. 
 
It is very important that vibrating equipment such as a/c condenser 
units must be mounted such that vibrations cannot transfer to the 
surrounding structure. 
 
There will be a number of verandahs to units that face towards the rear 
of the site, and towards residential receivers.  Those on lower floors 
may have line of sight to the residences across the road in Howard 
Street.  Units on higher floors will be shielded from the boundary by the 
barrier effects of the verandah floor (as well as additional distance to 
the boundary). 
 
To look at a worst case all condenser units on the Levels 2 and 3 of 
the building were considered to be operating at maximum capacity (i.e. 
68 dB(A) Leq) for a full 15 minute period.  For 16 units this equates to 
a combined Lw of 80 dB(A) Leq (15 min). 
 
It is noted that each unit will be mounted on a verandah which will have 
a solid glass balustrading.  This will act as an acoustic barrier in the 
direction of receivers.  Assuming a 1.2m high balustrade the barrier 
insertion loss will be -7 dB(A) for a receiver directly across the road 
from a condenser. 
 
The condensers will be at various distances from the boundary.  For 
ease of calculation all were considered to be impacting on a single 
reception on the boundary at an average distance of 40m (see Point 
“R” on Figure 1).  Assuming a direct line of sight from all 16 
condensers to the reception point, this equates to a received noise of 
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40 dB(A) with a barrier insertion loss of 7, resulting in a received noise 
of 33 dB(A) Leq (15 min), which is below the most stringent night time 
criterion. 
 

 
 

Figure 1 – A/C Condensers – Approximate Location 

Vent Fans 

The development will have a car park vent fan which will have a roof 
mounted exhaust outlet via a riser adjacent to the gym. 
 
Noise associated with vent fans can come from both “break out” 
through ducting, and from “down duct” noise emanating from the end 
of ducting.  To reduce break out noise, lined ducting should be used 
where there is the possibility of noise impacting on adjoining or 
neighbouring apartments or residences.  Rectangular sheet metal duct 
work attenuates low frequency noise, but in doing so has increased 
break out noise levels.  Cylindrical duct work will have a reduced break 
out level (useful in exposed locations) but also reduced low frequency 
noise attenuation. 
 
To minimise down duct noise, a silencer, or silencers could be fitted 
either directly after the fan, or near the end of the ductwork.  If 
possible, restrictions to air flow near the outlet of duct work, such as 90 
degree bends etc., should be avoided. 
 
To avoid the possibility of structure borne noise due to vibrations, all 
duct work for car park venting must be isolated from the main structure 
of the building.  Duct and pipe penetrations must be kept free of the 
structure either by externally lagging or by use of non-setting sealants 
at the point of penetration. 
 
The fans will exhaust to the roof top a minimum of approximately 20m 
from the nearest receivers to the south, in Howard Street.  A car park 

R 

Redacted
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vent will typically extend approximately 0.5m from the flat of the roof.  
The results of theoretical noise level calculations at the nearest point 
receiver are shown, below, in Table 6.   
 

TABLE 6 

RECEIVED NOISE – CAR PARK VENT FAN 

Item dB(A) Leq 

Sound Power Level (at outlet)  65 

Distance Loss to Receiver, (20 m) -36 

Shielding Effects (from roof) -12 

Received Noise   17 

Criterion (Night) 35 

Noise Impact 0 

 
The results in Table 6 show that noise from the car park vent fans will 
comply with the most stringent night time criterion under the assessed 
conditions. 

Received Road Traffic Noise 

Due to the multi storey design of the building the use of acoustic 
barriers, or similar treatments, to mitigate road traffic noise would not 
be possible.  To achieve adequate internal noise levels under these 
circumstances, noise control is, typically, achieved through 
architectural modifications to standard residence design and the 
recommendation of minimum construction types. 
 
The acoustically weak points in the façade of a multi storey building, 
such as that proposed, are windows or glass sliding doors.  The 
supplied plans for the building show that many of the proposed units 
will have living rooms and bedrooms in façades that are exposed to 
traffic noise from King Street and The Esplanade.  Each of these areas 
of occupancy will have windows or glass sliding doors in this façade.  
 
Calculations to determine appropriate internal noise levels can be 
performed based on the room dimensions and glazing areas.  All such 
dimensions and areas were determined by reference to, and scaling 
from, the appropriate site plans.   
 
Once the noise level at the outer face of each glazed section was 
determined from the logger data, the required Rw was calculated in 
accordance with the mathematical procedure given in AS3671-1989 
"Acoustics - Road traffic noise intrusion - Building siting and 
construction".  This procedure is based on the required internal noise 
level as shown in Tables 3 and 3a of the Standard. 
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The residential sections of the development will be in two separate 
“buildings”.  The eastern most of these buildings will front King and 
Howard Streets (Howard Building), whilst the western building will be 
on the corner of King Street and The Esplanade (Esplanade Building). 
 
For the calculation of potential impacts the noise measurements from 
the logger at King Street will be used for all calculations relating to the 
Howard Building and the noise measurements from the logger on The 
Esplanade will be used for the Esplanade Building. 

Sample Calculation 

Detailed below is a sample calculation of the Rw for the glass sliding 
door in the Lounge Room of the southernmost unit on Level 2 of the 
Esplanade Building (as shown in Figure 2).  This has line of sight to 
The Esplanade.   
 

 
 

Figure 2 – Sample Rw Calculation  
 
The measured Leq (1hr) night time (10 pm to 7am) noise levels were 
used in the calculations for bedrooms, whilst the Leq (1hr) day time 
(7am to 10pm) levels were used for all other areas. 
 
The road traffic noise level at the window is 66 dB(A), (i.e. Leq (1hr) 
day time).  As the criterion for the lounge room is 40 dB(A) the required 
traffic noise reduction is; 
 

 TNR = 66-40 = 26 dB(A).  
 
The traffic noise attenuation, TNA, required of the window is calculated 
according to the equation given in Clause 3.4.2.6 of AS 3671, 
 
               TNA = TNR + 10log10[(S/Sf)  3/h  2T60  C]     equation 1 

 
where                 S  =  Surface area of windows = 10m2 
                          Sf  =   Surface area of floor = 23m2 
                          h  =   Ceiling height, assumed to be 2.4m 
                         T60  =   Reverberation time, 0.5s 
                         C    =  No. of components in wall = 2 windows 

32 

Redacted

Redacted
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Assuming that the room is acoustically average (neither too 'live' nor 
too 'dead') equation 9.26 in Noise and Vibration Control,  L.L.Beranek, 
1971, gives a reverberation time of 0.46s.  Consequently, the value of 
0.5s was used in equation 1. 
 
Using the values listed above gives 
 
                       TNA = 26dB(A) for the windows.  
 
Substituting this value into the equation given in Clause 3.4.3.1 of 
AS3671 gives 
 
                       Rw = TNA + 6  32. (note: the +6 is an allowance for the low 
frequency component of road and rail traffic noise)  
 
The results show that the glass door in the lounge room should be 
fitted with a system with an Rw of at least 32.  Data from window 
manufacturers indicates that 6.38mm laminated glass would, typically, 
achieve Rw 32.   
 
Similar calculations to that outlined above were performed for the 
windows and glass sliding doors on all affected facades of all units with 
the results shown in the figures in Appendix I.  The figures are notated 
with the Rw indicated at each window or glass door.  As the room 
types are mirrored from floor to floor only windows and doors on 
representative floors are shown.  Those windows and doors on floor 
not specifically shown in the Appendix are the same as for the 
corresponding window or door that is shown. 
 
Published sound insulation performance in terms of Rw ratings relate 
to partitions tested in ideal laboratory conditions or opinions based on 
such measurements and suppliers must be able to ensure compliance 
with the detailed Rw ratings when windows are installed. 
 
That is, the Rw of glazing systems varies with manufacturers and can 
be influenced by such things as seals, closing systems etc.  As 
indicated, before installation, the glazing supplier should provide 
evidence that the proposed window systems to be fitted will meet the 
minimum Rw requirements detailed.   
 
All windows must be in solid frames fitted as neatly as possible to the 
parent wall.  Any remaining gaps between the frame and the parent 
wall must be filled with a flexible acoustic sealant prior to fitting of 
architraves. 
 
All other windows to residential areas of the development may be 
standard glazing. 
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It is envisaged that the windows to any commercial space will be fitted 
with minimum 6mm safety glass which will provide adequate noise 
attenuation to achieve an internal noise level of 45 dB(A) Leq. 
 
It is, however, recommended that a review of the acoustic 
requirements for the commercial space be undertaken should end 
users be determined to be particularly noise sensitive.   
 
That is, for example, if part of the area is proposed as specialist offices 
(rather than retail or open plan office space) then there may be a 
requirement to provide greater attenuation. 

Generated Road Traffic Noise 

Due to the non-continuous nature of traffic flow to and from the site the 
OEH accepted Intermittent Traffic Noise guidelines are used.  
Equation 2 outlines the mathematical formula used in calculating the 
Leq,T noise level for intermittent traffic noise. 
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         Equation 2 

 
Where;  
 
 Lb is background noise level, dB(A)  
 LMAX is vehicle noise, dB(A) 
 T is the time for each group of vehicles (min)  
 N is number of vehicle trips 
 D is duration of noise of each vehicle (min) 
 
Typical vehicle noise levels were sourced from Spectrum Acoustics 
library of technical data, while background noise levels are those 
measured by our unattended logger.  The Lmax vehicle noise levels 
used in Equation 2 are the maximum predicted noise levels produced 
at the facade of a residence by vehicles entering and departing the 
site. 
 
Traffic coming to or leaving the site and travelling on nearby roads is 
assessed separate to site noise and is subject to the road traffic criteria 
described earlier in this report. 
 
Typically vehicles will come and go from a car park at a mixed use 
building, such as that proposed, at varying rates.   
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The approach in this assessment has been to determine the maximum 
number of vehicle movements that could be generated by the 
development to maintain compliance with the relevant criterion. 
 
Impacts have been calculated to a theoretical receiver located 15 m 
from the centre of traffic flow with results shown in Table 7.  An 
average sound power level of 98 dB(A) has been used in the 
calculations to represent a mix of heavy and light vehicles. 
 

TABLE 7 

TRAFFIC NOISE – NEARBY ROADS 

Typical Maximum Sound Power, dB(A) 98 

Distance Loss to Receiver, (15 m) 30 

Received Noise dB(A) 66 

Traffic Volume, (cars/hr) 35 

Time each vehicle audible at 60 kph (mins) <0.1 

Background Noise Level dB(A) 30 

Calculated Traffic Noise, dB(A)(Leq 1 hr) 50 

Criteria (Night) dB(A) (Leq 1 hr) 50 

 
The results in Table 7 show that there may be up to 35 vehicle 
movements generated (in one direction) by the development at night 
before the criterion is exceeded.  Similar calculation show that there 
may be more than 110 vehicle movements during the day before the 
criterion is exceeded.   
 
 

CONCLUSIONS 

A noise assessment has been carried out in regard to a proposed 
mixed use and residential development at the corner of King Street 
and The Esplanade, Warners Bay, NSW 51 – 53 King Street, Warners 
Bay, NSW.  The development is to consist of residential units and 
commercial space.  
 
The results of the assessment have shown that noise from mechanical 
plant will create no adverse impacts at any receiver. 
 
Received noise from car park vent fans will be below the most 
stringent noise goal at all times. 
 
A schedule of windows has been determined that shows the minimum 
Rw for window/sliding door systems that must be achieved in order to 
attain an acceptable internal acoustic amenity for various areas of 
occupancy in the building. 
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There will be no adverse noise impacts as a result of noise from traffic 
created by the development.
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Proposed Floor Plans 
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1. Introduction 
 

James Marshall & Co has been engaged to prepare a Crime Prevention Through Environmental Design 

(CPTED) report for a proposed mix use development at 482 The Esplanade Warners Bay, NSW.  The 

development is located on three street frontages and the total apartments for the Lake Front Building is 60 

and the Howard Street Building 52 apartments.  The proposal includes a mix of 1, 2 and 3 bedroom 

apartments and commercial spaces.  There are 11 adaptable apartments proposed for the development.   

 
The development site is highlighted in Figure 1 and regional context of the development site is shown in 

Figure 2.       

 
 

Figure 1:  Development Site Highlighted. 

Location of Proposed Development 
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Figure 2:  Regional Context 

 

 

 

Location of Proposed Development 
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2. Safer By Design 
2.1  Overview 
This CPTED assessment has incorporated the following methodology: 
 

 Site visit and land use assessment of the proposed development site and surrounding area.  

 Consultation with identified stakeholders. 

 Assessment of architectural drawings for the proposed development using Safer by Design 
principles. 

 Assessment of crime statistics/data for both the Lake Macquarie LGA and area surrounding the 
development site.   

 An assessment of whether this development is likely to contribute to an increased incidence of 
crime (or perceived) if it is approved.   

 
The recommendations made in this report are consistent with Safer by Design principles. 
 

In April 2001, the then NSW Department of Infrastructure, Planning and Natural Resources (Department of 

Planning and Environment) introduced Crime Prevention Legislative Guidelines to Section 79C of the 

Environmental Planning and Assessment Act, 1979. These guidelines require consent authorities to ensure 

that development provides safety and security to users and the community.  If a development is thought to 

present a crime risk, the guidelines can be used to justify modification of the development on the grounds 

that crime risk cannot be appropriately minimised. 

 

Councils and local police are encouraged to identify the types of development that will ‘typically’ require a 

crime risk assessment, and prepare a consultation protocol.  Protocols are location (need) based 

agreements which outline the types of development that will be jointly assessed, how construction will 

occur and timeframes for consultation.  Subject to council direction, development types not listed in local 

consultation protocols will not require a formal crime risk (CPTED) assessment.   

 

CPTED is a crime prevention strategy that focuses on the planning, design and structure of cities, 

communities and neighbourhoods.  It reduces opportunities for crime by using design and place 

management principles that reduce the likelihood of essential crime ingredients (law, offender, victim or 

target, opportunity) from intersecting in time and space. 

 

This is because predatory offenders often make cost benefit assessment of potential victims and locations 

before committing crime.  CPTED aims to create the reality (or perception) that the costs of committing 

crime are greater than the likely benefits.  This is achieved by creating environmental and social conditions 

that: 

 

 Maximise risk to offenders (increasing the likelihood of detection, challenge and apprehension); 

 Maximise the effort required to commit crime (increasing the time, energy and resources required 

to commit crime); 

 Minimise the actual and perceived benefits of crime (removing, minimising or concealing crime 

attractors and rewards); and 

 Minimise excuse making opportunities (removing conditions that encourage / facilitate 

rationalisation of inappropriate behaviour). 
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2.2 CPTED Principles 
CPTED employs four key strategies which are outlined below: 

2.2.1 Territorial re-enforcement 
Community ownership of public space sends ‘signals’ to the community.  Places that feel owned and cared 

for are likely to be used, enjoyed and revisited. People who have guardianship or ownership of areas are 

more likely to provide effective supervision and are more likely to intervene if crime is taking place, or if 

there is a risk of crime occurring.  Furthermore, criminals rarely commit crime in areas where the risk of 

detection is high. 

 

Territorial re-enforcement uses actual and symbolic boundary markers, spatial legibility and environmental 

cues to ‘connect’ people with space, to encourage communal responsibility for public areas and facilities, 

and to communicate to people where they should not be and what activities are appropriate. 

 
2.2.2 Surveillance 
People feel safe in public areas when they can see and interact with others, particularly people connected 

with that space, such as shopkeepers or adjoining residents. Criminals are often deterred from committing 

crime in places that are well supervised.  

 

Natural surveillance is achieved when normal space users can see and be seen by others. This highlights the 

importance of building layout, orientation and location; the strategic use of design; landscaping and lighting 

– it is a by-product of well planned, well designed and well used space. 

  

Technical / mechanical surveillance is achieved through mechanical / electronic measures such as CCTV, 

help points and mirrored building panels. It is commonly used as a ‘patch’ to supervise isolated, high risk 

locations. 

 

Formal (or Organised) surveillance is achieved through the tactical positioning of guardians. An example 

would be the use of the on-site supervisors, e.g. security guards at higher risk locations. 

 
2.2.3 Access control 
Access control treatments restrict, channel and encourage people and vehicles into, out of and around the 

development. Way-finding, desire-lines and formal/informal routes are important crime prevention 

considerations as they minimise opportunities for people to wander in areas where they are not supposed 

to. Effective access control can be achieved by using physical and symbolic barriers that channel and group 

pedestrians into areas, therefore increasing the time and effort required for criminals to commit crime. 

 

Natural access control includes the tactical use of landforms and waterways features, design measures 

including building configuration, formal and informal pathways, landscaping, fencing and gardens. 

 

Technical / Mechanical access control includes the employment of security hardware.  

 

Formal (or Organised) access control includes on-site guardians such as employed security officers. 
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2.2.4 Space / Activity Management 
Space / Activity Management strategies are an important way to develop and maintain natural community 

control. Space management involves the formal supervision, control and care of the development. All 

space, even well planned and well-designed areas need to be effectively used and maintained to maximise 

community safety. Conversely, places that are infrequently used are commonly abused.  There is also a high 

correlation between urban decay, fear of crime and avoidance behaviour.  The recommendations below 

relate to the general surrounds and also the internal layout to the development.   

 

The proposed development has been assessed against these four principles.  Furthermore, personal safety 

has been considered given the nature of the development.   

 

2.3 Author’s Qualifications 
The CPTED Report has been undertaken by James Marshall.  James has over twenty years’ experience in the 

community development and social planning sector and during this time held a number of senior 

management roles in both the welfare sector and in local government.  Some examples of experience 

relating to the preparation of crime risk assessments and Crime Prevention Through Environmental Design 

(CPTED) are illustrated below.   

 

 McCabe Park, Wollongong (crime risk assessment and subsequent redesign). 

 Wollongong City mall (crime risk assessment and redesign as well as policy development). 

 Wollongong Youth Centre (crime risk assessment and subsequent redesign). 

 Peace Park (Chinaman’s Hollow) Cessnock (crime risk assessment in its development phase). 

 Cessnock Civic precinct and main street upgrade (crime risk assessment in its development phase). 

 Rotary Park, Kurri Kurri (crime risk assessment and redesign). 

 ALDI Stores (Kurri Kurri, Taree, Muswellbrook and Mayfield). 

 McDonalds Restaurants (Cessnock, Kurri Kurri, Dubbo, Tuncurry). 

 Lake Macquarie Yacht Club 

 Various aged care residential developments (Morisset, Whitebridge, Cessnock) 

 KFC (Hunter Street Newcastle) 

 New residential release areas (Dubbo City Council – Keswick Estate) 

 Strategic site investigation and risk assessment (McDonald’s, ALDI, private developers). 

 Various open space assessments (Wollongong City Council, Cessnock City Council, Orange City 

Council, NSWLPMA). 

 Coles Stores (various). 

 One Stop Wine Barn (Cessnock). 

 

These projects have involved the facilitation of a consultative approach with Council officers, NSW Police, 

business owners, users of the areas under review (target group focused), business chamber representatives 

etc. James understands the principles behind the crime risk assessment process, including the use of and 

application of crime statistics as well as the influencing factors of public safety and risk via urban design and 

use of public space. 

 

James Marshall has also completed approved NSW Police Safer by Design training in 2012 as well as 

numerous short courses and programs on crime risk assessment and CPTED throughout his career.   
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3. Area Analysis 
 
3.1 Lake Macquarie Crime Characteristics 
Lake Macquarie LGA is located in the Hunter Region of New South Wales, about 110 kilometres north of 
Sydney.  Lake Macquarie City is bounded by Newcastle City in the north, the Tasman Sea in the east, Wyong 
Shire in the south and Cessnock City in the west.  Lake Macquarie City is both a rural and residential area 
with some industrial land use. The City encompasses a total land area of about 750 square kilometres, of 
which a large proportion is National Park, State Forest and nature reserves.  
 
Residential areas are dispersed around the lake and the largest population centres are located north of the 
lake (in suburban Newcastle) including Charlestown, Glendale and Cardiff.  The other main population 
centres are Belmont, Morisset, Mount Hutton, Swansea, Toronto and Warners Bay.   
 
The Lake Macquarie LGA is one of the fastest growing cities in the Hunter, and one of the largest cities in 
New South Wales.  In summary: 

 Estimated residential population of 202,347 as at March 2012 
 The fourth most populous city in NSW, and in the top 7% in Australia for largest growth in a city 
 Accounting for 37% of the Lower Hunter population 
 Population distributed around the lake in over 90 communities. The median household income is 

$922 per week, with the most significant change between 2001 and 2006, a growth in the highest 
income group of $93,032 and over. 

 Approximately 40% of the population hold educational qualifications, with the most significant 
change between 2001 and 2006, a growth in the number of people with bachelor or higher 
degrees. 

 Population is expected to grow by 60,000 people between 2006-2031 creating demand for 36,000 
new dwellings and 12,200 new jobs. 

 
The vision for the City, held by Council and the community, is that it is a place: 

 Where the environment is protected and enhanced. 

 Where the scenic, ecological, recreational, and commercial values and opportunities of the Lake 
and coastline are promoted and protected. 

 With a prosperous economy and a supportive attitude to balanced economic growth, managed in a 
way to enhance quality of life and satisfy the employment and environmental aims of the 
community. 

 That recognises, encourages, develops its diverse cultural life and talents, protects, and promotes 
its heritage. 

 That encourages community spirit, promotes a fulfilling lifestyle, enhances health and social well-
being, encourages lifestyle choices, and has opportunities to encourage participation in sport and 
recreation. 

 That promotes equal access to all services and facilities and enables all citizens to contribute to and 
participate in the City's economic and social development. 

 That promotes affordable housing. 
(Source: LMCC: Lifestyle 2030) 
 

3.2 Site Characteristics 
The site of the proposed development is located on the corner of The Esplanade, Howard Street and King 
Street, Warners Bay.  Figure 3 shows the land use characteristics of the area.  Immediately to the south of 
the development site are residential unit complexes (including commercial premises (on the ground floor).  
The proposed development is within 100 meters of the Warners Bay commercial / retail area and is located 
adjacent to Lake Macquarie.   The site is busy with traffic and pedestrians.  The Warners Bay CBD is also 
active late into the evening due to lake side activities and cafes, restaurants etc.   
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Figure 3:  Site Boundary (approximate) and Surrounding Characteristics 

 

4. Crime Characteristics 
 
4.1 Local Crime Characteristics 
The Lake Macquarie Crime Prevention Strategy (2015 – 2018) identifies crime categories that are to be 

subject to resources and strategies.  While the areas in the plan may be specific, it is important that new 

development does not create or contribute to the incidence of crime, or transfer an issue from one area to 

another.  With that in mind, while the specific strategies may not directly relate to this development, 

knowledge of the general issues and the aims and goals of the Crime Prevention Plan are important.   

 

The Lake Macquarie Crime Prevention Strategy (2015 – 2018) states that “an analysis of crime activity in 
Lake Macquarie provided by Lake Macquarie Local Area Command (LMLAC 2014) and statistical information 
available through the NSW Bureau of Crime Statistics (BOCSAR 2014) have been used to develop this crime 
profile. After further discussion and agreement with NSW Police the following two priority crime categories 
have been identified and will be targeted by the Lake Macquarie Crime Prevention Strategy (LMCPS). 
 

 Steal from Dwelling / Break and Enter Dwelling (or Residential Burglary) 

 Steal from Motor Vehicle 
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In addition to the two priority crime categories identified through consultation with NSW Police, the crime 
categories of Malicious Damage and Assault – Domestic Violence have also been included due to the high 
rate of occurrence. 
 

The information presented in Table 1 indicates that there has been a decline in crime activity in all 
categories except for domestic violence which is recorded as stable across the latest three reporting years 
from October 2011 until September 2014. The largest improvement can be seen in the categories of break 
and enter – non dwelling, robbery and motor vehicle theft. The categories where there has been the least 
reportable improvement are assault, steal from person and steal from dwelling. 
 
The most prevalent crime activities in the Lake Macquarie LGA continue to be malicious damage, steal from 
motor vehicle and break and enter – dwelling. This confirms the selection of these crime categories as 
priority areas for actions in this strategy”. 
 
Table 1: Historical Crime Data from 2011/12 to 2013/14 for Lake Macquarie LGA   

 
Source:  LMCC Crime Prevention Strategy (2015 – 2018 p9). 

 

Table 2:  Analysis of Break and Enter Offences for Lake Macquarie 

 
Source:  LMCC Crime Prevention Strategy (2015 – 2018 p129). 
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Table 3:  Analysis of Steal from Dwelling Offences for Lake Macquarie 

 
Source:  LMCC Crime Prevention Strategy (2015 – 2018 p13). 

 

Table 4:  Analysis of Steal from Motor Vehicle Offences for Lake Macquarie 

 
Source:  LMCC Crime Prevention Strategy (2015 – 2018 p14). 

 

Table 5:  Analysis of Malicious Damage Offences for Lake Macquarie 

 
Source:  LMCC Crime Prevention Strategy (2015 – 2018 p14). 

 

Table 5:  Analysis of Assault – Domestic Violence Offences for Lake Macquarie 

 
Source:  LMCC Crime Prevention Strategy (2015 – 2018 p15). 

 

 

Updated crime data for the Lake Macquarie Local Government Area (refer NSW Bureau of Crime Statistics 

and Research for the period 2009 - 2015) identifies that reported crime of; robbery; motor vehicle theft; 

steal from motor vehicle; steal from retail store, are generally ranged within the top 50 LGA’s in NSW for 

the period.  Refer Table 6.   
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Table 6: Ranking of Reported Crime for Lake Macquarie LGA against each NSW LGA (2009 – 2015) 

Reported Crime Ranking out of 139 NSW Local Government Areas (with a population greater than 
3,000 people) 
 

2009 2010 2011 2012 2013 2014 2015 

Assault – Non DV 
Related 

81 76 81 73 83 87 85 

Assault – DV 
Related 

64 76 81 73 67 79 72 

Robbery 73 75 48 40 44 51 57 
B/E Dwelling 71 92 67 53 60 66 73 
B/E Non-Dwelling 52 43 55 48 52 93 76 
MV Theft 33 24 15 13 12 31 25 
Steal from MV 38 58 25 21 37 35 43 
Steal from Retail 
Store 

31 34 27 27 45 35 55 

Steal from Dwelling 76 82 80 80 75 89 84 
Steal from Person 77 66 52 61 53 46 54 
Malicious Damage 
to Property 

60 58 50 57 68 63 64 

Source: BOCSAR 

The number of incidences of reported crime (selected offences) by premises is shown in Table 7.  This 

information helps understand the correlation between premises type and the incidence of crime (and risk 

potential).  Table 7 illustrates that crime is largely determined by the premises type, the opportunity and 

the risk of detection.  For example, break and enter (dwellings) is usually in residential areas, during the day 

when occupants are away.  The use of ‘hot spot’ maps shows where crime is concentrated (the higher 

concentration / number of the incidence of crime appear a darker shade of red).  The purpose of this is to 

identify the areas / locations where crime is more likely to occur, as well as the incidence and type of crime 

so resources and strategies can be put into place to address specific issues.  The hot spot maps for the 

proposed development site are shown below.    
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Table 7:  Number of Incidents of Selected Offences Recorded by NSW Police by Premises Type 

Premises Type * 

Assault - 
non-
domestic 
violence 

 Assault - 
domestic 
violence 
related 

 Sexual 
Offences  Robbery 

 Break 
and enter 
- dwelling 

 Break 
and enter 
- non-
dwelling 

 Motor 
vehicle 
theft 

 Steal 
from 
motor 
vehicle 

 Steal 
from 
retail 
store 

 Steal 
from 
dwelling 

 Steal 
from 
person 

 
Malicious 
damage 
to 
property  Trespass 

Public Transport Facilities 29 4 7 2 0 2 1 3 0 0 11 89 3 

Retail/Wholesale 73 11 5 20 0 111 17 76 426 0 30 193 16 

Outdoor/Public Place 133 44 26 14 0 5 169 385 2 0 11 272 26 

Recreational Facilities 2 1 0 0 0 24 3 5 0 0 3 29 0 

Industrial Sites 1 0 0 1 0 67 10 36 0 0 0 25 0 

Residential - Dwelling 247 652 206 6 563 0 106 62 0 253 14 727 9 

Residential - Outside of 
Dwelling 7 9 1 0 153 0 158 472 0 279 0 214 0 

Residential - Temporary 
Accommodation 7 6 7 0 0 10 2 2 0 0 0 14 0 

Carpark 12 8 1 0 0 1 53 160 0 0 0 80 1 

Education 49 2 28 0 0 60 0 2 0 0 2 101 1 

Licensed Premises 51 3 1 2 0 19 3 8 52 0 6 32 6 

Source: BOCSAR (Sourced 1 February 2017) 
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Figure 4:  Incidents of Domestic Assault (January 2016 – December 2016) 

 

Location of Proposed 

Development 
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Figure 5:  Incidents of Non-Domestic Assault (January 2016 – December 2016) 

 

Location of Proposed 

Development 
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Figure 6:  Incidents of Robbery (January 2016 – December 2016) 

 

Location of Proposed 

Development 
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Figure 7:  Incidents of Theft / Break and Enter Dwelling (January 2016 – December 2016) 

 

Location of Proposed 

Development 
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Figure 8:  Incidents of Theft / Break and Enter Non - Dwelling (January 2016 – December 2016) 

 

Location of Proposed 

Development 
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Figure 9:  Incidents of Motor Vehicle Theft (January 2016 – December 2016) 
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Development 
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Figure 10:  Incidents of Theft / Steal from Motor Vehicle (January 2016 – December 2016) 
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Figure 12:  Incidents of Theft / Steal From Dwelling (January 2016 – December 2016) 
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Figure 13:  Incidents of Malicious Damage to Property (January 2016 – December 2016) 

 

Location of Proposed 

Development 
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Crime data from the Bureau of Crime Statistics and Research show the following influencing / contributing 
factors for the crime characteristics for the Lake Macquarie LGA: 
 

 Outdoor and public spaces are more likely to be targets for assault, sexual offences, break and 
enter, theft of motor vehicle, steal from motor vehicle and malicious damage. 

 Areas where late night hotel trading venues are located are areas where there is a high 
concentration of malicious damage and non-domestic assault.  

 Retail stores are targeted for the highest amount of break and enter. 

 Steal from motor vehicle is more likely from a car park. 

 There is evidence of motor vehicle theft in areas isolated from public transport. 

 Females are more likely to be victims of domestic violence related assault. 

 Males are more likely to be victims of non-domestic violence related assault. 

 Alcohol affectation is a factor but not the most significant factor in all crime categories in the Lake 
Macquarie LGA. 

 
The crime trend data and hot spot maps clearly show that the proposed development site and surrounding 
area is an area where there are incidences of reported crime and the following crime characteristics occur 
in the area: 
 

 Domestic Assault 

 Steal from Dwelling 

 Motor Vehicle Theft 

 Steal from Motor Vehicle 

 Malicious Damage to Property 
 
These incidents of crime are likely to be opportunistic and factors to minimise opportunities are 
incorporated into the recommendations outlined in Section 5. 
 
 

5. General Recommendations 
 
The following CPTED principles are recommended for the proposed site: 
 
 
5.1 Territorial re-enforcement 

 The use of a fence will assist in creating territorial reinforcement along neighbouring property 
boundaries. The pool will be fenced as per pool safety standards.    
 

 Signage at entry points into the site should be erected and clearly identify direction of travel and 
areas where entry is prohibited. 
 

 Clearly signpost any area in the site where access is prohibited or is private.         
 

5.2 Surveillance 

 Landscaping should not inhibit natural surveillance (block sight lines) or provide concealment and 
entrapment opportunities.  When selecting and maintaining vegetation, consideration should be 
given to the possibility of areas becoming entrapment sites in the future.   
 
Heavy vegetation should also be avoided at the entrance areas of all the buildings throughout the 
site so as not to provide concealment opportunities and inhibit line of sight.   
 
Shrubs should not be greater than 1 metre in height and the canopy of tall trees should be higher 
than 1.8 metres.  Refer Figure 14. 
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Figure 14:  Landscaping not to Inhibit Line of Sight.   
 

 The building design should not inhibit natural surveillance (block sight lines) or provide 
concealment and entrapment opportunities.  It is recommended that the set back of entry foyers 
and door recess be a maximum of 1 metre.   

 

 Australian and New Zealand Lighting Standard 1158.1 – Pedestrian, requires lighting engineers and 
designers to consider crime risk and fear when selecting lamps and lighting levels. 
 

 Front entry should be secure with secure access facility (i.e. buzzer and alarm to desired unit with 
CCTV camera to unit). 
 

 Entry doors to have deadlocks, windows to be deadlocked to reduce opportunities for forced entry. 
 

 Pathways / line of pedestrian travel should be lit with low lighting to mark the path of travel.     
 

 Underground car park to be painted a light colour as it assists detect shadows and movement.  
 
 

5.3 Access control 

 All entry points (pedestrian and vehicle) should be clearly signposted and identify the area as being 
private property. 
 

 Trees should not be planted close to the building as it creates a ‘natural ladder’ to the roof of any 
building.     
 

 
5.4 Space / Activity Management 

 Directional signage is to be provided throughout the development.  The signage is to be clear and 
legible to aid ‘way finding’ throughout the development.   

 

 Installation of ‘Park Smarter’ signage (or similar) is recommended to minimise opportunity for theft 
from vehicle.     

  

 The area (including gardens, hard walls, fencing) should be well maintained.  Any evidence of anti-
social behaviour (e.g. graffiti, malicious damage, broken lights etc.) should be cleaned / fixed / 
replaced within 24 hours.  A maintenance plan should be developed for the site.   

 

 The garbage bin area to be secured and kept out of general sight.   
 

Shrubs should not be greater than 1 metre 

in height and the canopy of tall trees 

should be higher than 1.8 metres 
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 Regular walk through to ensure the site is kept clean and also monitor the grounds.   
 
 

 
5.5 Design Layout Comments 
The following comments relate to the design of the proposed building.   

 

 

Areas like this can provide 

opportunities for concealment.  

Good lighting and CCTV is 

recommended.   
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6. Conclusion 

James Marshall & Co has been engaged to prepare a Crime Prevention Through Environmental Design 

(CPTED) report for a proposed mix use development at 482 The Esplanade Warners Bay, NSW.  The 

development is located on three street frontages.  The proposal includes a mix of 1, 2 and 3 bedroom 

apartments and commercial spaces and the total number of apartments for the Lake Front Building is 60 

and the Howard Street Building 52 apartments.   

 

The CPTED assessment of the proposed development has taken into account factors such as the building 

design / layout, area characteristics and crime data for the LGA and suburb.       

 

The crime trend data and hot spot maps clearly show that the proposed development site and surrounding 
area is an area where there are incidences of reported crime and the following crime characteristics occur 
in the area: 
 

 Domestic Assault 

 Steal from Dwelling 

Entry points should be secure 

and prevent general public 

access to the building.   
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 Motor Vehicle Theft 

 Steal from Motor Vehicle 

 Malicious Damage to Property 
 

These incidents are likely to be opportunistic however this risk should be taken into account.  The 
recommendations in Section 5 can be easily implemented and will aim to address this potential risk.   
 
Overall the design appears secure.  The areas of potential concealment (highlighted in Section 5.5) are 
within a secure building so any risk is considered low.  Safety can be enhanced via lighting and CCTV 
(although not essential).      
 
The commercial use will add to the overall security of the building and the residential component will add 
to the overall safety of the area during after-hours periods. 
 
With the adoption of the strategies listed in this report, the crime risk is considered to be low. 
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1. EXECUTIVE SUMMARY

We have assessed the architectural documentation available to date and have reviewed the proposed 
building works with respect to the Building Code of Australia 2016 and Premises Standards. The 
design is at a point where the inherent BCA philosophies have been checked and development 
consent can be sought.  The finer details with respect to BCA compliance can be finalised prior to the 
issue of a Construction Certificate.  

The development has also been considered with respect to the provision of adaptable housing per 
Lake Macquarie City Council DCP and livable housing per SEPP 65. Both have been provided within 
the development.

The proposed development is capable of achieving a high level of accessibility for people with 
disabilities and meeting all the relevant standards.

They following items should be addressed during detail design to ensure compliance prior ti 
construction:

 Accessible carparking layouts;
 Setback of the accessible ramp to Howard Street;
 Access to the pool for people with disabilities;
 Accessible entrance to adaptable apartments pre-adaption.
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2. INTRODUCTION

This report documents a comprehensive review of the proposed project documentation with 
consideration to all aspects of accessibility to the site and throughout the development and with 
reference to the Building Code of Australia (BCA), Disability (Access to Premises – Buildings) Standards 
2010 (Premises Standards), relevant Australian Standards as they relate to access to premises and the 
spirit and intent of the Disability Discrimination Act 1992 (Cth) (DDA).

This report has been prepared by Philip Chun Access with the aim of providing reasonable 
recommendations in regards to access to premises. Philip Chun Access has endeavoured to clearly 
identify each issue of concern with respect to the building element and with reference to relevant 
legislation and guidelines.

Matters that fall outside the scope of this report include structure or installation methods and 
assessment against Occupational Health and Safety legislation.

2.1 Site and Contexts

The site is located at 482 The Esplanade Warners Bay and has three street frontages being The 
Esplanade, King Street and Howard Street. The main pedestrian approach to the building is from the 
street footpath along The Esplanade where the residential lobbies and majority of commercial 
tenancies are located. Vehicular entrance to the site is from Howard Street.

The project consists primarily of residential apartments (112 in total) with five commercial tenancies 
provided at the street level. Adaptable and livable housing units are provided and evenly distributed.

2.2 Reviewed Documentation

This report is based upon the following architectural documentation produced by Stewart Architecture 
for Philip Chun Access review:

Document No Title Revision

DA101 Plan – Basement 1 A

DA102 Plan – Lower Ground B

DA103 Plan – Upper Ground D

DA104 Plan – Level 2 B

DA105 Plan – Level 3 C

DA106 Plan – Level 4 B

DA107 Plan – Level 5 C

DA108 Plan – Level 6 B

DA109 Plan – Level 7 B

DA110 Plan – Roof A

DA181 Plan – Adaptable Units B

DA182 Plan – Adaptable Units B
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2.3 Council Requirements

Lake Macquarie City Council Development Control Plan 2014 requires the provision of adaptable 
units within the development. Part 9 – Specific Land Uses – 13 Residential Flat Buildings requires that 
one adaptable dwelling must be provided for every 10 dwellings (Clause 13.13.) As such, 12 
adaptable apartments are required within this development (based on a total of 112 residential 
apartments). We note that this has been provided as discussed in subsequent sections of this report.

2.4 State Environmental Planning Policy (SEPP) 65 Apartment Design Guide

The units and other facilities will be required to comply with the accessibility provisions of SEPP 65 
(Apartment Design Guidelines) that require 20% of units to incorporate Liveable Housing Guidelines 
to silver level. These units can be included within the adaptable units required by Council’s DCP.

2.5 Methodology

Philip Chun Access aims to provide achievable recommendations related to the provision of access to 
premises based on current legislation and best practice options, enabling independent, equitable and 
functional access for all. 

Accessibility is paramount in providing an inclusive environment for all users.  Phillip Chun Access 
looks beyond basic compliance issues to ensure that all users are offered the opportunity to 
participate in society.  We incorporate the principles of Universal Design into all of our work, taking a 
holistic approach in the provision of access for people with disabilities.
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3. LEGISLATION

3.1 The National Construction Code / The Building Code of Australia

The National Construction Code (NCC) comprises the Building Code of Australia (BCA) and the 
Plumbing Code of Australia (PCA). NCC is all encompassing and contains Volumes One, Two and 
Three; The Guide; and the Consolidated Performance Requirements. Detailed of these are as follows:

 Volume One contains the requirements for Class 2 to 9 (multi-residential, commercial, 
industrial and public) buildings and structures (BCA).

 Volume Two contains the requirements for Class 1 (residential) and Class 10 (non-habitable) 
buildings and structures. 

 Volume Three contains the requirements for plumbing and drainage for all classes of 
buildings.

 The Guide is a companion manual to Volume One. The Guide provides clarification, 
illustration and examples for complex NCC provisions.

 Consolidated Performance Requirements provides a compilation of all NCC Performance 
Requirements and the supporting General Requirements in a single document.

The primary classification for the proposed buildings pursuant to the BCA is a Class 2, being a 
residential development.

Level Proposed Use Building Classification

Basement Carparking Class 7a

Lower Ground Carparking Class 7a

Lower Ground Commercial Tenancies Class 5

Lower Ground Residential Lobbies Class 2

Upper Ground Residential Areas Class 2

Upper Ground Commercial Tenancies Class 5

Levels 2 - 7 Residential Areas Class 2

Part D3 of the BCA and Premises Standards prescribes the minimum requirement for access to a 
building. Access for people with disabilities is required through the principal pedestrian entrance and 
throughout the building in accordance with Table D3.1.The following table outlines the general 
building access requirements for this project:

Class of building Access requirements

Class 2

Common areas From a pedestrian entrance required to be accessible to at least one 
floor containing sole-occupancy units and to the entrance doorway of 
each sole-occupancy unit located on that level.

To and within not less than one of each type of room or space for use 
in common by the residents, including a cooking facility, sauna, 
gymnasium, swimming pool, common laundry, games room, individual 
shop, eating area, or the like.

Where a ramp complying with AS 1428.1 or a passenger lift is 
installed-

(a) to the entrance doorway of each sole-occupancy unit; and

(b) to and within rooms or spaces for use in common by the 
residents,

located on the levels served by the lift or ramp.
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Class 3

Class 6 To and within all areas normally used by the occupants

Class 7a To and within any level containing accessible carparking spaces

Class 10b

Swimming pool To and into swimming pools with a total perimeter greater than 40m, 
associated with a Class 1b, 2, 3, 5, 6, 7, 8 or 9 building that is required 
to be accessible, but not swimming pools for the exclusive use of 
occupants of a 1b building or a sole-occupancy unit in a Class 2 or 
Class 3 building

3.2 Disability Discrimination Act 1992 (Cth) (DDA)

The accessibility assessment process covers all aspects of the infrastructure (premises), to the extent 
required to meet the objectives of the Disability Discrimination Act 1992 (Cth), including, however not 
limited to, Section 23 which relates to access to premises and facilities which the public may enter or 
use. 
The Act is enforced primarily through a complaints mechanism, which allows individuals who have 
directly or indirectly experienced unlawful discrimination to seek a conciliated outcome through the 
Australian Human Rights Commission and, in the instance of unsuccessful conciliation, to bring an 
action in the Federal Magistrates Court or the Federal Court of Australia.

3.3 Access to Premises Standards – General

In contrast to building regulations, the DDA is not prescriptive. The implementation of the Premises 
Standards in 2010, and corresponding changes to the BCA, is a significant step towards achieving 
equal access to premises and is crucial to justice and social inclusion for people with disabilities. 

It is noted that the Premises Standards are limited in scope, covering aspects of building compliance 
applicable under the BCA. It is acknowledged that the Premises Standards could address a broader 
range of accessibility issues including considerations to accessibility of parkland, playgrounds, 
transport vehicles, interior fit-out of buildings, and fixtures and fittings. As such, there are features 
which fall beyond the scope of the Standards which may be subject to the general complaints 
provisions of the DDA. 

3.4  (NSW) State Environmental Planning Policy N0. 65 – Design Quality of Residential 

Apartment Development

SEPP 65 and the Apartment Design Guide apply to residential flat buildings, shop top housing and 
the residential component of mixed use developments within NSW. They apply to buildings that are 
three or more storeys and that have four or more dwellings in the following situations:

 The erection of a new building 
 The substantial redevelopment or refurbishment of an existing building 
 The conversion of an existing building to a residential flat building.

Objective 4Q-1 of Part 4 of the Apartment Design Guide requires Universal design features to be 
included in the apartment design to promote flexible housing for all community members. The design 
guidance for this objective is;

 Developments are to achieve a benchmark of 20% of the total apartments incorporating the 
Liveable Housing Guideline's silver level universal design features.
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4. ACCESS AND APPROACH – EXTERNAL AREAS

External areas of the development generally comprise the pedestrian approach from the street 
footpaths along The Esplanade, King Street and Howard Street and the residential common areas at 
the upper ground level. 

Entrances along The Esplanade pride easy access from the street footpath to commercial tenancies 
and the residential lobbies. While stairs provide access to residential common areas midway along 
King Street, the entrances to commercial tenancies along the King Street footpath are accessible to 
people with disabilities. An accessible ramp is provided for access to thr development from the 
Howard Street footpath. 

4.1 Approach from the Allotment Boundary (BCA Part D3.2)

The BCA requires that a continuous accessible path of travel within the meaning of AS1428 be 
provided from the allotment boundary at the main points of pedestrian entry to the main entrance.

Drawings indicate that a formed footpath with areas conducive to an accessible path of travel 
has been provided from the allotment boundaries to the building entrances.

Detailed design should address the setback of the accessible ramp from the Howard Street 
boundary to facilitate the provision of handrail extensions and tactile indicators – refer to 
Appendix B for compliance requirements regarding pathways, ramps and walkways. 

4.2 Approach from the Accessible Carparking (BCA Part D3.2)

The BCA requires that a continuous accessible path of travel within the meaning of AS1428.1 (2009) 
be provided from the accessible carparking areas to the main entrance.

Drawings indicate that a formed footpath with areas conducive to an accessible path of travel 
has been provided from the accessible carparking to the building entrances – lifts are 
provided as a part of the accessible path of travel between levels. Refer to Appendix B for 
compliance details.

4.3 Approach between Buildings on Site (BCA Part D3.2)

The BCA requires that a continuous accessible path of travel within the meaning of AS1428 be 
provided between associated accessible buildings.

Not applicable to this development.

4.4 Accessible Carparking (BCA Part D3.5)

Accessible carparking, designed and constructed in accordance with AS 2890.6 (2009), is required to 
be provided as per the below ratio:

Class of building to which the Class 7a 
building or carparking area is associated

Number of accessible carparking spaces 
required

Class 6

(a) Up to 1 000 carparking spaces; and 1 space for every 50 carparking spaces or part 
thereof.

(b) for each additional 100 carparking spaces 
or part thereof in excess of 1 000 
carparking spaces.

1 space.
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For Class 2 buildings, there is no requirement for accessible carparking. However, for adaptable 
housing units at least one allocated car space complying with AS4299 Clause 3.7 is required for each 
of the adaptable units. 

There are a total of 218 carparking spaces provided on the site, 13 of which are designated 
as accessible spaces. General configuration of the spaces appears to offer compliance with 
AS 2890.6 (2009). Refer to Appendix B for compliance requirements.

We assume twelve of these spaces will be allocated to the adaptable apartments per AS4299.

4.5 Building Entrance (BCA Part D3.2)

A continuous, accessible path of travel must be provided through the principal pedestrian entrance 
and not less than 50% of all pedestrian entrances / exits.

Where the total floor area of the building exceeds 500m2, therefore the distance of travel between 
accessible and inaccessible entrances must not exceed 50m.

Where a door required to be accessible has more than one door leaf, one of the leaves must have a 
clear opening of 850mm.

Single swinging doors are provided for entry to the residential areas of the development and 
appear to be capable of compliance - refer to Appendix B for compliance requirements. 

Double swinging doors are provided for entry to the commercial components of the building 
and appear to be capable of compliance - refer to Appendix B for compliance requirements. 
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5. ACCESSIBILITY PROVISIONS FOR INTERNAL AREAS – COMMERCIAL 
AND RESIDENTIAL COMMON AREAS

The internal areas of the development include the commercial tenancies and common areas of the 
residential component.

This report has been prepared to address the base building component of building works only. Fit-out 
of individual commercial tenancies will be subject to a separate development and as such do not form 
a part of this access report.

5.1 Internal Paths of Travel Generally (BCA Part D3.3)

BCA Part D3.3 requires that accessways complying with AS 1428.1 (2009) must be provided to and 
throughout areas of buildings required to be made accessible, including:

 Minimum corridor widths of not less than 1000mm;
 Passing spaces with a minimum width of 1800mm and minimum length of 2000mm to be 

provided in corridors at maximum 20m intervals where a direct line of sight is not available; 
and

 Turning spaces of minimum 1540mm width and minimum 2070mm length to be provided 
within 2m of the end of corridors and at maximum 20m intervals.

Note: a passing space may serve as a turning space.

Increased landings are required at changes of direction, including 1500mm x 1500mm turning spaces 
to facilitate a 60-90 degree turn. 

Drawings indicate that sufficient areas are provided for circulation purposes.

5.2 Floor Finishes / Surfaces (BCA Part D3.3)

The following applies to interior finished and surface materials, in keeping with AS1428.1 (2009):

 Where carpet or any soft flexible materials are used as flooring material, the pile height or pile 
thickness is to be no greater than 11mm and the carpet backing to be not more than 4mm 
thick.

 Matting recessed within a continuous accessible path of travel to have a surface level 
difference to surrounding materials not more than 3mm for vertical and 5mm for rounded or 
bevelled edges.

 Grates are to have openings no greater than 13mm in diameter and any slotted openings to 
be no more than 13mm wide and orientated perpendicular to the dominant direction of travel.

We recommend that the abovementioned items be addressed during subsequent design 
stages.

5.3 Internal Doors – Circulation Areas 

Doors and doorways to be provided with the following circulation clearances as per AS 1428.1 (2009):

Table 5.3(a) – Hinged Door Requirements

Clearances (mm)
Door 
Approach Door opening direction

Latch side Hinge side Depth in front 
of door

Towards occupant 530 110 1450
Front

Away from occupant 510 - 1450
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Towards occupant 900 110 1670
Latch Side 

Away from occupant 660 240 1240
Towards occupant 900 660 1670

Hinge Side
Away from occupant 340 560 1220
Towards occupant 900 660 1670

Either Side
Away from occupant 660 560 1240

Table 5.3(b) – Sliding Door Requirements

Clearances (mm)
Door Approach

Latch side Slide side Depth in front 
of door

Front 530 - 1450
Slide Side 395 660 1280
Latch Side 660 185 1230
Either Side 660 660 1280

Note: the above clearances are based upon an unobstructed door opening of 850mm, which is the 
minimum required clearance. Unobstructed door openings greater than 850mm will have different 
requirements. This will be reviewed upon provision of a door schedule and detailed architectural 
drawings.

Where a door required to be accessible has more than one door leaf, one of the leaves must have a 
clear opening of 850mm.

The distance between successive doors within airlocks, vestibules and the like require a minimum 
1450mm depth between swing doors, 900mm for the path of travel to ambulant toilet cubicles.

Drawings indicate that doorways are provided with adequate circulation areas for compliance. 
For additional compliance requirements, refer to Appendix B.

5.4 Internal Doors – Operational Forces

Door operating forces to manual doors to meet the requirements of AS 1428.1 (2009), 
Clause 13.5.2 (e). 

Ensure any door closers selected (and when installed) will meet the requirements for operating 
forces, that is:

 20N to initially open the door; 
 20N to swing the door; and 
 20N to hold the door open between 60 and 90°.

We recommend that the abovementioned items be addressed during subsequent design 
stages.

5.5 Exemptions (BCA Part D3.4)

Where full access is unachievable due to the functions of the space, there may be opportunity to 
access the area under the permitted exemptions of the BCA D3.4 which states:

The following areas are not required to be accessible:

a) An area where access would be inappropriate because of the particular purpose for which the 
area is used.

b) An area that would pose a health or safety risk for people with a disability.
c) Any path of travel providing access only to an area exempted by (a) or (b). 
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5.6 Signage (BCA Part D3.6)

Braille and tactile signage is required to be provided throughout any building required to be made 
accessible in accordance with BCA specification D3.6 and AS1428.1 (2009) and must identify: 

 Each sanitary facility
 Any space with a hearing augmentation system
 Accessible unisex facilities and indicate whether the facility is suitable for left or right handed 

use
 Ambulant accessible sanitary facilities on the door of the cubicle
 Where an entrance is not accessible, directional signage to identify nearest accessible 

entrance
 Where a bank of sanitary facilities is not provided with an accessible sanitary facility, 

directional signage to identify nearest accessible sanitary facility.
 Each door required by Part E4.5 to be provided with an exit sign and state “Exit” and “Level” 

followed by either the floor level number, the floor descriptor or combination of these.

We recommend that the abovementioned items be addressed during subsequent design 
stages.

5.7 Hearing augmentation (BCA Part D3.7)

A hearing augmentation system must be provided where an inbuilt amplification system is provided, 
other than one used for emergency purposes only as required by BCA Part D3.7.

Further, for buildings that are required to be accessible, the BCA (Part D3.7) requires hearing 
augmentation systems at service counters where the user is screened from the service provider.
 
Note: Consideration to the design specifications of AS 1428.5 (2010) is recommended, however is not 
mandatory to meet the Premises Standards. 

We do not foresee any requirements for hearing augmentation. If required by the BCA, we 
recommend that the abovementioned items be addressed during subsequent design stages.

5.8 Tactile indicators (BCA Part D3.8)

Where a building is required to be made accessible, BCA Part D3.8 requires that tactile indicators 
must be provided, in accordance with AS1428.4.1 (2009)) to:

 A stairway
 A ramp, other than kerb ramp
 Any overhead obstruction less than 2m above the FFL, other than a doorway, where a 

suitable barrier has not been provided
 Where an accessway meets a vehicular way in the absence of a kerb or kerb ramp

Tactile indicators will be required to stairs and ramps within the development and the 
requirements above should be addressed during detailed design stages.

5.9 Swimming pools (BCA Part D3.10)

The BCA Part D3.10 requires access for persons with a disability to swimming pools with a total 
perimeter greater than 40m that are associated with as Class 1b, 2, 3, 5, 6, 7, 8, or 9 building that is 
required to be accessible (Table D3.1).

For pools required to be accessible by this clause, not less than one accessible entry / exit must be 
provided by means of a fixed or moveable ramp and an aquatic wheelchair; or a zero depth entry at a 
maximum gradient of 1:14; or a platform swimming pool lift; or a swing style swimming pool lift.
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For pools with a perimeter greater than 70m, the use of a swing stile swimming pool lift is not 
permitted.

The pool has a perimeter of approximately 44m. As such, an accessible means on entry to 
the pool is required. We recommend this be addressed during subsequent design stages.

5.10 Glazing on an accessway (BCA Part D3.12)

BCA Part D3.12 requires that where full height glazing that can be mistaken for an unobstructed 
opening is provided along an accessway, the glazing must be provided with visual identification as per 
AS 1428.1 (2009).

We recommend that the abovementioned items be addressed during subsequent design 
stages – refer to Appendix B for compliance requirements.

5.11 Slip Resistance (BCA Part D2.14)

Landings in a stairway must have;

(a) a surface with a slip-resistance classification not less than that listed in Table D2.14 when 
tested in accordance with AS 4586; or

(b) a strip at the edge of the landing with a slip-resistance classification not less than that listed in 
Table D2.14 when tested in accordance with AS 4586, where the edge leads to a flight below.

We recommend that the abovementioned items be addressed during subsequent design 
stages.

5.12 Thresholds (BCA Part D2.15)

The threshold of a doorway must not incorporate a step or ramp at any point closer to the doorway 
than the width of the door leaf unless—

(a) in patient care areas in a Class 9a health-care building, the door sill is not more than 25 mm 
above the finished floor level to which the doorway opens; or

(b) in a Class 9c aged care building, a ramp is provided with a maximum gradient of 1:8 for a 
maximum height of 25 mm over the threshold; or

(c) in a building required to be accessible by Part D3, the doorway
(i) opens to a road or open space; and
(ii) is provided with a threshold ramp or step ramp in accordance with AS 1428.1 (2009); or

NSW D2.15 (d) and (e):

(d) in a Class 9b building used as an entertainment venue, the door sill of a doorway opening ot a 
road, open space, external stair landing or external balcony is not more than 50mm above the 
finished floor level to which the doorway opens; or

(e) in other cases
(i) the doorway opens to a road or open space, external stair landing or external balcony; 

and
(ii) the door sill is not more than 190 mm above the finished surface of the ground, balcony, 

or the like, to which the doorway opens.

We recommend that the abovementioned items be addressed during subsequent design 
stages – refer to Appendix B for compliance requirements.

D08347909

http://localhost:5050/script/FindPage.asp?docID=2788&hist=yes&anchorID=Vol1/Table-D2-14
http://localhost:5050/script/FindPDF.asp?DocN=BCA4586_000014
http://localhost:5050/script/FindPage.asp?docID=2788&hist=yes&anchorID=Vol1/Table-D2-14
http://localhost:5050/script/FindPDF.asp?DocN=BCA4586_000014
http://localhost:5050/script/FindPage.asp?docID=2788&hist=yes&anchorID=Vol1/Flight


Philip Chun - AN17-208539 20170403 DAR-Rev01_LP Page 16 of 65

6. VERTICAL CIRCULATION – COMMERCIAL AND RESIDENTIAL COMMON 
AREAS

Lifts provide the main access between levels of the building. Stair and ramps are also provided as a 
means of access between levels.

6.1 Passenger Lifts (BCA Part E3)

Every passenger lift in an accessible building must be suitable for use by people with a disability and 
offer compliance with AS1725.12. Typically, the following is required to be provided:

Lift dimensions

 Lift floor dimensions of not less than 1100mm X 14000mm for lifts which travel not more than 
12m.

 Lift floor dimensions of not less than 1400mm X 1600mm for lifts which travel more than 12m.
 Provision for a stretcher facility within at least one emergency lift required by E3.4, or where 

an emergency lift is not required, if passenger lifts are installed to serve any storey above an 
effective height of 12m, in at least one of those lifts to serve every floor served by lifts.

Lift Features

 Handrail complying with the provisions for a mandatory handrail in AS1735.12.
 Minimum clear door opening complying with AS1735.12.
 Passenger protection system complying with AS1735.12.
 Lift landing doors at the upper landing.
 Lift car and landing control buttons complying with AS173.5.12.
 Lighting in accordance with AS1735.12.
 Emergency hands-free communication, including a button that alerts a call centre of a 

problem and a light to signal that the call has been received. 

All passenger lifts serving more than 2 levels must possess:

 Automatic audible information within the lift car to identify the level each time the car stops.
 Audible and visual indications at each lift landing to indicate the arrival of the lift car.
 Audible information and audible indication must be provided in a range between 20-80dB(A) 

at a maximum frequency of 1500Hz.

We recommend that the abovementioned items be addressed during subsequent design 
stages – refer to Appendix B for compliance requirements. The area proposed for the lift 
offers a floor area conducive to compliance.

6.2 Accessible Ramps (BCA Part D3.3 & D3.11)

All accessible ramps must be designed and constructed in accordance with AS 1428.1 (2009) Clause 
10. The maximum allowable gradient of the ramp is 1:14, minimum clear width to be 1000mm and 
maximum length between landings to be 9m (for 1:14 gradient).

On and accessway –

(a) A series of connected ramps must not have a combined vertical rise of more than 3.6m; and
(b) A landing for a step ramp must not overlap a landing for another step ramp or ramp. 

Two accessible ramps are provided within the development. One is located within the 
residential common area, the other for access to the site from Howard Street. We note that 
the ramp from Howard Street will need to be set back from the boundary to facilitate handrail 
extensions and tactile indicators as required by AS1428.1. We recommend that the 
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abovementioned items be addressed during subsequent design stages. – refer to Appendix B 
for compliance requirements.

6.3 Stairs (BCA Part D3.3)

All stairways, excluding fire-isolated stairs, must be designed and constructed in accordance with AS 
1428.1 (2009) Clause 11 and include the provision of handrails, handrail extensions, opaque risers, 
contrasting nosing strips and tactile indicators. 

Further to this is recommended that fire-isolated stairways proposed to be used as a means of 
general communication between floors should meet these enhanced requirements for the safety of all 
occupants. 

Stairs are provided as a part of the approach to the building from King Street and within the residential 
common areas. 

We recommend that the abovementioned items be addressed during subsequent design 
stages – refer to Appendix B for compliance requirements.

6.4 Fire Isolated Stairs (BCA Part D3.3)

All fire-isolated stairways must possess luminance contrast to the stair nosing as per AS 1428.1 
(2009) Clause 11.1(f) and (g).

As per BCA Clause D2.17 (vi), handrails within the fire isolated stairways are required to comply with 
Clause 12 of AS 1428.1 (2009).  The height of handrails is to be between 865-1000mm and be 
consistent along the length of the stair. Consider the design of a staggered stair to avoid handrail 
extensions intruding into stairway landings, particularly in the down flight. 

We recommend that the abovementioned items be addressed during subsequent design 
stages – refer to Appendix B for compliance requirements.

D08347909



Philip Chun - AN17-208539 20170403 DAR-Rev01_LP Page 18 of 65

7. SANITARY AND OTHER FACILITIES – COMMERCIAL AND RESIDENTIAL 
COMMON AREAS

7.1 Unisex Accessible Toilets (BCA Part F2)

Accessible unisex sanitary compartments must be provided in accessible parts of the building in 
accordance with Table F2.4(a). That is: 

Class of building
Minimum accessible unisex sanitary compartments to be 
provided

Class 2 Where sanitary compartments are provided in common areas, not less 
than 1

Class 5, 6, 7, 8 and 9 — 
except for within a ward area 
of a Class 9a health-care 
building

Where Part F2.3 of the BCA requires closet pans:

(a) 1 on every storey containing sanitary compartments; and

(b) where a storey has more than 1 bank of sanitary 
compartments containing male and female sanitary 
compartments at not less than 50% of those banks

Class 10a — 
except:

(a) a Class 10a 
appurtenant to another 
Class of building; and

(b) a sanitary 
compartment 
dedicated to a single 
caravan/camping site

At each bank of sanitary compartments containing male and female 
sanitary compartments, not less than 1

Design 

 An accessible unisex sanitary compartment must contain a closet pan, washbasin, shelf or 
bench top and adequate means of disposal of sanitary towels. 

 The circulation spaces, fixtures and fittings of all accessible sanitary facilities must comply 
with the requirements of AS1428.1.

 Where two or more of each type of accessible unisex sanitary facility are provided, the 
number of left and right handed mirror image facilities must be provided as evenly as 
possible.

 The door to a fully enclosed sanitary compartment must:
(i) Open outwards; or
(ii) Slide; or
(iii) Be readily removable from the outside of the sanitary compartment, 

Unless there is a clear space of at least 1.2m measured in accordance with Figure F2.5, 
between the closet pan with the sanitary compartment and the doorway. 

 An accessible sanitary facility must be located so that it can be entered without crossing an 
area reserved for one sex only.

 Where male sanitary facilities are provided in a separate location to female sanitary facilities, 
accessible unisex sanitary facilities are only required at one of these locations.

Unisex accessible sanitary facilities are provided within each commercial tenancy meeting BCA 
requirements. General arrangement of fixtures and room sizes appear to be capable of 
compliance – refer to Appendix B for compliance requirements.

Note that if sanitary facilities are provided within residential common areas, a unisex accessible 
facility will be required. The sanitary facility associated with the plant areas is considered an 
exempt area. 
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7.2 Unisex Accessible Showers (BCA Part F2)

Accessible unisex showers must be provided in accordance with Table F2.4(b). That is: 

Class of building Minimum accessible unisex showers to be provided

Class 2 Where showers are provided in common areas, not less than 1.

Class 5, 6, 7, 8 and 9 — 
except for within a ward area 
of a Class 9a health-care 
building

Where Part F2.3 of the BCA requires 1 or more showers, not less 
than 1 for every 10 showers or part thereof.

Class 10a except – 

(a) A Class 10a appurtenant 
to another Class of 
building; and

(b) A sanitary compartment 
dedicated to a single 
caravan/camping site

Where showers are provided, 1 for every 10 showers or part thereof.

Not applicable – no showers provided within commercial or common residential areas.

7.3 Sanitary compartments for people with an ambulant disability (BCA Part F2)

At each bank of toilets where there are one or more toilets are provided in addition to an accessible 
unisex sanitary compartment at that bank of toilets, a sanitary compartment suitable for people with 
an ambulant disability (PAD) must be provided for use by males and females. 

Design of the cubicles is to include the following:

 PAD cubicles within male and female toilets to be in compliance with AS1428.1 (2009).
 Width of PAD cubicles is to be 900–920mm.
 Provide grabrails to PAD cubicles.
 Provide 900 x 900mm circulation space in front of pan and each side of doors on path to the 

toilet. Doors are not to swing into circulation spaces.

PAD cubicles are provided for gender specific use within commercial areas of the building – 
Tenancy 5 and 6. General arrangement of fixtures and room size appears to be capable of 
compliance – refer to Appendix B for compliance requirements.
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8. ADAPTABLE HOUSING PROVISIONS

A total of 112 apartments are proposed within the development, including a number of apartments 
have been designed to enable future adaptability. The Council requirement of one in ten units (10%) 
to be adaptable to Class C of AS4299 can be met. All adaptable units will require full compliance with 
the accessibility requirements for sole-occupancy units under the BCA, including a complying 
accessway as per AS 1428.1 (2009) to the entry door. Additional information regarding the design of 
adaptable housing units is provided in Appendix C.

The apartments nominated as adaptable include: 

 Esplanade Building:  Units 33-41 (Unit Types 1A & 2B)
 Howard St Building: Unit 20 and 26 (Unit Type 3D)

8.1 Design of Adaptable Units – Pre-adaption 

To achieve the performance requirements of AS4299, at the time of construction the following are 
required for all adaptable units:

 Access to and through the main entrance with clear opening widths to entrances of not 
less than 850mm and appropriate circulation spaces per AS 1428.1 (2009) Clause 13.3.

 A visitable toilet on the entrance floor that complies with the requirements for sanitary 
facilities of AS4299.  That is, a toilet that accommodates an area 900 x 1250mm between the 
pan and door swing.

 An accessible path of travel from entrance to the visitable toilet. Corridors to be minimum 
1000mm wide and adequate circulation spaces at doorways required to meet AS1428.1 
(2009) requirements.

 An accessible path of travel from entrance to a living area. Corridors to be minimum 
1000mm wide and adequate circulation spaces at doorways required to meet AS1428.1 
(2009) requirements.

The designated adaptable units are considered capable of adaptation. Key elements required at 
the time of construction have been addressed in the design of the units. The number of 
nominated adaptable units is in keeping with Council DCP requirements.

The entrance to Unit Types 1A and 3D will need to be modified during detailed design to 
accommodate an accessible entrance in the pre-adapted state per AS4299 requirements.

8.2 Design of Adaptable Units – Post-adaption 

On adaption of the units, the following are required and should be considered in the design to ensure 
ease of adaption as required by AS4299:

 In regards to internal doors, each requires appropriate clear opening width with a minimum 
clear width of 820mm, with the door to the accessible bathroom meeting AS1428.1 (2009) 
requirements with a minimum clear width of 850mm. We recommend providing 850mm to all 
doors in adaptable units from the onset.

 Critical minimum circulation areas for adaptable units are as follows:
o 2250mm diameter clear space within living area to allow wheelchair access. Furniture 

arrangement will need modification.
o 1550mm clear to front of kitchen and laundry benches.
o turning space at foot of bed minimum 1540 mm wide and 2070mm long (in the 

direction of travel).
o door circulation in accordance with AS1428.1 (2009).

D08347909



Philip Chun - AN17-208539 20170403 DAR-Rev01_LP Page 21 of 65

 The dimensions of bathrooms should provide scope for a post adapted bathroom that will 
provide sufficient circulation space per AS 1428.1 (2009).  

 Structural support (such as structural ply sheeting) is recommended at toilet and shower 
grab rail zones to allow for ease of installation of any future fixings. 

 Service locations should be considered in respect to the potential post adaption layouts, 
thereby allowing fixtures to easily be relocated.

 Kitchen layout to achieve a minimum circulation of 1550mm between opposing walls, 
cabinets and appliances to facilitate completion of a 180 degree turn by a wheelchair user. In 
addition the design of the kitchen is to accommodate for the potential of adaption including:

o an 800mm length of worktop that can be adjusted in height, with a removable base 
unit under

o the location of the fridge adjoining a suitable work surface
o potential to adjust sink height, with a sink bowl depth of 150mm - lever type taps to be 

provided to the side of the sink
o cooktops with side controls
o isolation switches for appliances to be accessible / reachable (e.g. oven and fridge / 

freezer)
o suitable oven height and worktop adjoining.

 The main bedroom within the adaptable units requires sufficient circulation space to permit 
movement by a wheelchair user, being not less than 1540mm x 2070mm clear circulation to 
at least one side and/or base of a queen size bed on post adaption.

 Window sills within the bedroom and living areas will be a maximum of 600mm and 730mm 
above finished floor level respectively, to enable viewing by persons in the seated position 
and persons who may be confined to bed (AS 4299:1995 Clauses 4.6.2 / 4.7.2). 

 Laundry facilities and joinery to be designed to allow for adjustment to cater for accessibility 
in the future; the post adaption location will provide for a clear 1550mm approach to the 
facility.

The designated adaptable units are considered capable of adaptation. Post-adaption layouts 
reflect the above mentioned features.
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9. APARTMENT DESIGN GUIDE - NSW

SEPP 65 and the Apartment Design Guide apply to residential flat buildings, shop top housing and 
the residential component of mixed use developments with NSW. They apply to buildings that are 
three or more storeys and that have four or more dwellings in the following situations:

 The erection of a new building 
 The substantial redevelopment or refurbishment of an existing building 
 The conversion of an existing building to a residential flat building.

Objective 4Q-1 of Part 4 of the Apartment Design Guide requires Universal design features to be 
included in the apartment design to promote flexible housing for all community members. The design 
guidance for this objective is;

 Developments are to achieve a benchmark of 20% of the total apartments incorporating the 
Liveable Housing Guideline's silver level universal design features.

The eight core design elements for silver level are as follows; (for a detailed explanation of these 
elements refer to the Appendix D that provides an extract from the Liveable Housing Design 
Guidelines (3rd ed 2013))

The requirements for livable housing under the SEPP have been achieved. Unit type 2B and 
1A will conform with the liveable standard – 32 in total which represents 28% of the residential 
units.

9.1 Access from Street Entrance and/or Parking

Provide a safe, continuous and step free path of travel from the street entrance and / or carparking area to a 
dwelling entrance that is level, and a minimum clear width of 1000mm to path of travel. This element is 
not applicable to Class 2 buildings as they already have access requirements to the entries of sole 
occupancy units.

Drawings indicate that this has been provided.

9.2 Step Free Entrance

Provide at least one level (step-free) entrance into the dwelling with reasonable shelter and level 
landing area of minimum 1200mm x 1200mm at the entrance door.

Drawings indicate that this has been provided.

9.3 Car Parking

Where a parking space forms part of the dwelling access, it should incorporate a minimum 3200mm 
width x 5400mm length with a maximum 1:40 gradient and maximum 1:33 for bitumen. This allows a 
persons to open their car door fully and easily move around the vehicle.

Not applicable to this development.

9.4 Unimpeded Internal Movement

Internal doors and corridors are to facilitate comfortable and unimpeded movement between 
spaces. On entry level, doors used for living, dining, bedroom, bathroom, kitchen, laundry and toilet 
should have a clear opening width of 820mm and internal corridors to be a minimum 1000mm clear 
width.

Drawings indicate that this has been provided.
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9.5 Easy Access Toilet

Provide a toilet on the ground (or entry) level that provides easy access

i. Minimum 900mm clear width between bathroom walls of in a separate room
ii. Minimum 1200mm clear circulation space in front of toilet pan (clear of door swing)

Toilet pan is to be in the corner of the room to enable installation of grabrails.

Drawings indicate that this has been provided.

9.6 Step Free Shower

A bathroom should contain a hobless (step-free) shower recess and be located in the corner of the 
room for grabrails installation at a future date.

Drawings indicate that this has been provided.

9.7 Reinforced Walls for Grabrails

Reinforced walls to be provided around the toilet, shower and bath to  support the safe 
installation of grabrails at a later date. Refer Liveable Housing Design Guidelines for further 
reinforcement details.

We recommend that the abovementioned items be addressed during subsequent design 
stages. 

9.8 Continuous Stair Handrails

Provide a continuous handrail on one side of any stairway where there is a rise of more than one 
metre. Note that for Class 2 buildings, this requirement is only applicable to stairs within individual 
apartments. BCA has requirements for stairs in common areas to be designed in accordance with 
AS1428.1 which requires handrails to both sides of the stairs.

Not applicable to this development
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10. ADDITIONAL ACCESSIBILITY CONSIDERATIONS

As detailed above, it is acknowledged that the Premises Standards are limited in scope, covering 
aspects of building compliance applicable under the BCA only. 

Philip Chun Access provides the following as a summary of additional accessibility issues that can be 
addressed in order to reduce Client risk of attracting a discrimination complaint. Refer to Appendix E 
for specific requirements

 Fire Egress for People with Disabilities

 Seating in Public Areas

 Signage and Wayfinding

 Access controlled entries to carparks

 Luminance Contrast
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11. CONCLUSION

We have assessed the architectural documentation available to date and have reviewed the proposed 
building works with respect to the Building Code of Australia 2016 and Premises Standards. The 
design is at a point where the inherent BCA philosophies have been checked and development 
consent can be sought.  The finer details with respect to BCA 2016 compliance can be finalised prior 
to the issue of a Construction Certificate.  

The proposed development is capable of achieving access for people with disabilities and meeting all 
the relevant standards.  Detailed design should address the following items to ensure compliance:

 Accessible carparking layouts;
 Setback of the accessible ramp to Howard Street;
 Access to the pool for people with disabilities;
 Accessible entrance to adaptable apartments pre-adaption.
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APPENDIX A
MARKED PLANS
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lindsay.perry
Stairway 400mm setback
Stairs to comply with AS1428.1 (2009).

Stairs must be set back at least 600mm to ensure handrail extensions and TGSIs do not protrude into the transverse path of travel (AS1428.1 (2009), Clause 11.1(b)).

lindsay.perry
Rectangle

lindsay.perry
Accessway to building entrance
CARPARKING FOR ADAPTABLE UNITS:
Carparking for the adaptable units is to offer compliance with AS4299 as a minimum. 

That is, it must achieve a width of 3800mm minimum.

lindsay.perry
General Lift Requirements
LIFTS:
Passenger lifts to comply with BCA Part E3.6:
- Minimum internal lift car dimensions to be           1100mm(W) x 1400mm(D) if the lift travels no     more than 12m;
- Minimum internal lift car dimensions to be           1400mm(W) x 1600mm(D) if the lift travels          more than 12m;
- Enhanced features are required to meet BCA      / Premises Standard Clause E3.6 and                AS1735.12 (1999).

lindsay.perry
Staggered Stairway
FIRE ISOLATED STAIRS:
Consider the design of a staggered stair to maintain a consistent handrail height eliminate vertical sections of handrail per BCA / AS1428.1 requirements.

Alternatively, landing depth should be increased to accommodation handrail extensions needed to maintain a consistent height.

lindsay.perry
General Acc. Carparking Requirements
Accessible car parking spaces must be designed in accordance with AS 2890.6 (2009), including the following:
- Minimum dimensions of 2400mm(W) X 5400mm(D);
- Minimum dimensions of 2400mm(W) X 5400mm(D) to the shared area;
- Provision of bollard to shared space;
- Appropriate line-marking and signage; and
- Minimum head height clearance in accordance with Clause 2.4. A head height clearance of minimum 2500mm is required to accessible car spaces and shared areas. This may be reduced to 2200mm within 1000mm of the front of the space, and to 1800mm within 500mm of the front of the space (AS 2890.6, Clause 2.4).
- Head height clearance of minimum 2200mm to be maintained between the car park entrance, accessible parking spaces and the car park exit 
(AS 2890.6, Clause 2.4).

lindsay.perry
BCA Clause D3.2(a)
A continuous accessible path of travel is to be provided to any building required to be accessible from:
- The main points of pedestrian entry at the allotment     boundary; and
- From another accessible building connected by a        pedestrian link; and
- From any required accessible car parking space on    that allotment.
   (BCA Clause D3.1)

lindsay.perry
D3.4 Exemptions Excerpt
The following areas are not required to be accessible:
(a) An area where access would be inappropriate              because of the particular purpose for which the            area is used.
(b) An area that would pose a health or safety risk for        people with a disability.
(c) Any path of travel providing access only to an area      exempted by (a) or (b).
(BCA Clause D3.4).

Toilet associated with this area is considered an exempt area.

lindsay.perry
External furniture / obstructions
Consider providing a luminance contrast of not less than 30% between columns and the ground surface.

lindsay.perry
Egress - Increased stair landings
Consider increasing size of stair landings (on all accessible levels) to:
- Incorporate 800mm x 1300mm safe refuge at         stair landings of every accessible floor;
- Maintain 1000mm unobstructed egress width.

lindsay.perry
Accessway to building entrance
Stairs to comply with AS1428.1 (2009).

lindsay.perry
Accessible Sanitary Facility - Appropriate
Provide ambulant facilities for male and female use.

All accessible sanitary facilities to offer compliance with AS1428.1 (2009).

lindsay.perry
Rectangle

lindsay.perry
A3 Landscape

lindsay.perry
Group
Ref: AN17-208539_Lakehouse Village
Reviewed by: Lindsay Perry
Date:03/04/17

lindsay.perry
Text Box
Access 
Consulting

lindsay.perry
mu
30.17 sq m

lindsay.perry
Image

lindsay.perry
Polygon

lindsay.perry
Directional to Acc. San. Facility
Directional signage incorporating the international symbol for access is required at the location of sanitary facilities that are not accessible, to direct a person to the location of the nearest accessible unisex sanitary facility.
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Class 2
Class 2 

BCA Clause D3.1 requires access for people with disabilities to: 
- from a pedestrian entrance required to be              accessible to at least 1 floor containing sole           occupancy units and to the entrance doorway of    each sole occupancy unit located on that level; 
- to and within not less than 1 of each type of room   or space used in common by the residents; 
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Rectangle
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Rectangle

lindsay.perry
Accessible Sanitary Facility - Appropriate
Provide ambulant toilet facilities for male and female use. Adequate door circulation will be required to allow 900x900mm square.

All accessible sanitary facilities to offer compliance with AS1428.1 (2009).
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lindsay.perry
Ramp 900mm Setback
Ramp must be set back at least 900mm from the property boundary to ensure handrail extensions and TGSIs do not protrude into the transverse path of travel.

lindsay.perry
D3.4 Exemptions Excerpt
The following areas are not required to be accessible:
(a) An area where access would be inappropriate              because of the particular purpose for which the            area is used.
(b) An area that would pose a health or safety risk for        people with a disability.
(c) Any path of travel providing access only to an area      exempted by (a) or (b).
(BCA Clause D3.4).
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Silver
LIVABLE HOUSING REQUIREMENTS (SILVER)

SEPP 65 requires the provision of livable housing units (20% to be livable - silver level).

The eight core design elements for silver level are:

1  Access from Street Entrance and/or Parking:
A minimum 1000mm width to path of travel that is step free from the street entrance and/or car parking area to a dwelling entrance.

2  Step free entrance:
At least one level step-free entrance to the dwelling with reasonable shelter and level landing area of minimum 1200x1200mm at the entrance door. Minimum 820mm clear door opening.

3  Car Parking:
A minimum of 3200 x 5400mm for parking spaces with a maximum 1:40 gradient and maximum 1:33 for bitumen. Note this is only required where the car park forms part of the approach to the livable unit - for example, a carport.

 4  Internal doors & corridors:
Internal corridors to be a minimum of 1000mm clear width. 820mm clear door openings are required for living, dining, bedroom, bathroom, kitchen, laundry and toilet. A level transition at thresholds is required.

5  Easy Access Toilet:
a)  Provide a toilet on the ground or entry level with a minimum of 900 x 1200mm circulation space in front of toilet pan and clear of door swing.

b)  Toilet pan to be in the corner of the room to enable installation of grab-rails.

6  Step Free Shower:
A bathroom should contain a hobless (step-free) shower recess and be located in the corner of the room for grabrails installation at a future date.

7  Reinforced Walls for Grabrails:
Reinforced walls around the toilet, shower and bath to support the safe installation of grabrails at a later date. Refer Livable Housing Design Guidelines for further reinforcement details.

8  Internal Stairway:
Provide a continuous handrail on one side of any stairway where there is a rise of more than one metre.

lindsay.perry
Circulation - critical dimensions
ADAPTABLE UNIT REQUIREMENTS:

AT TIME OF CONSTRUCTION THE FOLLOWING ARE REQUIRED:

Entrances:
All adaptable units are designed to enable access to and through the main entrance with clear opening widths to entrances of not less than 850mm and appropriate circulation spaces per AS 1428.1 (2009) Clause 13.3.

Visitable Toilet:
An adaptable unit is required to have a toilet on the ground (or main) floor that complies with the requirements for sanitary facilities of AS4299. 

That is, a visitable toilet being a toilet with a space of minimum 2000mm x 10000mm to accommodate. An area 900x1250mm is required between the pan and door swing.

Accessible Path of Travel from Entrance to Visitable Toilet:
Corridors to be minimum 1000mm wide and adequate circulation spaces at doorways required to meet AS1428.1 (2009) requirements.

Accessible Path of Travel from Entrance to a Living Area:
Corridors to be minimum 1000mm wide and adequate circulation spaces at doorways required to meet AS1428.1 (2009) requirements.
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Detail Comment
While not required by BCA for compliance, the provision of an accessible entrance in this location is highly recommended. 
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lindsay.perry
Silver
LIVABLE HOUSING REQUIREMENTS (SILVER)

SEPP 65 requires the provision of livable housing units (20% to be livable - silver level).

The eight core design elements for silver level are:

1  Access from Street Entrance and/or Parking:
A minimum 1000mm width to path of travel that is step free from the street entrance and/or car parking area to a dwelling entrance.

2  Step free entrance:
At least one level step-free entrance to the dwelling with reasonable shelter and level landing area of minimum 1200x1200mm at the entrance door. Minimum 820mm clear door opening.

3  Car Parking:
A minimum of 3200 x 5400mm for parking spaces with a maximum 1:40 gradient and maximum 1:33 for bitumen. Note this is only required where the car park forms part of the approach to the livable unit - for example, a carport.

 4  Internal doors & corridors:
Internal corridors to be a minimum of 1000mm clear width. 820mm clear door openings are required for living, dining, bedroom, bathroom, kitchen, laundry and toilet. A level transition at thresholds is required.

5  Easy Access Toilet:
a)  Provide a toilet on the ground or entry level with a minimum of 900 x 1200mm circulation space in front of toilet pan and clear of door swing.

b)  Toilet pan to be in the corner of the room to enable installation of grab-rails.

6  Step Free Shower:
A bathroom should contain a hobless (step-free) shower recess and be located in the corner of the room for grabrails installation at a future date.

7  Reinforced Walls for Grabrails:
Reinforced walls around the toilet, shower and bath to support the safe installation of grabrails at a later date. Refer Livable Housing Design Guidelines for further reinforcement details.

8  Internal Stairway:
Provide a continuous handrail on one side of any stairway where there is a rise of more than one metre.

lindsay.perry
Circulation - critical dimensions
ADAPTABLE UNIT REQUIREMENTS:

AT TIME OF CONSTRUCTION THE FOLLOWING ARE REQUIRED:

Entrances:
All adaptable units are designed to enable access to and through the main entrance with clear opening widths to entrances of not less than 850mm and appropriate circulation spaces per AS 1428.1 (2009) Clause 13.3.

Visitable Toilet:
An adaptable unit is required to have a toilet on the ground (or main) floor that complies with the requirements for sanitary facilities of AS4299. 

That is, a visitable toilet being a toilet with a space of minimum 2000mm x 10000mm to accommodate. An area 900x1250mm is required between the pan and door swing.

Accessible Path of Travel from Entrance to Visitable Toilet:
Corridors to be minimum 1000mm wide and adequate circulation spaces at doorways required to meet AS1428.1 (2009) requirements.

Accessible Path of Travel from Entrance to a Living Area:
Corridors to be minimum 1000mm wide and adequate circulation spaces at doorways required to meet AS1428.1 (2009) requirements.
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KITCHEN

• 1 DOUBLE GPO WITHIN 300mm OF FRONT OF WORK SURFACE

• SLIP RESISTANT FLOOR TO AS/NZS3661.1

• RAISED CROSS BAR TO CONTROLS

• ISOLATING SWITCH TO COOKTOP

• REFRIGERATOR ADJACENT WORK SURFACE

• GPO FOR REFRIGERATOR TO BE EASILY WITHIN REACH

• INSTALLATION OF THERMOSTATIC MIXING VALVES

• LOCATE HANDLES TOWARDS THE TOP OF UNDER-BENCH

CUPBOARDS AND TO THE BOTTOM OF OVER-BENCH CUPBOARDS

• PROVIDE SPACE FOR MICROWAVE IN OVER-BENCH CUPBOARD

LIVING

• POTENTIAL ILLUMINATION TO BE MIN 300LUX

• PROVISION FOR CIRCULATION SPACE OF MIN 2250mm DIAMETER

• MIN 4 DOUBLE GPOS

BEDROOM

• MIN 1000mm UNOBSTRUCTED SPACE ALONG 1 SIDE OF BED

• PROVISION FOR CIRCULATION SPACE OF MIN 1540mm X 2070 IN

DIRECTION OF TRAVEL

• MIN 2 DOUBLE GPOS

EXTERIOR 

• SLIP RESISTANT FLOOR TO AS/NZS3661.1

• MAX 5mm STEP BETWEEN EXTERNAL FLOORING AND INTERNAL 

FLOORING 

AND TO FULL WIDTH OF DOOR OPENING

NOTE: ADAPTABLE UNIT TO MEET AS4299-2009 ON COMPLETION

ALL DIMENSION TO STUD WALL

INDICATES ADJUSTABLE BENCHTOP

ADAPTABLE NOTES

GENERALLY

• SWITCHES LOCATED AT 900 - 1100 ABOVE FLOOR AND IN LINE

WITH DOOR HANDLES

• GPO ADJACENT TO TELEPHONE 

• GPO'S LOCATED NO LOWER THAN 300mm ABOVE FLOOR 

UNLESS NOTED OTHERWISE 

• ENTRY DOOR HANDLES & HARDWARE TO AS1428.2

• DOOR HARDWARE TO BE OPERABLE WITH ONE HAND AND

LOCATED 900-1100 ABOVE FFL

• ALL DOORS TO HAVE 850mm MIN CLEARANCE

• CORRIDORS MIN WIDTH OF 1200mm (UNLESS NOTED OTHERWISE)

• COMPLIANCE WITH AS1428.1 FOR DOOR APPROACHES

BATHROOMS

• BATHROOM WATERPROOFED TO AS3740

• FALL TO WASTE TO MEET AS1428.1

• PROVIDE RECESSED SOAP HOLDER

• POSITION SHOWER MIXER AS PER AS1428.1

• POSITION SHOWER MIXER BETWEEN 900 AND 1100mm ABOVE THE 

FINISHED FLOOR LEVEL

• SHOWER RAIL TO BE 580-600mm FROM CORNER OF SHOWER, WITH 

OUTLET 

LOCATED BELOW THE RAIL AT 700mm ABOVE THE FINISHED FLOOR 

LEVEL.

• PROVIDE REINFORCED AREAS TO WALLS FOR INSTALLATION OF

GRAB RAILS TO SHOWER AND WC TO AS1428.1

• LEVER MIXER TO BASIN

• SLIP RESISTANT FLOOR TO AS/NZS3661.1

• PROVIDE ONE DOUBLE GPO LOCATED BESIDE MIRROR TO AS1428.1

• SHOWER WASTE MIN DIAMETER 80mm

• BASIN, W/C, GRAB RAILS & FOLDING SHOWER SEAT TO COMPLY

WITH AS1428.1

• PROVIDE SHOWER CURTAIN AND RAIL

LAUNDRY

• PROVIDE DOUBLE GPO

• SLIP RESISTANT FLOOR TO AS/NZS 3661.1

• INSTALLATION OF THERMOSTATIC MIXING VALVES

• PROVIDE 1550mm CLEAR IN FRONT OF WASHING MACHINE

• TUB MIXER TO FRONT OF TUB

1250
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0

KITCHEN

• NIL REQUIREMENTS

LAUNDRY

• NIL REQUIREMENTS

GROUND (OR ENTRY) FLOOR BEDROOMS

• NIL REQUIREMENTS

SWITCHED & POWER POINTS

• NIL REQUIREMENTS

DOOR & TAP HARDWARE

• NIL REQUIREMENTS

FAMILY / LIVING ROOM SPACE

• NIL REQUIREMENTS

WINDOW SILLS

• NIL REQUIREMENTS

FLOORING

• NIL REQUIREMENTS

LIVABLE HOUSING (SILVER)

DWELLING ACCESS

• 1000 mm clear width to path of travel

• Max 1:14 slope

• 1200 mm landings

DWELLING ENTRANCE

• Min 820 mm clear opening

• No step at door (may have a 50 mm step with ramping)

• 1200 mm x 1200 mm landing FINISHED FLOOR LEVEL

CAR PARKING

• NOT APPLICABLE AS NOT A PART OF THE DWELLING ENTRANCE

INERNAL DOORS & CORRIDORS

• All internal doors 820 mm clear opening

• All corridors 1000 mm minimum width 

TOILET

• A minimum clear 900 width

• 1200 mm clear in front of the toilet

• LOCATED IN THE CORNER OF THE ROOM TO ALLOW FUTURE 

INSTALLATION OF GRAB RAILS

SHOWER

• HOBLESS SHOWER ENTRY

• LOCATED IN THE CORNER OF THE ROOM TO ALLOW FUTURE 

INSTALLATION OF GRAB RAILS

WALL REINFORECEMENT

• WALLS AROUND TOILET AND SHOWE RTO HAVE 12MM PLYWOOD TO 

ALLOW FUTURE INSTALLATION OF GRABRAILS

INTERNAL STAIRWAYS

• 1000mm CLEAR WITH CONTINUOUS HANDRAIL
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Accessway to building entrance
Door circulation to be in accordance with AS1428.1 - 530mm required at the latch side.

lindsay.perry
Circulation - critical dimensions
ADAPTABLE UNIT REQUIREMENTS:

AT TIME OF CONSTRUCTION THE FOLLOWING ARE REQUIRED:

Entrances:
All adaptable units are designed to enable access to and through the main entrance with clear opening widths to entrances of not less than 850mm and appropriate circulation spaces per AS 1428.1 (2009) Clause 13.3.

Visitable Toilet:
An adaptable unit is required to have a toilet on the ground (or main) floor that complies with the requirements for sanitary facilities of AS4299. 

That is, a visitable toilet being a toilet with a space of minimum 2000mm x 10000mm to accommodate. An area 900x1250mm is required between the pan and door swing.

Accessible Path of Travel from Entrance to Visitable Toilet:
Corridors to be minimum 1000mm wide and adequate circulation spaces at doorways required to meet AS1428.1 (2009) requirements.

Accessible Path of Travel from Entrance to a Living Area:
Corridors to be minimum 1000mm wide and adequate circulation spaces at doorways required to meet AS1428.1 (2009) requirements.


lindsay.perry
Circulation - critical dimensions
ADAPTABLE UNIT REQUIREMENTS:

ON ADAPTION THE FOLLOWING ARE REQUIRED:

Doorways:
In regards to internal doors, each requires appropriate clear opening width with a minimum clear width of 820mm, with the door to the accessible bathroom meeting AS1428.1 (2009) requirements with a minimum clear width of 850mm. We recommend providing 850mm to all doors in adaptable units from the onset.

Circulation:
Critical minimum circulation areas for adaptable units are as follows:
- 2250mm diameter clear space within living area to allow wheelchair access. Furniture arrangement will need modification.
- 1550mm clear to front of kitchen and laundry benches.
- turning space at foot of bed minimum 1540 mm wide and 2070mm long (in the direction of travel).
- door circulation in accordance with 
AS1428.1 (2009).

Bathroom:
The dimensions of bathrooms should provide scope for a post adapted bathroom that will provide sufficient circulation space per AS 1428.1 (2009).  

Structural support (such as structural ply sheeting) is recommended at toilet and shower grab rail zones to allow for ease of installation of any future fixings. 

Service locations should be considered in respect to the potential post adaption layouts, thereby allowing fixtures to easily be relocated.

Kitchen:
Kitchen layout to achieve a minimum circulation of 1550mm between opposing walls, cabinets and appliances to facilitate completion of a 180 degree turn by a wheelchair user.

In addition the design of the kitchen is to accommodate for the potential of adaption including:
- an 800mm length of worktop that can be adjusted in height, with a removable base unit under
- the location of the fridge adjoining a suitable work surface
- potential to adjust sink height, with a sink bowl depth of 150mm - lever type taps to be provided to the side of the sink
- cooktops with side controls
- isolation switches for appliances to be accessible / reachable (e.g. oven and fridge / freezer)
- suitable oven height and worktop adjoining.

Bedroom:
The main bedroom within the adaptable units requires sufficient circulation space to permit movement by a wheelchair user, being not less than 1540mm x 2070mm clear circulation to at least one side and/or base of a queen size bed on post adaption.

Window sills within the bedroom and living areas will be a maximum of 600mm and 730mm above finished floor level respectively, to enable viewing by persons in the seated position and persons who may be confined to bed (AS 4299:1995 Clauses 4.6.2 / 4.7.2). 

Laundry:
Laundry facilities and joinery to be designed to allow for adjustment  to cater for accessibility in the future; the post adaption location will provide for a clear 1550mm approach to the facility.

lindsay.perry
Bathroom - confirmation
This unit meets the requirements of AS4299 (1993) in its adapted state.

Critical circulation spaces are provided and/or achievable.
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KITCHEN

• 1 DOUBLE GPO WITHIN 300mm OF FRONT OF WORK SURFACE

• SLIP RESISTANT FLOOR TO AS/NZS3661.1

• RAISED CROSS BAR TO CONTROLS

• ISOLATING SWITCH TO COOKTOP

• REFRIGERATOR ADJACENT WORK SURFACE

• GPO FOR REFRIGERATOR TO BE EASILY WITHIN REACH

• INSTALLATION OF THERMOSTATIC MIXING VALVES

• LOCATE HANDLES TOWARDS THE TOP OF UNDER-BENCH

CUPBOARDS AND TO THE BOTTOM OF OVER-BENCH CUPBOARDS

• PROVIDE SPACE FOR MICROWAVE IN OVER-BENCH CUPBOARD

LIVING

• POTENTIAL ILLUMINATION TO BE MIN 300LUX

• PROVISION FOR CIRCULATION SPACE OF MIN 2250mm DIAMETER

• MIN 4 DOUBLE GPOS

BEDROOM

• MIN 1000mm UNOBSTRUCTED SPACE ALONG 1 SIDE OF BED

• PROVISION FOR CIRCULATION SPACE OF MIN 1540mm X 2070 IN

DIRECTION OF TRAVEL

• MIN 2 DOUBLE GPOS

EXTERIOR 

• SLIP RESISTANT FLOOR TO AS/NZS3661.1

• MAX 5mm STEP BETWEEN EXTERNAL FLOORING AND INTERNAL 

FLOORING 

AND TO FULL WIDTH OF DOOR OPENING

NOTE: ADAPTABLE UNIT TO MEET AS4299-2009 ON COMPLETION

ALL DIMENSION TO STUD WALL

INDICATES ADJUSTABLE BENCHTOP

ADAPTABLE NOTES

GENERALLY

• SWITCHES LOCATED AT 900 - 1100 ABOVE FLOOR AND IN LINE

WITH DOOR HANDLES

• GPO ADJACENT TO TELEPHONE 

• GPO'S LOCATED NO LOWER THAN 300mm ABOVE FLOOR 

UNLESS NOTED OTHERWISE 

• ENTRY DOOR HANDLES & HARDWARE TO AS1428.2

• DOOR HARDWARE TO BE OPERABLE WITH ONE HAND AND

LOCATED 900-1100 ABOVE FFL

• ALL DOORS TO HAVE 850mm MIN CLEARANCE

• CORRIDORS MIN WIDTH OF 1200mm (UNLESS NOTED OTHERWISE)

• COMPLIANCE WITH AS1428.1 FOR DOOR APPROACHES

BATHROOMS

• BATHROOM WATERPROOFED TO AS3740

• FALL TO WASTE TO MEET AS1428.1

• PROVIDE RECESSED SOAP HOLDER

• POSITION SHOWER MIXER AS PER AS1428.1

• POSITION SHOWER MIXER BETWEEN 900 AND 1100mm ABOVE THE 

FINISHED FLOOR LEVEL

• SHOWER RAIL TO BE 580-600mm FROM CORNER OF SHOWER, WITH 

OUTLET 

LOCATED BELOW THE RAIL AT 700mm ABOVE THE FINISHED FLOOR 

LEVEL.

• PROVIDE REINFORCED AREAS TO WALLS FOR INSTALLATION OF

GRAB RAILS TO SHOWER AND WC TO AS1428.1

• LEVER MIXER TO BASIN

• SLIP RESISTANT FLOOR TO AS/NZS3661.1

• PROVIDE ONE DOUBLE GPO LOCATED BESIDE MIRROR TO AS1428.1

• SHOWER WASTE MIN DIAMETER 80mm

• BASIN, W/C, GRAB RAILS & FOLDING SHOWER SEAT TO COMPLY

WITH AS1428.1

• PROVIDE SHOWER CURTAIN AND RAIL

LAUNDRY

• PROVIDE DOUBLE GPO

• SLIP RESISTANT FLOOR TO AS/NZS 3661.1

• INSTALLATION OF THERMOSTATIC MIXING VALVES

• PROVIDE 1550mm CLEAR IN FRONT OF WASHING MACHINE

• TUB MIXER TO FRONT OF TUB
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KITCHEN

• NIL REQUIREMENTS

LAUNDRY

• NIL REQUIREMENTS

GROUND (OR ENTRY) FLOOR BEDROOMS

• NIL REQUIREMENTS

SWITCHED & POWER POINTS

• NIL REQUIREMENTS

DOOR & TAP HARDWARE

• NIL REQUIREMENTS

FAMILY / LIVING ROOM SPACE

• NIL REQUIREMENTS

WINDOW SILLS

• NIL REQUIREMENTS

FLOORING

• NIL REQUIREMENTS

LIVABLE HOUSING (SILVER)

DWELLING ACCESS

• 1000 mm clear width to path of travel

• Max 1:14 slope

• 1200 mm landings

DWELLING ENTRANCE

• Min 820 mm clear opening

• No step at door (may have a 50 mm step with ramping)

• 1200 mm x 1200 mm landing FINISHED FLOOR LEVEL

CAR PARKING

• NOT APPLICABLE AS NOT A PART OF THE DWELLING ENTRANCE

INERNAL DOORS & CORRIDORS

• All internal doors 820 mm clear opening

• All corridors 1000 mm minimum width 

TOILET

• A minimum clear 900 width

• 1200 mm clear in front of the toilet

• LOCATED IN THE CORNER OF THE ROOM TO ALLOW FUTURE 

INSTALLATION OF GRAB RAILS

SHOWER

• HOBLESS SHOWER ENTRY

• LOCATED IN THE CORNER OF THE ROOM TO ALLOW FUTURE 

INSTALLATION OF GRAB RAILS

WALL REINFORECEMENT

• WALLS AROUND TOILET AND SHOWE RTO HAVE 12MM PLYWOOD TO 

ALLOW FUTURE INSTALLATION OF GRABRAILS

INTERNAL STAIRWAYS

• 1000mm CLEAR WITH CONTINUOUS HANDRAIL
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Circulation - critical dimensions
ADAPTABLE UNIT REQUIREMENTS:

AT TIME OF CONSTRUCTION THE FOLLOWING ARE REQUIRED:

Entrances:
All adaptable units are designed to enable access to and through the main entrance with clear opening widths to entrances of not less than 850mm and appropriate circulation spaces per AS 1428.1 (2009) Clause 13.3.

Visitable Toilet:
An adaptable unit is required to have a toilet on the ground (or main) floor that complies with the requirements for sanitary facilities of AS4299. 

That is, a visitable toilet being a toilet with a space of minimum 2000mm x 10000mm to accommodate. An area 900x1250mm is required between the pan and door swing.

Accessible Path of Travel from Entrance to Visitable Toilet:
Corridors to be minimum 1000mm wide and adequate circulation spaces at doorways required to meet AS1428.1 (2009) requirements.

Accessible Path of Travel from Entrance to a Living Area:
Corridors to be minimum 1000mm wide and adequate circulation spaces at doorways required to meet AS1428.1 (2009) requirements.
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Circulation - critical dimensions
ADAPTABLE UNIT REQUIREMENTS:

ON ADAPTION THE FOLLOWING ARE REQUIRED:

Doorways:
In regards to internal doors, each requires appropriate clear opening width with a minimum clear width of 820mm, with the door to the accessible bathroom meeting AS1428.1 (2009) requirements with a minimum clear width of 850mm. We recommend providing 850mm to all doors in adaptable units from the onset.

Circulation:
Critical minimum circulation areas for adaptable units are as follows:
- 2250mm diameter clear space within living area to allow wheelchair access. Furniture arrangement will need modification.
- 1550mm clear to front of kitchen and laundry benches.
- turning space at foot of bed minimum 1540 mm wide and 2070mm long (in the direction of travel).
- door circulation in accordance with 
AS1428.1 (2009).

Bathroom:
The dimensions of bathrooms should provide scope for a post adapted bathroom that will provide sufficient circulation space per AS 1428.1 (2009).  

Structural support (such as structural ply sheeting) is recommended at toilet and shower grab rail zones to allow for ease of installation of any future fixings. 

Service locations should be considered in respect to the potential post adaption layouts, thereby allowing fixtures to easily be relocated.

Kitchen:
Kitchen layout to achieve a minimum circulation of 1550mm between opposing walls, cabinets and appliances to facilitate completion of a 180 degree turn by a wheelchair user.

In addition the design of the kitchen is to accommodate for the potential of adaption including:
- an 800mm length of worktop that can be adjusted in height, with a removable base unit under
- the location of the fridge adjoining a suitable work surface
- potential to adjust sink height, with a sink bowl depth of 150mm - lever type taps to be provided to the side of the sink
- cooktops with side controls
- isolation switches for appliances to be accessible / reachable (e.g. oven and fridge / freezer)
- suitable oven height and worktop adjoining.

Bedroom:
The main bedroom within the adaptable units requires sufficient circulation space to permit movement by a wheelchair user, being not less than 1540mm x 2070mm clear circulation to at least one side and/or base of a queen size bed on post adaption.

Window sills within the bedroom and living areas will be a maximum of 600mm and 730mm above finished floor level respectively, to enable viewing by persons in the seated position and persons who may be confined to bed (AS 4299:1995 Clauses 4.6.2 / 4.7.2). 

Laundry:
Laundry facilities and joinery to be designed to allow for adjustment  to cater for accessibility in the future; the post adaption location will provide for a clear 1550mm approach to the facility.

lindsay.perry
Bathroom - confirmation
This unit meets the requirements of AS4299 (1993) in its adapted state.

Critical circulation spaces are provided and/or achievable.

lindsay.perry
Bathroom - confirmation
This unit is considered capable of adaption within the meaning of AS4299 (1993).

Critical circulation spaces are provided and/or achievable.
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KITCHEN

• 1 DOUBLE GPO WITHIN 300mm OF FRONT OF WORK SURFACE

• SLIP RESISTANT FLOOR TO AS/NZS3661.1

• RAISED CROSS BAR TO CONTROLS

• ISOLATING SWITCH TO COOKTOP

• REFRIGERATOR ADJACENT WORK SURFACE

• GPO FOR REFRIGERATOR TO BE EASILY WITHIN REACH

• INSTALLATION OF THERMOSTATIC MIXING VALVES

• LOCATE HANDLES TOWARDS THE TOP OF UNDER-BENCH

CUPBOARDS AND TO THE BOTTOM OF OVER-BENCH CUPBOARDS

• PROVIDE SPACE FOR MICROWAVE IN OVER-BENCH CUPBOARD

LIVING

• POTENTIAL ILLUMINATION TO BE MIN 300LUX

• PROVISION FOR CIRCULATION SPACE OF MIN 2250mm DIAMETER

• MIN 4 DOUBLE GPOS

BEDROOM

• MIN 1000mm UNOBSTRUCTED SPACE ALONG 1 SIDE OF BED

• PROVISION FOR CIRCULATION SPACE OF MIN 1540mm X 2070 IN

DIRECTION OF TRAVEL

• MIN 2 DOUBLE GPOS

EXTERIOR 

• SLIP RESISTANT FLOOR TO AS/NZS3661.1

• MAX 5mm STEP BETWEEN EXTERNAL FLOORING AND INTERNAL 

FLOORING 

AND TO FULL WIDTH OF DOOR OPENING

NOTE: ADAPTABLE UNIT TO MEET AS4299-2009 ON COMPLETION

ALL DIMENSION TO STUD WALL

INDICATES ADJUSTABLE BENCHTOP

ADAPTABLE NOTES

GENERALLY

• SWITCHES LOCATED AT 900 - 1100 ABOVE FLOOR AND IN LINE

WITH DOOR HANDLES

• GPO ADJACENT TO TELEPHONE 

• GPO'S LOCATED NO LOWER THAN 300mm ABOVE FLOOR 

UNLESS NOTED OTHERWISE 

• ENTRY DOOR HANDLES & HARDWARE TO AS1428.2

• DOOR HARDWARE TO BE OPERABLE WITH ONE HAND AND

LOCATED 900-1100 ABOVE FFL

• ALL DOORS TO HAVE 850mm MIN CLEARANCE

• CORRIDORS MIN WIDTH OF 1200mm (UNLESS NOTED OTHERWISE)

• COMPLIANCE WITH AS1428.1 FOR DOOR APPROACHES

BATHROOMS

• BATHROOM WATERPROOFED TO AS3740

• FALL TO WASTE TO MEET AS1428.1

• PROVIDE RECESSED SOAP HOLDER

• POSITION SHOWER MIXER AS PER AS1428.1

• POSITION SHOWER MIXER BETWEEN 900 AND 1100mm ABOVE THE 

FINISHED FLOOR LEVEL

• SHOWER RAIL TO BE 580-600mm FROM CORNER OF SHOWER, WITH 

OUTLET 

LOCATED BELOW THE RAIL AT 700mm ABOVE THE FINISHED FLOOR 

LEVEL.

• PROVIDE REINFORCED AREAS TO WALLS FOR INSTALLATION OF

GRAB RAILS TO SHOWER AND WC TO AS1428.1

• LEVER MIXER TO BASIN

• SLIP RESISTANT FLOOR TO AS/NZS3661.1

• PROVIDE ONE DOUBLE GPO LOCATED BESIDE MIRROR TO AS1428.1

• SHOWER WASTE MIN DIAMETER 80mm

• BASIN, W/C, GRAB RAILS & FOLDING SHOWER SEAT TO COMPLY

WITH AS1428.1

• PROVIDE SHOWER CURTAIN AND RAIL

LAUNDRY

• PROVIDE DOUBLE GPO

• SLIP RESISTANT FLOOR TO AS/NZS 3661.1

• INSTALLATION OF THERMOSTATIC MIXING VALVES

• PROVIDE 1550mm CLEAR IN FRONT OF WASHING MACHINE

• TUB MIXER TO FRONT OF TUB
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Accessway to building entrance
Door circulation to be in accordance with AS1428.1 - 530mm required at the latch side.
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Circulation - critical dimensions
ADAPTABLE UNIT REQUIREMENTS:

AT TIME OF CONSTRUCTION THE FOLLOWING ARE REQUIRED:

Entrances:
All adaptable units are designed to enable access to and through the main entrance with clear opening widths to entrances of not less than 850mm and appropriate circulation spaces per AS 1428.1 (2009) Clause 13.3.

Visitable Toilet:
An adaptable unit is required to have a toilet on the ground (or main) floor that complies with the requirements for sanitary facilities of AS4299. 

That is, a visitable toilet being a toilet with a space of minimum 2000mm x 10000mm to accommodate. An area 900x1250mm is required between the pan and door swing.

Accessible Path of Travel from Entrance to Visitable Toilet:
Corridors to be minimum 1000mm wide and adequate circulation spaces at doorways required to meet AS1428.1 (2009) requirements.

Accessible Path of Travel from Entrance to a Living Area:
Corridors to be minimum 1000mm wide and adequate circulation spaces at doorways required to meet AS1428.1 (2009) requirements.


lindsay.perry
Circulation - critical dimensions
ADAPTABLE UNIT REQUIREMENTS:

ON ADAPTION THE FOLLOWING ARE REQUIRED:

Doorways:
In regards to internal doors, each requires appropriate clear opening width with a minimum clear width of 820mm, with the door to the accessible bathroom meeting AS1428.1 (2009) requirements with a minimum clear width of 850mm. We recommend providing 850mm to all doors in adaptable units from the onset.

Circulation:
Critical minimum circulation areas for adaptable units are as follows:
- 2250mm diameter clear space within living area to allow wheelchair access. Furniture arrangement will need modification.
- 1550mm clear to front of kitchen and laundry benches.
- turning space at foot of bed minimum 1540 mm wide and 2070mm long (in the direction of travel).
- door circulation in accordance with 
AS1428.1 (2009).

Bathroom:
The dimensions of bathrooms should provide scope for a post adapted bathroom that will provide sufficient circulation space per AS 1428.1 (2009).  

Structural support (such as structural ply sheeting) is recommended at toilet and shower grab rail zones to allow for ease of installation of any future fixings. 

Service locations should be considered in respect to the potential post adaption layouts, thereby allowing fixtures to easily be relocated.

Kitchen:
Kitchen layout to achieve a minimum circulation of 1550mm between opposing walls, cabinets and appliances to facilitate completion of a 180 degree turn by a wheelchair user.

In addition the design of the kitchen is to accommodate for the potential of adaption including:
- an 800mm length of worktop that can be adjusted in height, with a removable base unit under
- the location of the fridge adjoining a suitable work surface
- potential to adjust sink height, with a sink bowl depth of 150mm - lever type taps to be provided to the side of the sink
- cooktops with side controls
- isolation switches for appliances to be accessible / reachable (e.g. oven and fridge / freezer)
- suitable oven height and worktop adjoining.

Bedroom:
The main bedroom within the adaptable units requires sufficient circulation space to permit movement by a wheelchair user, being not less than 1540mm x 2070mm clear circulation to at least one side and/or base of a queen size bed on post adaption.

Window sills within the bedroom and living areas will be a maximum of 600mm and 730mm above finished floor level respectively, to enable viewing by persons in the seated position and persons who may be confined to bed (AS 4299:1995 Clauses 4.6.2 / 4.7.2). 

Laundry:
Laundry facilities and joinery to be designed to allow for adjustment  to cater for accessibility in the future; the post adaption location will provide for a clear 1550mm approach to the facility.

lindsay.perry
Bathroom - confirmation
This unit meets the requirements of AS4299 (1993) in its adapted state.

Critical circulation spaces are provided and/or achievable.
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APPENDIX B
MANDATORY ACCESS COMPLIANCE REQUIREMENTS
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B1 ACCESSIBLE CARPARKING

Accessible carparking to be a minimum of 2400mm wide with a shared area to one side of the space 
2400mm wide. Circulation space can be shared between adjacent accessible carparks. For a single 
space, a total width of 4800mm is required. The car space and the shared zone should be a minimum 
of 5400mm long.

Provide a bollard to the shared circulation space as illustrated in AS2890.6, Figure 2.2.
The maximum allowable crossfall of an accessible carparking area is to be 1:40, (1:33 for outdoor 
spaces). This crossfall applies both parallel and perpendicular to the angle of parking.

For covered carparking, the clear height of the accessible carparking space to be 2500mm as 
illustrated in AS2890.6, Figure 2.7 and approach path is to have a minimum of 2200mm.

Designated accessible carparking is to be identified using the International Symbol for Access (ISA) 
and line marked as specified in AS2890.6.

B2  EXTERNAL PATHWAYS AND WALKWAYS

The minimum unobstructed width of all pathways and walkways is to be 1000mm (AS1428.1 (2009), 
Clause 6.3). A width of 1200mm is preferred for compliance with AS1428.2 (1992).

All pathways and walkways are to be constructed with no lip or step at joints between abutting 
surfaces.  A construction tolerance of 3mm is allowable, 5mm for bevelled edges -refer to Figure 6 of 
AS1428.1(2009).

The maximum allowable crossfall of pathways and walkways is to be 1:40. The surfaces of an 
accessible path of travel are be slip-resistant.

The ground abutting the sides of the pathways and walkways should follow the grade of the pathway 
and extend horizontally for 600mm. This is not required where there is a kerb or handrail provided to 
the side of the pathway (refer to AS1428.1 (2009) Clause 10.2).

Maximum allowable gradient of the walkway is 1:20 and maximum length between landings to be 15m 
(for 1:20 gradient). Landings to be a minimum 1200mm in length (where there is no change in 
direction). For changes in direction of 180º, landings to be 1540mm in length – refer to AS1428.1 
(2009), Clause 10.8.

B3 KERB RAMPS

Kerb ramps to comply with AS1428 (2009) Amendment 1, Clause 10.7.

Maximum gradient of the kerb ramps to be 1:8 and maximum length to be 1520mm (providing a 
maximum height of 190mm).

Kerb ramps to have a non-slip surface as required by AS1428.

A tooled joint should be provided between parts of the kerb ramp to assist persons with a vision 
impairment with orientation.

B4 STEP RAMPS

The configuration of the step ramps to comply with the requirements of AS1428.1, Clause 10.6.
Maximum gradient of the step ramp is to be 1:10 and maximum length to be 1900mm (providing a 
maximum height of 190mm).
Provide landings at the top and bottom of the step ramp to comply with AS1428.1, Clause 10.8.2.

Step ramp to be enclosed on both sides (minimum height 450mm)  or a kerb and handrail needs to be 
installed. Where a kerb is to be installed, the height of kerb rails is to be less than 65mm or greater 
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than 150mm above the finished surface level of the ramp. This is to ensure that the foot plate of a 
wheelchair cannot become lodged on the kerb rail.

B5 ACCESSIBLE RAMPS

Ramps are to comply with AS1428.1 (2009) Clause 10.3. Maximum allowable gradient of the ramp is 
1:14, minimum clear width to be 1000mm and maximum length between landings to be 9m (for 1:14 
gradient). 

Accessible ramp are to have a maximum rise of 3.6m (BCA Part 3.11).

Externally, ramps are required to be set back a minimum 900mm from the property boundary 
(AS1428.1 (2009), Clause 10.3 (f)). This allows tactile indicators and handrail extensions to occur 
within the boundary and not protrude into the footpath area. 

Internally, ramps are required to be set back a minimum 600mm from an internal corridor (AS1428.1 
(2009), Clause 10.3 (f)). This allows tactile indicators and handrail extensions to be provided an not 
protrude into the corridor area. 

Provide handrails, with extensions, to both sides of the ramp to comply with AS1428.1 (2009), Clause 
12. Handrails are to have an external diameter between 30-50mm to assist persons with a manual 
disability such as arthritis. Handrails are required on both sides of the ramp to cater for left and right 
handed disabilities.

Where a ramp is not enclosed, provide kerb rails in accordance with AS1428.1 (2009). The height of 
kerb rails is to be less than 65mm or greater than 150mm above the finished surface level. This is to 
ensure that the foot plate of a wheelchair cannot become lodged on the kerb rail.

Provide tactile indicators at the top and bottom of the ramps to comply with BCA Part D3.8 and 
AS1428.4.1 (2009),. Tactile indicators are to be detectable, durable, non-slip and have a minimum 
30% luminance contrast to the background colour. Tactile indicators at the top and bottom of the 
ramps to be 600-800mm deep across the width of the ramp and set back 300mm from the edge of the 
ramp (refer AS1428.4 (2009), Figure A1. 

Tactile indicators will be required at a mid-landing where the ramp is not continuous. Where the 
handrail is continuous along both sides of the mid-landing, tactile indicators are not required.

B6 PEDESTRIAN CROSSINGS

Where kerb ramps are to be provided at pedestrian crossings to provide an accessible path of travel 
for persons with a disability they are to comply with AS1428.1 (2009), Clause 10.7.

Where a pedestrian crossing is at the same level as the roadway, provide tactile indicators to both 
sides of the roadway to alert persons with a vision impairment of the hazard. Tactile indicators are to 
be 600-800mm deep across the width pedestrian crossing. Tactile indicators are to be detectable, 
durable, non-slip and have a minimum 30% luminance contrast to the background colour. 

B7 THRESHOLD RAMPS

Threshold ramps are to comply with AS1428.1 (2009), Clause 10.5.

Threshold ramps are to have a maximum rise of 35mm, maximum length of 280mm and maximum 
gradient of 1:8.

Threshold ramps to be located within 20mm of the door leaf that it services.

B8 BUILDING ENTRANCES

Entrances are to comply with AS1428.1 (2009), Clause 13 as part of the accessible path of travel.
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Doors are to have a minimum clear opening width of 850mm to comply AS1428.1 (2009), Clause 
13.2. 

Door thresholds are to be level to provide seamless entry to the building.  The maximum allowable 
construction tolerance is 3mm for compliance with AS1428.1 (2009), 5mm where bevelled edges are 
provided between surfaces – refer to Figure 6.

Door to have hardware within the accessible height range of 900-1100mm above the finished floor 
level (AS1428.1 (2009), Clause 13.5) 

For glass doors, provide decals to assist persons with a vision impairment. Decals to be solid and 
have a minimum 30% luminance contrast to the background colour and be not less than 75mm high 
located within the height range of 900-1100mm above the finished floor level. Decals are to be solid 
pattern to AS1428.1 (2009) Clause 6.6.

B9 TACTILE INDICATORS AT THE BUILDING ENTRANCE

BCA Clause 3.8 (a) (v) states that for a building that is required to be accessible, tactile ground 
surface indicators must be provided to warn people who are blind or have a vision impairment that 
they are approaching – in the absence of a suitable barrier – an accessway meeting a vehicular way 
adjacent to any pedestrian entrance to a building…if there is no kerb or kerb ramp at that point, 
except for areas exempted by D3.4.

Tactile indicators are to be detectable, durable, non-slip and have a minimum 30% luminance contrast 
to the background colour. 

Tactile indicators are to be 600-800mm deep across the width of the path of travel.

B10 DOORWAYS

Doorways within the accessible path of travel are to have a minimum clear opening width of 850mm 
(AS1428.1 (2009), Clause 13.2). We recommend the use of a 920 leaf door as a minimum to achieve 
adequate clear width.

All doorways within the accessible path of travel to have complying circulation areas as illustrated in 
AS1428.1 (2009), Figure 31. Circulation areas are to have a maximum crossfall of 1:40.

Doorways to have minimum 30% luminance contrast as described in AS1428.1 (2009), Clause 13.1.

Doors to have hardware within the accessible height range of 900-1100mm above the finished floor 
level (AS1428.1 (2009), Clause 13.5) and allows for single handed operation.

B11 TACTILE INDICATORS

Installation of tactile indicators is to be in accordance with AS1428.4.1 (2009).

Tactile indicators are to be detectable, durable, non-slip and have a minimum 30% luminance contrast 
to the background colour. 

Tactile indicators are to be 600-800mm deep across the width of the path of travel.
B12 VISUAL INDICATION TO GLAZING

Provide decals to assist persons with a vision impairment. Decals to be solid and have a minimum 
30% luminance contrast to the background colour and be not less than 75mm high located within the 
height range of 900-1100mm above the finished floor level. Decals are to be solid pattern to 
AS1428.1 Clause 6.6.
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B13 SIGNAGE

The BCA has requirements for Braille and tactile signage within Specification D3.6. This provides 
information for the provision of statutory signage
Braille and tactile signage is required to be provided throughout any building required to be made 
accessible in accordance with BCA specification D3.6 and AS1428.1 (2009) and must identify: 

 Each sanitary facility
 Any space with a hearing augmentation system
 Accessible unisex facilities and indicate whether the facility is suitable for left or right handed 

use
 Ambulant accessible sanitary facilities on the door of the cubicle
 Where an entrance is not accessible, directional signage to identify nearest accessible 

entrance
 Where a bank of sanitary facilities is not provided with an accessible sanitary facility, 

directional signage to identify nearest accessible sanitary facility.
 Each door required by Part E4.5 to be provided with an exit sign and state “Exit” and “Level” 

followed by either the floor level number, the floor descriptor or combination of these.

In addition, AS1428.2 (1992) contains additional information as to the form of signage.

Signage should be easily comprehended by all building users. In this regard, the use of pictograms is 
highly recommended. The message that the sign conveys should be unambiguous. 

Placement of signage should be considered at the following locations:

 Where it is clearly visible to people in bot a standing and seated position.
 At changes in direction.
 At locations where directional decisions are made.
 As required to amenities and exits

B14 HEARING AUGMENTATION

A hearing augmentation system must be provided where an inbuilt amplification system is provided, 
other than one used for emergency purposes only as required by BCA Part D3.7.

Further, for buildings that are required to be accessible, the BCA (Part D3.7) requires hearing 
augmentation systems at service counters where the user is screened from the service provider.

While it is not referenced by the BCA, AS1428.5 (2010): Communication for people who are deaf or 
hearing impaired contains information regarding assisted listening systems and can be used to 
ensure equitable facilities are provided for this user group.

The standard provides information relating to design solutions and equipment for the following:
 Assisted listening systems.
 Early warning systems
 Visual display systems for intercommunication, public announcements and the like
 Telephone services and telecommunications available to the public.

B15 WHEELCHAIR SEATING

Where fixed seating is provided in an assembly building, the required wheelchair seating spaces 
(number per BCA) are required to be:

 Accessed via an accessible path of travel.
 Located adjacent to, and at the same level as, other seating in a row.
 Located to allow lines of sight comparable to those for general viewing areas.

The special requirement for the footprint of a single wheelchair seating space is 800x1250mm.
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B16 PASSENGER LIFTS

Every passenger lift in an accessible building must be suitable for use by people with a disability and 
offer compliance with AS1725.12. Typically, the following is required to be provided:
Lift dimensions

 Lift floor dimensions of not less than 1100mm X 1400mm for lifts which travel not more than 
12m.

 Lift floor dimensions of not less than 1400mm X 1600mm for lifts which travel more than 12m.
 Provision for a stretcher facility within at least one emergency lift required by E3.4, or where 

an emergency lift is not required, if passenger lifts are installed to serve any storey above an 
effective height of 12m, in at least one of those lifts to serve every floor served by lifts.

Lift Features

 Handrail complying with the provisions for a mandatory handrail in AS1735.12.
 Minimum clear door opening complying with AS1735.12.
 Passenger protection system complying with AS1735.12.
 Lift landing doors at the upper landing.
 Lift car and landing control buttons complying with AS173.5.12.
 Lighting in accordance with AS1735.12.
 Emergency hands-free communication, including a button that alerts a call centre of a 

problem and a light to signal that the call has been received. 

All passenger lifts serving more than 2 levels must possess:
 Automatic audible information within the lift car to identify the level each time the car stops.
 Audible and visual indications at each lift landing to indicate the arrival of the lift car.
 Audible information and audible indication must be provided in a range between 20-80dB(A) 

at a maximum frequency of 1500Hz.

B17 PLATFORM LIFTS – LOW RISE

The BCA has limitations for the use of this type of lift.  They must not travel more than 1m.
Confirmation should be sought from the manufacturers to confirm compliance with AS1735.16 prior to 
installation.

Basic access requirements for Part 16 lifts are as follows (BCA Table E3.6a).
 Car size should be a minimum of 1100x1400mm to accommodate a wheelchair.

 Clear opening of the lift door to be minimum 900mm.

 All lift control buttons are to be in the accessible height range of 900-1100mm affl and have a 
minimum 30% luminance contrast to the background colour. This includes buttons within the 
lift car and at each public lift lobby. All buttons are to be provided with information in Braille 
and tactile formats.

B18 PLATFORM LIFTS - OTHER THAN LOW RISE

The BCA has limitations for the use of this type of lift.  They must not travel more than 2m when 
unenclosed or 4m when enclosed.

Confirmation should be sought from the manufacturers to confirm compliance with AS1735.16 prior to 
installation.

 Basic access requirements for Part 16 lifts are as follows (BCA Table E3.6a).

 Car size should be a minimum of 1100x1400mm to accommodate a wheelchair.
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 Clear opening of the lift door to be minimum 900mm.

 Handrail complying with the provisions for a mandatory handrail in AS1735.12.

 All lift control buttons are to be in the accessible height range of 900-1100mm affl and have a 
minimum 30% luminance contrast to the background colour. This includes buttons within the 
lift car and at each public lift lobby. All buttons are to be provided with information in Braille 
and tactile formats.

B19 STAIRWAY PLATFORM LIFTS

The BCA has limitations for the use of this type of lift .It must not:

 Be used to serve a space in a building accommodating more than 100 persons,

 Be used in a high traffic public use areas, or

 Be used where it is possible to install another type of passenger lift, or

 Connect more than 2 storeys

Stairway platform lifts must comply with AS1735.7. When in the folded position, it must not encroach 
on the minimum width of a stairway required by D1.6.

B20 ESCALATORS

Escalators do not form a part of the accessible path of travel within the meaning of AS 1428.1 (2009). 
However, they are subject to BCA requirements with regard to the provision of tactile indicators.
TGSIs to be provided at the top and bottom of escalators to be setback 300+10mm from the moving 
handrail and extend a depth of 600-800mm per AS 1428.4.1 (2009).

B21 TRAVELATORS

Travelators do not form a part of the accessible path of travel within the meaning of AS 1428.1 (2009). 
However, they are subject to BCA requirements with regard to the provision of tactile indicators.
TGSIs to be provided at the top and bottom of travelators to be setback 300+10mm from the moving 
handrail and extend a depth of 600-800mm per AS 1428.4.1 (2009).

B22 STAIRS 

Stair construction is to comply with AS1428.1 (2009) Clause 11.1. 

Stairs are to have closed or opaque risers. Open risers cause confusion for persons with a vision 
impairment and may trigger conditions such as epilepsy due to light penetrating through the open 
risers.

Where the stair intersects with an internal corridor, the stair shall be set back in accordance with 
AS1429.1 (2009) Figure 26C/D to allow adequate space for handrail extensions and tactile indicators. 

Provide handrails, with extensions, to both sides of the stair (AS1428.1 (2009), Clause 11.2). 
Handrails are to have an external diameter between 30-50mm to assist persons with a manual 
disability such as arthritis. Handrails should be continuous around the landings where possible. 
Handrails are required on both sides of the stair to cater for left and right handed disabilities. A central 
handrail is also an acceptable solution where adequate width is available.
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Stair nosings to have minimum 30% luminance contrast strip 50-75mm wide to the top of the stair 
tread to assist persons with a vision impairment. The strip can be set back 15mm from the edge of the 
riser.

Stair nosings shall not project beyond the face of the riser.

Provide tactile indicators at the top and bottom of the stair to comply with BCA Part D3.8 and 
AS1428.4.1 (2009). 

Tactile indicators are to be detectable, durable, non-slip and have a minimum 30% luminance 
contrast to the background colour. 

Tactile indicators at the top and bottom of the stair to be 600-800mm deep across the width of the 
stair set back 300mm from the edge of the stair.

B23 FIRE ISOLATED STAIRS 

Stair nosings to have minimum 30% luminance contrast strip 50-75mm wide to the top of the stair 
tread to assist persons with a vision impairment. The strip can be set back 15mm from the edge of the 
riser. Stair nosings shall not project beyond the face of the riser.

B24 UNISEX ACCESSIBLE SANITARY FACILITIES

Set-out of fixtures and fittings within the accessible sanitary facilities to offer compliance with AS 
1428.1 (2009) Clause 15 as follows.

Crucial dimensions for the toilet are 450mm from centreline of pan to side wall, 800mm from front of 
pan to rear wall and a seat height of 470mm. 

A minimum clear dimension of 1400mm is required from the toilet pan to any other fixture (see figure 
43).

For the basin, a minimum dimension of 425mm is required from the centreline of the basin to the side 
wall and height of basin to be between 800 and 830mm. 

Grabrails are to be provided at the side and rear of the toilet in compliance with AS1428.1 at a height 
of 800mm. 

Taps are to have lever handles, sensor plates or similar controls. For lever taps a minimum of 50mm 
clearance to be provided to adjacent surfaces.

Toilet seat shall be of the full round type, be securely fixed in position when in use and have fixings 
that create lateral stability. They should be load rated to 150kg, have a minimum 30% luminance 
contrast to the background colour (e.g. pan, wall or floor) and remain in the upright position when 
fully raised.

Provide a backrest to accessible toilets to comply with AS1428.1, Clause 15.2.4.

Accessible toilet to be identified using the International Symbol for Access. Pictograms / lettering to 
have a minimum 30% luminance contrast to the background colour. Signage is to comply with 
AS1428.1, Clause 8 and include information in tactile and Braille formats (as required by the BCA).

Doorways are to have a minimum clear opening width of 850mm to comply AS1428.1 (2009), Clause 
13.2 as part of the accessible path of travel. Adequate circulation area at the latch side of the 
doorway is required to allow independent access to the facility – for details refer to AS1428.1, Figure 
31. 
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Door hardware are to be located within the accessible height range of 900-1100mm above the 
finished floor level. The use of lever handles is encouraged to assist persons with a manual disability 
such as arthritis.

Controls within the accessible toilet facilities, such as light switches, are to be in the accessible height 
range of 900-1100mm above the finished floor level to comply with AS1428.1 (2009), Clause 14. 
Controls should be located not less than 500mm to a corner.

B25 UNISEX ACCESSIBLE SHOWERS

Showers are to comply with AS 1428.1, Clause 15.5 and include accessible features such as 
grabrails, adjustable height shower rose and fixtures within an accessible height range. 
The minimum dimensions of an accessible shower are to be 1160 x 1000mm. A folding seat, at a 
height of 470mm is to be provided. All taps to be located within the height range of 900-1100mm 
above the finished floor level.

Circulation space in front of the shower is to be provided as illustrated in AS1428.1, Figure 47.

B26 PEOPLE WITH AMBULANT DISABILITIES CUBICLES (PAD)

PAD cubicles within male and female toilets to be in compliance with AS1428.1, Clause 16.

Width of PAD cubicles is to be 900-920mm.

Provide grabrails to PAD cubicles to comply with AS1428.1, Clause 17 and Figure 53A.

Doors are to have a minimum opening width of 700mm and comply with AS1428.1 Figure 53B.

Provide signage to the PAD cubicles to comply with AS1428.1, Clause 16.4.

Provide 900x900 circulation space in front of pan and each side of doors on path to the toilet. Door 
are not to swing into circulation spaces.
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APPENDIX C
ADAPTABLE HOUSING REQIUIREMENTS
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C1 PERFORMANCE REQUIREMENTS 

The performance requirements of AS4299 (Clause 2.2) state that an adaptable unit will be designed 
and constructed to meet the following requirements:

a) Visitability – all adaptable units are required to be "visitable" from the outset. That is, there 
must be at least one wheelchair entry and path of travel to the living are and to a toilet that is 
either visitable or accessible.

b) Avoidance of level Change – all units to have no steps which will ensure adaptability will be 
easy to accommodate.

c) Manoeuvrability – adequate space for a wheelchair to manoeuvre within a living area, 
bedroom and bathroom with an accessible path of travel linking these areas to the entrance.

d) Ease of adaption – if the design for adaption requires demolition of walls, these need to be 
non-loadbearing and free of services.

e) Ease of reach – key services and controls should be located so they are within the reach 
range of a wheelchair user.

f) Laundry facilities – these need to be capable of being accessible against the provisions of 
AS4299 post-adaption.

C2 ACCESS TO COMMON USE AREAS

Access routes required for access by those living in the adaptable units is to comply with AS1428.1 
(2009) requirements. Access is to be provided to all common use facilities. Letterboxes are to have a 
hard standing area and be connected to an accessible pathway. 

C3 CAR PARKING

One car parking space is required for each of the adaptable units to comply with AS4299 Clause 3.7. 
The allocated spaces for the adaptable units are to have a minimum width available of 3.8 m and 
have 2.5m head clearance over the parking space to allow the use of wheelchair loading ramps. 

C4 ENTRANCE, DOORWAYS AND INTERNAL CIRCULATION

All adaptable units are designed to enable access to and through the main entrance with clear 
opening widths to entrances of not less than 850mm and appropriate circulation spaces per AS 
1428.1 (2009) Clause 13.3.

In regards to internal doors, each requires appropriate clear opening width with a minimum clear width 
of 820mm, with the door to the accessible bathroom meeting AS1428.1 (2009) requirements with a 
minimum clear width of 850mm. We recommend providing 850mm to all doors in adaptable units from 
the onset.

A minimum unobstructed width of internal pathways will be 1000mm.

C5 BATHROOM

At least one pre adaption toilet is to provide 1250x900mm clear circulation space in front of the toilet 
so as to comply as a visitable toilet. 

The post adapted bathroom that is to provide sufficient circulation space for compliance with 
AS1428.1 (2009).  

Structural support (such as structural ply sheeting) is to be provided at toilet and shower grab rail 
zones, to allow for ease of installation of any future fixings. 
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C6 KITCHEN

On adaption, the kitchen facilities will need to achieve a minimum circulation of 1540mm between 
opposing walls, cabinets and appliances to facilitate completion of a 180 degree turn by a wheelchair 
user.

In addition the design of the kitchen should accommodate the following on adapttion:

 An 800mm length of worktop that can be adjusted in height, with a removable base unit under
 The location of the fridge adjoining a suitable work surface
 Potential to adjust sink height, with a sink bowl depth of 150mm - lever type taps to be 

provided to the side of the sink
 Cooktops with side controls
 Isolation switches for appliances to be accessible / reachable (e.g. oven and fridge / freezer)
 Suitable oven height and worktop adjoining

C7 BEDROOM

The main bedroom, on adaption, will require sufficient circulation space to permit movement by a 
wheelchair user, being not less than 1540mm x 2070mm clear circulation to at least one side and/or 
base of a queen size bed on post adaption.

Window sills within the bedroom and living areas should  be a maximum of 600mm and 730mm 
above finished floor level respectively, to enable viewing by persons in the seated position and 
persons who may be confined to bed (AS 4299:1995 Clauses 4.6.2 / 4.7.2). 

C8 LIVING AREAS

Living areas are to be designed to enable a wheelchair to turn 360 degrees after the placement of 
furniture so as to be visitable. An area of 2250mm minimum diameter is required to facilitate this.

C9 LAUNDRY

On adaption, laundry facilities and joinery will need to accommodate a clear 1500mm in front of the 
appliances to allow for wheelchair access.

C10 BALCONIES

It is recommended that the width of the balconies to adaptable units should be 1540mm or greater 
which will permit access to these spaces and facilitate completion of a 180 degree turn by wheelchair 
user. Internal and external surfaces will be designed and constructed at grade (the maximum change 
in level between abutting surfaces to be 3mm, or 5mm where edges are rounded or bevelled) to 
enable access by all. 

Where waterproofing is a concern a maximum threshold of 35mm will be provided, with a 1:8 graded 
ramp abutting the door (with a maximum length of 280mm). Alternatively, consideration will be given 
to a raised, permeable balcony surface, such as decking which will not impede drainage.
The door accessing the balcony will possess appropriate clear opening width and circulation space to 
permit independent operation by a person with a disability and either provided with door furniture 
complying with AS1428.1 (2009) or capable of being added or modified.

C11 POWER AND LIGHTING SWITCHES AND TELEPHONE / TELEVISION OUTLETS

AS4299 has guidance on the location of key services and switches to assist residents with a disability. 
As part of the detailing of the apartments this will be considered, including:

 Power outlets located at strategic points,600mm - 1000mm off floor level, including 
o points 300mm from the edge of kitchen worktops
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o adjoining the bedhead
o in living room (four outlets)
o laundry areas (double outlet)

 Light switches, 900mm - 1100mm of floor level at convenient locations including:
o adjoining potential bedhead

 Telephone points in the bedroom and living room (both adjoining a power outlet)
 Television outlets in the bedroom (opposite potential bedhead) and two points in living / 

dining areas
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APPENDIX D
EXTRACTS FROM LIVEABLE HOUSING GUIDELINES
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