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Clause 228(2) Checklist 
In addition to the requirements of the ‘Is an EIS required?’ guideline as detailed in the REF, the following 
factors, listed in clause 228(2) of the Environmental Planning and Assessment Regulation 2000, have also 
been considered to assess the likely impacts of the proposal on the natural and built environment. 

Factor Consideration Impact  

a. Any environmental impact on a 
community? 

The proposal would have temporary traffic and 
access, noise and vibration, air quality and visual 
impacts as a result of construction activities.  

The proposal would have permanent long term 
visual impacts to the community as the permanent 
reservoir site would be visible form the surrounding 
residential and community areas. However, given 
that the area is currently semi-rural and would be 
built up to a urban area, these impacts are expected 
to be moderate and they would play a crucial part in 
the ongoing infrastructure for the township.  

Minor short term 
negative impacts  

 

Moderate long term 
impacts  

b. Any transformation of a locality? The local area is currently a semi-rural area that has 
previously been used for pasture and agricultural 
purposes. However, the area is under development 
and will ultimately be an urbanised township 
development. In addition, much of the proposed 
infrastructure is either underground or within an 
existing facility, excluding the permanent reservoir 
site. Therefore the proposal is unlikely to transform 
the area.  

Nil 

c. Any environmental impact on 
the ecosystems of the locality? 

The proposal would require the removal of some 
trees and threatened community vegetation. 
However a flora and fauna assessment has been 
prepared for the proposal and has determined that 
due to the highly degraded state of the vegetation in 
the area, there would not be a significant impact to 
the local ecosystems as a result of construction of 
the proposal. Given that this area is planned to be 
developed as part of the Googong township, this 
area would be cleared as a result of that 
development in the near future.  

The proposal would result in the discharge of excess 
recycled water into the local catchment. The 
volumes and quality of water being discharged is 
unlikely to have a significant impact on the local 
aquatic ecosystems.  

Minor negative 
impacts  
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Factor Consideration Impact  

d. Any reduction of the aesthetic, 
recreational, scientific or other 
environmental quality or value of a 
locality? 

The proposal would not negatively impact the 
aesthetic, recreational, scientific or other 
environmental quality or value of a locality.  

The proposal would have permanent long term 
visual impacts to the community as the permanent 
reservoir site would be visible form the surrounding 
residential and community areas. However, given 
that the area is currently semi-rural and would be 
built up to a urban area, these impacts are expected 
to be moderate and they would play a crucial part in 
the ongoing infrastructure for the township. 

Nil 

 

 

Moderate long term 
visual impacts 

e. Any effect on a locality, place or 
building having aesthetic, 
anthropological, archaeological, 
architectural, cultural, historical, 
scientific or social significance or 
other special value for present or 
future generations? 

The proposal would not negatively impact on the 
locality, place or building having aesthetic, 
anthropological, archaeological, architectural, 
cultural, historical, scientific or social significance or 
other special value for present or future generations 

Nil 

f. Any impact on the habitat of 
protected fauna (within the meaning 
of the National Parks and Wildlife 
Act 1974)? 

The proposal would require the removal of a hollow-
bearing tree. However the potential of this tree 
providing habitat to protected fauna is considered to 
be negligible.  

Nil 

g. Any endangering of any species 
of animal, plant or other form of life, 
whether living on land, in water or in 
the air? 

The proposal us unlikely to endanger any species 
within the proposal area as a result of construction or 
operation activities.  

Nil 

h. Any long-term effects on the 
environment? 

The proposal would provide for long-term benefits by 
providing an important part of the infrastructure for 
the sustainable management of recycled water 
supplying the township, reducing the population 
demand on potable water supply by up to 60%.  

Positive long term 
benefits 

i. Any degradation of the quality of 
the environment? 

The proposal is unlikely to degrade the environment 
due to the minor scale of works. 

There is potential for erosion of the dry creekline 
used to discharge excess recycled water to 
throughout operation. Given the variation and low 
volume of this excess water discharge this is 
expected to be minor. The REF provides safeguards 
to monitor this impact and take action as required to 
minimise the potential for erosion. In addition, this 
impact would be temporary until the future 
development of the Googong township progresses 
and the drainage line is incorporated into the local 
stormwater system.  

Nil 

 

Temporary minor 
negative impacts.  
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Factor Consideration Impact  

j. Any risk to the safety of the 
environment? 

The construction management measures identified 
in the REF would manage and mitigate potential 
risks to the environment.  

The proposal is unlikely to pose any long term risk to 
the safety of the environment. The REF identifies a 
number of safeguards to be implemented during 
operation including storage and delivery of 
chemicals within suitable areas that are sheltered 
and bunded and developing emergency 
management plans in liaison with local emergency 
services.  

Minor short term 
negative impacts 

 

Minor long term 
impacts 

k. Any reduction in the range of 
beneficial uses of the environment? 

The proposal would not reduce the beneficial uses of 
the environment. Currently the area is open pasture 
land that is not used by the community. The proposal 
would provide necessary infrastructure to allow the 
development of the township into an urban 
residential area increasing the beneficial use of the 
area.  

Positive long term 
impacts 

l. Any pollution of the 
environment? 

During construction, there is potential that the 
proposal may cause minor air and water pollution to 
the local environment. However, the construction 
management measures identified in the REF would 
manage and mitigate potential risks to the 
environment. 

The proposal would result in the discharge of excess 
recycled water into the local catchment. The 
volumes and quality of water being discharged would 
be monitored and treated to ensure that all 
discharged water meets water quality standards as 
required by the operational licence.  

Minor negative short 
term impacts 

 

 

 

 

Potential minor 
impacts 

m. Any environmental problems 
associated with the disposal of 
waste? 

The proposal would require the disposal of waste 
during construction including the demolition of 
interim reservoir site. The proposal is unlikely to 
have any problems with the disposal of waste during 
construction due to the limited scale of works and 
the mitigation measures identified in section 6. 

There would be minor waste produced throughout 
operation.  

Minor short term 
impacts  

n. Any increased demands on 
resources (natural or otherwise) that 
are, or are likely to become, in short 
supply? 

The proposal is unlikely to increase the demands on 
any resources that are, or are likely to become, in 
short supply. The proposal provides for the better 
management of potable and recycled water by the 
Googong township development.  

Positive long term 
impacts 
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Factor Consideration Impact  

o. Any cumulative environmental 
effect with other existing or likely 
future activities? 

The proposal is part of the overall Gooogng township 
IWC project. Stages A and B of this infrastructure 
are already under construction and partial operation, 
therefore there are unlikely to be any cumulative 
impacts with the construction of this development.  

In addition, the Googong township is under 
development, therefore construction activities for 
both the adjacent development and the proposal 
would occur at the same time. However, given the 
low number of sensitive receivers currently in the 
area and the minor nature of the proposal in 
comparison to the township development, these 
impacts are expected to be minor.  

Minor short term 
negative impacts 

p. Any impact on coastal 
processes and coastal hazards, 
including those under projected 
climate change conditions? 

The proposal is not expected to impact on any 
coastal processes and coastal hazards.  

Nil  
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Matters of National Environmental Significance 
Under the environmental assessment provisions of the Environment Protection and Biodiversity 
Conservation Act 1999, the following matters of national environmental significance and impacts on 
Commonwealth land are required to be considered to assist in determining whether the proposal should be 
referred to the Australian Government Department of the Environment. 

Factor Impact 

Any impact on a World Heritage property? 

 

Nil 

b. Any impact on a National Heritage place? 

 

Nil 

c. Any impact on a wetland of international importance? 

 

Nil 

d. Any impact on a listed threatened species or communities? 

 

Nil 

e. Any impacts on listed migratory species? 

 

Nil 

d. Any impact on a Commonwealth marine area? 

 

Nil 

g. Does the proposal involve a nuclear action (including uranium 
mining)? 

 

Nil 

Additionally, any impact (direct or indirect) on Commonwealth land? 

 

Nil 
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Table 1 - Summary of Part 3A Concept Approvals 

CoA # Condition  Response  

2.1 Pursuant to section 75P(2)(c) of the EP&A 
Act, the following environmental assessment 
requirements apply with respect to any future 
development that is subject to Part 4 of Part 
5 of the EP&A Act (which are not exempt or 
complying development), for the subsequent 
project stages:  

 

2.1 (a) A detailed project description, including the 
design and location of ancillary infrastructure 
(including access roads and temporary 
construction compounds) and its relationship 
to the approved concept and approved 
project stages.   

Section 3 outlines a detailed description of the 
proposal and all ancillary facilities including 
temporary compound sites.  

Appendix H includes the concept design for the 
project.  

2.1 (b)  An assessment of relevant statutory matters 
including land zoning, permissibility and 
consistency with the objects of the EP&A 
Act.  

An assessment of relevant statutory matters 
including land zoning and permissibility is outlined 
in Section 4 of the REF.  

Consistency of the proposal with the objects of 
the EP&A Act are outlined in Section 7.2 of the 
REF. 

2.1 (c) A demonstration that the project is consistent 
with the requirements of this Concept Plan 
approval and generally consistent with the 
scope and intent of the Concept Plan and 
environmental impacts outlined in the 
documents under condition 1.1 of this 
approval.    

A demonstration that the proposal is consistent 
with the Concept Plan approval is outlined in 
Section 2 of the REF.   

Consideration of the environmental impacts of the 
proposal are outlined in Section 6 of this REF.  

2.1 (d)  A risk assessment of the potential 
environmental impacts of the project, 
identifying the key issues for further 
assessment.  

A risk assessment for the proposal was 
undertaken by the project team in early 2015 to 
identify the potential environmental, construction 
and operational risks to the proposal. The risks 
identified were then utilised to guide the 
environmental impact assessment outlined in 
Section 6 of this REF.  

A copy of the risk assessment table can be found 
in Appendix L.   

2.1 (e) A description of the measures that would be 
implemented to avoid, minimise and, if 
necessary, offset the potential impacts of the 
project, and ensure that the project is in the 
public interest.  

Section 6 of this REF identifies the management 
measures that would be implemented to avoid, 
minimise or offset the potential impacts of the 
proposal on the local environment. Section 7 of 
the REF identifies the justification of the proposal 
that it is in the public interest to ensure sufficient 
potable water and recycled water supply to the 
growing Googong township.  

2.1 (f) An assessment of the consistency of the 
potential impacts and proposed mitigation 
measures with the management plans 
approved under Stage 1 Project and 
subsequent stages.  

A demonstration that the proposal is consistent 
with the Concept Plan approval is outlined in 
Section 2 of the REF. All potential impacts of the 
proposal have been considered in Section 6 of the 
REF.  
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CoA # Condition  Response  

2.1 (g) A detailed project specific statement of 
commitments  

Section 7 of the REF provides an outlined of the 
project specific statement of commitments for the 
project. These commitments summarise the 
proposed management measures for the proposal 
to avoid, minimise or offset the potential impacts 
of the proposal.  

2.1 (h)  Assessment of the following key issues 
considering all components of the project 
(including temporary construction facilities) 
and cumulative impacts from other projects 
associated with the Concept Plan:  

 

Surface Water – including potential water 
quality impacts on local creeks and rivers 
and impacts on surface water flows, as a 
result of construction and operation of the 
project;  

The potential impacts to surface water quality 
have been considered in Sections 6.8 and 6.9.  

Soils and landscape – including potential soil 
contamination, erosion risks, irrigations and 
rehabilitation; 

Potential construction and operation impacts on 
the soil landscape for the proposal has been 
considered, including potential soil contamination, 
erosion risks and rehabilitation, in section 6.8.  

Groundwater – including potential impacts on 
local recharge levels, contamination risks, 
groundwater mounding, isolated 
waterlogging of soils and impacts on 
groundwater quality.  

The potential impacts to ground water quality 
have been considered in Sections 6.8 and 6.9. 

Flora and fauna – including terrestrial 
riparian and aquatic, with accurate estimates 
of vegetation disturbance associated with the 
project; 

Section 6.4 of this REF has considered the 
impacts of the proposal on terrestrial, riparian and 
aquatic biodiversity. Estimates of vegetation 
disturbance as a result of the proposal are 
outlined in Section 6.4.  

Heritage – both Aboriginal and non-
Aboriginal, including an assessment of 
Aboriginal sites affected by the proposed 
development, their cultural value and the 
significance of these values for Aboriginal 
people; 

Section 6.5 provides the results of an Aboriginal 
Heritage assessment which was undertaken to 
identify any Aboriginal sites affected by the 
proposal. 

Section 6.6 provides the results of an Non-
Aboriginal desk top review which was undertaken 
to identify any Non-Aboriginal sites affected by the 
proposal. 

Human Health – inducing impacts arising 
from the application of recycled water and 
discharges of wastewater and recycled 
water.  

Impacts to human health from the proposal have 
been considered Section 6.12.5 

Waste Management – including the likely 
waste quantities and qualities generated 
during the construction (including spoil 
generation) and operation of the project.  

Waste assessment and management for the 
project has been considered in section 6.11.  

Hazards and risk – including details of 
hazardous materials used or kept on the 
premises during the construction and 
operation phases of the project  

Hazards and risks for the proposal have been  
assessed in Section 6.12.  
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CoA # Condition  Response  

Air quality – including dust and odour 
impacts.  

Dust and odour impacts have been  addressed in 
Section 6.10. 

Noise and vibration – including construction 
and operation noise impacts in the context of 
planned urban development in the area; 

Construction and operational noise impacts of the 
proposal have been considered in Section 6.3. 

Visual amenity – an assessment of the 
impact of the project on visual amenity, 
including future sensitive receptor areas, 
including residential; 

Section 6.2 assesses the visual amenity impacts 
of the proposal including future sensitive receptor 
areas. 

Traffic and access – including details of 
transport routes to and from construction and 
operation sites and associated impacts to 
existing activities, including safety impacts; 

Details of the temporary traffic and access routes 
during construction and operation are outlined in 
Section 6.1.  

2.1 (i) evidence of an appropriate level of 
consultation with (but not necessarily limited 
to) the following parties, including 
identification of the issues raised and how 
these have been addressed in the 
assessment:  

! Commonwealth Department of 
Sustainability, Environment, Water, 
Population and Communities (now referred 
to as the Department of the Environment); 

! Office of Environment and Heritage 
(including its Heritage Branch); 

! Department of Trade and Investment, 
Regional Infrastructure and Services 
(including its Primary Industries Division) 
(now referred to as Department of Primary 
Industries); 

! Roads and Traffic Authority (now referred 
to as Roads and Maritime Services); 

! Queanbeyan City Council; 

! Palerang Council; 

! Relevant services providers; and  

! Property owners and the local community.  

All consultation that has been undertaken for this 
proposal, the issues raised in response to this 
consultation and GTPL’s responses are described 
in Section 5.5.  

2.1 (j) The environmental assessment of the project 
must take into account relevant State 
Government guidelines, policies and plans  

All relevant State Government guidelines, policies 
and plans have been considered and referenced 
where required and have been considered in 
Section 4 and Section 6 under the relevant 
environmental issues.  
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CoA # Condition  Response  

2.1 (k) The assessments of the subsequent project 
stages shall take into account, but not limited 
to the following guidelines, as relevant;  

! National Water Quality Management 
Strategy: Australian and New Zealand 
Guidelines for Fresh and Marine Water 
Quality (ANZECC 2000).  

! National Water Quality Management 
Strategy – Australian Guidelines for Water 
Recycling: Managing Health and 
Environmental Risks (Natural Resource 
Management Ministerial Council, 
Environment Protection and Heritage 
Council and Australian Health Ministers 
Conference 2006) 

! NSW Industrial Noise Policy (EPA, 2000) 

! Interim Construction Noise Guidelines 
(DECC, 2009) 

! Environmental Noise Management – 
Assessing Vibration: a Technical Guideline 
(DECC, 2006) 

! Environment Criteria for Road Traffic Noise 
(EPA, 1999) 

! Approved Methods for the Modelling and 
Assessment of Air Pollutants in NSW 
(DEC, 2005) 

These water guidelines have been considered as 
part of the design of the proposal and assessment 
outlined in Section 6.9 and 6.8. 

The Noise Assessment has been prepared with 
reference to Australian Standard AS1055:1997 
Description and Measurement of Environmental 
Noise Parts 1, 2 and 3 and in accordance with the 
Interim Construction Noise Guidelines (DECC, 
2009) and EPA NSW Industrial Noise Policy 
(EPA, 2000), with reference also made to the 
NSW Road Noise Policy (DECCW, 2010).  

The Vibration Assessment has been undertaken 
based on Assessing Vibration: a technical 
guidelines (OEH, 2006) and the British Standard 
BS7385-1993.  

Air quality impacts have been addressed in 
Section 6.10. 

3.1 Subject to confidentiality, the Proponent shall 
make all documents required under this 
approval available for public inspection on 
request.  

All planning documents for the Googong IWC 
project have been made publicly available by 
GTPL on the projects website 
www.compliance.googong.net.  
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CoA # Condition  Response  

3.2 Prior to the commencement of construction 
of any projects associated with this Concept 
Plan approval, the Proponent shall establish 
a dedicated website or maintain dedicated 
pages within its existing website for the 
provision of electronic information associated 
with the project. The Proponent shall publish 
and maintain up-to-date information on this 
website or dedicated pages including, but not 
necessarily limited to:  

(a) the status of the project; 

(b) a copy of each relevant 
environmental approval, licence or 
permit required and obtained in 
relation to the project;  

(c) a copy of each approved plan, 
report, or monitoring program 
required by this approval and 
associated project approvals;  

(d) a summary of the monitoring result 
of the project, which have been 
reported in accordance with the 
various plans and programs 
approved under this approval and 
associated project approvals;  

(e) a summary of the monitoring results 
of the project, which have been 
reported in accordance with the 
various plans and programs 
approved under this approval and 
associated project approvals;  

(f) details of the outcomes of 
compliance reviews and audits of 
the project, to the satisfaction of the 
Director-General.  

GTPL has established the IWC project website to 
inform the community of progress on the planning 
and construction of the project. This website is 
www.compliance.googong.net.  

In addition GTPL provides quarterly updates 
delivered via email to all residents, property 
owners and any other listed on the Googong 
stakeholder list.  

Contact information is made available for all 
residents to report any issues with construction 
activities and records are kept of any reports and 
how these were addressed.  
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IMPORTANT NOTE 

Apart from fair dealing for the purposes of private study, research, criticism, or review as permitted under the Copyright 
Act, no part of this report, its attachments or appendices may be reproduced by any process without the written consent 
of RPS Australia East Pty Ltd. All enquiries should be directed to RPS Australia East Pty Ltd. 

We have prepared this report for the sole purposes of the NSW Department of Roads and Maritime Services (“Client”) 
for the specific purpose of only for which it is supplied (“Purpose”). This report is strictly limited to the purpose and the 
facts and matters stated in it and does not apply directly or indirectly and will not be used for any other application, 
purpose, use or matter.  

In preparing this report we have made certain assumptions. We have assumed that all information and documents 
provided to us by the Client or as a result of a specific request or enquiry were complete, accurate and up-to-date. Where 
we have obtained information from a government register or database, we have assumed that the information is 
accurate. Where an assumption has been made, we have not made any independent investigations with respect to the 
matters the subject of that assumption. We are not aware of any reason why any of the assumptions are incorrect. 

This report is presented without the assumption of a duty of care to any other person (other than the Client) (“Third 
Party”). The report may not contain sufficient information for the purposes of a Third Party or for other uses. Without the 
prior written consent of RPS Australia East Pty Ltd: 

(a) this report may not be relied on by a Third Party; and 

(b) RPS Australia East Pty Ltd will not be liable to a Third Party for any loss, damage, liability or claim arising out of 
or incidental to a Third Party publishing, using or relying on the facts, content, opinions or subject matter 
contained in this report.  

If a Third Party uses or relies on the facts, content, opinions or subject matter contained in this report with or without the 
consent of RPS Australia East Pty Ltd, RPS Australia East Pty Ltd disclaims all risk and the Third Party assumes all risk 
and releases and indemnifies and agrees to keep indemnified RPS Australia East Pty Ltd from any loss, damage, claim 
or liability arising directly or indirectly from the use of or reliance on this report. 

In this note, a reference to loss and damage includes past and prospective economic loss, loss of profits, damage to 
property, injury to any person (including death) costs and expenses incurred in taking measures to prevent, mitigate or 
rectify any harm, loss of opportunity, legal costs, compensation, interest and any other direct, indirect, consequential or 
financial or other loss. 
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Glossary 

Berm – Shaped, usually mounded, earth  

Cumulative Effects – Cumulative effects occur between projects, where the combination of effects created by 
multiple projects may be greater than the sum of the individual effects. 

Landscape Character  -A distinct recognisable and consistent pattern of elements in the landscape that 
makes one landscape different from another, rather than better or worse. * 

Landform – The shape and form of the land surface which is the resulted of the action and interaction of 
natural and/or human factors. * 

Magnitude of Effect – A term that combines the judgements about the size and scale of the effect, the extent 
of the area over which it occurs, whether it is reversible or irreversible and whether it is short or long term in 
duration. * 

Sensitivity – A term applied to visual receivers, combining judgements of the susceptibility of the receiver to 
the specific type of change or development proposed and the value related to that receptor. * 

Visual amenity – The overall pleasantness of the views people enjoy of their surroundings, which provides an 
attractive visual setting or backdrop for the enjoyment of activities of the people living, working, recreating, 
visiting or travelling through an area. * 

Visual Envelope Map – A map, usually digitally produced, showing areas of land within which a development 
is theoretically visible. * 

Visual receiver – Individuals and/or defined groups of people who have the potential to be affected by a 
proposal. 

 

Abbreviations 

EIA – Environmental Impact Assessment 

GTPL – Googong Township Proprietary Limited 

IWC – Integrated Water Cycle (project)  

PRS – Permanent Reservoir Site 

QCC – Queanbeyan City Council 

VAA – Visual Amenity Assessment 

WRP – Water Recycling Plant 
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1.0 Introduction 
1.1 Background 

RPS Australia East Pty Ltd has been engaged by CIC Australia on behalf of Googong Township Proprietary 
Limited (GTPL) to develop a visual amenity assessment (VAA) as part of the Googong Township Integrated 
Water Cycle (IWC) project. The IWC project involves the construction and operation of water cycle 
infrastructure to deliver potable and recycled water to the new Googong township just south of Queanbeyan 
in NSW. 

The IWC Project has been planned in four stages. Part 3A concept approval for the ultimate IWC project and 
project approval for Stage 1 of the IWC project was granted in 2011.  

A Visual Impact Assessment (VIA) was previously completed in 2010 by Clouston Associates as part of the 
Environmental Impact Assessment (EIA) reporting for the Water Cycle Project (WCP). The Clouston VIA 
provided an assessment of the water treatment and supply infrastructure required to service the new 
Googong Township. This VAA does not duplicate that assessment. It is a review of the potential impacts on 
visual amenity from changes to the originally assessed Stage C Network West on the expected future areas 
within the Googong Township including both public and private areas. 

1.2 Purpose and Scope 

The following Stage C Network West elements were reviewed in the preparation of this visual assessment; 

� The continuation of the new Stage C Network East potable water pipeline from the boundary of the 
Googong Foreshores to the Water Recycling Plant (WRP).  

� The new potable water and recycled water rising mains as an extension to the existing pipeline, from 
the interim reservoirs to the ultimate reservoirs.  

� Two ultimate reservoirs at Hill 800.  

� Decommissioning of the interim potable and recycled water reservoirs.  

� A new gravity potable water and recycled water main/s from the ultimate reservoirs back into the 
Township.  

� One new recycled water holding tank within the Water Recycling Plant, and 

� Replacement and expansion of the recycled water pumping station at the WRP site.  

The VAA also includes recommended mitigation measures to inform design in order to help offset any 
perceived negative visual amenity impacts of both the construction and operation. Figure 1 shows the extent 
of the Stage C Network West proposed development.. 
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Figure 1: Stage C Network West Site Plan  
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1.3 Planning Matters 

Concept approval for the ultimate IWC project was granted in 2011, as part of the concept plan approval 
terms in Schedule 2 of the Section 750 Environmental Protection & Authority Act (EPAA) approval, there is a 
requirement to include assessment of the impact of the IWC project on visual amenity including “future 
sensitive receptor areas”, such as those by surrounding future residents.  

The VAA study addresses the Part 3A concept approval environmental requirements by Queanbeyan City 
Council (QCC) in order to enable Part 5 approval for Stage C. 

1.4 Report Limitations 

The VAA intends to provide an objective assessment of the visual impacts of the identified work on the future 
viewers (visual receivers) within the Googong Township residential subdivision based, in some cases, on 
indicative road and lot layouts and shown in the current master planning information. 

This VAA assumes therefore that the information provided is generally implemented as indicated however 
also noting that the construction of the subdivision is a continually evolving process and some areas may 
change or may not be constructed for many years depending on demand, economic factors and/or site 
constraints. 
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2.0 Methodology 
2.1 Assessment Process 

This report uses a well-utilised approach to visual quality assessment that is systematic, consistent and 
based on professional, value judgement of commonly accepted and adopted criteria within the industry.  

There is currently no standard guidance on the assessment of landscape and visual impact within Australia 
however methods used in this VAA are adapted from the NSW Roads and Maritime Services (2013) 
Environmental Impact Assessment Practice Note - Guideline for Landscape Character and Visual Impact 
Assessment. The RMS Gudeline is widely regarded as best practice for undertaking visual impact 
assessments for a wide range of infrastructure related work. 

To capture the likely impacts on amenity of the proposals, the following tasks were undertaken: 

� A desktop analysis to ascertain the visual catchment of the projects within the areas identified, and 
potential future receptors of the impacts as determined through topographic analysis using 
Geographic Information Systems (GIS).  

� An on-site field inspection to confirm the visual catchment, gain an understanding of the development 
proposals within the context of the study area, and to identify and confirm key viewpoints. 

� Identification of current and expected future landscape character and determination of the sensitivity of 
the viewpoints based on the anticipated future conditions. 

� An assessment of Visual Impact using the matrix in Table 1. 

� Development of recommended mitigation strategies where the impacts on visual amenity are thought 
to be serious enough to be warranted. 

2.2 Assessment Terminology 

Following is a brief explanation of the terms used in the VAA. The terms are of fundamental importance in 
assessing the visual impacts and measurable non-subjective aspects of both visibility and impact, ie 
quantitative.  

Visual receivers - Visibility is based both on static (usually longer term) and mobile (usually short term) 
receivers. Impacts on visual amenity varies based on the type of receptor. Static visual receptors generally 
refer to the public or community with views of the subject site or area from their dwellings and/or places of 
work. Mobile receptors generally include vehicle drivers, pedestrians and cyclists. 

Sensitivity - Visual sensitivity refers to the sensitivity of a landscape character zone or view and its capacity 
to absorb change. Combined with magnitude, sensitivity provides a measure of impact. Sensitivity refers to 
how sensitive the character of the setting is to the proposed change. For example a pristine natural 
environment would be more sensitive to change than an industrial area. Visual sensitivity refers to the quality 
of the view and how sensitive it is to the proposed change” (RMS, 2013). 

Visual sensitivity is related to the direction of view, the composition of the view and may include more than 
one character zone.  The capacity to absorb development is primarily dependent on vegetation cover, 
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landform and existing structures, the viewers, frequency of the view and the distance between the viewers 
and the development. 

Magnitude - The magnitude of visual effect is the degree of change the visual landscape undergoes as a 
result of the proposed development. It is the measurement of the overall scale, form and character of a 
development proposal when compared to the existing condition (RMS, 2013). Magnitude also takes into 
consideration the distance between the viewer(s) and the proposal. 

2.3 Grading Matrix 

A visual impact is assessment is done by combining the viewpoint sensitivity and the magnitude of the 
proposal in a table format. Based on the resultant rating a judgement is made as to the outcome, and the 
strategies for mitigating and balancing the objectives of the project with its impact on its setting, Refer also 
Table 1. 

Magnitude 

Se
ns

iti
vi

ty
 

Impact Rating High High-
Moderate 

Moderate Moderate-
Low 

Low Negligible 

High High 
Impact 

High 
Impact 

Moderate-
High 

Moderate-
High 

Moderate Negligible 

High-Moderate High 
Impact 

Moderate-
High 

Moderate-
High 

Moderate Moderate Negligible 

Moderate Moderate-
High 

Moderate-
High 

Moderate Moderate Moderate-
Low 

Negligible 

Moderate-Low Moderate-
High 

Moderate Moderate Moderate-
Low 

Moderate-
Low 

Negligible 

Low Moderate Moderate Moderate-
Low 

Moderate-
Low 

Low 
Impact 

Negligible 

Negligible Negligible Negligible Negligible Negligible Negligible Negligible 

 
Table 1 Visual Impact Grading Matrix  (Roads and Maritime Services, 2013) 
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3.0 Current and Future Environment 
This section describes both the existing and expected future character of the landscape and visual amenity 
within the project areas. Defining the landscape character types and their values both present and future, 
aids in determining the capacity for the landscape to accommodate the proposed work. The existing visual 
character and surrounding landscape was recorded during a site review in June 2015. 

3.1 Existing Visual Conditions 

In order to gain a full understanding of the site’s visual character, it was first necessary to undertake a 
broader analysis of the visual character of the area to identify the visual “catchment” or areas that would 
have the predominant visual connection with the site. The landscape character was assessed in terms of the 
existing built elements, landform, colour, texture and vegetation patterns. 

The study area is located in a predominantly rural setting. Land uses in the area include, cleared agricultural 
lands (predominantly for grazing), rural and new residential development. Areas within the immediate 
surroundings include farm lands largely modified through clearing set within a larger natural setting of 
mountain ranges and foothills.  

The area consists of gently undulating terrain with Existing mature Eucalyptus species (Gum) and other 
remnant trees punctuating the landscape and contrasting the low pasture grasses that provide visual 
continuity throughout the landscape. Landform of the area both contains views locally and provides more 
distant views of the wider surrounding landscape from higher elevations including those to the mountain 
ranges in the east. 

 
View north toward Googong Township from Hill 800 
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3.2 Stage NH1A (Googong North) 

Construction of the Stage NH1A of the residential precinct is currently being undertaken in the northern 
areas of the Township under construction or recently completed. The Township will be progressively 
developed over time with different construction companies involved in the construction of the residential 
dwellings, public buildings and public domain areas transforming the existing rural character into a suburban 
residential character. 

The Stage NH1A area currently consists of a display village, paved streets, paths and planting, a community 
centre “club”, parks and open spaces for recreation, a sports oval, as well as vacant, partially and fully 
constructed residential lots completed in the past 2-3 years. The image below provides a snapshot of the 
street character found within Stage 1 and potentially in future residential areas. 

 
View�south�of�existing�Stage�NH1A�residential�character�along�Beltana�Avenue�

�

View�west�from�Gorman�Drive�toward�Rockley�Oval�and�interim�water�reservoirs�(background�left)�
�
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Water Recycling Plant (WRP) 

The Water Recycling Plant (WRP) is located in the northeast corner of Stage NH1A with future residential 
areas located to the south and west. Construction of the Water Recycling Plant (WRP) is currently underway 
with some components completed or nearing completion.  

 
View�south�of�the�Water�Recycling�Plant�

Surrounding residential areas have already been cleared and levelled creating open views of much of the 
WRP and its infrastructure components. The industrial nature of the WRP strongly contrasts with both the 
natural surroundings. Views to the WRP from the southern and western residential and open space areas 
however are to be mitigated through the use of earth mounding and planting.  

Much of the surrounding future residential areas will be beyond 100 meters distance. The area directly south 
of the WRP is indicated as a water detention basin with planting (GTPL, Googong North masterplan, 2015). 
Further south is an open space area named “Duncan Fields”, Stage 4C. The fields have been graded and 
will be future open recreation space for sporting activities.  

    
View�north�towards�WRP�from�Duncan�Loop�in�Stage�4C� � View�northwest�towards�WRP�from�Duncan�Loop�
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3.3 Water Recycling Plant Surrounding Landform  

The Water Recycling Plant and surrounding Stage NH1A areas lie within an undulating landscape that falls 
toward the northeast. The areas to the west of the WRP are therefore higher allowing views over the WRP 
whereas areas to the north and east are generally lower visually separated by both landform and vegetation. 
Typical existing slope gradients are 1:10 however are being modified, generally through levelling, to suite the 
new residential development lots. 

�
Figure 2: WRP and Surrounding Topography  
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3.4 Googong West - Hill 800  

The Googong west precinct is yet to be developed but is an area of important scenic value. Hill 800 is the 
highest point in the overall Googong Township development. It is both prominent and visible from the 
surrounding areas and because of this could be considered a local visual landmark.  

 
View�south�of�Hill�800�(left)�from�Gorman�Drive�

From the top of Hill 800, views are possible in all directions such as those to the surrounding hills and 
mountain ranges and conversely views to the top from surrounding areas are also possible. 

    
View�north�from�Hill�800� � � � � View�south�from�Hill�800�

Masterplanning of the Googong West precinct currently indicates that the lower areas immediately to the 
west and east of Hill 800 may be subdivided into residential lots, streets and open spaces. Internal streets 
may follow topographic contours connecting with other areas of the development in the north and south. The 
higher elevated areas around Hill 800 are indicated as a “Hilltop Park Lookout” (GTPL, Googong Township 
masterplan, 2015). The Hilltop Park Lookout area appears to include the highest areas around the crest of 
Hill 800 and the higher elevated areas immediately south. 
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3.5 Permanent Reservoir Site Surrounding Landform  

The Permanent Reservoir Site (PRS) is proposed to be located in a saddle between two hill tops with a 
temporary vehicle access provided from Old Cooma Road. There are four hill crests in close proximity 
limiting or preventing views of the reservoirs to areas immediately north and south. Typical existing side 
slope gradients are 1:10 - 1:12 to the east and west of the saddle however steeper closer to the crests (up to 
1:8). Ground levels may however be modified to suit new development providing more level areas for 
dwellings and the reservoirs. 

 
Figure 3: The PRS and Surrounding Topography 
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4.0 Project Description 
Following is a summary of the Stage C Network West infrastructure assessed as part of this Visual Amenity 
Assessment. The two significant proposed visual elements are the Recycle Water Holding Tank, within the 
Water Recycling Plant, and the Permanent Reservoirs at Hill 800.  

4.1 Permanent Water Reservoirs at Hill 800 

As part of the plant infrastructure, two ultimate reservoirs are proposed to be installed at Hill 800. 

The Recycled Water Reservoir is approximately 10 meters high (walls) 27 meters in diameter. The roof type 
is to be confirmed but may add additional height above the tank walls. 

The Potable Water Reservoir has approximately 10 meters high walls X 18 meters diameter. The roof type is 
to be confirmed but may add additional height above the tank walls. 

 

 
 

Figure 4: Permanent Water Reservoir Plan 
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Figure 5: Permanent Water Reservoir Elevations 

�

4.2 Recycled Water Holding Tank at the Water Recycling Plant (WRP) 

The recycled water holding tank and pumping station are located within the Water Recycling Plant (WRP) in 
the northern portion of the site adjacent the Blower, MCC, Administration Building and Workshop.  

The recycled water holding tank is approximately 8 meters high walls X 10 meters diameter. The roof type is 
to be confirmed but will likely add height above the tank walls. For the purposes of this assessment, an extra 
1.2 meters extra height above the tank walls has been allowed. 
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Figure 6: Recycle Water Tank and Pumping Station Plan 

 
Figure 7: Recycle Water Tank and Pumping Station Elevation  
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5.0 Visual Amenity Assessment 
This section focuses on the visual effects of the proposed project infrastructure from nearby viewpoints. The 
assessment considers the degree to which the project infrastructure would be visible from selected viewing 
locations in the publicly accessible areas of the Googong Township. 

5.1 Recycled Water Holding Tank 

The extent of visual amenity impact of the proposed works is largely determined by the visual prominence of 
the elements proposed, the extent of view shed from the proposal, the type and number of visual receivers 
likely to be impacted.      

A Visual Envelope Map (VEM) was generated through the use of digital terrain modelling. The mapping 
below is indicative only as other factors, such as trees, vegetation, buildings and other factors can limit 
views. 

The VEM was calculated using the height of the tank walls (10.0m) plus an additional 1.2 meters for the roof. 
The overall VEM generally indicates that views to the Water Holding Tank within 250 meters are from the 
west and south. There are potentially more opportunities to see the tanks up to 500 meters from surrounding 
areas, however the relative size and scale of the tank must be considered within the context of both the WRP 
infrastructure, the phone tower and future residential subdivision areas to the south and west.   
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Figure 8: Water Recycling Plant Water Tank - View Envelope Map 
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The images below show the current existing condition and indicative future development based on an 
assumed subdivision development typology. Vertical elements such as the mobile phone tower, the weather 
station and a venting stack are prominent in the view shed. The existing administration building and landform 
currently hide views of the lower parts of the existing water holding tank. A future workshop north (left) of the 
administration building will block views to the lower half of the new water holding tank as will a proposed 
continuous  landscape berm with screen planting, refer also Attachment A. 

 
Viewpoint�1�Looking�East�–�Current�

 
Viewpoint�1�Looking�East�–�Artist’s�Impression�of�potential�future�development�

The existing and new water holding tanks are proposed to be the same height and width. They are 
positioned at a lower elevation than the area to the west, therefore viewers might see the tops of the tanks. 
Viewpoint 1b gives an impression of the potential view noting however that both tanks will be screened from 
western views by planting. 
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Viewpoint 2 is southwest of the WRP and approximately 150 meters further away than viewpoint 1.  

 
Viewpoint�2�Looking�North�–�Current�View�

 
Viewpoint�2�Looking�North�–�Artist’s�Impression�of�potential�future�development�

In this view, the landform to the west of the WRP all but hides the top of the water holding tank. The 
continuous berm and screen planting along the western and southern edge of the WRP will block all views of 
the tank once established.  
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5.2 Permanent Reservoir Site (PRS) 

A Visual Envelope Map (VEM) was generated through the use of digital terrain modelling to establish the 
visual catchment for the new permanent water reservoir site (PRS). The proposed height of the walls of the 
tank (10.0m) plus an additional 1.2 height was added to the roofs as the basis for calculating the overall 
visual catchment.  

The VEM below gives an indication of the main views to the Permanent Reservoir Site. Primary viewing 
opportunities are at lower development areas and Old Cooma Road to the west and future development 
areas to the east. Areas at higher elevations to the north and south are also able to view the PRS however 
the peak of Hill 800 prevents viewing to the north and the Googong Township.   

The PRS is located within an area currently shown on the masterplan as undeveloped open space labelled 
“Hilltop Park Lookout”.  The Hilltop Park Lookout area follows a linear north-south oriented shape of the 
higher landform hill peaks in a north-south direction. The reservoirs are positioned near the middle of the 
open space and would be able to be seen from most areas within the open space.  

Based on current design information, areas most visually affected are those immediately west of the 
reservoir as the areas to the east are further away, at a lower elevation. The PRS is positioned on the 
western edge of the saddle. Furthermore, the landform continues falling to the east, diminishing the 
possibility of views to the reservoirs.  
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Figure 9: Permanent Water Reservoir View Envelope Map 
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Viewpoint�4�looking�east�from�Old�Cooma�Road�

 
Viewpoint�4�–�Artist’s�Impression�of�potential�future�development�and�the�PRS�from�Old�Cooma�Road�

The new reservoirs will sit at a higher elevation than the surrounding area and will be highly visible to much 
of the surrounding area given their overall size and prominence in the landscape. Future residential areas to 
the west between the reservoirs and Old Cooma Road may come within relative close proximity to the PRS. 
The visual amenity of any dwellings built in close proximity to the PRS will likely be affected to some degree 
however views of the reservoirs from Old Cooma Road will likely be partially screened by future 
development. 
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Viewpoint�5�–�Existing�view�from�Hill�800�looking�south�

�

 
Viewpoint�5�–�Artist’s�Impression�of�potential�future�development�and�the�PRS�from�Hilltop�Lookout�

From the future Hilltop Park Lookout, the prominence of the reservoirs in the landscape is evident with views 
from nearby hills and the Hilltop Park.  Development to the east and west will likely have a visual connection. 
Affect on visual amenity for the surrounding development will largely depend on proximity to the PWR. 
Proposed mitigation measures should therefore consider and address visual amenity impacts with regard to 
these potential future relationships both locally and on surrounding areas. 



Visual�Amenity�Assessment�
Googong�Township�Integrated�Water�Cycle�Project,�Stage�C�Ͳ�Network�West��

�

�

�

�

127732; v.2, 3 July 2015 Page 27 

27

 

5.3 Viewpoint Analysis 

The following table presents the results of the viewpoint analysis.  

Please note that only viewpoints 1, 2 and 4 are shown in artist’s impressions. Viewpoints 3, 5 and 6 are a 
desktop analysis only. 

Viewpoint Stage C Network 
West Infrastructure  

Analysis Impact 
Rating 

1 
Googong 
North  
Stage NH1A 
Residential 
Area 4d 
West 

Recycled water 
holding tank, 
recycled water 
pumping station 

SENSITIVITY - Moderate 
Visual receivers are assumed to be future residents. Visual 
receivers are also residents within the development using 
publicly accessible areas such as streets and footpaths.  
MAGNITUDE - Negligible 
Visual receivers are higher than the water tank potentially 
with views of the water recycling plant and to the Eastern 
mountain ranges beyond. Future residents will move in 
after the water holding tank is constructed and the screen 
planting in place therefore the magnitude of effect that 
would be created by the additional water tank within the 
context of the WRP is considered to be Negligible. 
The water pumping station will be screened by the WRP 
and therefore have no visual connection with the 
surrounding landscape or residential development and no 
impact on visual amenity. 

Negligible 

2 
Googong 
North  
Stage NH1A 
Residential 
area 4d 
Southwest 

Recycled water 
holding tank, 
recycled water 
pumping station 

SENSITIVITY – Moderate - Low 
Visual receivers are assumed to be future residents. Visual 
receivers are also residents within the development using 
publicly accessible areas and the playing fields. 
MAGNITUDE - Negligible  
Views by visual receivers will be obscured by the 
landscape planting and other components of the WRP such 
as the blower building, odour control and tertiary treatment. 
The magnitude of effect that would be created by the 
additional water tank within the context of the water 
recycling plant is considered to be Negligible. 

Negligible 

3 
Googong 
North  
Stage NH1A 
Residential 
area 4d 
Southeast 

Recycled water 
holding tank, 
recycled water 
pumping station 

SENSITIVITY - Moderate 
Visual receivers are assumed to be residents in future 
homes further than 200 meters.  
MAGNITUDE - Negligible  
The magnitude of change created by the additional tank is 
considered to be negligible as components of the WRP 
such as the bioreactor and EDT will block visibility of tank. 

Negligible 
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Viewpoint Stage C Network 
West Infrastructure  

Analysis Impact 
Rating 

 
 

 

 

4 
Googong 
West at Old 
Cooma Road 

Two water 
reservoirs at Hill 
800  

SENSITIVITY - High 
Visual receivers are assumed to be both static and mobile 
and include; future residences west of the reservoirs, 
residents within the development using publicly accessible 
areas such as streets and footpaths and vehicles and 
passengers using Old Cooma Road. The surrounding 
landscape will likely have little capacity to visually absorb 
the structures. 
MAGNITUDE – High-Moderate 
The reservoirs are located in an elevated saddle above 
much of the immediate surrounding landscape. Their height 
and overall scale and higher position relative to these areas 
and contrasting industrial character mean they will be 
prominent within the landscape.  

High 

5 
Googong 
West at 
Hilltop Park 
Lookout 

Two water 
reservoirs at Hill 
800 

SENSITIVITY - Moderate 
Visual receivers are assumed to be mobile future users of 
the Hilltop Park Lookout open space with open views to the 
reservoir site and surrounding landscape. Viewer numbers 
may be small depending on accessibility however there is 
assumed sensitivity based on the potential for the area’s 
use as a lookout and visual connection with the wider 
natural and semi-natural landscape. 
MAGNITUDE – High-Moderate 
The reservoirs are located in an elevated saddle above 
most of the surrounding landscape. They are large physical 
elements that contrast sharply with the natural character of 
the Park and surrounding landscape. Park Areas within the 
park will be able to look down over the tops of the 
reservoirs. The surrounding landscape may have little 
capacity to visually absorb the structures. 

Moderate-
High 

6 
Googong 
West  
East of 
Reservoirs 

Two water 
reservoirs at Hill 
800 

SENSITIVITY – High-Moderate 
Visual receivers are assumed to be both static and mobile 
and include; future residences east of the reservoirs, 
residents within the development using publicly accessible 
areas such as streets and footpaths. The surrounding 
landscape will likely have little capacity to visually absorb 
the structures. 
MAGNITUDE – High-Moderate 
The reservoirs will be higher than the viewers from the east 
meaning they will have a strong visual presence. Their 
combined size and contrasting industrial character mean 
they will be prominent within the landscape.  

High 
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5.4 Underground Pipes, Pumps and Decommissioning of the Interim Reservoirs 

None of the remainder of these elements of the Stage C Network West infrastructure is expected to have 
significant impacts on visual amenity as they are located in areas of limited visual accessibility. 
Decommissioning of the water reservoirs will result in an improved visual amenity for the surrounding areas.
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6.0 Conclusions and Recommendations 
The degree to which the changes to the landscape are perceived either positively or negatively will in the 
end depend on the actual users/residents. The degree of importance placed on viewpoints varies according 
to a combination of considerations including predominantly visual prominence and visual exposure. 

This visual assessment has determined that the impacts on visual amenity from the Stage C Network West 
infrastructure proposals will be High to High-Moderate near the Permanent Reservoir Site. The immediate 
surrounding area will have little visual capacity to absorb the industrial character of the large, elevated tanks 
in the landscape. It is imperative therefore that wherever possible, measures should be implemented to 
visually buffer the reservoirs from the future residential areas, Hilltop Park and wider area.  

The assessment has concluded that additional water holding tank at the WRP and expanded pumping 
station are generally of a scale and nature that will not detract from the overall visual amenity of the future 
residential areas and mitigation measures are therefore not warranted. The tank will be concealed from the 
surrounding area both by WRP infrastructure as well as expected landscape berm and screen planting to the 
south and west.  

The removal of the interim reservoirs should improve the current and future visual amenity from the removal 
of highly visible infrastructure of an industrial character. 

As there will be no houses near the Stage C Network West Visual works during construction, there are 
expected to be no visual impacts and therefore no mitigation measures required.  

The recommendations for mitigation measures should be considered alongside recommendations made in 
previous Visual Assessments. This report provides recommendations for mitigation in light of the future 
residential visual amenity for the Township and does not seek to repeat those made in previous studies.  

6.1 Permanent Reservoir Site at Hill 800 

� Effective screening of the permanent reservoirs should be implemented through the use of locally 
endemic vegetation close to the site. Species selection should aim to inhibit views at the ground and 
mid levels up to 10 meters in particular on the eastern and western sides of the reservoirs. A 
landscape concept plan should be prepared that demonstrates how the proposed planting treatments 
will screen the reservoirs from surrounding areas. Planting treatments should also be sympathetic to 
the existing landscape in its use of plant types and their arrangements and avoid rigid, row type hedge 
planting. 

� Monitoring of trees and vegetation should be done at the WRP and the PRS to ensure successful 
planting and screening is achieved. Replace trees and vegetation that are dead or dying.  

� The use of light emitting diodes (LED) lighting and low angle cut-off fittings should be implemented 
where lighting is needed to mitigate and help reduce reduce stray light. 

6.2 WRP and Expanded Water Pumping Station 
� Decrease the visual prominence of the water tank and reservoirs through the use of muted colours 

and non-reflective surfaces. 
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Appendix A 
Googong Water Recycling Plant Landscape Plans, Spacelab 
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1 INTRODUCTION 

SLR Consulting Australia Pty Ltd (SLR) has been commissioned by Googong Township Pty Ltd 
(GTPL) to undertake a construction and operational noise and vibration impact assessment for the 
proposed Stage C West Network of the Integrated Water Cycle project associated with the Googong 
Township, New South Wales (NSW).  The purpose of this report is to present the results and findings 
of this assessment.  The proposed scope as part of the Stage C works is presented in Figure 1. 

Figure 1 Integrated Water Cycle – Stage C 
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The noise assessment has been prepared with reference to Australian Standard AS1055:1997 
Description and Measurement of Environmental Noise Parts 1, 2 and 3 and in accordance with the 
Interim Construction Noise Guideline1 (ICNG) and Environment Protection Authority (EPA) NSW 
Industrial Noise Policy2 (INP) (and associated Application Notes).  Reference has also been made to 
the NSW Road Noise Policy3 (RNP). 

The vibration impact assessment has been undertaken based on Assessing Vibration: a technical 
guideline (issued by the Office of Environment and Heritage (OEH), February 2006) and British 
Standard BS7385-1993. 

1.1 Receivers 

As indicated in Figure 2, a total of 21 representative receivers have been identified close to the project 
area.  There are 15 receivers   marked   with   a   prefix   “R”   and   2   marked   with   “C”,   which   represent  
Residential type receivers and Commercial type receivers respectively.  The  receiver  marked  “C1”  is  
the existing ICON (previously ACTEW) Googong water treatment  plant  while  the  receiver  marked  “C2”  
is a ranger station. 

                                                      
1 Interim Construction Noise Guideline, DECC, 2009 
2 Industrial Noise Policy, EPA, 2000 
3 Road Noise Policy, EPA, 2011 
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Figure 2 Noise Sensitive Receiver Locations 

 

The identifiers of the potentially impacted receivers used in previous assessment conducted by SLR 
are used here for this assessment for consistency.  The following should be noted: 

x R12 was an existing dwelling prior to the Googong Township development.  Being surrounded by 
new residential land, this property now forms part of the Googong Township.  
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x R14 West and R14 East represent the residential receivers within the Googong Township along 
the western and eastern boundaries respectively. In addition, the Rockley Oval and the Anglican 
School within the Googong Township have also been identified, which are classified at recreation 
area and educational establishment respectively. 

2 ASSESSMENT CRITERIA 

2.1 Construction  

2.1.1 Airborne Noise 

The Department of Environment and Climate Change (DECC) released the ICNG in July 2009.  The 
ICNG sets out noise management levels, in relation to construction type activities, for sensitive 
receivers and how they are to be applied.  The ICNG suggests restriction to the hours of construction 
activities that generate noise at noise-sensitive receivers above   the   ‘highly   affected’   noise  
management level.  

A summary of the noise management levels relevant to residential locations from the ICNG is 
contained in Table 1.   

Table 1 Interim Construction Noise Guideline (Residences) 

Time of day Management level 
LAeq(15minute) 

How to apply 

Recommended standard hours 
Monday to Friday 
7am to 6pm 
Saturday 8am to 1pm 
No work Sundays or public 
holidays 

Noise Affected 
RBL + 10 dB 
 
(RBL - Residual 
Background Noise 
Level as determined by 
application of the NSW 
Industrial Noise Policy) 

The noise affected level represents the point above 
which there may be some community reaction to 
noise. 
- Where the predicted or measured LAeq(15minute) is 
greater than the noise affected level, the proponent 
should apply all feasible and reasonable work 
practices to meet the noise affected level. 
- The proponent should also inform all potentially 
impacted residents of the nature of works to be 
carried out, the expected noise levels and duration, 
as well as contact details. 

Highly noise-affected 
75 dBA 

The highly noise affected level represents the point 
above which there may be strong community 
reaction to noise. 
- Where noise is above this level, the relevant 
authority (consent, determining or regulatory) may 
require respite periods by restricting the hours that 
the very noisy activities can occur, taking into 
account: 
1. times identified by the community when they are 
less sensitive to noise (such as before and after 
school for works near schools, or mid-morning or 
mid-afternoon for works near residences. 
2. if the community is prepared to accept a longer 
period of construction in exchange for restrictions on 
construction times. 

Outside recommended 
standard hours 

Not Applicable Not Applicable 
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It is understood that all proposed construction activities will only be undertaken from 7 am to 6 pm 
Monday to Friday and 8 am to 1 pm on Saturday.  In addition to the management levels for residential 
properties as detailed in Table 1 the following noise management levels will apply to the following 
potentially sensitive receivers: 

x Within the Googong Township 

o Classrooms at schools and other educational institutions – internal LAeq(15minute) of 
45 dBA (equates to an external noise level of 55 dBA assuming an outside to inside 
noise reduction of 10 dB through opened windows)  

o Place of worships – internal LAeq(15minute) of 45 dBA 

o Recreation areas – external LAeq(15minute) of 60 to 65 dBA 

x C1 – LAeq(15minute) 75 dBA (industrial premises) 

x C2 – LAeq(15minute) 70 dBA (office) 

2.1.2 Vibration Damage Criteria - Surface Structures 

Most   commonly   specified   “safe”   structural   vibration   limits   are   designed   to   minimise   the   risk   of  
threshold or cosmetic surface cracks, and are set well below the levels that have potential to cause 
damage to the main structure. 

In terms of the most recent relevant vibration damage criteria, Australian Standard AS 2187: Part 2-
2006   “Explosives - Storage and Use - Part 2: Use of Explosives”   recommends   the   frequency 
dependent guideline values and assessment methods given in BS 7385 Part 2-1993  “Evaluation  and  
measurement for vibration in buildings Part 2”  as  they  “are  applicable  to  Australian  conditions”. 

The standard sets guide values for building vibration based on the lowest vibration levels above which 
damage has been credibly demonstrated.  These levels are judged to give a minimum risk of vibration 
induced damage, where minimal risk for a named effect is usually taken as a 95% probability of no 
effect. 

Sources of vibration that are considered in the standard include demolition, blasting (carried out during 
mineral extraction or construction excavation), piling, ground treatments (eg compaction), construction 
equipment, tunnelling, road and rail traffic and industrial machinery. 

The recommended limits (guide values) for transient vibration to ensure minimal risk of cosmetic 
damage to residential and industrial buildings are presented numerically in Table 2 and graphically in 
Figure 3. 

Table 2 Transient Vibration Guide Values - Minimal Risk of Cosmetic Damage 

Line Type of Building Peak Component Particle Velocity in Frequency Range 
of Predominant Pulse 

  4 Hz to 15 Hz 15 Hz and Above 
1 Reinforced or framed structures Industrial 

and heavy commercial buildings 
50 mm/s at 4 Hz and above 

2 Unreinforced or light framed structures 
Residential or light commercial type 
buildings 

15 mm/s at 4 Hz increasing 
to 20 mm/s at 15 Hz 

20 mm/s at 15 Hz 
increasing to 50 mm/s at 40 
Hz and above 

 

The standard states that the guide values in Table 2 relate predominantly to transient vibration which 
does not give rise to resonant responses in structures and low-rise buildings. 
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Where the dynamic loading caused by continuous vibration is such as to give rise to dynamic 
magnification due to resonance, especially at the lower frequencies where lower guide values apply, 
then the guide values in Table 2 may need to be reduced by up to 50%. 

Note: rockbreaking/hammering and sheet piling activities are considered to have the potential to cause 
dynamic loading in some structures (eg residences) and it may therefore be appropriate to reduce the 
transient values by 50%. 

Figure 3 Graph of Transient Vibration Guide Values for Cosmetic Damage 

 

In the lower frequency region where strains associated with a given vibration velocity magnitude are 
higher, the guide values for building types corresponding to Line 2 are reduced.  Below a frequency of 
4 Hz where a high displacement is associated with the relatively low peak component particle velocity 
value, a maximum displacement of 0.6 mm (zero to peak) is recommended.  This displacement is 
equivalent to a vibration velocity of 3.7 mm/s at 1 Hz. 

The standard goes on to state that minor damage is possible at vibration magnitudes which are 
greater than twice those given in Table 2, and major damage to a building structure may occur at 
values greater than four (4) times the tabulated values.  

Fatigue considerations are also addressed in the standard and it is concluded that unless calculation 
indicates that the magnitude and number of load reversals is significant (in respect of the fatigue life of 
building materials) then the guide values in Table 2 should not be reduced for fatigue considerations. 

In order to assess the likelihood of cosmetic damage due to vibration, AS 2187 specifies that vibration 
measurements should be undertaken at the base of the building and the highest of the orthogonal 
vibration components (transverse, longitudinal and vertical directions) should be compared with the 
criteria curves presented in Table 2. 

It is noteworthy that extra to the guide values nominated in Table 2, the standard states that: 

“Some  data  suggests that the probability of damage tends towards zero at 12.5 mm/s peak 
component particle velocity.  This is not inconsistent with an extensive review of the case 
history  information  available  in  the  UK.” 
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Also that: 

“A  building  of  historical  value  should not (unless it is structurally unsound) be assumed to be 
more  sensitive.” 

2.1.3 Human Comfort Vibration Criteria 

Humans are far more sensitive to vibration than is commonly realised.  They can detect vibration 
levels which are well below those causing any risk of damage to a building or its contents. 

The actual perception of motion or vibration may not, in itself, be disturbing or annoying.  An 
individual’s  response  to  that  perception,  and  whether  the  vibration  is  “normal”  or  “abnormal”,  depends  
very strongly on previous experience and expectations, and on other connotations associated with the 
perceived  source  of  the  vibration.    For  example,  the  vibration  that  a  person  responds  to  as  “normal”  in  
a car, bus or train is considerably higher than what is perceived   as   “normal”   in   a   shop,   office   or  
dwelling. 

Human tactile perception of random motion, as distinct from human comfort considerations, was 
investigated by Diekmann and subsequently updated in German Standard DIN 4150 Part 2-1975.  On 
this basis, the resulting degrees of perception for humans are suggested by the vibration level 
categories given in Table 3. 

Table 3 Peak Vibration Levels and Human Perception of Motion 

Approximate Vibration Level Degree of Perception 
0.10 mm/s Not felt 

0.15 mm/s Threshold of perception 

0.35 mm/s Barely noticeable 

1 mm/s Noticeable 

2.2 mm/s Easily noticeable 

6 mm/s Strongly noticeable 

14 mm/s Very strongly noticeable 
Note: These approximate vibration levels (in floors of building) are for vibration having a frequency content in the range 

of 8 Hz to 80 Hz. 

Table 3 suggests that people will just be able to feel floor vibration at levels of about 0.15 mm/s and 
that  the  motion  becomes  “noticeable”  at  a  level  of  approximately  1 mm/s. 

British Standard BS6472-2008   “Guide to evaluation of human exposure to vibration in buildings”  
nominates criteria for various categories of disturbance, the most stringent of which are the levels of 
building  vibration  associated  with  a  “low  probability  of  adverse  comment”   from  occupants.     The  “low 
probability  of  adverse  comment”  level  for  residential  buildings  is:   

  0.4 to 0.8 m/s1.75  (16 hour daytime Vibration Dose Value) 

 0.2 to 0.4 m/s1.75  (8 hour night-time Vibration Dose Value) 

BS 6472-2008 provides criteria for continuous, transient and intermittent (in the case of road traffic) 
events that are based on a Vibration Dose Value (VDV), rather than a continuous vibration level.  The 
vibration dose value is dependent upon the level and duration of the short-term vibration event, as well 
as the number of events occurring during the daytime or night-time period. 

The  criteria  presented  in  BS6472  supersede  the  EPA’s  “Assessing  Vibration:  A  Technical  Guideline”. 
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2.1.4 Vibration Dose Limits 

The permissible root mean square (rms) particle velocity levels corresponding to the vibration dose 
value vary according to the duration of exposure.  Table 4 shows the range of satisfactory vibration 
dose values for which various degrees of adverse comment may be expected in the buildings 
surrounding the project. 

Table 4 Vibration Dose Values (m/s1.75) above which Various Degrees of Adverse Comment 
May Be Expected in Residential Buildings, Offices and Workshops 

Location Low Probability of 
Adverse Comment 

Adverse Comment 
Possible 

Adverse Comment 
Probable 

Offices 
16 hour day 

0.4 to 0.8 0.8 to 1.6 1.6 to 3.2 

Workshops 
16 hour day 

0.8 to 1.6 1.6 to 3.2 3.2 to 6.4 

Residential buildings 
16 hour day 

0.2 to 0.4 0.4 to 0.8 0.8 to 1.6 

 

Situations exist where motion magnitudes above the dose levels given in BS 6472 can be acceptable, 
particularly for temporary disturbances and infrequent events of short-term duration.  An example is a 
construction or excavation project. 

When short-term works such as piling, demolition or compaction give rise to impulsive vibrations, it 
should be borne in mind that undue restriction on vibration levels can significantly prolong these 
operations and result in greater annoyance. 

In certain circumstances, the use of higher magnitudes of acceptability may be considered, eg for 
projects having social worth or broader community benefits or in view of the economic or practical 
feasibility of reducing vibration to the recommended levels.  In such cases, best management 
practices should be employed to reduce levels as far as practical. 

2.1.5 Blasting 

Explosives are often used in earthworks preparation in order to dislodge material to enable its 
removal.  To achieve this end, holes are drilled into the rock in a designed pattern giving strict 
attention to their angle, depth and spacing.  These holes are then usually filled with an explosive 
charge consisting of ammonium nitrate fuel oil (ANFO) mixture.  The explosion is initiated with the aid 
of primers and detonators.  The detonation of each hole is delayed in a pre-designed sequence to 
ensure that each hole is fired individually in close succession.  This delayed firing technique improves 
the efficiency of the blast and also reduces its environmental impacts.  

The EPA advocates the use of Australia and New Zealand Environment Conservation Council 
(ANZECC) 1990 guidelines for assessing potential blast emissions impacts at residential and other 
noise and/or vibration sensitive receivers.  The ANZECC guidelines are based on human comfort 
levels and are much more stringent than those based on the potential for damage to structures.  The 
ANZECC guidelines are summarised as follows: 

x The recommended maximum level for air blast is 115 dB Linear. 

x The level of 115 dB Linear may be exceeded on up to 5% of the total number of blasts over a 
period of 12 months.  The level should not exceed 120 dB Linear at any time. 

x The recommended maximum for ground vibration is 5 mm/s, Peak Vector Sum (PVS) vibration 
velocity.   
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x The PVS level of 5 mm/s may be exceeded on up to 5% of the total number of blasts over a 
period of 12 months.  The level should not exceed 10 mm/s at any time. 

x Blasting should generally only be permitted during the hours of 9 am to 5 pm Monday to 
Saturday.  Blasting should not take place on Sundays and public holidays. 

x Blasting should generally take place no more than once per day. 

2.2 Operation 

2.2.1 General Objectives 

Responsibility for the control of noise emission in NSW is vested in Local Government and theEPA.  
The Industrial Noise Policy (INP) was released by the EPA in January 2000 and provides a framework 
and process for deriving noise criteria with the aim of achieving the following objectives: 

x To establish noise criteria that would protect the community from excessive intrusive noise and 
preserve amenity for specific land uses. 

x To use the criteria as the basis for deriving project specific noise levels. 

x To promote uniform methods to estimate and measure noise impacts, including a procedure for 
evaluating meteorological effects. 

x To outline a range of mitigation measures that could be used to minimise noise impacts. 

x To provide a formal process to guide the determination of feasible and reasonable noise limits for 
consents or licences that reconcile noise impacts with the economic, social and environmental 
considerations of industrial development. 

x To carry out functions relating to the prevention, minimisation and control of noise from industrial 
premises. 

2.2.2 Assessing Intrusiveness 

For assessing intrusiveness, the background noise level must be measured.  The intrusiveness 
criterion essentially means that the equivalent continuous noise level (LAeq) of the source should not 
be more than five decibels above the measured background level (LA90).  Where the background 
level, as determined by methodology described in the INP, is found to be less than 30 dBA, then the 
background is set to 30 dBA. 

2.2.3 Assessing Amenity 

The amenity assessment is based on noise criteria specific to land use and associated activities.  The 
criteria relate only to industrial-type noise and do not include road, rail or community noise.  The 
existing noise level from industry is measured.  If it approaches the criterion value, then noise levels 
from new industries need to be designed so that the cumulative effect does not produce noise levels 
that would significantly exceed the criterion.  For high-traffic areas there is a separate amenity 
criterion.   

An extract from the INP (EPA, 2000) that relates to the amenity criteria is given in Table 5 and 
Table 6. 
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Table 5 Amenity Criteria - Recommended LAeq Noise Levels from Industrial Noise Sources 

Type of Receiver Indicative Noise 
Amenity Area 

Time of Day Recommended LAeq(Period) 
Noise Level (dBA) 
Acceptable Recommended 

Maximum 
Residence Rural Day 50 55 

Evening 45 50 

Night 40 45 

Suburban Day 55 60 

Evening 45 50 

Night 40 45 

Urban Day 60 65 

Evening 50 55 

Night 45 50 

School classrooms 
- internal 

All Noisiest 
1 hour period 
when in use 

35 40 

Hospital wards 
- internal 
- external 

All Noisiest 
1 hour period 

 
35 
50 

 
40 
55 

Place of worship 
- internal 

All When in use 40 45 

Area specifically 
reserved for passive 
recreation  
(eg National Park) 

All When in use 50 55 

Active recreation area 
(eg school 
playground, golf 
course) 

All When in use 55 60 

Commercial premises All When in use 65 70 

Industrial premises All When in use 70 75 
Note: Daytime 7.00 am to 6.00 pm; Evening 6.00 pm to 10.00 pm; Night-time 10.00 pm to 7.00 am, On Sundays and 

Public Holidays, Daytime 8.00 am - 6.00 pm; Evening 6.00 pm - 10.00 pm; Night-time 10.00 pm - 8.00 am. 
The LAeq index corresponds to the level of noise equivalent to the energy average of noise levels occurring over a 
measurement period. 
Source: INP (EPA, 2000) 
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Table 6 Modification to Acceptable Noise Level (ANL)* to Account for Existing Levels of 
Industrial Noise 

Total Existing LAeq noise level from Industrial 
Noise Sources 

Maximum LAeq Noise Level for Noise  
from New Sources Alone, dBA 

t Acceptable noise level plus 2 dBA If existing noise level is likely to decrease in 
future acceptable noise level minus 10 dBA 
If existing noise level is unlikely to decrease in 
future existing noise level minus 10 dBA 

Acceptable noise level plus 1 dBA Acceptable noise level minus 8 dBA 

Acceptable noise level Acceptable noise level minus 8 dBA 

Acceptable noise level minus 1 dBA Acceptable noise level minus 6 dBA 

Acceptable noise level minus 2 dBA Acceptable noise level minus 4 dBA 

Acceptable noise level minus 3 dBA Acceptable noise level minus 3 dBA 

Acceptable noise level minus 4 dBA Acceptable noise level minus 2 dBA 

Acceptable noise level minus 5 dBA Acceptable noise level minus 2 dBA 

Acceptable noise level minus 6 dBA Acceptable noise level minus 1 dBA 

< Acceptable noise level minus 6 dBA Acceptable noise level 
Note: * ANL = recommended acceptable LAeq noise level for the specific receiver, area and time of day from Table 5 

Source: INP (EPA, 2000) 

Based on various attended observations and measurements within the project area conducted by 
SLR, the contribution to the existing ambient noise level due to industrial sources was generally 
negligible.  This is further reported in Table 8. 

2.2.4 Assessing Sleep Disturbance 

The EPA has acknowledged that the relationship between maximum noise levels and sleep 
disturbance is not currently well defined.  Criteria for assessing sleep disturbance has not been 
identified under the INP and hence, sleep arousal has been assessed using the guidelines set out in 
the NSW Road Noise Policy (RNP). 

To avoid the likelihood of sleep disturbance the RNP recommends that the LA1(1minute) noise level of 
the source under consideration should not exceed the background noise level (LA90) by more than 
15 dBA when measured outside the bedroom window of the receiver during the night-time hours 
(10.00 pm to 7.00 am).  The following conclusions with regard to maximum noise levels and the 
likelihood of sleep disturbance were also drawn: 

x Maximum internal noise levels below 50-55 dBA are unlikely to cause awakening reactions. 
x One or two noise events per night, with maximum internal noise levels of 65-70 dBA, are not 

likely to affect health and wellbeing significantly. 
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3 EXISTING ACOUSTICAL AND METEOROLOGICAL ENVIRONMENT 

3.1 Ambient Background Noise Monitoring 

Ambient noise surveys were conducted in 2009 to characterise and quantify the acoustical 
environment in the area surrounding the proposed project.  The entire project area has however 
changed significantly that justified further noise monitoring be conducted.  The locations of the 
monitoring and assessment sites are shown in Figure 2.   

3.1.1 Continuous Unattended Noise Surveys 

Environmental noise loggers were deployed at NM1 and NM2 from 10 June 2015 to 24 June 2015.  
The noise loggers were programmed to record statistical noise level indices continuously in 15 minute 
intervals, including LAmax, LA1, LA90, and LAeq (refer Appendix A).  Precautions were taken to 
minimise influences from extraneous noise sources and reflections from adjacent buildings.  A 
summary of the results of the background surveys is given in Table 7.  It should be noted that the 
measured noise levels are likely to be affected by noise due to construction traffic.  However, these 
are likely to be transient and not likely to significantly affect the recorded LA90 background noise 
levels.  

The measured ambient noise levels at NM1 were anticipated to be representative of the ambient noise 
levels of receivers in close proximity to Old Cooma Road (ie R1 to R10A).  On the other hand, the 
results collected at NM2 were anticipated to represent the ambient noise levels of receivers within the 
Googong Township (R11 to R14).  Noise levels at location R15 were assumed to be the minimum INP 
background noise level of 30 dBA due to its remote location from any significant noise sources. 

Weather data for the survey period was obtained from the nearest Bureau of Meteorology station 
located at Canberra Airport.  Noise data corresponding to periods of rainfall and/or wind speeds in 
excess of 5 m/s (approximately 9 knots) were discarded in accordance with INP (EPA, 2000) data 
exclusion methodology. 

Table 7  Unattended Continuous Noise Monitoring Results 

Note 1:  The noise level descriptors are statistical indices determined from multiple 15 minute samples collected by the 
noise loggers – see Appendix A 

The Rating Background Levels (RBLs) are the median values of the LA90 levels recorded over the 
duration of the noise monitoring for each assessment time period (day, evening and night).  Day, 
evening and night are defined as 7 am to 6 pm, 6 pm to 10 pm and 10 pm to 7 am respectively.  
Where the rating background level is found to be less than 30 dBA, then it is set to 30 dBA. Therefore, 
the RBL for assessment purposes were as shown in Table 8. The full noise logging charts are 
presented in Appendix B. 

 

Monitoring Location Description 
Noise Level Descriptor dBA1 
L1  L10  L90  Leq 

NM1 
Day 62 58 38 67 
Evening 60 54 30 51 
Night 55 41 25 48 

NM2 
Day 63 52 35 53 
Evening 49 40 29 44 
Night 38 32 25 40 
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Table 8 Background Noise Levels at Potentially Impacted Receivers  

Location Description 
Background LA90  
Noise Level, dBA 

Estimated Existing 
Industrial LAeq 
Contribution, dBA Rating Background Level 

R1 to R9 

Daytime 38 <20  

Evening 30 <20  

Night 30 <20  

R11 to R14 

Daytime 35 <20  

Evening 30 <20  

Night 30 <20  

R15 

Daytime 30 <20  

Evening 30 <20  

Night 30 <20  

3.1.2 Project Specific Assessment Criteria 

Based on the results provided in Table 8, the project specific noise assessment criteria are presented 
in Table 9. 

Table 9 Project Specific Assessment Criteria 

Location Description Construction – LAeq ‘Noise  Affected’  Noise  
Management Level (background plus 10 dB) 

Operation – LAeq(15minute) 
(background plus 5 dB) 

R1 to R9 

Daytime 48 43 

Evening 40 35 

Night 40 35 

R11 to R14 

Daytime 45 40 

Evening 40 35 

Night 40 35 

R15 

Daytime 40 35 

Evening 40 35 

Night 40 35 

C1 When in use 75 70 

C2 When in use 70 65 

 

3.2 Effects of Meteorology on Noise Levels 

3.2.1 Wind 

Wind has the potential to increase noise at a receiver when it is light and stable and blows from the 
direction of the source of the noise.  As the strength of the wind increases the noise produced by the 
wind will obscure noise from most industrial and transport sources. 

Wind effects need to be considered when wind is a feature of the area under consideration.  Where 
wind blows from the source to the receiver at speeds up to 3 m/s for more than 30% of the time in any 
season, then wind is considered to be a feature of the area and noise level predictions must be made 
under these conditions. 
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Weather data was obtained, for a period of 12 months, from a Bureau of Meteorology weather station 
located at Canberra Airport.  This location is approximately 13 km south east of the subject site and is 
the nearest automatic weather station to the site.  A summary of the most frequently occurring winds is 
contained within Table 10, Table 11 and Table 12 for daytime, evening and night respectively. 

Table 10 Seasonal Frequency of Occurrence of Wind Speed Intervals - Daytime 

Period Calm Wind Direction 0.5 - 2 m/s 2 - 3 m/s 0.5 - 3 m/s 
Summer 1.9% NNE±45° 0.7% 0.5% 1.3% 

Autumn 4.7% N±45° 1.3% 1.0% 2.3% 

Winter 5.1% NNW±45° 1.1% 1.0% 2.1% 

Spring 1.7% N±45° 0.7% 0.5% 1.2% 
 

Table 11 Seasonal Frequency of Occurrence of Wind Speed Intervals - Evening  

Period Calm Wind Direction 0.5 - 2 m/s 2 - 3 m/s 0.5 - 3 m/s 
Summer 0.5% E±45° 0.3% 0.3% 0.6% 

Autumn 5.7% ESE±45° 1.8% 1.5% 3.4% 

Winter 8.3% 
E±45° 1.8% 0.8% 2.6% 

ESE±45° 1.7% 0.9% 2.6% 

Spring 2.4% NNE±45° 0.8% 0.8% 1.6% 
 

Table 12 Seasonal Frequency of Occurrence of Wind Speed Intervals - Night  

Period Calm Wind Direction 0.5 - 2 m/s 2 - 3 m/s 0.5 - 3 m/s 
Summer 8.2% ESE±45° 2.3% 2.2% 4.6% 

Autumn 22.3% 
E±45° 4.1% 2.7% 6.8% 

ESE±45° 4.1% 2.8% 6.8% 

Winter 17.5% 
N±45° 2.3% 1.6% 4.0% 

NNE±45° 2.4% 1.6% 4.0% 

Spring 14.5% ESE±45° 2.8% 1.9% 4.7% 

Seasonal wind records indicate wind up to 3 m/s is not a feature of the area, as they do not exceed 
the 30% threshold in any of the assessment periods. 

3.2.2 Temperature Inversion 

Atmospheric stability criteria are denoted by letters A, B, C, D, E, F and G.  Stability classes F and G 
correspond to moderate (3°C/100 m) and strong (4°C/100 m) temperature inversions respectively.  
Temperature inversions, when they occur, have the ability to increase noise levels by focusing sound 
waves.  Temperature inversions occur predominantly at night during the winter months.  For a 
temperature inversion to be a significant characteristic of the area it needs to occur for approximately 
30% of the total night-time during winter, or about two nights per week.  

Weather data from Canberra Airport weather station contained Sigma-Theta data to enable SLR to 
determine the frequency of occurrence of F and G class temperature inversions in the area.  Table 13 
contains the results of this analysis. 



Googong Township Pty Ltd 
Googong Township Integrated Water Cycle Project 
Stage C West Network 
Noise and Vibration Impact Assessment 
Construction and Operation 

Report Number 670.10363.00800 Stage 
C West - R1 

Revision 0 
14 August 2015 

Page 20 

 

SLR Consulting Australia Pty Ltd 

Table 13 Seasonal Frequency of Occurrence of F and G Class Temperature Inversions  

Period Day Evening Night 
Summer 1.1% 0.9% 10.8% 

Autumn 3.0% 8.7% 27.1% 

Winter 3.7% 11.4% 20.5% 

Spring 0.4% 3.6% 17.3% 
 

The analysis indicates that stabilities of F class and above occur for less than 30% of the time during 
all INP assessment periods.  This means that temperature inversion is not a feature of the area as the 
occurrence of inversion does not exceed the 30% threshold. Hence, the occurrence of temperature 
inversions during the night-time period has not been considered as part of this noise assessment. 
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4 NOISE MODELLING METHODOLOGY 

A computer model was used to predict noise emissions from operation of the modification.  The noise 
modelling was undertaken using SoundPLAN v7.3 software, developed by Braunstein and Berndt 
Gmbh in Germany.   

A three-dimensional digital terrain map giving all relevant topographic information was used in the 
modelling process.  The model used this map, together with noise source data, ground cover, 
shielding by barriers and/or adjacent buildings and atmospheric information to predict noise levels at 
the nearest potentially affected receivers. 

Prediction of noise under calm conditions was conducted only as no prevailing wind conditions or 
temperature inversion was found to be characteristic of the project area. 

4.1 Modelled Scenarios – Construction  

A number of scenarios were modelled to account for different stages of construction associated with 
both the Potable Water and Recycled Water Reservoirs   at   “Hill   800”,   the augmentation of the 
Recycled Water Holding Tank and Pumping Station at the Googong Water Recycling Plant (WRP) and 
the pipe-laying for the potable and recycled water rising main and the demolition of the interim 
reservoir.  The detailed descriptions of these scenarios and the associated construction equipment 
and sound power levels (SWLs) are provided in Appendix C, Appendix D and Appendix E.  

4.2 Modelled Scenario – Operation 

4.2.1 Water Recycling Plant (WRP) 

The potential noise impact associated with the operation of the WRP Stage AB was previously 
assessed by SLR and reported in SLR report reference 670.10363.00200-R2 dated 7 April 2014.  As 
part of the Stage C works, there will be a Recycled Water Transfer Pump that will be installed in 
addition to the existing two (2) units.  The final configuration of these pumps will be 
duty/assist/standby. Based on our understanding of the modelled equipment list for WRP Stage AB 
(attached in Appendix F), the addition of this pump is acoustically insignificant and not likely to 
influence on the overall acoustic impact associated with the entire WRP Stage AB site.  Further 
detailed assessments are therefore deemed unnecessary. 

4.2.2 Permanent Reservoir at Hill 800 

It is understood that operation of the permanent reservoir site at Hill 800 will involve the following 
equipment: 

x A booster pump to supply potable water to the reservoir site. 

x A booster pump to supply recycled water for common irrigation in the Googong Township. 

x Three (3) chemical dosing pumps for chlorine (duty/assist/standby). 

x Two (2) chemical dosing pumps for acid (duty/standby). 

x Two (2) chemical dosing pumps for sodium bisulphite (duty/standby). 

These items of equipment will form the basis of the operational assessment for the permanent 
reservoirs site.  The adopted sound power levels of these equipment were similar to those used in the 
WRP Stage AB assessment (as indicated in Appendix F). 
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5 NOISE MODELLING RESULTS 

5.1 Construction 

5.1.1 WRP Recycled Water Holding Tank and Pumping Station 

Single point noise prediction results derived from the noise model for the proposed works at the WRP 
site as part of Stage C West are presented in Table 14. Cells in the table are highlighted blue where 
the noise levels are predicted to exceed the respective “Noise  Affected”  NML.  

Table 14 LAeq(15minute) Construction Noise Prediction Results – WRP 
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R1 

48 

<30 33 34 <30 <30 <30 <30 

R2 <30 <30 <30 <30 <30 <30 <30 

R3 <30 33 34 <30 <30 <30 <30 

R4 <30 33 34 <30 <30 <30 <30 

R5 <30 <30 <30 <30 <30 <30 <30 

R6 <30 <30 <30 <30 <30 <30 <30 

R7 <30 <30 <30 <30 <30 <30 <30 

R8 <30 <30 <30 <30 <30 <30 <30 

R9 <30 <30 <30 <30 <30 <30 <30 

R10 <30 <30 <30 <30 <30 <30 <30 

R10A <30 <30 <30 <30 <30 <30 <30 

R11 

45 

43 50 51 45 42 40 42 

R12 39 46 46 41 38 35 38 

R13 31 38 38 32 30 <30 <30 

R14E 36 43 44 38 35 32 35 

R14W <30 33 34 <30 <30 <30 <30 

R14 – 
Rockley 

Oval 
60 <35 <35 <35 <35 <35 <35 <35 

R14 – 
Anglican 
school 

55 <35 <35 <35 <35 <35 <35 <35 

R15 40 31 37 38 32 <30 <30 <30 

C1 75 30 37 38 32 <30 <30 <30 
C2 70 45 51 52 46 44 41 43 

Note: Bold and shaded figures imply exceedance of the “Noise  Affected”  LAeq(15minute) noise management level (NML) 
target. 
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Based on the results presented above, the earthworks and concrete works stages have the potential 
of  causing  exceedance  of  the  “Noise  Affected”  NMLs  at  R11  and  R12.    However, it should be noted 
that the predicted maximum noise levels are absolute worst case scenarios assuming all equipment 
operating concurrently.  Therefore these worst-case predicted noise levels are only likely to be 
sustained at any one receiver for a relatively short period of time.   

Access to the construction sites will use Old Cooma Road and Googong Dam Road.  Construction 
traffic on these roads each day for the duration of the project has the potential to be disturbing to 
residents, and should therefore be kept to a minimum where possible.  The construction road traffic 
noise impact assessment is presented in Section 6. 

5.1.2 Hill 800 Permanent Reservoir 

Single point noise prediction results derived from the noise model associated with the construction of 
the permanent reservoirs are presented in Table 15.  

Table 15 LAeq(15minute) Construction Noise Prediction Results – Hill 800 Reservoir (dBA) 
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R1 

48 

<30 <30 <30 31 <30 <30 <30 <30 <30 

R2 <30 <30 <30 <30 <30 <30 <30 <30 <30 

R3 32 <30 35 36 <30 35 <30 <30 <30 

R4 35 30 38 39 32 38 <30 <30 <30 

R5 41 37 44 45 39 44 34 34 36 

R6 43 38 45 47 40 45 36 35 37 

R7 45 41 48 49 43 48 38 38 39 

R8 47 42 50 51 44 50 40 40 41 

R9 46 41 48 50 43 48 39 38 40 

R10 44 40 47 48 42 47 37 37 39 

R10A 43 38 46 47 40 46 36 36 37 

R11 

45 

<30 <30 <30 31 <30 <30 <30 <30 <30 

R12 33 <30 36 37 30 36 <30 <30 <30 

R13 39 34 41 43 36 42 32 32 33 

R14E 32 <30 35 36 <30 35 <30 <30 <30 

R14W 38 33 40 42 35 40 31 30 32 

R14 – 
Rockley 

Oval 
60 37 33 40 41 34 40 30 <30 31 

R14– 
Anglican 
school 

55 
external 

37 33 40 41 35 40 30 30 32 

R15 40 <30 <30 <30 <30 <30 <30 <30 <30 <30 

C1 75 <35 <35 <35 <35 <35 <35 <35 <35 <35 

C2 70 <35 <35 <35 <35 <35 <35 <35 <35 <35 
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Based on the results presented in Table 15, the concrete works stage is likely to cause to worst noise 
impact, with 3 receivers  predicted  to  exceed  the  “Noise  Affected”  NMLs by up to 3 dB.  In addition, the 
proposed earthworks and roadworks were predicted to exceed the “Noise  Affected”  NMLs  at  one  (1)  
location.  All predicted construction noise levels were below the   “Highly   Noise   Affected”   NML   of  
75 dBA. 

5.1.3 Laying of Water Rising Main and Demolition of Interim Reservoir 

The primary pipe-laying component consists of the following:  

x 150 m of Potable rising main along Googong Road 

x 1.5km of four Water gravity and rising main services - potable and recycled water along Old 
Cooma Rd 

Single point noise prediction results derived from the noise model are presented in Table 15. Cells in 
the table are highlighted blue where the noise levels are predicted   to  exceed   the   respective   “Noise  
Affected”  NML.   

Table 16 LAeq(15minute) Construction Noise Prediction Results – Pipe-laying and Demolition of 
Interim Reservoir (dBA) 

Receiver Daytime  ‘Noise  Affected’  Noise  
Management Level Pipe-Laying Demolition of Interim 

Reservoir 
R1 

48 

37 33 

R2 <30 <30 

R3 45 41 

R4 54 46 

R5 57 52 
R6 54 48 

R7 55 45 

R8 55 42 

R9 51 41 

R10 50 40 

R10A 48 40 

R11 

45 

36 31 

R12 40 35 

R13 45 39 

R14E 40 34 

R14W 48 44 

R14 – Rockley 
Oval 60 46 42 

R14 – Anglican 
school 

55 
external 

44 38 

R15 40 30 <30 

C1 75 <40 <30 

C2 70 <40 31 

Based on the results presented in Table 16, the laying of the water rising main was predicted to 
exceed  the  “Noise  Affected”  NMLs by up to 3 to 9 dB at 8 receivers.  However, it should be noted that 
due to the transient nature of the activities associated with pipe-laying, the predicted maximum noise 
levels are only likely to be sustained at any one receiver for a relatively short period of time.  As plant 



Googong Township Pty Ltd 
Googong Township Integrated Water Cycle Project 
Stage C West Network 
Noise and Vibration Impact Assessment 
Construction and Operation 

Report Number 670.10363.00800 Stage 
C West - R1 

Revision 0 
14 August 2015 

Page 25 

 

SLR Consulting Australia Pty Ltd 

and equipment move away from the receiver the noise levels (and hence exceedances of the NMLs) 
will reduce accordingly.   

In addition, the proposed demolition of the interim reservoir was predicted   to   exceed   the   “Noise  
Affected”   NMLs   at  one (1)   location.      All   predicted   construction   noise   levels  were   below   the   “Highly  
Noise  Affected”  NML  of  75  dBA. 

5.1.4 Construction Noise Mitigation  

The ICNG describes strategies for construction noise mitigation and control that are applicable for this 
project.  The approach to construction noise control involves time restrictions, level restrictions and 
feasible and reasonable mitigation measures. 

Time Restrictions 

Recommended standard hours for normal construction work on the project are as follows: 

x Monday to Friday 7 am to 6 pm 

x Saturday 8 am to 1 pm 

x No work on Sundays or public holidays 

It is understood that the proposed construction work on the project will be undertaken during these 
standard hours.  In the event when works outside these standard hours are proposed, case-specific 
Construction Noise Management Plans (CNMPs) should be developed.  

Level Restrictions 

The construction NMLs at potentially affected sensitive receivers have been identified in this report.  
Where exceedances of the NMLs have been predicted during the daytime (standard construction 
hours), receivers are considered to be noise affected.  The proponent should apply all feasible and 
reasonable work practices to meet the NMLs.  The proponent should also inform all potentially 
impacted residents of the nature of works to be carried out, the expected noise levels and duration, 
and contact details for the project. 

Receivers are considered to be highly noise affected if noise levels exceed 75 dBA during the 
standard construction hours.  No receivers have been identified as being highly noise affected by the 
construction works for the proposed Stage C works. 

Feasible and Reasonable Mitigation Measures 

In accordance with the ICNG, all feasible and reasonable work practices should be implemented with 
the aim of achieving the Noise Affected level and all potentially affected residents should be informed 
of the following:  

x The nature and duration of the works to be carried out (a schedule would be provided outlining 
each principal activity and what would be involved in that activity).  

x The expected overall noise levels and the relative level of noise for each activity.  

x Relevant contact details for site personnel. 

Exceedance of construction noise goals is typical for construction sites in close proximity to receivers 
and highlights the need for appropriate noise management and planning.  Feasible and reasonable 
mitigation measures that should be applied to the works are as follows: 

x Given the potential noise impacts on residential receivers, adhere to standard daytime 
construction hours. 
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x Avoid the coincidence of noisy plant working simultaneously close together and adjacent to 
sensitive receivers will result in reduced noise emissions. 

x Where possible, the offset distance between noisy plant items and nearby noise sensitive 
receivers should be as great as possible.  Construction compounds should be sited as far as 
reasonably possible from the nearest residential receivers. 

x Where possible, equipment with directional noise emissions should be oriented away from 
sensitive receivers. 

x Where possible heavy vehicle movements and contractor vehicles travelling to the site should be 
limited to daytime hours.  Efforts should be made to minimise the number of contractor vehicles 
travelling to site each day. 

x Reversing of equipment should be minimised so as to prevent nuisance caused by reversing 
alarms. Reversing  alarms  should  be  the  “quacker”  type  to  minimise  annoyance. 

x Loading and unloading should be carried out away from sensitive receivers, where practicable.  

x Maintenance work on all construction plant to be carried out away from noise sensitive areas and 
confined to standard daytime construction hours, where practicable. 

x Position noisy equipment behind structures (e.g. earth berms) that act as barriers or at the 
greatest distance from the noise sensitive area or orient the equipment so that noise emissions 
are directed away from any sensitive areas such as to the east and south east. 

x Keep equipment well maintained, in particular, noise reduction fittings such as anti-vibration 
mounts and mufflers. 

x Implement an effective complaints handling system.  

However, even with these measures in place it would generally not be possible to reduce noise levels 
to below the NML.  Therefore,   consideration   is   given   to   AS   2436:2010   “Guide   to   noise   control   on  
construction,  maintenance  and  demolition  sites” which provides the following with regard to potentially 
offensive noise events associated with construction activities. 

“If noisy operations must be carried out, then a responsible person should maintain liaison 
between the neighbouring community and the contractor. This person should inform the public at 
what time to expect noisy operations and also inform the contractor of any special needs of the 
public.  Consultation and cooperation between the contractor and his neighbours and the removal 
of uncertainty and rumour can help to reduce the adverse reaction to noise.” 

5.2 Operation 

5.2.1 Hill 800 Permanent Reservoir 

Based on the proposed acoustically significant equipment list as discussed in Section 4.2.2, noise 
prediction was conducted to determine the likely LAeq(15minute) noise impact.  It was determined that 
the noise levels associated with the operation of the pumps were predicted to be less than 25 dBA at 
all existing identified sensitive receivers.  It was therefore determined that the ongoing operation of the 
permanent reservoirs site is not likely to pose any acoustic risk. 

In addition to the identified potentially sensitive receivers, it is also understood that later stages of the 
Googong Township development will be in close vicinity of the permanent reservoir.  Based on a 
conservative estimation, a distance of approximately 150 m is likely to be required in order to meet the 
operational noise criteria for night time operation.  However, with the implementation of noise barrier 
and/or enclosure for the proposed pumps at the reservoir site, a noise reduction of at least 10 to 15 dB 
can readily be achieved.  This has the potential of reducing the buffer zone distance down to 
approximately 50 m from the location of the noise sources.  
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6 CONSTRUCTION-RELATED ROAD TRAFFIC NOISE ASSESSMENT 

6.1 Transport and Personnel Movements  

It is understood that during the concrete works period, up to 20 and 50 truck movements per day are 
predicted to travel along Googong Dam Road and Old Cooma Road respectively.   

However, this is only applicable during the foundation works when concrete pours occur.  The existing 
traffic volumes along Googong Dam road are not significant.  It is therefore found that, in combination 
with light vehicles/utility vehicles driven by construction workers and personnel, this additional 
construction-related traffic has the potential of causing noise disturbance.  On the other hand, Old 
Cooma Road is a 100km/hr highway providing connection to Monaro Highway and is likely to carry a 
relatively high amount of traffic currently. 

6.2 Road Traffic Noise Criteria 

The NSW Road Noise Policy (RNP) presents guidelines for road traffic noise assessment.  The policy 
document provides road traffic noise criteria for proposed road, residential and industrial 
developments, as well as criteria for other sensitive land uses. 

Table 17 presents the most relevant RNP criteria for the proposed construction activities that have the 
potential to increase road traffic noise levels. 

Table 17 Road Traffic Noise Assessment Criteria for Residential Land Uses 

Road Category Type of Project/Land Use Assessment Criteria (dBA) 
Day 

(7am to 10pm) 
Night 

(10pm to 7am) 
Googong Dam Road - Local 
Road 

Existing residences affected by 
additional traffic on existing local 
roads generated by land use 
developments 

LAeq(1hour) 
55 dBA (external) 

LAeq(1hour) 
50 dBA(external) 

Old Cooma Road – Sub-
arterial road 

Existing residences affected by 
additional traffic on existing roadway 
generated by land use developments 

LAeq(15hour) 
55 dBA (external) 

LAeq(9hour) 
50 dBA(external) 

6.3 Road Traffic Noise Assessment 

The closest sensitive receivers to Googong Dam Road and Old Cooma Road (refer to Figure 2) are at 
approximately 40 m and 100 m respectively.   

Assuming as a worst-case that half of all daily truck movements presented in Section 6.1 occurs 
within an 1-hour period, the LAeq(1hour) noise level at R11 was predicted to be 55 dBA, which complies 
with the day time criterion.  As this assessment represents a conservative scenario associated with the 
concrete and foundation works only, the actual noise impact is likely to be lower than that predicted 
and is therefore not likely to cause any significant disturbance for a long and consistent period of time.  
In order to manage the potential road traffic noise associated with the proposed construction, it is 
recommended that management strategies similar to Section 5.1.4 be implemented. 

For R5 along Old Cooma Road, the predicted LAeq(15hour) associated with the potential truck 
movements during concrete and foundation works was in the order of 50 dBA, which is within the day 
time criterion of 55 dBA. 

Based on these, the potential road noise impact due to construction traffic is not expected to pose 
significant acoustic risk to the project. 
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7 CONSTRUCTION VIBRATION 

There are no major vibration sources associated with general construction activities that are expected 
to induce ground vibration at the nearest sensitive receptors.  However, there are vibration sources 
which have the potential to induce ground vibration over short distances. 

The methodology for prediction of potential vibration impacts from general construction vibration 
sources associated with the Project is described below.   

A review of all construction equipment was carried out in order to identify potential sources of vibration 
emission.  The following vibration sources have been identified for assessment:  

x Heavy vehicle movement; 

x Compaction activities (vibratory rollers); 

x Rock breaking. 

Typical vibration source levels for the identified vibration generating items of equipment have been 
determined   from   SLR’s   extensive   vibration   source   database   of   measured   vibration   levels.      The  
measured vibration levels were obtained using calibrated vibration monitoring equipment with 
measurements taken at various off-set distances from the source in order to determine the level of 
vibration attenuation with distance.    

Ground vibration levels have been predicted at various off-set distances from heavy vehicle 
movement, compaction activities (vibratory rollers) and rock breaking in order to determine the off-set 
distances at which the various applicable vibration criteria (human comfort, structural damage etc) 
would be achieved.  These off-set distances are discussed in the following sections.  

7.1 Compaction/Vibratory Rollers 

Ground vibration levels caused by vibratory rollers can be up to 1.5 mm/s at 25 m.  The highest levels 
of vibration usually occur as the roller is brought to rest and the frequency of the centrifugal forces 
passes through resonance with the natural frequency of the roller/ground structure. 

Table 18 sets out safe working distances for the use of vibratory rollers adjacent to buildings based on 
the recommendations used by the NSW Roads and Maritime Service.  The safe working distances in 
Table 18 are provided with respect to prevention of building damage and minimising adverse 
comment by building occupants. 

Table 18 Safe Working Distances for Vibratory Rollers  

Roller Class Weight Range Centrifugal Force 
Range 

Distance from Building 
A B 

I Very Light Less than 1.25 
tonnes 

10 - 20 kN 3 m No effect 

II Light 1 to 2 tonnes 20 - 50 kN 5 m No effect 

III Medium 2 to 4 tonnes 50 - 100 kN 6 m 12 m 

IV Medium Heavy 4 to 6 tonnes 100 - 200 kN 12 m 24 m 

V Heavy 7 to 11 tonnes 200 - 300 kN 25 m 50 m 

VI Very Heavy 12 tonnes and over Over 300 kN 25 m 50 m 

A Values suggested to prevent damage to buildings. 
B Values suggested to minimise strongly adverse comment from residents. 
Note: Source of data: ARRB Special Report No.11, “Ground  Vibrations:  Damaging  Effects  to  Buildings”. 
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In order to minimise the vibration impact during use of the vibratory roller, Table 18 recommends the 
use  of  a  roller  class  “II  Light”  when  operating  as  close  as  5 m  from  buildings  and  class  “I  Very  Light”  
when as close as 3 m. 

To prevent adverse comment from building occupants, very heavy vibratory rollers should not be 
operated within 50 m of a building.  Building damage is not expected when the building is located at 
distances of greater than 25 m from the very heavy vibratory roller. 

All of the identified sensitive receivers are generally located at least 50 m from the Stage C work sites 
].  The only area where the setback distance could potentially be less than 50 m is when the 
installation of the in-ground water mains approaches the western boundary of the Googong Township.  
Further review should be undertaken in regard to the proposed works in this area.  Otherwise, it is 
concluded that the use of any rating of compactor is not likely to cause significant vibration impact. 

7.2 Truck Traffic 

Heavy trucks passing over normal (smooth) road surfaces generate relatively low vibration levels, 
typically ranging from 0.01 mm/s to 0.2 mm/s at the footings of buildings located 10 m to 20 m from a 
roadway.   

Very large surface irregularities can cause levels up to 5 to 10 times higher, i.e. up to 2mm/s which is 
significantly lower than the guideline levels provided in Sections 2.1.2 and 2.1.3.  Based on this 
potential level of vibration and that the closest sensitive receivers are at least 75 m away from the 
construction traffic access point (Googong Dam Road and Old Cooma Road), heavy truck traffic is not 
expected to result in building damage.   

7.3 Rock Breaking 

The typical maximum levels of ground vibration at various distances from rock breaking operations are 
listed in Table 19. The frequency content of the ground vibration from rock breaking is normally 
concentrated between 10 Hz and 50 Hz. These vibration levels have been determined from field 
vibration measurements collated by SLR. 

Table 19 Indicative Maximum Ground Vibration Levels for Rock Breaking 

Distance 5 m 10 m 20 m 30 m 40 m 50 m 
Peak Vibration Levels (mm/s)  4.5 1.3 0.4 0.2 0.14 0.1 

It is understood that there is likelihood that rock breaking will be undertaken at the permanent 
reservoirs site.  All of the identified sensitive receivers are located at least 50 m from this location.  
This resulted in a predicted vibration level of not higher than 0.1 mm/s.  This is below the satisfactory 
peak vertical vibration velocity level for continuous and impulsive vibration provided in Sections 2.1.2 
and 2.1.3. It is therefore concluded that the use of rock breakers is not likely to cause a significant 
vibration impact. 
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8 BLAST EMISSIONS IMPACT ASSESSMENT 

8.1 Proposed Blasting Practices 

It is understood that blasting may be required at the Hill 800 as part of preparing the civil pad for the 
permanent reservoirs.  Table 20 presents the indicative blast design parameters likely to be employed 
during blasting operations.  In summary, typically one or more blast hole rigs would be used to drill 
holes with diameters of up to 89mm.  The depth of these blast holes is currently not known.  These 
holes would be loaded with detonators, boosters and bulk explosive. 

Table 20 Indicative Blast Design Parameters 

Parameter Value 
Blast hole Diameter 89mm 
Bulk Explosive Type ANFO  
Power Factor 0.6 kg/bcm1 (Bulk) 

0.9 kg/bcm (Trenches) 
Maximum Instantaneous Charge (MIC) 20 kg 
Note 1:  bcm - bank cubic metre 

8.2 Blast Emission Impact Assessment 

8.2.1 Residential Receivers 

Based on the nominated indicative blast design presented in Table 20, the level of blast emissions 
(ground vibration and airblast) can be predicted using the formula given in the Orica (previously ICI) 
Explosives Blasting Guide _(the Guide) and AS 2187.2-1993, applicable to blasting to a free face in 
average rock and hard rock.  Also given in the Guide, and in AS 2187.2, is a formula in relation to the 
prediction of airblast emissions.  In the absence of a site law specific to the site, both methods of blast 
emissions estimation are considered conservative. 

The ground vibration and airblast criteria advocated by the EPA and the ANZECC cater for the 
inherent variation in emission levels from a given blast design by allowing a five percent exceedance 
of a general criterion up to a   (never   to   be   exceeded)   maximum.      Correspondingly,   the   “5%  
exceedance”  prediction  formulae  were  generated  for  the  blast  emission  site  laws. 

The resulting formulae are as follows: 

PVS (5%) = 1,869 (R/Q ^0.5) ^-1.6  (Free face – hard rock) 

PVS (5%) = 4,261 (R/Q ^0.5) ^-1.6  (Free face – average rock) 

SPL (5%) = 172.4 - 24(log10 R - 0.33 log10 Q) 

Where, 

PVS = Peak Vector Sum ground vibration level (mm/s) 

SPL = Peak airblast level (dBLinear) 

R = Distance between charge and receiver (m) 

Q = Charge mass per delay (kg) 

and where PVS (5%) and SPL (5%) are the levels of ground vibration (Peak Vector Sum - mm/s) and 
airblast (dBLinear), above which 5% of the total population (of data points) will lie respectively, 
assuming that the population has the same statistical distribution as the underlying measured sample. 



Googong Township Pty Ltd 
Googong Township Integrated Water Cycle Project 
Stage C West Network 
Noise and Vibration Impact Assessment 
Construction and Operation 

Report Number 670.10363.00800 Stage 
C West - R1 

Revision 0 
14 August 2015 

Page 31 

 

SLR Consulting Australia Pty Ltd 

The relationship between distance and the Peak Vector Sum (PVS) ground vibration and peak airblast 
from the proposed blasting are presented in Figure 4 and Figure 5 for an MIC of 20kg (corresponding 
to the MIC nominated in Table 20) for average rock and hard rock respectively. 

The predicted levels of blast emissions (5% likelihood of exceedance) were then determined using the 
closest distances from surrounding residences to the proposed reservoir site at Hill 800. 

Figure 4 Peak Vector Sum Ground Vibration and Airblast for an MIC of 20kg (Average Rock) 

 

Figure 5 Peak Vector Sum Ground Vibration and Airblast for an MIC of 20kg (Hard Rock) 
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Table 21 Predicted Levels of Blast Emissions at Identified Sensitive Receivers for 20 kg MIC 

Offset 
Distance 
(m) 

Receivers 

Guideline Levels for 
Human Comfort Ground Vibration (mm/s) 

Airblast (dBLinear) 
Ground 
Vibration Airblast Average rock Hard rock 

500 - 600 R7, R8, R9 5 mm/s 
(absolute 
maximum  
of 10 
mm/s) 

115 dB 
(absolute 
maximum 
of 120 
dB) 

1.7 - 2.2   0.7 - 1.0 116 - 118 

750 - 850 R5, R6 1.0 - 1.2 0.4 - 0.5 113 - 114 

>850 Others <1.0 <0.4 <113 

The following information is derived from the predicted levels of blast emissions: 

x The predicted levels of ground vibration at the closest residence, R8 (at about 510 m), comply 
with the ANZECC’s   general   human   comfort   criterion   (of   5mm/s)   and   consequently   with   the  
maximum human comfort criterion of 10mm/s, as well as the AS2187-2006 (BS7385) structural 
damage criterion of 15mm/s (at 4Hz). 

x The maximum predicted ground vibration level of 2.2 mm/s occurs at R8 using an MIC of 20 kg, 
which is within the general human comfort criterion.  

x The predicted levels of peak airblast at all receivers comply   with   the   ANZECC’s   absolute 
maximum human comfort criterion of 120 dBLinear.  However, at R7, R8 and R9, the predicted 
peak airblast levels were predicted to exceed the general human comfort criterion of 
115 dBLinear by up to 3 dB. 

Apart from changing the MIC, there are limited mitigation measures that can reduce the impact of such 
blasting overpressure, so careful consideration of where and how blasting is to be undertaken, and 
whether the rock breaking can be undertaken using alternative means will need to be considered.  A 
detailed assessment of the site and strict attention to blast design and management is recommended 
to ensure that the existing residences are not subject to excessive blasting impacts.  In order to meet 
the general human comfort criterion for airblast of 115 dB, the MIC should be limited to approximately 
10 kg or less. 

It is recommended that effective and sufficient community engagement and consultation be conducted 
with all potentially impacted receivers.  Shall multiple blast events are required, it is recommended that 
the blast events in the initial stages are monitored at the closest/potentially most affected residence in 
order to establish blast emissions site laws (for ground vibration and airblast) in order to optimise 
future blast designs, based on actual site conditions.  In this way, the site laws can be used to assist 
with the blast designs in order to ensure compliance with the ANZECC criteria is met. 

 

 

 

 

 
  



Googong Township Pty Ltd 
Googong Township Integrated Water Cycle Project 
Stage C West Network 
Noise and Vibration Impact Assessment 
Construction and Operation 

Report Number 670.10363.00800 Stage 
C West - R1 

Revision 0 
14 August 2015 

Page 33 

 

SLR Consulting Australia Pty Ltd 

9 CONCLUSION 

SLR has conducted a construction and operational noise and vibration assessment for the proposed 
Stage C works of the Integrated Water Cycle at the Googong Township.  The following findings were 
made: 

9.1 Construction Noise 
x The predicted construction noise levels exceed the “Noise   Affected”   noise management level 

(NML) target at up to eight (8) residential receivers during various construction stages under the 
worst case scenario (Table 14).  

x All of the predicted noise levels are however below the “Highly Noise Affected” construction noise 
management level.   

x Management guidelines have been recommended (Section 5.1.4) be adopted in order to 
minimise the potential construction noise impact at the receptors. 

9.2 Operational Noise 

The potential noise impact associated with the ongoing operation of the Stage C works are within the 
assessment criteria of the Industrial Noise Policy and not anticipated to pose significant acoustic risk.  

9.3 Construction Traffic Noise 
x Potential road noise along Googong Dam Road due to construction traffic was predicted to meet 

the Road Noise Policy assessment. 

x Potential road noise along Old Cooma Road due to construction traffic was predicted to meet the 
Road Noise Policy assessment criteria. 

x In general, the potential road noise impact due to construction traffic is not expected to pose 
significant acoustic risk to the project. 

9.4 Construction Vibration 
x Based on our experience, the equipment that have the potential of causing significant vibration 

impact are vibrating rollers, truck traffic and rock breaking.   

x Assessments of this equipment have been conducted and it was found that the likelihood of these 
items causing human discomfort and building cosmetic damage is not significant.   

x Therefore, no specific restrictions (apart from time restrictions) on the operation of this type of 
equipment are necessary. 

9.5 Blasting 
x The predicted levels of ground vibration all sensitive receiver locations comply with the 

ANZECC’s   general   human   comfort   criterion   (of   5mm/s)   and   consequently   with   the   maximum  
human comfort criterion of 10mm/s, as well as the AS2187-2006 (BS7385) structural damage 
criterion of 15mm/s (at 4Hz). 

x The   predicted   levels   of   peak   airblast   at   all   receivers   comply   with   the   ANZECC’s   absolute  
maximum human comfort criterion of 120dBLinear.  However, at R7, R8 and R9, the predicted 
peak airblast levels were predicted to exceed the general human comfort criterion of 
115 dBLinear by up to 3 dB. 
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1 Sound Level or Noise Level 
The   terms   “sound”   and   “noise”   are   almost   interchangeable,  
except   that   in   common   usage   “noise”   is   often   used   to   refer   to  
unwanted sound. 
Sound (or noise) consists of minute fluctuations in atmospheric 
pressure capable of evoking the sense of hearing.  The human 
ear responds to changes in sound pressure over a very wide 
range.  The loudest sound pressure to which the human ear 
responds is ten million times greater than the softest.  The decibel 
(abbreviated as dB) scale reduces this ratio to a more 
manageable size by the use of logarithms. 
The symbols SPL, L or LP are commonly used to represent Sound 
Pressure Level.  The symbol LA represents A-weighted Sound 
Pressure Level.  The standard reference unit for Sound Pressure 
Levels expressed in decibels is 2 x 10-5 Pa. 
2 “A”  Weighted  Sound  Pressure  Level 
The overall level of a sound is usually expressed in terms of dBA, 
which is measured using a sound   level   meter   with   an   “A-
weighting”   filter.      This   is   an   electronic   filter   having   a   frequency  
response corresponding approximately to that of human hearing. 
People’s  hearing   is  most  sensitive   to  sounds  at  mid   frequencies  
(500 Hz to 4000 Hz), and less sensitive at lower and higher 
frequencies.  Thus, the level of a sound in dBA is a good measure 
of the loudness of that sound.  Different sources having the same 
dBA level generally sound about equally loud. 
A change of 1 dBA or 2 dBA in the level of a sound is difficult for 
most people to detect, whilst a 3 dBA to 5 dBA change 
corresponds to a small but noticeable change in loudness.  A 
10 dBA change corresponds to an approximate doubling or 
halving in loudness.  The figure below lists examples of typical 
noise levels 

 

Other weightings (eg B, C and D) are less commonly used than 
A-weighting.  Sound Levels measured without any weighting are 
referred  to  as  “linear”,  and  the  units  are  expressed  as  dB(lin)  or  
dB. 
3 Sound Power Level 

The Sound Power of a source is the rate at which it emits acoustic 
energy.  As with Sound Pressure Levels, Sound Power Levels are 
expressed in decibel units (dB or dBA), but may be identified by 
the symbols SWL or LW, or by the reference unit 10-12 W. 

The relationship between Sound Power and Sound Pressure may 
be likened to an electric radiator, which is characterised by a 
power rating, but has an effect on the surrounding environment 
that can be measured in terms of a different parameter, 
temperature. 
4 Statistical Noise Levels 
Sounds that vary in level over time, such as road traffic noise and 
most community noise, are commonly described in terms of the 
statistical exceedance levels LAN, where LAN is the A-weighted 
sound pressure level exceeded for N% of a given measurement 
period.  For example, the LA1 is the noise level exceeded for 1% 
of the time, LA10 the noise exceeded for 10% of the time, and so 
on. 
The following figure presents a hypothetical 15 minute noise 
survey, illustrating various common statistical indices of interest. 

 
Of particular relevance, are: 
LAmax The maximum noise level during the 15 minute interval 
LA1 The noise level exceeded for 1% of the 15 minute interval. 
LA10 The noise level exceed for 10% of the 15 minute interval.  

This is commonly referred to as the average maximum 
noise level. 

LA90 The noise level exceeded for 90% of the sample period. 
This noise level is described as the average minimum 
background sound level (in the absence of the source 
under consideration), or simply the background level. 

LAeq The A-weighted equivalent noise level (basically the 
average noise level).  It is defined as the steady sound 
level that contains the same amount of acoustical energy 
as the corresponding time-varying sound. 

When dealing with numerous days of statistical noise data, it is 
sometimes necessary to define the typical noise levels at a given 
monitoring location for a particular time of day.  A standardised 
method is available for determining these representative levels. 
This method produces a level representing   the   “repeatable  
minimum”   LA90 noise level over the daytime and night-time 
measurement periods, as required by the EPA.  In addition the 
method  produces  mean  or  “average”   levels  representative  of   the  
other descriptors (LAeq, LA10, etc). 
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5 Tonality 
Tonal noise contains one or more prominent tones (ie distinct 
frequency components), and is normally regarded as more 
offensive  than  “broad  band”  noise. 
6 Impulsiveness 
An impulsive noise is characterised by one or more short sharp 
peaks in the time domain, such as occurs during hammering. 
7 Frequency Analysis 
Frequency analysis is the process used to examine the tones (or 
frequency components) which make up the overall noise or 
vibration signal.  This analysis was traditionally carried out using 
analogue electronic filters, but is now normally carried out using 
Fast Fourier Transform (FFT) analysers. 
The units for frequency are Hertz (Hz), which represent the 
number of cycles per second. 
Frequency analysis can be in: 

x Octave bands (where the centre frequency and width of 
each band is double the previous band) 

x 1/3 octave bands (3 bands in each octave band) 

x Narrow band (where the spectrum is divided into 400 or 
more bands of equal width) 

The following figure shows a 1/3 octave band frequency analysis 
where the noise is dominated by the 200 Hz band.  Note that the 
indicated level of each individual band is less than the overall 
level, which is the logarithmic sum of the bands. 

 
8 Vibration 
Vibration may be defined as cyclic or transient motion.  This 
motion can be measured in terms of its displacement, velocity or 
acceleration.  Most assessments of human response to vibration 
or the risk of damage to buildings use measurements of vibration 
velocity.     These  may  be  expressed  in  terms  of  “peak”  velocity  or  
“rms”  velocity. 
The former is the maximum instantaneous velocity, without any 
averaging,   and   is   sometimes   referred   to   as   “peak   particle  
velocity”,   or   PPV.      The   latter   incorporates   “root   mean   squared”  
averaging over some defined time period. 
Vibration measurements may be carried out in a single axis or 
alternatively as triaxial measurements.  Where triaxial 
measurements are used, the axes are commonly designated 
vertical, longitudinal (aligned toward the source) and transverse. 
The common units for velocity are millimetres per second (mm/s).  
As with noise, decibel units can also be used, in which case the 
reference level should always be stated.   
A vibration level V, expressed in mm/s can be converted to 
decibels by the formula 20 log (V/Vo), where Vo is the reference 
level (10-9 m/s).  Care is required in this regard, as other reference 
levels may be used by some organizations. 

9 Human Perception of Vibration 
People   are   able   to   “feel”   vibration   at   levels   lower   than   those  
required to cause even superficial damage to the most 
susceptible classes of building (even though they may not be 
disturbed by the motion).  An individual's perception of motion or 
response to vibration depends very strongly on previous 
experience and expectations, and on other connotations 
associated with the perceived source of the vibration.  For 
example,  the  vibration  that  a  person  responds  to  as  “normal”  in  a  
car, bus or train is considerably higher than what is perceived as 
“normal”  in  a  shop,  office  or  dwelling. 
10 Over-Pressure 
The   term   “over-pressure”   is   used   to   describe   the   air   pressure  
pulse emitted during blasting or similar events.  The peak level of 
an event is normally measured using a microphone in the same 
manner as linear noise (ie unweighted), at frequencies both in 
and below the audible range. 
11 Ground-borne Noise, Structure-borne Noise and 

Regenerated Noise 
Noise that propagates through a structure as vibration and is 
radiated by vibrating wall and floor surfaces is termed 
“structure-borne   noise”,   “ground-borne   noise”   or   “regenerated  
noise”.      This   noise   originates   as   vibration   and   propagates  
between the source and receiver through the ground and/or 
building structural elements, rather than through the air. 
Typical sources of ground-borne or structure-borne noise include 
tunnelling works, underground railways, excavation plant 
(eg rockbreakers), and building services plant (eg fans, 
compressors and generators). 
The following figure presents the various paths by which vibration 
and ground-borne noise may be transmitted between a source 
and receiver for construction activities occurring within a tunnel. 
 
 
 
 
 
 
 
 
 
 

 

The  term  “regenerated  noise”  is  also  used  in  other  instances  
where energy is converted to noise away from the primary 
source.  One example would be a fan blowing air through a 
discharge grill. The fan is the energy source and primary 
noise source.  Additional noise may be created by the 
aerodynamic effect of the discharge grill in the airstream.  
This secondary noise is referred to as regenerated noise. 
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Construction Methodology - WRP Stage C Works 
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Table C1 Modelled Sound Power Levels – WRP Stage C Works 
Stage Equipment Number of Equipment Sound Power Level (dBA) 

Amenities 

Generator 1 103 

Excavator 1 112 

Roller 1 107 

Water cart 1 110 

Mobile crane 1 107 

Earthworks 

Excavator 1 112 

Roller 1 118 

Whacker 1 116 

Water cart 1 110 

Tipper 1 109 

Piling Rig 1 115 

Concrete 

Mobile crane 1 107 

Excavator 1 112 

Concrete truck 2 115 

Concrete pump 1 120 

4WD 2 105 

Hand tools 1 109 

Structures 

Mobile crane 1 107 

EWP 1 107 

Cherry picker 1 107 

4WD 2 110 

Handtools 2 109 

Mechanical 

Mobile Crane 1 104 

EWP 1 107 

Hand tools 4 106 

Welders 1 96 

4WD 2 105 

Electrical 

EWP 1 107 

Hand tools 1 106 

4WD 2 105 

Landscaping 

Excavator 1 112 

Tipper 1 107 

Water cart 1 107 
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Table D1 Modelled Sound Power Levels – Permanent Reservoirs 
Stage Equipment Number of Equipment Sound Power Levels (dBA) 

Clearing and stripping 

4WD 4 105 

Dozer 1 115 

Excavator 3 112 

Water Cart 1 110 

Tipper 2 109 

Mulcher 1 116 

Amenities 

Generator 2 103 

Excavator 2 112 

Roller 1 107 

Water cart 1 110 

Mobile crane 1 107 

Earthworks (including 
pipe-laying along Old 
Cooma Road) 

Excavator 2 112 

Roller 2 118 

Whacker 2 116 

Water cart 1 110 

Tipper 2 109 

Piling Rig 1 115 

Concrete 

Mobile crane 2 107 

Excavator 3 112 

Concrete truck 4 115 

Concrete pump 2 120 

4WD 4 105 

Hand tools 1 109 

Structures 

Mobile crane 2 107 

EWP 2 107 

Cherry picker 2 107 

4WD 4 110 

Handtools 2 109 

Roadworks 

Truck and dog 3 109 

Roller 2 118 

Excavator 4 112 

Concrete truck 2 115 

Kerb profiler 1 107 

4WD 4 105 

Water cart 1 110 

Mechanical 

Mobile Crane 2 104 

EWP 2 107 

Hand tools 1 106 

Welders 2 96 

4WD 4 105 



Appendix D 
Report 670.10363  

Page 2 of 2 

Construction Methodology - Hill 800 Permanent Reservoirs 

 

(670.10363 Stage C Appendix D.docx)  SLR Consulting Australia Pty Ltd 

 

Stage Equipment Number of Equipment Sound Power Levels (dBA) 

Electrical 

EWP 2 107 

Hand tools 2 106 

4WD 4 105 

Landscaping 

Excavator 2 112 

Tipper 1 107 

Water cart 1 107 
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Construction Scenario for Laying of Water Rising Main 
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Table E1 Modelled Sound Power Levels – Pipe-Laying 
Stage Equipment Number of Equipment Sound Power Levels (dBA) 

Pipe-Laying 

Excavator 2 112 

Backhoe 1 115 

Padfoot roller 1 118 

Rigid truck 1 109 

 



Appendix F 
Report 670.10363  

Page 1 of 1 

WRP Stage AB Operational Assessment - Equipment List 
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Item Modelled Sound Power Level (dBA) 
Odour Control Area  
Odour Fans 75 

Discharge Stack (with attenuator) 72 

  
Bio-Reactor 1  
Filtrate Pump 80 

Filtrate Pump 80 

Was Feed Pump 80 

Membrane Feed Pump 80 

A Recycle Pump 80 

R Recycle Pump 80 

Scum Pump 70 

  
Packaged Inlet Works  
EDT Return Pump 80 

Fine Screen1 75 

Grit Classifier1 75 

Grit Classifier1 75 

Screening Chute Drive1 75 

Washpactor 75 

  

Waste Return Pumps (submerssible) 80 

  

Neutralisation Pumps  80 

  
Tertiary Treatment Area  
Tertiary Filtration Feed Pump 80 

Tertiary Filtration Feed Pump 80 

CIP Pump 80 

  
Buildings and RWPS Area  
Recycled Water Transfer Pump 80 

Recycled Water Transfer Pump 80 

Service Water Pump 80 

Service Water Pump 80 

Service Water Pump 80 

Emergency Backup Generator 99 

  
Chemical Storage and Dosing Area  
TK1 Transfer Pump 80 

TK1 Dosing Pump 80 

TK2 Transfer Pump 80 

TK2 Dosing Pump 80 
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TK3 Dosing Pump 80 

TK4 Dosing Pump 80 

TK4 Dosing Pump 80 

TK5  Dosing Pump 80 

TK5  Dosing Pump 80 

TK6 Transfer Pump 80 

TK6 Transfer Pump 80 

TK7 Dosing Pump 80 

TK8 Dosing Pump 80 

  
Filtrate Storage and Off-Spec Water Tank Area  
Off Spec Effluent Transfer pumps 80 

  
Blower Building  
Blower Building Roller Shutter 70 

Blower Building Access Door 75 

Blower Building Roof 85 

  
Sludge Dewatering Building  
Sludge Building Access Door 60 

Sludge Building Roller Shutter 70 

Sludge Building Roof 85 
Note 1: Based on measurement  of  the  “Roto  Sieve”  at  the  Brooklyn  facility.    Based  on  discussion  with  MWH,  it  is  understood  that  

the measured noise levels at the Brooklyn facility is likely to be representative. 
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Summary 

Biosis Pty Ltd has been commissioned by Googong Township Pty Ltd (GTPL) to conduct the necessary field 
surveys and prepare this Flora and Fauna Assessment Report (F&FA) to assess the impacts of the works 
required for the Googong township Integrated Water Cycle (IWC) Project - Stage C Nestwork West, upon 
significant ecological values. The study area is the maximum extent of disturbance for the works, an area of 
13.339 ha. 

Specifically, this F&FA addresses the ecological values of the study area for IWC - Stage C Network West, 
notably those listed pursuant to the Commonwealth Environment Protection and Biodiversity Conservation Act 
1999 (EPBC Act) and/or the NSW Threatened Species Conservation Act 1995 (TSC Act). It assesses the potential 
for the IWC works to impact upon these values. This F&FA provides the information and assessment required 
such that the works can be assessed under Part 5 of the NSW Environmental Planning and Assessment Act 1979 
(EP&A Act). 

A literature and database review was first undertaken to provide background and context to the study area. 
Field survey of the study area was then undertaken as part of a broader scale survey of the ecological values 
of Googong township on 6, 7, 15, and 18 May 2015. This included vegetation assessment and mapping, flora 
and fauna habitat assessment and a tree habitat values survey. The results of the survey and assessment are 
provided below. 

Vegetation Communities 

The study area is highly modified, having been largely cleared for pastoral use and grazed intensively for 
many years. This intensive and prolonged grazing has, across much of the study area, resulted in the removal 
of all but the most resilient native flora species and prevented the establishment and regeneration of native 
trees and shrubs. 

The study area was assessed as containing native pasture (pre-1750 dry sclerophyll forest), native pasture 
(pre-1750 Box Gum Woodland) and an area of predominantly exotic vegetation. 

Threatened Ecological Communities - Commonwealth 

It is highly unlikely that any of the non-diverse native pasture within the study area would meet the criteria for 
the Box-Gum Grassy Woodland EPBC Act listed critically endangered ecological community if resurveyed in 
spring. No other EPBC Act listed threatened ecological communities occur within the study area. 

Threatened Ecological Communities - NSW 

Approximately 2.04 ha of native pasture within the study area is likely to constitute the TSC Act listed 
endangered ecological community, Box-Gum Woodland. It is present in a highly modified condition only. An 
Assessment of Significance (7-part test) for this community was undertaken and is attached as Appendix C. 
Due to the highly modified nature of the community within the study area, the loss of a small amount of the 
community is unlikely to constitute a significant impact upon Box-Gum Woodland. No other TSC Act listed 
threatened ecological communities occur within the study area. 

Threatened Species 

No EPBC Act or TSC Act listed threatened flora or fauna species are considered to have the potential to be 
significantly impacted by the proposed works. As such, no Assessments of Significance are required. 
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Recommendations 

x Control of weeds is required as per the NSW Noxious Weeds Act 1993. Monitoring and follow up 
control is also recommended. 

x Clearance of trees containing nests or hollows should not occur between August and March if 
possible. All tree clearing should be supervised by an ecologist. 
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1. Introduction 

1.1 Project Background 

Biosis Pty Ltd has been commissioned by Googong Township Pty Ltd (GTPL) to conduct the necessary field 
surveys and prepare this Flora and Fauna Assessment Report (F&FA) to assess the impacts of the works 
required for the Googong township Integrated Water Cycle (IWC) Project - Stage C Network West, upon 
significant ecological values.  

Commencing with the early studies by the Johnstone Centre (2004), undertaken for the revision of 
Queanbeyan Local Environment Plan (LEP), the ecological values of the land proposed for Googong township 
have been broadly studied and documented. Since 2008, Biosis (previously Biosis Research) has completed 
studies of to identify, document and assess the ecological values of the Googong township urban release area 
(refer Section 1.5 and References). The information resulting from these studies informed and shaped the 
design and ethos of Googong township during the early concept stages. Consistent with GTPL's commitment 
to the principles of ecologically sustainable development, the conservation of the ecological values of 
Googong township remains a high priority during the current development of the township. 

Although the development of Googong township as a whole has been assessed and approved under the 
Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act), assessment is 
required for each stage of development under Part 5 of the NSW Environmental Planning and Assessment Act 
1979 (EP&A Act).  

This F&FA specifically addresses the ecological values of the study area for IWC Stage C Network West (notably 
those listed pursuant to the EPBC Act and/or the NSW Threatened Species Conservation Act 1995 [TSC Act]) and 
assesses the potential for the IWC works to impact upon these values. The assessment of the entire Googong 
township area has not been revised since the Johnstone Centre report in 2004, and that study was 
undertaken on a broad scale, focusing largely on areas adjoining the current Googong township area. This 
F&FA is therefore required to provided updated and accurate information regarding the ecological values of 
the study area and the likely ecological impacts of the works. This assessment has been developed with the 
objective of meeting the requirements of the NSW Office of Environment and Heritage (OEH).  

In line with the staged development of Googong township, the land surrounding the study area will be 
developed over a 20 year period as Neighbourhoods 2-5 of Googong township. The IWC stage C works have 
been assessed separately and prior to the remaining neighbourhoods, as the works will be required prior to 
construction of the remainder of the Googong township. 

1.2 Study Area 

The 'study area' for this assessment is the IWC - Stage C Network West works boundary provided by RPS (on 
behalf of GTPL) for works in the western part of Googong township. This boundary has been through several 
iterations during detailed design. This assessment does not include Stage C Network West works to be 
undertaken at the Water Recycling Plant (WRP) site. This is because the ecological values of the WRP site have 
already been assessed and the site has already been cleared of vegetation.  

The study area encompasses an area of 9.09 ha which is the maximum extent of likely impacts of the IWC 
Stage C Network West works. Figure 1 illustrates the location of the study area and Figure 2 provides an aerial 
photograph. 
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1.3 Scope of the Assessment 

The objectives of this F&FA are to: 

x identify the ecological values of the study area, including the habitat values of all mature native trees 
present within the study area; and 

x assess the potential for significant impacts upon threatened ecological communities, threatened 
species and other significant ecological values with reference to the relevant environmental 
legislation. 

1.4 The Proposed Works 

The works proposed are required to provide water infrastructure which will service the future 
neighbourhoods of Googong township. 

Works required for IWC Stage C Network West will include the following (as provided by RPS). 

x Works associated with the installation of a potable water reservoir and a recycled water reservoir at 
Hill 800, the permanent reservoirs, including a recycle water discharge pipeline for any excess 
recycled water that needs to be released from the recycled water reservoir. 

x Works associated with the installation of mains for recycled water and potable water, including: 

– The installation of a new potable water and recycled water rising mains (an extension to the 
existing pipelines) from the interim reservoirs to the permanent reservoirs. 

– The installation of a new gravity potable water and recycled water mains from the permanent 
reservoirs back into the Township.  

– A new potable water pipeline from the boundary of the Googong Foreshores to the WRP for 
potable water top-up. The upstream parts of this pipeline located within the Googong 
Foreshores, are part of the Stage C Network East.  

x Works associated with the WRP, including: 

– The installation of a new recycled water holding tank. 

– Expanding the recycled water pumping station at the WRP site. 

– Works associated with the decommissioning of the interim potable and recycled water 
reservoirs. 

1.5 Supporting Data 

This F&FA has been prepared on the basis of the following. 

1. The IWC Stage C Network West works boundary, provided to Biosis by RPS on behalf of GTPL. 

2. The results of completed database searches. 

3. Information gained from a variety of relevant literature sources including the EPBC Act Policy 
Statement 3.5 – White Box – Yellow Box – Blakely’s Red Gum grassy woodlands and derived native 
grasslands (DEH 2006). 
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4. Information gained from the numerous and varied ecological field surveys previously completed 
throughout the study area and/or adjacent land, notably including but not limited to the: 

x broad scale ecological surveys and mapping completed across the locality to inform the 
revision of the Queanbeyan Local Environment Plan (Johnstone Centre 2004) and the design 
of the Googong Township; 

x broad scale ecological surveys and follow-up targeted surveys completed by Biosis Research 
from 2008 to 2009 to determine the presence/absence of all threatened ecological 
communities and threatened flora and fauna species with the potential to occur in the 
locality, focussing on the NH1A area and the Googong Water Cycle Project area (Ecowise 
Environmental and Biosis Research 2009); 

x spring 2010 intensive targeted surveys for the PTWL and associated habitat assessment and 
mapping (Biosis Research 2011b); 

x EPBC Act referral (EPBC Act Ref:2011/5859) and corresponding EPBC Act Approval; 

x Pink-tailed Worm Lizard Protection and Management Plan (Version 5, Biosis 2014b); 

x Googong Foreshores Interface Management Strategy (Version 3, Biosis 2014b); and 

x Golden Sun Moth (Synemon plana) surveys within part of the Googong township Urban 
Release Area (Biosis Research 2010a) in potential habitat identified by the Johnstone Centre 
(2004). 

5. A total of approximately four hours of field survey effort completed in May 2015 to map vegetation, 
species habitat and record and assess the ecological values of each of the native trees within the 
study area. 

6. The knowledge of the authors regarding the flora, fauna (and associated habitat) and ecological 
communities of the general locality, specifically those of recognised conservation significance. It is 
noted that several of the studies listed under '4' above were undertaken by the authors and involved 
survey of the vicinity. 
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2. Methodology 

2.1 Taxonomy 

The plant taxonomy (method of classification) used in this report follows the most recent Flora of New South 
Wales (Harden 2002). Names of vertebrates follow the Census of Australian Vertebrates (CAVs) maintained by 
the Department of the Environment (DoE). In the body of this report flora and fauna species are referred to 
by both their common and scientific names when first mentioned. Subsequent references to species cite the 
common names only, unless there is no common name, in which case the scientific name will be used. 

2.2 Literature and Database Review 

A review of previous surveys and assessments for the study area was undertaken. The findings of this review 
have been incorporated into the body of this report. The previous surveys undertaken are listed in Section 1.5 
and a complete list of the documents referred to in this report is provided in the References section. 

Records of threatened species, populations and ecological communities listed pursuant to the EPBC Act were 
obtained from the DoE online EPBC Act Protected Matters Search Tool from within a 5km radius of the study 
area (search conducted on 12 May 2015).  

2.3 Field Survey 

Field survey for this F&FA was undertaken as a component of the surveys for the broader Googong township, 
on 6, 7, 15, and 18 May 2015. During the field survey, the Biosis ecologists undertook the tasks described 
below. 

Vegetation Assessment 

During the field survey, the Biosis ecologists undertook assessment and mapping of vegetation communities 
within the study area. Particular attention was given to identifying any potential areas of ecological 
communities listed as threatened pursuant to the Commonwealth EPBC Act (i.e. Matters of National 
Environmental Significance [MNES]) and/or the NSW TSC Act. 

The ecologists also mapped the occurrence of significant weed species (including Weeds of National 
Significance) where infestations were identified. 

Flora and Fauna Habitat Assessment 

During the field survey, the ecologists identified fauna habitat features within the study area. An inventory of 
all fauna species recorded during the survey was compiled. Particular attention was given to identifying the 
presence of, or habitat for, terrestrial flora and fauna species listed as threatened pursuant to the EPBC Act 
(i.e. MNES) and/or the TSC Act.  

Tree Habitat Value Assessment 

During the field survey, a rapid but comprehensive tree habitat value assessment was undertaken. The 
purpose was to assess all trees within the study area for their habitat value, to provide information regarding 
the likely impact of the loss of these trees upon native fauna.  

All trees with an estimated diameter at breast height (DBH) equal to and greater than 20 cm were recorded. 
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For each individual tree, the following data were collected: 

x location (taken with a hand-held GPS); 

x whether the tree is dead or alive; 

x species of tree (if alive); 

x approximate height of the tree (visual estimation); 

x approximate DBH of the tree (visual estimation); 

x number of visible hollows and estimated size class of each hollow based upon entrance diameter (i.e. 
Small <5 cm, Medium 5-15 cm, Large 15 – 25 cm and Extra Large >25 cm); and 

x any other observations relevant to tree habitat value (presence of mistletoe, presence of stick nests, 
signs of hollow use etc.). 

Tree hollows were only recorded if: 

x the entrance could be seen from the ground; 

x the hollow appeared to have depth; and 

x the hollow was at least one metre above the ground (trees with basal hollows were only recorded as 
hollow-bearing if the hollow continued up into the tree above one metre). 

2.4 Likelihood and Impact Assessments 

Based upon the results of the desktop review and field survey, we undertook an assessment of the likelihood 
for threatened species, threatened species' habitat or threatened ecological communities to occur within the 
study area. The value of the study area to migratory fauna was also assessed. Based upon the assessment of 
likelihood and value of the habitat, we assessed the potential for significant impacts upon threatened species, 
threatened ecological communities and migratory species.  

Threatened Species Likelihood of Occurrence 

The likelihood of occurrence for threatened species is a broad categorisation used by Biosis to indicate the 
potential for a species to occur within the site. It is based on expert opinion, the results of targeted surveys, 
the findings of the completed desktop and field investigations and comparison of these findings with the 
recognised distribution and preferred habitat of each species. The determination of likelihood is expressed as 
negligible, low, moderate or high. If a species has been identified on site during our field survey or by other 
confirmed records, then its presence is documented herein as having been ‘confirmed'. 

Threatened species listed pursuant to the EPBC Act and habitat for threatened species which may occur 
within a 5km radius of the site were obtained from the DoE EPBC Act Protected Matters Search Tool. 
Threatened species listed exclusively under the TSC Act which may occur within the locality are well known to 
the authors and have been added to the assessment. 

The completed likelihood of occurrence assessment is provided as Appendix A and the species with a 
moderate or higher potential of occurrence are discussed in Results under 3.3 and 3.4. 
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2.5 Biodiversity Legislation 

The development of the study area was assessed against the relevant Commonwealth and NSW biodiversity 
legislation. The results are presented in Section 4. 

2.6 Assumptions and Limitations 

The following assumptions and limitations are applicable to this methodology. 

x The field survey was undertaken in May which is a suboptimal time of the year for vegetation 
classification and condition assessment in the region. This assessment is best undertaken in spring 
when many species are flowering or otherwise actively growing. Many native forbs are dormant, 
cryptic or otherwise not readily identifiable in May. Notwithstanding this, due to the history of 
intensive grazing and disturbance and the extremely low diversity of the vegetation recorded, we 
consider it to be highly unlikely that our mapping of vegetation communities (including threatened 
ecological communities) is incorrect.  

x The list of fauna species detected provides a snapshot of opportunistically recorded species from this 
field survey. It is by no means a comprehensive list of species currently present or likely to periodically 
occur within the study area. 

x Identification of tree hollows presents a number of sampling difficulties. When observations are 
made from ground-level, the number of hollows seen in standing trees may differ from the actual 
number present as  hollows may be obscured by branches, entrances may be facing upwards or be 
too small to see, and some apparent entrances may be blind. This is supported by a study by 
Mackowski (1987) which found that most hollows, particularly branch hollows, become increasingly 
difficult to count the larger the diameter of the tree. Variables other than tree diameter, such as tree 
height and visibility of the tree crown, can also influence the detectability of hollows to the observer. 
Furthermore, not all hollows observed from ground-based observations will be suitable for fauna, so 
data collected in this way should be treated as an approximation only. 

x Database searches and associated conclusions on the likelihood of species to occur within the study 
area, are reliant upon external data sources and information managed by third parties. 

x Mapping was conducted using hand-held (uncorrected) GPS units (GDA94) and aerial photo 
interpretation. The accuracy of this mapping is therefore subject to the accuracy of the GPS units (up 
to ± 7 metres) and dependent on the limitations of aerial photo rectification. 



 

© Biosis 2015 – Leaders in Ecology and Heritage Consulting 12 

3. Field Survey and Assessment Results 

3.1 Description and Land Use History 

The study area encompasses approximately 9.09 ha. The land within the study area is undulating, and the 
southernmost part rises to the east, where the reservoir is to be located in the saddle between two hills. 

The study area is highly modified, having been largely cleared for pastoral use and grazed intensively for 
many years. This intensive and prolonged grazing has, across much of the study area, resulted in the removal 
of all but the most resilient native flora species and prevented the establishment and regeneration of native 
trees and shrubs. Several (18) scattered old remnant trees remain within the study area. Almost all trees 
(aside from some within the road reserve) are mature trees, some of which are senescing due to old age. 

Figure 1 illustrates the location of the study area within the locality. Figure 2 illustrates the location of the 
study area on an aerial photograph. 

Via visual inspection of the study area, the following can be determined regarding the land management 
practices implemented during the past and present: 

x Existing development consists of the temporary water tanks for the IWC project, as well as stock 
fencing and powerlines which bisect the study area. Stock fencing is generally in good condition.  

x The study area has been grazed at a moderate or higher intensity by sheep and/or cattle for many 
years. In general, it is likely that grazing is now of a lighter intensity than it has been in previous years, 
however some paddocks are currently heavily grazed. 

x The study area contains some farm dams and is bisected by ephemeral drainage lines. The dams and 
drainage lines support little native riparian vegetation. 

x Paddocks within the study area do not appear to have undergone pasture improvement and remain 
predominantly native.  

x There appears to have been limited weed control within the study area in recent years and some 
Blackberry (Rubus fruticosus), Briar Rose (Rosa rubiginosa), African Love Grass (Eragrostis curvula), 
Serrated Tussock (Nassella trichotoma) and other weeds of concern are present. 

3.2 Vegetation Classification and Condition Assessment 

3.2.1 Climax Vegetation Communities 

Given the geographical characteristics (elevation, aspect, geology etc) of the study area and the floristic 
composition of the vegetation communities occurring within and adjoining the study area, it can be 
determined that pre European settlement, the study area would have supported a mosaic of temperate 
lowland woodland/forest types.  

Some of the lower land within the study area may have supported the Tablelands Yellow Box (Eucalyptus 
melliodora) – Blakely’s Red Gum (E. Blakelyi) grassy woodland (commonly known in the ACT region as the Box – 
Gum Grassy Woodland (BGW) ecological community). Prior to European settlement, this ecological 
community occurred across much of the low to mid elevation land (i.e. approximately 600 to 900m AHD) 
occurring within the ACT and the surrounding Southern Tablelands of NSW.  
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The relatively high fertility of the soils on which BGW occurs has resulted in the widespread clearance and/or 
modification of the ecological community for pastoralism and agriculture. This deliberate clearance combined 
with ongoing threats (including pasture improvement, intensive grazing, weed invasion etc.) have resulted in 
an extensive reduction of the area supporting the ecological community in the region.  

Whilst it is impossible to accurately determine the precise floristic composition and structure of the BGW that 
occurred prior to European settlement, the few remnants of the BGW ecological community that remain 
largely intact within the region are characterised by a groundstorey dominated by native grasses with a 
particularly high diversity of native forbs (i.e. herbaceous, non-grassy/non-grass-like plants) (ACT Government 
2004). 

Most of the study area would have supported dry forest/woodland ecological communities with a dry 
shrubby and grassy understorey. Although mostly cleared for agriculture, the remnant trees indicate that 
these areas would have been dominated by Red Box (E. polyanthemos), Scribbly Gum (E. rossii) and Bundy (E. 
nortonii and/or E. goniocalyx) in varying proportions across the landscape. The understorey would likely have 
been dominated by Red-anther Wallaby Grass (Rytidosperma pallidum), which is still present across much of 
the study area. Owing largely to the poorer soils on which dry sclerophyll forest communities occur, they have 
not been cleared for agriculture and are not susceptible to weed encroachment to the same degree as BGW.  

Given the elevation of the land and the presence of remnant trees, it is unlikely that Natural Temperate 
Grassland (NTG) occurred within the study area. NTG is a naturally treeless community which occurs 
predominantly in frost hollows or areas of cold air drainage. Areas of potential NTG have been recorded 
nearby the study area to the west of Old Cooma Road (Johnstone Centre 2004) and within the Googong 
Foreshores (TAMS 2010). 

During the vegetation mapping undertaken for this project, we have estimated the pre-1750 boundary 
between BGW and dry forest, based on overstorey and groundcover vegetation. As the study area has been 
heavily cleared and modified, little evidence of the ecotone remains. The boundary between vegetation 
communities is usually a gradient rather than a sudden change. Given these factors, there is inbuilt error in 
our best estimation of the vegetation community boundaries. The vegetation community polygons delineated 
during this study can be seen in Figure 3. 

3.2.2 Current Vegetation Communities 

Due to the large-scale clearing of trees which has occurred within the study area and the long grazing history, 
the study area is highly modified from its climax vegetation communities.  

Three main categories of current vegetation were recorded during the field survey. These are: 

x native pasture (pre-1750 dry sclerophyll forest); 

x native pasture (pre-1750 BGW); and 

x predominantly exotic vegetation. 

These vegetation types are described below as they were recorded within the study area. Our vegetation 
classification mapping is presented as Figure 3.  

Native Pasture 

The study area has been subjected to sheep and cattle grazing for an extended period. In addition to the early 
clearance of most trees, across much of the study area this prolonged grazing has removed and prevented 
the reestablishment of all but the most disturbance-tolerant native grasses and forbs. Within the study area, 
the native pasture has been divided into the following categories: 

x native pasture (pre-1750 dry sclerophyll forest); and 



 

© Biosis 2015 – Leaders in Ecology and Heritage Consulting 14 

x native pasture (pre-1750 BGW). 

Descriptions of the vegetation condition were made for each vegetation type within the study area. The 
results are listed in Table 1. 

Table 1. Vegetation descriptions - native pasture 

Figure 3 label Description Species 

Low Diversity Native 
Pasture (Pre-1750 Box 
Gum Woodland) 

Approximately 2.04 ha 
 
Mostly native but weedy native 
pasture with low diversity. Almost no 
eucalypt regeneration. 
 
Unlikely to meet the BGW criteria 
under the EPBC Act however meets 
the requirements for the listed 
community under the TSC Act. Refer to 
section 3.2.3. 

Canopy species: scattered remnant Yellow Box. Some 
Apple Box and Red Box. 
 
Dominant native grasses: Kangaroo Grass (Themeda 
australis), Hairy Panic (Panicum effusum), speargrasses 
(Austrostipa spp.) and short wallaby grasses 
(Rytidosperma spp.). 
 
Very few native forbs. 
 
Exotic grasses and weeds including those listed in 
section 3.2.5.  

Native Pasture (Pre-
1750 Red Box, Scribbly 
Gum, Bundy Dry 
Forest) 

Approximately 6.26 ha 
 
Mostly native but weedy native 
pasture with low diversity. 

Canopy species: Scattered remnant Red Box with some 
Bundy and Yellow Box. Scribbly Gum recorded outside 
of the study area. 
 
Dominant native grasses: Red-anther Wallaby Grass 
(Rytidosperma pallidum), Corkscrew (Austrostipa scabra) 
and short wallaby grasses (Rytidosperma spp.). 
 
Very few native forbs. 
 
Exotic grasses and weeds including those listed in 
section 3.2.5. 

Exotic Pasture 

One area in the north of the study area adjacent to the temporary reservoir has been disturbed (physical 
disturbance and exotic species infestation) to the point that it retains very low or no natural values. This area 
(total 7904 m2) is mapped on Figure 3 as 'Predominantly exotic vegetation'. It is dominated by Phalaris 
(Phalaris aquatica) but also contains other common exotic pasture species and weeds including Brome 
grasses (Bromus spp), Barley-grass (Hordeum sp), Paspalum (Paspalum dilatatum), Rat’s Tail Fescue (Vulpia 
myuros) and Sheep Sorrel (Acetocella vulgaris). 
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3.2.3 Threatened Ecological Communities 

The following two threatened ecological communities (TECs) were identified on the DoE EPBC Act Protected 
Matters Search Tool as potentially occurring within the study area. 

Natural Temperate Grassland of the Southern Tablelands of NSW and the Australian Capital 
Territory 

- listed as endangered pursuant to the EPBC Act. 

- listed as endangered pursuant to the TSC Act. 

Description: The Natural Temperate Grassland TEC is characterised by grassy vegetation dominated by 
moderately tall (25–50cm) to tall (50–100cm), dense to open tussock grasses in the genera Austrodanthonia, 
Austrostipa, Bothriochloa, Poa and Themeda. Up to 70% of all plant species may be forbs. The community may 
be treeless or contain up to 10% cover of trees, shrubs or sedges. Natural Temperate Grassland occurs within 
the geographical region of the Southern Tablelands of NSW and the ACT at altitudes between 560m in central 
and northern parts of its distribution and 1200m in the south, in valleys influenced by cold air drainage and in 
broad plains. 

Potential for occurrence: None.  

Rationale: Given the position in the landscape and presence of scattered remnant eucalypts, the entire study 
area is likely to have comprised lowland woodland and dry sclerophyll forest communities.  

White Box-Yellow Box-Blakely's Red Gum Grassy Woodland and Derived Native Grassland 

- listed as critically endangered pursuant to the EPBC Act 

- listed as endangered pursuant to the TSC Act 

Description: The White Box - Yellow Box - Blakely's Red Gum Grassy Woodland and Derived Native Grassland 
TEC is characterised by a species-rich understorey of native tussock grasses, herbs and scattered shrubs 
(where shrub cover comprises less than 30% cover), and a dominance or prior dominance of White Box 
and/or Yellow Box and/or Blakely’s Red Gum trees. This TEC occurs along the western slopes and tablelands 
of the Great Dividing Range from southern Queensland through New South Wales and the Australian Capital 
Territory to Victoria. 

Potential for occurrence of EPBC Act listed community: The areas of 'native pasture pre 1750 BGW' are 
highly unlikely to meet the criteria for the community under the EPBC Act.  

Rationale:  

x There are no patches where Yellow Box and Blakely's Red Gum Trees remain in a density sufficient to 
meet BGW for its woodland values. 

x Exotic-dominated areas which were once BGW do not meet the criteria for the community.  

x The groundcover throughout the 'native pasture pre 1750 BGW' is very non-diverse and is unlikely to 
contain sufficient forbs to meet the EPBC Act criteria for the community if resurveyed in spring. I.e. 12 
non grass native groundcover species are required, including at least one species listed as 'important', 
for a polygon to meet the criteria for this community. Based upon the results of this survey, this is 
considered to be highly unlikely. The intensive grazing history of the study area means that species 
diversity is very low, and only grazing-tolerant species remain. 
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Potential for occurrence of TSC Act listed community: The areas of 'native pasture pre 1750 BGW' are 
likely to meet the criteria for the community under the TSC Act in 'moderate/good condition'. 

Rationale: 

x A review of the available vegetation types in the Vegetation Information System Classification 
database revealed that the closest matching Plant Community Type (PCT) for BGW in the locality, and 
therefore for the 'native pasture pre 1750 BGW' vegetation in the study area, is ID 1330 - Yellow Box - 
Blakely's Red Gum grassy woodland on the tablelands, South Eastern Highlands.   

x The groundcover vegetation is greater than 50% native and some scattered remnant overstorey trees 
remain, therefore the community cannot be considered to be in 'low' or 'cleared' condition. 

3.2.4 Vegetation connectivity 

The study area does not form an important vegetation/habitat link for flora and fauna. Whilst the isolated 
paddock trees are likely to provide some connectivity for common birds and bats, their isolation and the lack 
of habitat features (midstorey, groundcover diversity, fallen timber etc.) reduces the value of the habitat to 
less mobile or more specialised fauna.  

The Old Cooma Road reserve may act as a dispersal corridor for birds and other moderately-highly mobile 
fauna. It would be of low value for terrestrial mammals and reptiles as it is narrow and highly impacted by 
edge effects. 

The proposal will not impact any important wildlife corridors or impact habitat connectivity. 

3.2.5 Weed occurrence and distribution 

Numerous weeds occur throughout the study area. Exotic pasture grasses and common weeds are abundant 
and include Phalaris, Barley Grass, Cat's Ear (Hypochaeris radicata), Fleabane (Conyza bonariensis), Hoary 
Mustard (Hirschfeldia incana), Great Mullein (Verbascum thapsus), Sheep Sorrel and Sow Thistle (Sonchus sp.). 
These weeds are common as the result of past management and are not considered to be a concern. Weeds 
are concentrated along track edges and in the low-lying, more fertile parts of the study area. 

A number of more significant weed species were recorded, including Weeds of National Significance (WoNS) 
and weeds listed as noxious under the NSW Noxious Weeds Act 1993 for the Queanbeyan Local Government 
Area. Table 2 lists those considered by Biosis to be significant weeds within the study area. All noxious weeds 
are Class 4, 'Locally Controlled Weeds' which requires that 'the growth of the plant must be managed in a 
manner that reduces its numbers spread and incidence and continuously inhibits its reproduction'. 

Although the land around the study area is proposed for development in future, much of this land is unlikely 
to be developed for several years. In this time, there is a high potential for seed to spread and the infestations 
to worsen. This may have negative impacts upon the surrounding land, including the developed areas of the 
Googong township and the Old Cooma Road reserve. The works are also likely to result in some bare earth, 
which may be colonised by weeds. For this reason, weed control is highly recommended. Revegetation with 
native species and/or a sterile cover crop may also be beneficial to prevent weed incursion, particularly along 
the water mains alignment. We recommend that monitoring be undertaken annually to determine the 
requirements for ongoing weed control. 
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Table 2 Significant weed species within or adjacent to the Study Area 

Species Threat 
level 

WoNS? Noxious weed 
category* 

Location and severity of infestation 

African 
Lovegrass 
Eragrostis 
curvula 

Very High No 4 x Scattered African Lovegrass occurs across the study 
area. 

x Control is urgently required for this species to 
prevent spread within and outside of the study area. 
This species can out-compete native species even in 
areas of low nutrients and moisture. 

Bathurst Burr 
Xanthium 
spinosum 

Moderate No 4 x Isolated plants were recorded within the study area. 

x Spot control may be required in future. 

Blackberry 
Rubus 
fruticosus 

High Yes 4 x Blackberry brambles are scattered within the study 
area. 

Paterson’s 
Curse  
Echium 
plantagineum 

Low No 4 x Recorded near to the study area, outside the study 
area boundary. 

Scotch Thistle 
Onopordum 
acanthium 

Low No Not listed for 
Queanbeyan 
LGA 

x Recorded near to the study area, outside the study 
area boundary. 

Serrated 
Tussock 
Nassella 
trichotoma 

Very High Yes 4 x Tussocks are scattered within the study area.  

x This species has a high seed output. It has the 
potential to spread within and outside the study area 
and out-compete native species once it has a 
foothold. The plants currently present should be 
sprayed as soon as possible and the study area 
monitored each year to control plants which grow 
from the soil seed bank. 

St John's Wort 
Hypericum 
perforatum 

Low No 4 x St John's Wort was recorded in low density within the 
study area. 

Sweet Briar 
Rosa rubiginosa 

Low No Not listed for 
Queanbeyan 
LGA 

x Several plants were observed within the study area. 

* From the NSW Department of Primary Industries website for the Queanbeyan Local Control Area 
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3.3 Flora – Survey Results and Impact Assessment 

No threatened flora species were recorded during the field survey. Eight EPBC Act listed threatened flora 
species are identified as ‘species or species habitat likely to occur within area’ on the EPBC Protected Matters 
Search Tool. These species, as well as two additional species listed solely under the TSC Act, are included in 
the Likelihood of Occurrence Assessment, attached as Appendix A. As determined through the Likelihood of 
Occurrence Assessment, no threatened flora species are considered to have a 'moderate' or higher likelihood 
of occurrence within the study area. 

Given the above, it is highly unlikely that the development will significantly impact upon threatened flora. 

3.4 Fauna – Survey Results and Assessment 

3.4.1 Species Recorded During Field Survey 

All vertebrate fauna species observed during the survey were recorded. All birds recorded within and outside 
of the study area (up to 2.5 km away) are listed in Table 3 below. Three TSC Act listed 'Vulnerable' species 
were recorded: the Scarlet Robin (Petroica boodang), the Flame Robin (Petroica phoenicea) and the White-
fronted Chat (Epthianura albifrons). Both robin species were recorded multiple times outside of the study area 
and the White-fronted Chat was recorded once. None of the three species were recorded within the study 
area. 

The only native mammal observed was the Eastern Grey Kangaroo (Macropus giganteus), which was recorded 
in small mobs only, outside of the study area. Gazing pressure from kangaroos appeared to be low at the 
time of survey. 

The introduced Red Fox (Vulpes vulpes) was recorded multiple times near the study area.  

Table 3. Birds recorded during the field survey 

Common Name Species Name 

Australian Hobby Falco longipennis 

Australian Magpie Cracticus tibicen 

Australian Raven Corvus coronoides  

Australian Wood Duck Chenonetta jubata  

Black-faced Cuckoo-shrike Coracina novaehollandiae  

Black-shouldered Kite Elanus axillaris 

Common Bronzewing Phaps chalcoptera  

Common Starling Sturnus vulgaris 

Crested Pigeon Ocyphaps lophotes 

Crimson Rosella Platycercus elegans  

Eastern Rosella Platycercus eximius 

Eurasian Coot Fulica atra 

Flame Robin* Petroica phoenicea 
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Galah Eolophus roseicapillus  

Magpie-lark Grallina cyanoleuca  

Nankeen Kestrel Falco cenchroides 

Pink-eared Duck Malacorhynchus membranaceus 

Scarlet Robin* Petroica boodang  

Superb Fairy-wren Malurus cyaneus  

Tree Martin Petrochelidon nigricans  

Wedge-tailed Eagle Aquila audax 

White-faced Heron Egretta novahollandiae  

White-fronted Chat* Epthianura albifrons 

White-winged Chough Corcorax melanorhamphos  

Willie Wagtail Rhipidura leucophrys  

* Species listed as threatened under the TSC Act. Refer Section 3.4.2. 

3.4.2 Fauna Habitat Features 

The fauna habitats within the study area consist of native and exotic pasture and remnant eucalypts. Finer 
scale habitat features include tree hollows, rock outcrops and feeding resources in the blossoms, fruits and 
exudates of mature eucalypt trees. The most significant fauna habitat features in the study area are discussed 
below.  

Paddock Trees 

The study area contains 14 mature native trees, of which four contain hollows. Tree hollows are a limiting 
habitat feature for many native birds, arboreal mammals (marsupials and bats) and reptiles, some of which 
are listed threatened species. Given the long period of time required for a tree to reach the age when hollows 
develop (generally >100 years), the loss of hollow-bearing trees has the potential to have a significant and 
long-term impact upon native fauna habitat. The native trees within the study area, particularly the Yellow 
Box and Red Box eucalypts, also provide large quantities of nectar when in flower which feed insects, bats 
and birds. Insectivorous birds and bats will also be attracted to eucalypts to hunt for the invertebrates which 
associate with these trees. 

In addition to the mature trees, a small patch of young fenced native plantings also occurs within the study 
area and may be lost. The location of the plantings can be seen on Figure 2. 

The habitat values of the trees within the study area in the context of the surrounding land are discussed in 
Section 3.5 along with the results of the Tree Habitat Assessment. 

Rock Outcrops 

Rock outcrops are present in the southern part of the study area on the western slopes of the hill. These are 
predominantly vertical imbedded shale formations with very little loose surface rock. They therefore have a 
low habitat value as they provide minimal shelter for native fauna. They are unlikely to provide habitat for the 
threatened Pink-tailed Worm-lizard (Aprasia prapulchella) (refer Appendix A – Likelihood of Occurrence 
Assessment). 
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Pasture 

Owing to past land clearance, stock grazing and cropping, most of the study area consists of low diversity 
native pasture. The low diversity, lack of refuge sites and limited foraging resources would limit the value of 
this habitat type to native fauna. 

Native fauna occurring within this habitat type would primarily be limited to common birds, reptiles and 
mammals, notably the Common Wombat (Vombatus ursinus) and Eastern Grey Kangaroos (Macropus 
giganteus). Threatened birds may also utilise the pasture (refer section 3.4.3) however are unlikely to breed 
within. 

Farm Dams 

Although no dams occur within the study area, four dams occur downstream of the recycled water discharge 
pipeline. These dams support minimal fringing vegetation and have been affected by livestock. They are likely 
to provide habitat for common native species only.  

Fauna which are likely to use the dams in the locality include the Eastern Long-necked Turtle (Chelodina 
longicollis) and common frogs which occur in the locality. Additionally, the farm dams would comprise part of 
the habitat of the many common waterbirds that occur in the locality and there is a small chance that they 
periodically attract EPBC Act-listed migratory wetland birds such as the Great Egret (Ardea alba) and Cattle 
Egret (Ardea ibis). Waterbirds recorded in the study area include White-faced Herons (Egretta novaehollandiae) 
and large numbers of Australian Wood Ducks (Chenonetta jubata).  

The ephemeral drainage lines which occur within the study area are not considered to be of any greater 
significance than that provided by the many other similar features throughout the locality. 

It is unlikely that occasional discharge of recycled water would negatively impact upon the ecological values of 
the dams and drainage lines. Appropriate sedimentation and erosion control should be undertaken to ensure 
that impacts are minimised during and after works. 

3.4.3 Threatened Fauna Species 

Sixteen EPBC Act listed threatened fauna species are identified as ‘species or species habitat likely to occur 
within area’ on the EPBC Protected Matters Search Tool. A further 18 species listed solely under the TSC Act 
are considered by the authors to warrant consideration and have been added to the assessment. The 
assessment of the likelihood of occurrence within the study area of these 34 species is provided in Appendix 
A. All species with a 'moderate' or higher likelihood of occurrence have been considered further. An 
assessment of the potential for impacts upon these 10 species is provided in Table 4. 
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Table 4. Potential for impacts to threatened fauna listed pursuant to the EPBC Act and/or the TSC Act 

Name EPBC 
Act 

TSC 
Act 

Habitat Values within study area Assessment of Impacts on Threatened Species* 
Is there potential for the proposed action to: 

Impact Assessment 
Required?** 

Adversely affect 
stages of the 
lifecycle of the 
species? 

Loss or disturbance 
of limiting foraging 
or breeding 
resources? 

Fragmentation 
of limiting 
habitat? 

Anthochaera phrygia 
Regent Honeyeater 

E E4A Moderate quality foraging habitat in 
the mature remnant eucalypts. Higher 
quality foraging habitat is present in 
the Googong Foreshores. 

No No No No 

Callocephalon 
fimbriatum 
Gang-gang Cockatoo 

- V Low quality foraging habitat in the 
mature remnant eucalypts only. Higher 
quality foraging habitat is present in 
the Googong Foreshores. The species 
is unlikely to breed in the area. 

No No No No 

Calyptorhynchus 
lathami 
Glossy Black-
cockatoo 

- V Due to the lack of large casuarina 
stands, the study area is highly unlikely 
to represent important feeding habitat. 
The species is unlikely to breed in the 
area. 

No No No No 

Epthianura albifrons 
White-fronted Chat 

- V One individual was recorded nearby 
during the survey however minimal 
foraging and no breeding habitat is 
present within the study area. 

No No No No 

Hieraaetus 
morphnoides 
Little Eagle 

- V The study area is likely to be part of the 
foraging range of a pair of Little Eagles. 
Foraging habitat in the study area is 
likely to be of moderate value to the 
species, however is unlikely to be 

Unlikely Unlikely No No 
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Name EPBC 
Act 

TSC 
Act 

Habitat Values within study area Assessment of Impacts on Threatened Species* 
Is there potential for the proposed action to: 

Impact Assessment 
Required?** 

Adversely affect 
stages of the 
lifecycle of the 
species? 

Loss or disturbance 
of limiting foraging 
or breeding 
resources? 

Fragmentation 
of limiting 
habitat? 

limiting given the substantial foraging 
habitat in the locality. The species is 
unlikely to breed within the study area, 
given the higher quality breeding 
habitat in the Googong Foreshores and 
the Pink-tailed Worm-lizard 
Conservation Areas nearby. 
Nevertheless, the removal of any trees 
containing large stick nests should 
occur outside of the breeding period 
for this species. The works are unlikely 
to impact the breeding of the species 
in the wider locality.  

Melanodryas cucullata 
cucullata 
Hooded Robin (S-E 
form) 

- V Only low quality foraging habitat for 
this species is present. The species was 
not recorded during the field survey. 

No No No No 

Petroica boodang 
Scarlet Robin 

- V Moderate quality foraging habitat for 
this species is present. The species was 
recorded nearby the study area during 
the field survey in high numbers. The 
study area contains a very small 
percentage of the foraging habitat 
present in the locality. 

No No No No 
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Name EPBC 
Act 

TSC 
Act 

Habitat Values within study area Assessment of Impacts on Threatened Species* 
Is there potential for the proposed action to: 

Impact Assessment 
Required?** 

Adversely affect 
stages of the 
lifecycle of the 
species? 

Loss or disturbance 
of limiting foraging 
or breeding 
resources? 

Fragmentation 
of limiting 
habitat? 

Petroica phoenica 
Flame Robin 

- V Moderate quality foraging habitat for 
this species is present. The species was 
recorded nearby during the field 
survey in moderate numbers. The 
study area contains a very small 
percentage of the foraging habitat 
present in the locality. 

No No No No 

Stagonopleura guttata 
Diamond Firetail 

- V Only low quality foraging habitat for 
this species is present. 

No No No No 

*This table has been adapted from the Threatened Species Assessment Guidelines – The Assessment of Significance (DECC, 2007) 
**I.e. Assessment of Significance under the EP&A Act or assessment using the EPBC Act Significant Impact Criteria (refer to Section 4) 
Key:   

1) Listed pursuant to the EPBC Act as Critically Endangered (CE), Endangered (E), Vulnerable (V) or Migratory (M) 
3) Listed pursuant to the TSC Act as or Critically Endangered (E4A), Endangered (E1) or Vulnerable (V) 
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3.4.4 Migratory Fauna Species 

Eleven (11) migratory marine, terrestrial or wetland birds are listed by the EPBC Act Protected Matters Search 
Tool as potentially occurring within the study area. These species are: Fork-tailed Swift (Apus pacificus), White-
bellied Sea-Eagle (Haliaeetus leucogaster), White-throated Needletail (Hirundapus caudacutus), Rainbow Bee-
eater (Merops ornatus), Black-faced Monarch (Monarcha melanopsis), Satin Flycatcher (Myiagra cyanoleuca), 
Rufous Fantail (Rhipidura rufifrons), Great Egret (Ardea alba), Cattle Egret (Ardea ibis) Latham's Snipe (Gallinago 
hardwickii), and Painted Snipe (Rostratula benghalensis). 

An area of important habitat for a migratory species is defined by the DoE (DEWHA 2009) as: 

x habitat utilised by a migratory species occasionally or periodically within a region that supports an 
ecologically significant proportion of the population of the species; and/or 

x habitat that is of critical importance to the species at particular lifecycle stages; and/or 

x habitat utilised by a migratory species which is at the limit of the species range; and/or  

x habitat within an area where the species is declining. 

No dams or wetland areas occur within the study area, however multiple dams occur in the vicinity and four 
appear to be immediately downstream of the recycled water discharge point. These dams are small and the 
drainage lines ephemeral and of general low quality. Although the periodic occurrence of several of the listed 
species is possible, particularly listed migratory wetland birds, none are likely to breed within the study area 
or vicinity.  

Due to its highly modified and disturbed character (tree clearing, history of grazing, phalaris-dominated 
ephemeral drainage line etc.), the study area is unlikely to contain any important habitat for migratory birds.  

3.5 Tree Habitat Value Assessment Results and Interpretation 

3.5.1 Results 

Tree Summary 

During the survey, 14 trees occur within the study area and were assessed for their habitat values. The 
following tree species were recorded within the study area. 

x Apple Box (E. bridgesiana) 

x Bundy/Long-leaf Box (E. nortonii and/or goniocalyx) Note, as these species are similar and can be 
difficult to differentiate without sampling leaves or buds from each tree, they have been lumped 
together for this assessment. It is possible that all specimens recorded are E. nortonii however we 
could not be certain during a May survey. 

x Yellow Box (E. melliodora) 

x Red Box (E. polyanthemos) 

Hollow Summary 

Within the study area, four hollow-bearing trees were recorded, with a total of five hollows (2 small, 2 medium 
and 1 large), none of which showed clear signs of use (chew marks, rounded lip etc.). The distribution of 
hollow-bearing and non hollow-bearing trees within the study area is shown in Figure 4. A catalogue of trees 
is provided as Appendix B.  
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Other Habitat Values 

During the survey, notes were made on each tree relating to other indications of the trees' value to native 
fauna. Mistletoe (Box Mistletoe Amyema miquelii) was recorded in two of the trees. Mistletoe is an important 
habitat resource for some native fauna species, providing nectar and nesting habitat. 

No stick nests were recorded, however, some trees in the locality contain small-medium stick nests likely 
belonging to Australian Magpies (Cracticus tibicen), Australian Ravens (Corvus coronoides) or similar species.  

The data set including fauna habitat notes is included as Appendix B. 

3.5.2 Significance 

It is widely recognised that tree hollows as a habitat resource are depleted in modified landscapes. This is 
now being exacerbated by urban development which is expanding in many parts of eastern Australia 
(Goldingay 2011). A consequence of development and the ensuing decline in hollow resources is the listing of 
the loss of hollow-bearing trees as a Key Threatening Process (KTP) under Schedule 3 of the TSC Act (TSSC 
2007). In NSW, terrestrial vertebrate species that are known to be reliant on tree hollows for shelter and/or 
nesting include at least 46 mammals, 81 birds, 31 reptiles and 16 frogs (Gibbons & Lindenmayer 1997, 
Gibbons & Lindenmayer 2002). Of these, 40 species are listed as threatened under the TSC Act. 

Several threatened hollow-reliant species and numerous common hollow-reliant species occur in the 
Googong area. Within the study area however, remnant trees are widely spaced, and other habitat features 
commonly relied upon by native fauna (e.g. fallen logs, midstorey vegetation, diverse groundstorey, an 
abundance of mature flowering eucalypts etc.) are absent.  For this reason, the hollows within the study area 
are likely to be only utilised by the more common, generalist and mobile native species, such as Tree Martins 
(Petrochelidon nigricans) and Galahs (Eolophus roseicapilla), which were observed in high numbers during the 
survey. The hollows in the study area are also likely to be heavily utilised by exotic species such as European 
Starlings (Sturnus vulgaris) which fare well in modified landscapes. In addition, during monitoring of nest 
boxes installed in the Googong township Pink-tailed Worm-lizard (PTWL) Conservation Area, the boxes 
installed in the more isolated paddock trees were observed to contain a higher proportion of exotic birds 
than those installed in the more densely vegetated areas (Speirs and Vertucci, pers. obs.). 

Four hollow-bearing trees will be removed, with a total of five hollows. The loss of mature trees, particularly 
hollow-bearing trees, within the study area will mean a reduction in roosting/nesting and foraging habitat for 
some common native species.  

In the context of the trees to be preserved through the PTWL Conservation Area and the less modified 
remnant vegetation within Googong Foreshores, the trees to be removed are of comparatively low ecological 
value. Nevertheless, hollows are a valuable resource which may take over 100 years to form and mature 
paddock trees can be valuable to native birds and bats for providing foraging habitat in an otherwise 
ecologically poor landscape (Le Roux et al. 2014). As such, their removal should be avoided where practicable 
by retaining them within urban open space and similar areas of Googong township. As is characteristic of old 
hollow-bearing trees, several trees across Googong township have previously been assessed as being 
structurally unsound and therefore unsuitable for retention in urban areas (Spacelab 2014). However, it is 
also noted that Googong township's planned urban treescape will result in the planting of hundreds of local 
native trees in urban open space. These trees are likely to eventually replace some of the habitat values for 
common native fauna, even though some of the benefits are unlikely to be seen for many years. 

To avoid direct impacts upon common native fauna, clearance of trees containing nests or hollows should not 
occur between August and March if possible. All tree clearing should be supervised by an ecologist. 



 

© Biosis 2015 – Leaders in Ecology and Heritage Consulting 26 

4. Biodiversity Legislation 

This section provides an assessment of the prosed IWC - Stage C Network West works against key biodiversity 
legislation and government policy. 

Where available, links to further information are provided.  This section does not describe the legislation and 
policy in detail and guidance provided here does not constitute legal advice. 

4.1 Commonwealth 

4.1.1 Environment Protection and Biodiversity Conservation Act 1999 

The EPBC Act applies to developments and associated activities that have the potential to significantly impact 
on Matters of National Environmental Significance (NES) protected under the Act. Matters of NES relevant to 
the project are summarised in Table 5. 

As per Table 5, and on the basis of criteria outlined in the relevant Significant Impact Guidelines (DEWHA 2009), 
a significant impact on a Matter of NES is unlikely to result from the development of the study area. 

Table 5. Assessment of the proposed development under the EPBC Act 

Matter of NES Project specifics Significant Impact Criteria assessment 
findings 

Threatened species(flora 
and fauna) 

Thirty-four threatened flora and fauna species 
have been assessed for their likelihood of 
occurring in the study area. This assessment is 
provided as Appendix A. 

Most of the species assessed are unlikely to 
occur within the study area. As per the 
assessment in Section 3.4.3, for those which 
are moderately or highly likely to occur, the 
proposed works are highly unlikely to 
constitute a significant impact. 

Threatened ecological 
communities 

It is highly unlikely that the non-diverse native 
pasture within the study area would meet the 
criteria for the BGW EPBC Act listed TEC if 
resurveyed in spring. No other EPBC Act listed 
TECs occur within the study area. 

N/A 

Migratory species Eleven migratory species may occur in the 
study area as determined by the EPBC Act 
Protected Matters Search Tool. 

While some of these species can be expected 
to visit the study area on occasion, the study 
area does not provide important habitat for 
any of these species. 

Wetlands of international 
importance (Ramsar 
sites) 

Three Ramsar wetlands are predicted by the 
EPBC Act Protected Matters Search Tool as 
occurring downstream of the study area: 
Banrock station wetland complex, Coorong 
and lakes Alexandrina and Albert, and 
Riverland. 

The study area does not flow directly into a 
Ramsar wetland and the works are highly 
unlikely to result in a significant impact. 
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4.2 State 

4.2.1 Environmental Planning and Assessment Act 1979 

The EP&A Act was enacted to encourage the proper consideration and management of impacts of proposed 
development or land-use changes on the environment (both natural and built) and the community.  The Act is 
administered by the NSW Department of Planning and Infrastructure. 

Sections of the EP&A Act of primary relevance to the natural environment are considered further below in 
relation to the current proposal. 

Assessment of Significance (Section 5A) 

Section 5A of the EP&A Act requires proponents and consent authorities to consider if a development will 
have a significant impact on threatened species, populations or communities listed under the TSC Act and FM 
Act.  Section 5A (and Section 9A of the TSC Act) outlines seven factors that must be taken into account in an 
Assessment of Significance (formally known as the “7-part test”).  Where any Assessment of Significance (AoS) 
determines that a development will result in a significant effect to a threatened species, population or 
community a Species Impact Statement (SIS) is required. As per the assessments in Section 3.2.3, one AoS is 
required and has been included as Appendix C. 

4.2.2 Threatened Species Conservation Act 1995 

The TSC Act provides for the protection and conservation of biodiversity in NSW through the listing of 
threatened flora and fauna, key threatening processes, and critical habitat for threatened species. 

Approximately 2.04 ha of native vegetation within the study area is constitutes the endangered community 
BGW. This is the maximum extent of the community which will be impacted by the works. The AoS for this 
community is included as Appendix C. Due to the highly modified nature of the community within the study 
area, the loss of a small amount of the TEC is unlikely to constitute a significant impact upon BGW. Further 
assessment is not considered to be warranted. 

As discussed in Sections 3.3 and 3.4.3, no flora or fauna listed under the TSC Act are likely to be significantly 
impacted by the proposed development. 

Habitat critical to the survival of an endangered or critically endangered species, population or ecological 
community can be identified under the TSC Act and listed on the Register of Critical Habitat kept by the OEH.  
The study area does not contain declared ‘critical habitat’.  

4.2.3 Fisheries Management Act 1994 

The FM Act provides for the protection and conservation of aquatic species and their habitat throughout 
NSW.  Impacts to threatened species, populations and communities listed under the FM Act must be assessed 
through the AoS process under Section 5A of the EP&A Act.  As there is no natural and permanent aquatic 
habitat within the study area, this is not required. 

4.2.4 Noxious Weeds Act 1993 

The Noxious Weeds Act 1993 (NW Act) provides for the identification, classification and control of noxious 
weeds.  Plants declared as noxious weeds are currently listed on Noxious Weeds (Weed Control) Order 2014 
under the NW Act.  

Six species listed as Class 4 noxious weeds for the Queanbeyan Local Government Area were recorded within 
or adjacent to the study area: 

x African Love Grass (Eragrostis curvula) 
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x Bathurst Burr (Xanthium spinosum) 

x Blackberry (Rubus fruiticosus) 

x Paterson's Curse (Echium plantagineum) 

x Serrated Tussock (Nassella trichotoma) 

x Sweet Briar (Rosa rubiginosa) 

The levels of infestation of these weeds are described in Section 3.2.5.  

Under the NW Act, Class 4 'Locally Controlled Weeds' require that 'the growth of the plant must be managed 
in a manner that reduces its numbers spread and incidence and continuously inhibits its reproduction'. 
Control of all significant weeds is recommended to reduce spread across the landscape. It will be important to 
undertake weed control, particularly along the water mains alignment following trenching, to ensure that any 
bare earth is not colonised by weeds. Revegetation with native species and/or a sterile cover crop may also be 
beneficial to prevent weed incursion (specifically by African Lovegrass and Serrated Tussock), particularly 
along the water mains alignment. We recommend that monitoring be undertaken annually to determine the 
requirements for ongoing weed control. 

4.2.5 Native Vegetation Act 2003 

The NSW Native Vegetation Act 2003 does not apply to the project, as the proposal is located in an area zoned 
as 'General Residential' in the Queanbeyan LEP (QCC 2012). 
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5. Conclusion and Recommendations 

This report assesses the ecological significance of threatened flora, fauna and ecological communities that 
occur, or have the potential to occur, within the area to be impacted upon by the IWC - Stage C Network West 
works, in accordance with the relevant Commonwealth and State environmental legislation. 

Given the results of the desktop assessment and surveys of the study area, we conclude that the works are 
highly unlikely to significantly impact upon threatened flora, fauna or ecological communities, or other 
ecological values listed under the above acts. 

The main conclusions of this F&FA are summarised in further detail in Table 6 below. 

Table 6. Summary of main conclusions 

 Project Specifics/Conclusion Section of Report 

Current vegetation 
condition 

The study area is predominantly highly modified and degraded. 
Species diversity may be slightly (but not significantly) 
underestimated by the May field survey. 

3.2.2 

Weeds Several significant weeds are present. Control is required of 
significant weeds under the Noxious Weeds Act 1993. 

3.2.5 
4.2.4 

Threatened Ecological 
Communities 

It is unlikely that any EPBC Act TECs occur within the study area. 
Approximately 2.04 ha of a TSC Act listed community is present 
within the study area: Box-Gum Woodland. This community is 
highly modified within the study area. The potential loss or 
modification of this community is not considered likely to constitute 
a significant impact. 

3.2.3 
4.2.2 

Threatened flora and 
fauna 

Most of the species assessed are unlikely to occur within the study 
area. For those which are moderately or highly likely to occur, 
development is unlikely to constitute a significant impact.  

3.3 
3.4.3 

Migratory species The works are unlikely to significantly impact upon migratory 
species. 

3.4.4 

Tree habitat values Of the 14 mature trees in the study area, four are hollow-bearing. 
Non hollow-bearing trees, particularly Yellow Box and Red Box are 
also valuable for providing foraging and nesting resources. 
The trees within the study area are unlikely to be utilised by 
threatened species for nesting/roosting due to their relative 
isolation and the lack of other habitat features such as fallen 
timber, midstorey vegetation, or groundstorey diversity. 

3.5 

Wetlands of international 
importance (Ramsar 
sites) 

The development is highly unlikely to result in a significant impact 
upon Ramsar wetlands. 

4.1.1 
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 Project Specifics/Conclusion Section of Report 

Summary of 
recommendations 

x Control of weeds is required as per the Noxious Weeds Act 
1993. Monitoring and follow up control is also 
recommended. 

x Clearance of trees containing nests or hollows should not 
occur between August and March if possible. All tree 
clearing should be supervised by an ecologist.  

4.2.4 
 
 
 

3.5.2 
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Appendix A – Likelihood of Occurrence Assessment 

Species Name EPBC Act 
Status 

TSC Act 
Status 

Brief Description  Likelihood of Occurrence 

PLANTS 

Calotis glandulosa 
Mauve Burr-daisy 

V V Occurs at higher altitudes between Eden and Dubbo where it grows in grassland 
and sclerophyll forest. The main distribution is in the Monaro and Kosciuszko 
regions. The species is found in montane grasslands in the Australian Alps and 
subalpine grassland (dominated by Poa spp.), Natural Temperate Grassland and 
Snow Gum Woodlands on the Monaro and Shoalhaven area. The species appears 
to be a coloniser of bare ground, which explains why it is often seen on roadsides. 
Apparently common on roadsides in parts of the Monaro but does not persist in 
heavily-grazed pastures. Dispersed by the sticky burrs. 

Negligible 
The species would not persist in the grazed 
pasture and has not been recorded during 
numerous traverses of the area by ecologists. 

Eucalyptus aggregata 
Black Gum 

- V Eucalyptus aggregata occurs on the central and southern tablelands of NSW, and 
in a small disjunct population in Victoria. In NSW, it occurs predominantly in the 
South Eastern Highlands Bioregion. The species is a small to medium-sized 
woodland tree which grows in grassy woodlands on alluvial soils in moist sites 
along creeks on broad, cold and poorly-drained flats and hollows. It commonly 
occurs with Candlebark (Eucalyptus rubida), Ribbon Gum (E. viminalis), and Snow 
Gum (E. pauciflora), with a grassy understorey of River Tussock (Poa labillardieri). 
Most populations are located on private land or road verges and travelling stock 
routes. 

Negligible 
This species was not recorded during the tree 
surveys or during numerous prior traverses of 
the area by ecologists. 

Lepidium hyssopifolium 
Basalt Peppercress 

E - This species is known from a few populations in NSW, Victoria and Tasmania. The 
Basalt Pepper-cress is known to establish on open, bare ground with limited 
competition from other plants. It was previously recorded from Eucalypt 
woodland with a grassy ground cover, low open Casuarina woodland with a 
grassy ground cover and tussock grassland, however recently recorded localities 

Negligible 
The species has not been recorded during 
numerous traverses of the area by ecologists 
and the area is too heavily grazed to 
constitute potential habitat. 
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Species Name EPBC Act 
Status 

TSC Act 
Status 

Brief Description  Likelihood of Occurrence 

have predominantly been in weed-infested areas of heavy modification, high 
degradation and high soil disturbance such as road and rail verges, on the fringes 
of developed agricultural land or within small reserves in agricultural land. Many 
populations are now generally found amongst exotic pasture grasses and 
beneath exotic trees. 

Leucochrysum albicans var. 
tricolor 
Hoary Sunray 

E - The Hoary Sunray occurs from Queensland to Victoria and in Tasmania. In the 
ACT the species can be seen in spring in abundance on the roadside along 
Fairbairn Avenue and into Mt Ainslie Nature Reserve, on the western slopes of Mt 
Majura and adjacent to the Federal Highway road easement. In NSW it is 
distributed on the inland slopes and plains including grasslands and woodlands 
on the Monaro. The species is usually found in ungrazed and lightly grazed areas, 
along roadsides in particular. It appears to be very sensitive to grazing, but 
responds to disturbance as a coloniser and appears to tolerate mowing. Flowers 
spring to summer. 

Low 
Although this species is known to occur 
nearby within the Googong Foreshores, it has 
not been recorded within the study area 
during traverses by ecologists. Most of the 
study area has been heavily grazed and is 
unlikely to currently constitute potential 
habitat. 

Pelargonium sp. Striatellum 
Omeo Stork's-bill 

E E An undescribed species of Pelargonium, Omeo Stork’s Bill is a tufted perennial 
herb threatened by grazing, recreational activities, and exotic species. It is known 
to occur just above the high water level of ephemeral lakes in NSW and Victoria. 

Negligible 
There is no potential habitat for this species in 
the study area. 

Pomaderris pallida 
Pale Pomaderris 

V V Pale Pomaderris has been recorded from near Kydra Trig, north-west of 
Nimmitabel, Tinderry Nature Reserve, and the Queanbeyan River. A record from 
Byadbo in Kosciuszko National Park has not been relocated. The main distribution 
is along the Murrumbidgee in the ACT. It was recorded recently in eastern 
Victoria. This species usually grows in shrub communities surrounded by Brittle 
Gum (Eucalyptus mannifera) and Red Stringybark (E. macrorhynca) or Callitris spp. 
woodland. 

Negligible 
This species is generally large and easily 
recognised, however has not been recorded 
within the study area. 

Rutidosis Leptorrhynchoides 
Button Wrinklewort 

E E In the ACT and NSW, Button Wrinklewort occurs in box-gum woodland, secondary 
grassland derived from box-gum woodland or in natural temperate grassland. It 
prefers open spaces where it does not have to compete for light. It is known from 

Negligible 
The study area is too disturbed and grazed to 
constitute potential habitat. 
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Species Name EPBC Act 
Status 

TSC Act 
Status 

Brief Description  Likelihood of Occurrence 

several sites in the ACT, NSW and Victoria, where it is threatened by habitat loss, 
grazing and weed encroachment. 

Swainsona recta 
Small Purple-pea 

E E1 The Small Purple-pea occurs in the grassy understorey of woodlands and open-
forests dominated by Blakely’s Red Gum, Yellow Box, Candlebark and Bundy. The 
species grows in association with understorey dominants that include Kangaroo 
Grass, poa tussocks and spear-grasses. Plants die back in summer, surviving as 
rootstocks until they shoot again in autumn. The species is intolerant of grazing 
but generally tolerant of fire, which also enhances germination by breaking the 
seed coat and reducing competition from other species.  

Negligible 
The study area is too disturbed and grazed to 
constitute potential habitat. 

Swainsona sericea 
Silky Swainson-pea 

- V Silky Swainson-pea is a low growing perennial, found from the Northern 
Tablelands to the Southern Tablelands and Monaro region as well as further 
inland on the slopes and plains. The species is found in Natural Temperate 
Grassland and Snow Gum Woodland on the Monaro, and in Box-Gum Woodland 
in the Southern Tablelands and South West Slopes 

Negligible 
The study area is too disturbed and grazed to 
constitute potential habitat. 

Thesium australe 
Austral Toadflax 

V V Found in very small to large populations scattered across eastern NSW, along the 
coast, and from the Northern to Southern Tablelands. Austral Toadflax is a root 
parasite that takes water and some nutrients from other plants, especially 
Kangaroo Grass. It is often found in damp sites in association with Kangaroo 
Grass but it is also found on other grass species at inland sites. Occurs on clay 
soils in grassy woodlands or coastal headlands.   

Negligible 
The study area is too disturbed and grazed to 
constitute potential habitat. 

BIRDS 

Anthochaera phrygia 
Regent Honeyeater 

E E4A A semi-nomadic species occurring in temperate eucalypt woodlands and open 
forests. Most records are from box-ironbark eucalypt forest associations and wet 
lowland coastal forests. Key eucalypt species include Mugga Ironbark, Yellow Box, 
Blakely's Red Gum, White Box and Swamp Mahogany. Also utilises a number of 
other eucalypt species. Nectar and fruit from the mistletoes Amyema miquelii, A. 

Moderate 
This species is likely to pass through the study 
area, feeding on flowering eucalypts and 
mistletoe. 
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Species Name EPBC Act 
Status 

TSC Act 
Status 

Brief Description  Likelihood of Occurrence 

pendula, and A. cambagei are also eaten during the breeding season. Regent 
Honeyeaters usually nest in horizontal branches or forks in tall mature eucalypts 
and sheoaks as well as within mistletoe haustoria (section of the root which 
connects with the host tree). An open cup-shaped nest is constructed by the 
female of bark, grass, twigs and wool. 

Botaurus poiciloptilus 
Australasian Bittern 

E E1 The Australasian Bittern is distributed across south-eastern Australia. It is often 
found in terrestrial and estuarine wetlands, generally where there is permanent 
water with tall, dense vegetation including Typha spp. and Eleoacharis spp. 
Typically this species forages at night on frogs, fish and invertebrates, and 
remains inconspicuous during the day. The breeding season extends from 
October to January with nests being built amongst dense vegetation on a 
flattened platform of reeds. 

Negligible 
There is no potential habitat for this species 
within the study area. 

Callocephalon fimbriatum 
Gang-gang Cockatoo 

- V In summer the Gang-gang Cockatoo occupies tall montane forests and 
woodlands, particularly in heavily timbered and mature wet sclerophyll forests. 
Also occur in subalpine Snow Gum woodland and occasionally in temperate or 
regenerating forest. In winter, the species occurs at lower altitudes in drier, more 
open eucalypt forests and woodlands, particularly in box-ironbark assemblages, 
or in dry forest in coastal areas. It requires tree hollows in which to breed. 

Moderate 
The species may visit the Study area, 
particularly in winter. 
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Species Name EPBC Act 
Status 

TSC Act 
Status 

Brief Description  Likelihood of Occurrence 

Calyptorhynchus lathami 
Glossy Black-cockatoo 

- V The Glossy Black-cockatoo has a patchy distribution, having once been 
widespread across most of the south-east of Australia. The species is now 
distributed throughout an area which extends from the coast near Eungella in 
eastern Queensland to Mallacoota in Victoria. Glossy black-cockatoos feed on 
casuarina seeds, however they occasionally consume seeds from eucalypts, 
angophoras, acacias and hakeas, as well as insect larvae. In the ACT region the 
species feeds almost exclusively on Drooping Sheoak (Allocasuarina verticillata). 
Pairs mate for life and nest in the hollows of large, old living or dead eucalypt 
trees. Breeding takes place between March and August. 

Moderate 
The species may visit the study area. Due to 
the lack of large casuarina stands, the study 
area is highly unlikely to represent important 
feeding habitat. 

Chthonicola sagittata 
Speckled Warbler 

- V The Speckled Warbler lives in a wide range of Eucalyptus dominated communities 
that have a grassy understorey, often on rocky ridges or in gullies. Typical habitat 
includes scattered native tussock grasses, a sparse shrub layer, some eucalypt 
regrowth and an open canopy. Large, relatively undisturbed remnants are 
required for the species to persist in an area. The diet consists of seeds and 
insects, with most foraging taking place on the ground around tussocks and 
under bushes and trees. Pairs are sedentary and occupy a breeding territory of 
about ten hectares, with a slightly larger home-range when not breeding. The 
rounded, domed, roughly built nest of dry grass and strips of bark is located in a 
slight hollow in the ground or the base of a low dense plant. 

Low 
Although the species is known to occur in 
nearby Googong Foreshores, it is unlikely to 
venture within the study area. The study area 
presents poor quality potential habitat for this 
species. 

Climacteris picumnus victoriae 
Brown Treecreeper 
(eastern subspecies) 

- V In the ACT region, Brown Treecreepers occur in dry woodlands and open forest 
below 1,000 metres. The species is relatively common along the Clear Range and 
along the Lower Naas River. Other populations occur at Mulligans Flat Reserve, 
Campbell Park, Burbong and former quarries south of the airport in the northern 
part of the ACT, and at Castle Hill, north of Tharwa. Brown Treecreepers also 
frequent paddocks and grasslands where there are sufficient logs, stumps and 
dead trees nearby. The species prefers relatively undisturbed woodland and dry 
open forest where the native understorey, especially grasses, has been preserved. 

Low 
The species may occur within the Googong 
Foreshores however is highly unlikely to occur 
within the study area due to the level of 
modification/clearing and disturbance. 
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Species Name EPBC Act 
Status 

TSC Act 
Status 

Brief Description  Likelihood of Occurrence 

The species usually prefers predominantly rough-barked trees such as 
stringybarks and rough barked Boxes. 

Daphoenositta chrysoptera 
Varied Sittella 

- V In the ACT region, the Varied Sittella occurs in a wide variety of woodland and 
forest habitats, particularly in lowland areas. The species prefers areas with a 
dominance of rough barked trees, notably Red Stringybark at relatively high 
density. The species is rarely recorded in sparsely treed areas. 

Low 
The species is likely to occur within the 
Googong Foreshores however is highly 
unlikely to occur within the study area due to 
the level of modification/clearing and 
disturbance. 

Epthianura albifrons 
White-fronted Chat 

- V The White-fronted Chat is a small insectivorous bird found across the southern 
half of Australia. It mostly occurs in temperate to arid climates and very rarely 
sub-tropical areas, occupying foothills and lowlands up to 1000 m above sea level. 
In NSW, it occurs mostly in the southern half of the state, in damp open habitats 
along the coast, and near waterways in the western part of the state. This species 
is gregarious species, usually found foraging on bare or grassy ground in wetland 
areas, singly or in pairs. They have been observed breeding from late July through 
to early March, with 'open-cup' nests built in low vegetation. Nests in the Sydney 
region have also been seen in low isolated mangroves. Nests are usually built 
about 23 cm above the ground (but have been found up to 2.5 m above the 
ground). 

Moderate 
One male was recorded in swampy vegetation 
south-east of the study area. It is likely that the 
bird was part of a small group however he 
quickly flew after being spotted and no others 
were recorded. None were recorded within 
the study area and no swampy vegetation is 
present. 

Grantiella picta 
Painted Honeyeater 

- V The Painted Honeyeater is found in Queensland and New South Wales west of 
the Great Dividing Range, through to northern Victoria. The species displays some 
migrational movement and is occasionally found in the Northern Territory and is 
a vagrant to South Australia and the ACT. The species frequents eucalypt forests 
and woodlands, particularly those that are infested heavily with mistletoes. In the 
ACT, the species' primary habitat is River Oak (Casuarina cunninghamiana) along 
river systems, especially the Murrumbidgee River. 

Low 
This species is only an occasional visitor to the 
ACT region and based on the location of 
previous recordings, is unlikely to visit the 
study area. 
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Species Name EPBC Act 
Status 

TSC Act 
Status 

Brief Description  Likelihood of Occurrence 

Hieraaetus morphnoides 
Little Eagle 

- V The Little Eagle is distributed throughout the Australian mainland excepting the 
most densely forested parts of the Dividing Range escarpment, and occupies 
habitats rich in prey within open eucalypt forest, woodland or open woodland. 
The species is sensitive to human disturbance. 

Moderate 
The study area may be part of the foraging 
range of a pair of Little Eagles. The species has 
not been recorded during past field surveys 
and no confirmed breeding activity has been 
recorded in the vicinity of the study area. 

Lathamus discolor 
Swift Parrot 

E E1 The Swift Parrot occurs in woodlands and forests of NSW from May to August, 
where it feeds on eucalypt nectar, pollen and associated insects. The Swift Parrot 
is dependent on flowering resources across a wide range of habitats in its 
wintering grounds in NSW. This species is migratory, breeding in Tasmania and 
also nomadic, moving about in response to changing food availability. 

Low 
The species may move through the study area 
during winter, feeding in eucalypts, however 
this is unlikely due to the low number of large 
Yellow Box and the paucity of records of the 
species in the region. 

Melanodryas cucullata 
cucullata 
Hooded Robin (south-
eastern form) 

- V The Hooded Robin occupies drier eucalypt forest, woodland and scrub, grasses 
and low shrubs, as well as cleared paddocks with regrowth or stumps. The 
species uses stumps, posts or fallen timber from which to locate prey on the 
ground. In the ACT region, the species is found in woodland, often with scattered 
Yellow Box and/or Blakely’s Red Gum, with long grass and low shrubs, or fallen 
logs. 

Moderate 
The species is may periodically visit the study 
area. 
 

Petroica boodang 
Scarlet Robin 

- V The Scarlet Robin is found in south-eastern Australia (extreme south-east 
Queensland to Tasmania, western Victoria and south-east South Australia) and 
south-west Western Australia. In NSW it occupies open forests and woodlands 
from the coast to the inland slopes, breeding in drier eucalypt forests and 
temperate woodlands 

High 
The species is likely to periodically visit the 
study area. It has been recorded nearby in 
Googong Foreshores in higher quality native 
remnant vegetation. It was recorded during 
the field survey outside of the study area. 
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Species Name EPBC Act 
Status 

TSC Act 
Status 

Brief Description  Likelihood of Occurrence 

Petroica phoenica 
Flame Robin 

- V The Flame Robin is found in south-eastern Australia, from the Queensland border 
to Tasmania, western Victoria and south-east South Australia. In NSW it breeds in 
upland moist eucalypt forests and woodlands, often on ridges and slopes, in 
areas of open understorey. The species migrates in winter to more open lowland 
habitats such as grassland with scattered trees and open woodland on the inland 
slopes and plains 

High 
The species is likely to periodically visit the 
study area. It was recorded during the field 
survey outside of the study area. 

Polytelis swainsonii 
Superb Parrot 

V V Found mainly in open, tall riparian River Red Gum forest or woodland. Often 
found in farmland including grazing land with patches of remnant vegetation. 
Breeds in hollow branches of tall Eucalypt trees within 9 km of feeding areas.  

Low 
The species may visit the study area to forage. 
It is not known to breed in the locality. 

Rostratula australis 
Australian Painted Snipe 

V E1 Usually found in shallow inland wetlands including farm dams, lakes, rice crops, 
swamps and waterlogged grassland. The species prefers freshwater wetlands, 
ephemeral or permanent, although it has been recorded in brackish waters. 

Negligible 
The study area does not provide potential 
habitat for the species and the species is only 
rarely recorded at one location in the ACT 
region, Jerrabomberra Wetlands. 

Stagonopleura guttata 
Diamond Firetail 

- V The Diamond Firetail is found in eastern Australia, from Eyre Peninsula, South 
Australia, to south-eastern Queensland. There has been a decline in density 
throughout the range, and many remaining populations may now be isolated. 
The species inhabits a wide range of eucalypt-dominated vegetation communities 
that have a grassy understorey, including woodland and mallee. 

Moderate 
The species is likely to occur within the 
Googong Foreshores and may occasionally 
venture into the study area to forage. 
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Species Name EPBC Act 
Status 

TSC Act 
Status 

Brief Description  Likelihood of Occurrence 

Tyto novaehollandiae 
Masked Owl 

- V The Masked Owl may be found across a diverse range of wooded habitats that 
provide tall or dense mature trees with hollows suitable for nesting and roosting. 
The species has primarily been recorded in open forests and woodlands adjacent 
to cleared lands. They nest in hollows, in trunks and in near vertical spouts of 
large trees, usually living but occasionally dead. The nest hollows are usually 
located within dense forests or woodlands. Masked Owls prey upon hollow-
dependent arboreal marsupials, but terrestrial mammals including Rabbits and 
rodents make up the largest proportion of the diet. The species has a large home 
range of between 500 and 1000 ha. 

Low 
The species may forage within the study area.  

FISH & CRUSTACEA 

Bidyanus bidyanus 
Silver Perch 

CE V Silver perch are endemic to the Murray-Darling system (including all states and 
sub-basins). They show a general preference for faster-flowing water, including 
rapids and races, and more open sections of river, throughout the Murray-Darling 
Basin. Silver perch are a highly migratory freshwater fish. The extensive migration 
of adults, particularly during flooding, has long been recognised and is considered 
to be part of their spawning behaviour. 

Negligible 
There is no potential habitat for this species 
within the study area. 

Maccullochella peelii 
Murray Cod 

V - The Murray Cod's natural distribution extends throughout the Murray-Darling 
basin ranging west of the divide from south east Queensland, through NSW into 
Victoria and South Australia. The species is found in the waterways of the Murray–
Darling Basin in a wide range of warm water habitats that range from clear, rocky 
streams to slow flowing turbid rivers, billabongs and large deep holes. Murray 
Cod is entirely a freshwater species and will not tolerate high salinity levels. 

Negligible 
There is no potential habitat for this species 
within the study area. 
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Species Name EPBC Act 
Status 

TSC Act 
Status 

Brief Description  Likelihood of Occurrence 

Macquaria australasica 
Macquarie Perch 

E E1 Macquarie Perch are found in the Murray-Darling Basin (particularly upstream 
reaches) of the Lachlan, Murrumbidgee and Murray rivers, and parts of south-
eastern coastal NSW, including the Hawkesbury and Shoalhaven catchments. 
Macquarie perch are found in both river and lake habitats, especially the upper 
reaches of rivers and their substantial tributaries  

Negligible 
There is no potential habitat for this species 
within the study area. 

FROGS 

Litoria castanea 
Yellow-spotted Tree Frog 

E E4A The Yellow-spotted Tree Frog previously had a disjunct distribution, being 
recorded on the New England Tablelands and on the Southern Tablelands from 
Lake George to Bombala. The species has only recently (2010) been rediscovered 
on the Southern Tablelands. Prior to this the species had not been recorded on 
the Southern Tablelands since the 1970s. Found in large permanent ponds, lakes 
and dams with an abundance of bulrushes and other emergent vegetation, it 
shelters during autumn and winter under fallen timber, rocks, other debris or 
thick vegetation.  

Negligible 
There is no potential habitat for this species 
within the study area. 

Litoria raniformis 
Growling Grass 
Frog/Southern Bell Frog 

CE E1 In NSW the species is known to exist only in isolated populations in the 
Coleambally Irrigation Area, the Lowbidgee floodplain and around Lake Victoria. 
Usually found in or around permanent or ephemeral swamps or billabongs with 
an abundance of bulrushes and other emergent vegetation along floodplains and 
river valleys. The species has also been found in irrigated rice crops. Outside the 
breeding season animals disperse away from water and take shelter beneath 
ground debris such as fallen timber and bark, rocks, grass clumps and in deep soil 
cracks. The species previously occurred on the Southern Tablelands at a number 
of sites within the Murrumbidgee River corridor, however it is now widely 
considered to have become extinct on the Southern Tablelands. 

Negligible 
There is no potential habitat for this species 
within the study area. 

INSECTS 
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Species Name EPBC Act 
Status 

TSC Act 
Status 

Brief Description  Likelihood of Occurrence 

Synemon plana 
Golden Sun Moth 

CE E1 The Golden Sun Moth's NSW populations are found in the area between 
Queanbeyan, Gunning, Young and Tumut. The species occurs in Natural 
Temperate Grasslands and Box-Gum Grassy Woodland in which the groundlayer 
is dominated by Wallaby Grasses (Rytidosperma spp.). It is believed that the 
females lay up to 200 eggs at the base of the Wallaby Grass tussocks. After 
hatching, the larvae tunnel underground where they remain feeding on the roots 
of Wallaby Grass tussocks. The species is also known to feed on the introduced 
species (and WONS), Chilean Needle Grass (Nassella neesiana). 

Low 
The species has not been recorded during 
numerous traverses of the area during peak 
season for the species. Broad-scale Golden 
Sun Moth surveys were undertaken across 
the Googong township Urban Release Area 
(Biosis Research 2010a) with no moths 
recorded. 

MAMMALS  

Dasyurus maculatus 
maculatus 
Spot-tailed Quoll (SE 
mainland population) 

E V The Spot-tailed Quoll occurs along the east coast of Australia and the Great 
Dividing Range. The species uses a range of habitats including sclerophyll forests 
and woodlands, coastal heathlands and rainforests. Occasional sightings have 
been made in open country, grazing lands, rocky outcrops and other treeless 
areas. Habitat requirements include suitable den sites, including hollow logs, rock 
crevices and caves, an abundance of food and an area of intact vegetation in 
which to forage. Seventy per cent of the diet is medium-sized mammals, and also 
feeds on invertebrates, reptiles and birds. Individuals require large areas of 
relatively intact vegetation through which to forage. The home range of a female 
is between 180 and 1000 ha, while males have larger home ranges of between 
2000 and 5000 ha. Breeding occurs from May to August. 

Negligible 
The species may occur within or move 
through the Googong Foreshores however 
the study area is too disturbed to provide 
potential foraging or breeding habitat for this 
species. 

Falsistrellus tasmaniensis 
Eastern False Pipistrelle 

- V The Eastern False Pipistrelle is found on the south-east coast and ranges of 
Australia, from southern Queensland to Victoria and Tasmania. The species 
generally roosts in eucalypt hollows, but has also been found under loose bark on 
trees or in buildings. The species prefers moist, tall forest environments. They are 
known to occur in the ACT however have not been found to forage or roost in 
urban areas. 

Low 
Although the species has been recorded from 
higher quality areas in the Googong 
Foreshores, the study area is likely to be too 
disturbed to support this species. 
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Species Name EPBC Act 
Status 

TSC Act 
Status 

Brief Description  Likelihood of Occurrence 

Miniopterus schreibersii 
oceanensis 
Eastern Bentwing Bat 

- V The Eastern Bentwing Bat is a subspecies of the Common Bentwing Bat, with a 
range thought to be from central Victoria to Cape York Peninsula, Queensland. It 
is a fast flyer, able to travel many kilometres in a night. Caves are the primary 
roosting habitat for this species however similar man-made structures are also 
used (culverts, eaves etc). The species forages above the forest canopy. 

Moderate 
The species may visit the study area to forage. 
There is no potential roosting habitat within 
the study area or vicinity. 

Myotis macropus 
Southern Myotis 

- V The Southern Myotis occurs from the north-west of Australia, across the top-end 
and south to western Victoria. It is rarely found more than 100 km inland, except 
along major rivers. The species roosts close to water in caves, hollow-bearing 
trees, man made structures (bridges, culverts etc) and in dense foliage. Colonies 
occur close to water bodies, ranging from rainforest streams to large lakes and 
reservoirs. The species catches aquatic insects and small fish with their large hind 
claws, and also catches flying insects.  

Low 
There are no suitable water bodies within the 
study area however the species may venture 
into the study area to forage. 

Petaurus australis 
Yellow-bellied Glider 

- V Restricted to tall native forests in regions of high rainfall along the coast of NSW. 
Preferred habitats are productive, tall open sclerophyll forests where mature 
trees provide shelter and nesting hollows. Critical elements of habitat include sap-
site trees, winter flowering eucalypts, mature trees suitable for den sites and a 
mosaic of different forest types. The species lives in family groups of 2-6 
individuals which commonly share a number of tree hollows. Family groups are 
territorial with exclusive home ranges of 30-60 ha. Very large expanses of forest 
(>15,000 ha) are required to conserve viable populations.  

Negligible 
There is no potential habitat within the study 
area for this species. 

Phascolarctos cinereus 
Koala (combined 
populations of Qld, NSW 
and the ACT) 

V V In NSW, the Koala mainly occurs on the central and north coasts with some 
populations in the western region. Koalas feed almost exclusively on eucalypt 
foliage, and their preferences vary regionally. They are solitary with varying home 
ranges. In high quality habitat home ranges may be 1-2 ha and overlap, while in 
semi-arid country they are usually discrete and around 100 ha. 
 

Negligible 
The species is not known to occur in the 
lowland areas of the ACT region and there is 
insufficient potential habitat within the study 
area. 
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Species Name EPBC Act 
Status 

TSC Act 
Status 

Brief Description  Likelihood of Occurrence 

REPTILES 

Aprasia parapulchella 
Pink-tailed Worm-lizard 

V V The Pink-tailed Worm-lizard is a fossorial species which lives beneath surface 
rocks and occupies ant burrows. It feed on ants, particularly their eggs and larvae. 
Thought to lay eggs within the ant nests under rocks that it uses as a source of 
food and shelter and for thermoregulation. Key habitat features are a cover of 
native grasses, particularly Kangaroo Grass, sparse or no tree cover, little or no 
leaf litter, and scattered small rock with shallow embedment in the soil surface. 

Low 
The rocky habitat within the study area 
appears to be unsuitable for the species due 
to the lack of surface scatter. Targeted survey 
(rock-turning) undertaken in 2004 (Johnstone 
Centre 2004) did not record any animals in the 
potential habitat they surveyed in the 
southern part of the study area (Reservoir 
Hill/Hill 800).  

Delma impar 
Striped Legless Lizard 

V V The Striped Legless Lizard is patchily distributed in grasslands of south-eastern 
NSW, the ACT, north-eastern, central and south-western Victoria, and south-
eastern South Australia. In the ACT, the species is known to occur at four separate 
locations - in grassland areas of Gungahlin, Majura and Jerrabomberra Valleys, 
and Yarramundi. Unsuitable habitat, roads and urban development separate 
these sites. Most areas where the species persists are thought to have had low to 
moderate levels of agricultural disturbance in the past and it has been suggested 
that ploughing in particular may be incompatible with the survival of the species. 
Until recently, the species was thought to inhabit only native grasslands 
dominated by species such as Tall Speargrass and Kangaroo Grass. In recent 
years, surveys have revealed the Striped Legless Lizard in many sites dominated 
by exotic grasses such as Phalaris, Serrated Tussock and Flatweed. They have also 
been found in several secondary grassland sites, generally within two kilometres 
of primary grassland. 

Low 
The species is not known to occur in the 
locality and the study area is not located close 
to the known historic extent of Natural 
Temperate Grassland. Pitfall trapping 
undertaken in 2009 (Biosis Research and 
Ecowise Environmental 2009) did not record 
any animals.  

Tympanocrytis pinguicolla 
Grassland Earless Dragon 

E E1 In the Canberra-Monaro region the Grassland Earless Dragon appears to be 
restricted to Natural Temperate Grassland or native pasture that is dominated by 
perennial tussock-forming species and has an open structure. It is known to make 

Low 
Although native tussocky grassland is present 
within the study area, the species is unlikely to 
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Species Name EPBC Act 
Status 

TSC Act 
Status 

Brief Description  Likelihood of Occurrence 

use of grass tussocks, surface rocks and small holes in the ground that are 
created by invertebrates such as wolf spiders and crickets. Spiders and insects 
appear to comprise the majority of its diet. In the ACT region the species is known 
to occur in suitable native grassland habitat in the Majura and Jerrabomberra 
valleys and at the Queanbeyan Nature Reserve and 'Letchworth' property near 
Queanbeyan in NSW. It is presumed extinct in Victoria. 

occur due to: 
- the intensive grazing history of the 

land  
- the lack of known areas of natural 

temperate grassland within the study 
area 

- the lack of known populations of the 
species in the vicinity 

- the lack of captures during pitfall 
trapping which occurred within the 
study area in 2009 (Biosis Research 
and Ecowise Environmental 2009) 

Varanus rosenbergi 
Rosenberg's Goanna 

'rare or 
insufficien
tly known' 

V Rosenberg’s Goanna is a medium to large monitor species occurring in southern 
parts of Western Australia and South Australia, with isolated populations in 
Victoria and New South Wales. In NSW it has been recorded from coastal areas 
around Sydney and further south, and west to Mount Victoria and the Namadgi 
and Kosciusko national parks. The species is found in a range of habitats including 
coastal heaths, humid woodlands and both wet and dry sclerophyll forests, 
preferring eucalyptus woodlands and heathland. Termite mounds are a critical 
habitat component, and are used for egg incubation. 

Negligible 
The species is known to occur in the Googong 
area however is highly unlikely to venture into 
the study area due to the extent of past 
vegetation clearing and the disturbance 
caused by long-term grazing. No termite 
mounds were recorded in the study area 
during the field survey. 

Key:   

1) Listed pursuant to the EPBC Act as Critically Endangered (CE), Endangered (E), Vulnerable (V) or Migratory (M) 

3) Listed pursuant to the TSC Act as or Critically Endangered (E4A), Endangered (E1) or Vulnerable (V) 

Note: The brief descriptions of species distribution and habitat are paraphrased from or based on information sourced from the threatened species profiles, recovery plans and listing 
determinations prepared for each species by the Commonwealth Government and ACT Government. These resources and their references can be found on the relevant government 
websites. 
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Appendix B – Tree Assessment Data 

I.D. Dead or 
Alive 

Species Name Common Name Height 
(m) 

DBH 
(cm) 

Hollows Notes Easting Northing 

S M L XL 

1 D Unknown Unknown 17 100 1  1     

2 A Eucalyptus polyanthemos 
Red Box 15 90 

    Chew marks in joints, no 
visable entrance   

3 A Eucalyptus melliodora Yellow Box 13 90     3 mistletoe   

4 A Eucalyptus melliodora Yellow Box 16 90     many mistletoe   

5 A Eucalyptus melliodora Yellow Box 14 90        

6 A Eucalyptus polyanthemos Red Box 16 50  1   Plus basal hollow   

7 A Eucalyptus polyanthemos Red Box 13 50        

8 A Eucalyptus polyanthemos Red Box 14 80 1       

9 A Eucalyptus polyanthemos Red Box 10 60        

10 A Eucalyptus 
goniocalyx/nortonii Bundy/Long-leaf Box 8 70 

     
  

11 A Eucalyptus polyanthemos Red Box 12 60        

12 A Eucalyptus bridgesiana Apple Box 16 110        

13 A Eucalyptus polyanthemos Red Box 16 90  1      

14 A Eucalyptus polyanthemos Red Box 12 100        
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Appendix C – Assessment of Significance  

The following section provides an Assessment of Significance for the BGW TEC (listed under the TSC 
Act) according to the seven factors outlined in Section 5A of the EP&A Act.  

White Box – Yellow Box – Blakely's Red Gum Woodland 

White Box – Yellow Box – Blakely's Red Gum Woodland (BGW) is currently listed as an endangered 
ecological community under the TSC Act.  

Approximately 2.04 hectares of TSC Act listed BGW occurs within the study area (mapped as 'Low 
Diversity Native Pasture – Pre-1750 Box Gum Woodland').  The BGW within the study area is all in 
poor condition, with high weed occurrence, no midstorey, low diversity of native groundcover 
vegetation, very few overstorey trees remaining, and no regeneration of the overstorey. 

(a) in the case of a threatened species, whether the action proposed is likely to have an adverse effect on 
the life cycle of the species such that a viable local population of the species is likely to be placed at risk of 
extinction. 

Not applicable to the assessment of the BGW TEC. 

(b) in the case of an endangered population, whether the action proposed is likely to have an adverse effect 
on the life cycle of the species that constitutes the endangered population such that a viable local 
population of the species is likely to be placed at risk of extinction 

BGW is a TEC and therefore this section is not applicable to the assessment. 

(c) in the case of an endangered ecological community or critically endangered ecological community, 
whether the action proposed: 

(i) is likely to have an adverse effect on the extent of the ecological community such that its local occurrence 
is likely to be placed at risk of extinction, or 

 (ii) is likely to substantially and adversely modify the composition of the ecological community such that its 
local occurrence is likely to be placed at risk of extinction, 

The vegetation in the study area occurs within a largely cleared rural area. The extent of the 
community in the study area is estimated at 2.04 ha. 

BGW, although a community which has been heavily cleared, is present in far higher quality within 
the Googong Foreshores and elsewhere outside of the Googong township. Given the small area of 
BGW to be permanently impacted by the proposal and its poor current condition, the proposal is not 
considered likely to place the local occurrence of Box-Gum Woodland at risk of extinction. 

(d) in relation to the habitat of a threatened species, population or ecological community:  

(i) the extent to which habitat is likely to be removed or modified as a result of the action proposed, and 

 (ii) whether an area of habitat is likely to become fragmented or isolated from other areas of habitat as a 
result of the proposed action, and 

 (iii) the importance of the habitat to be removed, modified, fragmented or isolated to the long-term survival 
of the species, population or ecological community in the locality, 

As indicated above, the extent of TSC Act BGW in the study area is estimated at 2.04 hectares.  
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There is potential for loss or modification of this vegetation through both direct and indirect impacts 
of the works. 

As indicated previously, the BGW within the study area is of poor quality and has been previously 
disturbed and modified through tree clearing and agricultural activities. 

The proposed works will not exacerbate fragmentation or isolation of the TEC in the locality. 

The age of the remnant canopy trees is approximately 50+ years with some older hollow bearing 
trees greater than 100 years. This is characteristic of a landscape which has been largely cleared for 
agriculture and not been allowed to regenerate due to grazing pressures. Given that the BGW is in 
poor condition and is not contiguous with natural vegetation, the vegetation within the study area is 
not considered to be highly important within the locality. 

Based on the small area and poor condition of the vegetation, it is unlikely that the loss of up to 2.04 
ha of BGW in this location will affect the long-term survival of the TEC within the locality. 

(e) whether the action proposed is likely to have an adverse effect on critical habitat (either directly or 
indirectly), 

No area has been designated as ‘critical habitat’ under the TSC Act for BGW. 

(f) whether the action proposed is consistent with the objectives or actions of a recovery plan or threat 
abatement plan, 

There is currently no recovery plan for Box Gum Woodland. The NSW Office of Environment and 
Heritage (OEH) threatened species profile lists the following activities to assist the recovery of this 
TEC: 

Recovery Action Relevance to the current proposal 

Undertake control of rabbits, hares, foxes, pigs and 
goats (using methods that do not disturb the native 
plants and animals of the remnant)  

Not relevant. 

Manage stock to reduce grazing pressure in high 
quality remnants (i.e. those with high flora diversity or 
fauna habitat)  

The study area is already subject to stock grazing. The 
BGW is of low floral diversity and contains few trees 
(i.e. not high quality). 

Do not harvest firewood from remnants (this includes 
living or standing dead trees and fallen material)  

Wood would be removed from the site, including 
standing live trees and branches, and some fallen 
material may be disturbed. 

Leave fallen timber on the ground  A small amount of fallen timber may be disturbed by 
the proposal. 

Encourage regeneration by fencing remnants, 
controlling stock grazing and undertaking 
supplementary planting, if necessary 

Would be required on a very large scale to have a 
meaningful positive impact for the TEC. 

Erect on-site markers to alert maintenance staff to the 
presence of a high quality remnant or population of a 
threatened species. 

The BGW is not of high quality. Works will not occur 
outside of the study area boundary. No threatened 
species have been recorded or are likely to occur. 

Undertake weed control (taking care to spray or dig out 
only target species)  

The BGW is currently affected by weeds. The proposal 
is considered unlikely to significantly increase weed 
invasion however weed monitoring and control is 
recommended. 
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Protect all sites from further clearing and disturbance  The proposal would involve the removal of some highly 
modified BGW. Clearing of vegetation for the adjacent 
Googong township is proposed in future (subject to a 
separate assessment). 

Ensure remnants remain connected or linked to each 
other; in cases where remnants have lost connective 
links, re-establish them by revegetating sites to act as 
stepping stones for fauna, and flora (pollen and seed 
dispersal). 

The proposal will not increase fragmentation of the 
BGW TEC. Trees will be kept where possible. 

Mark remnants onto maps (of the farm, shire, region, 
etc) and use to plan activities (e.g. remnant protection, 
rehabilitation or road, rail and infrastructure 
maintenance work). On-site markers can alert 
maintenance staff to the presence of a threatened 
species. 

Not relevant. 

 

The proposal is not consistent with three recovery actions as listed by the OEH, however the minor 
level of impact expected is not likely to interfere with the recovery of this TEC. 

(g) whether the action proposed constitutes or is part of a key threatening process or is likely to result in the 
operation of, or increase the impact of, a key threatening process. 

Key Threatening Processes (KTPs) are listed under Schedule 3 of the TSC Act (*KTP also listed under 
the EPBC Act). The following KTPs are relevant to the proposal and BGW: 

x Invasion of Native Plant Communities by Exotic Perennial Grasses (NSW Scientific Committee 
2003) – If weed control recommendations are followed, this KTP will not be increased. 

x Competition and Grazing by the Feral European Rabbit* (NSW Scientific Committee 2002) - it 
is likely that the study area is currently subjected to this KTP due to surrounding land use 
practices. The proposal is unlikely to increase the impact of this KTP. 

x Clearing of native vegetation* (NSW Scientific Committee 2001) – the works will increase this 
KPI. The native vegetation within the study area is highly modified, having been historically 
predominantly cleared and used for grazing. Although up to 14 trees will be removed, the 
disturbance of groundcover vegetation will be predominantly temporary in nature. Only the 
reservoir location and access track are proposed for permanent clearance. 

x Loss of hollow-bearing trees (NSW Scientific Committee 2007) – up to four hollow-bearing 
trees are proposed to be removed by the works. These trees will be avoided if possible 
however they are of limited value. Due to their isolation, they are likely to be only of value to 
common native and exotic fauna. 

x Removal of dead wood and dead trees. (NSW Scientific Committee 2003) – one dead tree is 
likely to be removed for the proposal. The proposal may also require removal of a small 
amount of faller timber (branches only) at the bases of living trees. 

Conclusion 

Following the consideration of the above seven factors, the proposed works are not likely to cause a 
significant impact on BGW, as: 

x the proposal will not cause BGW to become locally extinct; 
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x the proposal will not further fragment or isolate the community or affect its long term 
survival on the subject site or in the locality; 

x the proposal will not affect the long term survival of BGW in the locality; and 

x the BGW is already highly modified and disturbed – further clearing is unlikely to significantly 
increase the impacts of the KTPs in the locality. 

A Species Impact Statement is therefore not required for the current proposal. 
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EXECUTIVE SUMMARY 

The Development 

A Concept Approval for the Googong Township Integrated Water Cycle (IWC) Project was granted 
on 24 November 2011, subject to future environmental assessment requirements. The subsequent 
project stages will be subject to Part 4 or Part 5 of the Environmental Planning and Assessment Act 
1979 (EP&A Act)  

As Stage 1 of the IWC Project progresses, of Googong Township Pty Ltd (GTPL) is now considering 
the planning and approvals scope for Stage C.  

The approval pathway for Stage C Network West, will be undertaken via Part 5 processes for, and on 
behalf of, Queanbeyan City Council (QCC) (see Appendix 1). 

This cultural heritage assessment for the IWC Project Stage C Network West has been undertaken 
according to the NSW Office of Environment and Heritage Due Diligence Code of Practice for the 
Protection of Aboriginal Objects in New South Wales (NSW DECCW 2010)  

Stage C Network West includes the following works: 

x Continue the new Stage C Network East potable water pipeline from the boundary of the 
Googong Foreshores to the WRP for potable water top-up. 

x Install a new potable water and recycled water rising mains as an extension to the existing 
pipeline, from the interim reservoirs to the ultimate reservoirs. 

x Install two ultimate reservoirs at Hill 800, including a proposed recycled water discharge 
pipeline for any excess recycled water that needs to be discharged from the recycled water 
reservoir. 

x Decommission the interim potable and recycled water reservoirs. 

x Install new gravity potable water and recycled water main/s from the ultimate reservoirs back 
into the Township. 

x Install one new recycled water holding tank, replace and expand the recycled water pumping 
station at the WRP site. 

In addition to the proposed works listed above, further management measures may be required for 
an overland recycled water discharge alignment from where the proposed recycled water discharge 
pipeline finishes and recycled water is discharged into the environment The management measures 
would be implemented to ensure the natural water lines in the landscape have the protection from 
any potential scouring due to the recycled water discharge and would include bank stabilisation 
measures.  

This work is not included within the proposed project boundary but has been considered to ensure all 
known heritage items near any additional works. 

The IWC Stage C Network West project will disturb the ground via the following construction 
activities: 

x The excavation of soil for the installation of potable water and recycled water mains. 

x Excavation activities for the site establishment of the permanent reservoir site, including a 
temporary access road from Old Cooma Road. Open trenching will be used for the installation 
of buried services, conduits, connection to incoming flow lines and site drainage piping. 
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Study Results 

x All previous studies in the local area have indicated there are no landscape types in the 
Googong area that were not visited and occupied by prehistoric Aboriginal people. Therefore, 
the IWC Stage C Network West proposed project boundary is located within landscape 
features that indicate the presence of Aboriginal objects. 

x No field inspections were conducted for this Due Diligence assessment. All of the IWC Stage 
C Network West proposed project boundary has been included in previous heritage 
assessments (NOHC 2003, 2009, 2014 [in prep]). 

x No Aboriginal sites will be directly impacted by the IWC Stage C Network West project. 

x One Aboriginal site, GWTP2, has been previously recorded in the IWC Stage C Network West 
proposed project boundary. This site is an artefact scatter comprising six stone artefacts. It 
was originally recorded in 2009. A surface salvage collection of artefacts was conducted at site 
GWTP2 in 2013. The site has subsequently been impacted by the construction of the WRP. 

x One Aboriginal site, GA6, is located within twelve metres of the defined project boundary. 

x Six Aboriginal sites are located within 200 m of the defined project boundary.  

These are sites:  

GA7 G1B AS2 

GA23 GWTP1  

G1B AS1  GWTP3  

Additionally, site GRW28 is located within 200m of the farm dams where additional scour 
protection measures may be implemented. 

It is recommended that: 

1. No further archaeological assessment is required for the IWC Stage C Network West project. 

2. No further action is required in relation to site GWTP2. 

3. Site GA6 should be fenced for the duration of construction activities associated with the IWC 
Stage C Network West project.  

The construction of the fence should be conducted with on-site advice from the project 
archaeologist. 

The location of the site should be clearly marked on all site plans and maps utilised for the 
IWC Stage C Network West project.  

4. The location of sites GA7, GA23, G1B AS1, GRW28, G1B AS2, GWTP1 and GWTP3 should 
be clearly marked on all site plans and maps utilised for the IWC Stage C Network West 
project. 

5. The protocols for the unanticipated discovery of archaeological material and suspected human 
remains (presented in Appendix 4) should be implemented if necessary. 
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1. INTRODUCTION 

1.1 The Project 

A Concept Approval for the Googong Township Integrated Water Cycle (IWC) Project was granted 
on 24 November 2011, subject to future environmental assessment requirements. The subsequent 
project stages will be subject to Part 4 or Part 5 of the Environmental Planning and Assessment Act 
1979 (EP&A Act)  

As Stage 1 of the IWC Project progresses, of Googong Township Pty Ltd (GTPL) is now considering 
the planning and approvals scope for Stage C.  

The approval pathway for Stage C Network West, will be undertaken via Part 5 processes for, and on 
behalf of, Queanbeyan City Council (QCC) (see Appendix 1). 

This cultural heritage assessment for the IWC Project Stage C Network West has been undertaken 
according to the NSW Office of Environment and Heritage Due Diligence Code of Practice for the 
Protection of Aboriginal Objects in New South Wales (NSW DECCW 2010)  

The Code of Practice assists individuals and organisations to exercise due diligence when 
conducting activities that may harm Aboriginal objects, and to identify whether they need to apply for 
an Aboriginal Heritage Impact Permit (AHIP) (NSW DECCW 2010 2). 

The Code sets out the steps to take in order to: 

1 Identify whether or not Aboriginal objects are, or likely to be, present in an area; 

2 Determine whether or not their activities are likely to harm Aboriginal objects (if present); and  

3 Determine whether an AHIP application is required.  

The steps are (Figure 1.1): 

Step 1: Determine if the activity will disturb the ground surface. 

Step 2a: Search the AHIMS database and use any other sources of information of which you are 
already aware. 

Step 2b: Determine if the activity is in area where landscape features indicate the presence of 
Aboriginal objects. 

Step 3:  Can you avoid harm to the object or disturbance of the landscape feature? 

Step 4: Desktop assessment and visual inspection. 

Step 5:  Further investigation and impact assessment. 

This report documents the results of a Due Diligence archaeological assessment of Googong 
Integrated Water Cycle Project Stage C – Network West.  

The report was commissioned by RPS Australia Asia Pacific on behalf of Googong Township Pty Ltd. 

1.2 Contributors 

Nicola Hayes, NOHC Senior Heritage Specialist (BA/BSc, Grad Dip Arts (Archaeology)) conducted 
this assessment. 

Kerry Navin, Director NOHC, reviewed this assessment. 
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1.3 This Report  

1.3.1 Outline 

This report:  

x Provides a project framework (Section 1); 

x Describes the proposed project (Section 2); 

x Describes the AHIMS search and literature review (Section 3); 

x Describes the landscape context of the study area (Section 4); 

x Describes the results of the assessment and recommendations (Section 5).  

1.3.2 Copyright 

Copyright to this report rests with the RPS Australia Asia Pacific except for the following: 

x The Navin Officer Heritage Consultants logo and business name (copyright to this rests with 
Navin Officer Heritage Consultants Pty Ltd); 

x Generic content and formatting which is not specific to this project or its results (copyright to 
this material rests with Navin Officer Heritage Consultants Pty Ltd); 

x Descriptive text and data relating to Aboriginal objects which must, by law, be provided to OEH 
for its purposes and use; 

x Information which, under Australian law, can be identified as belonging to Indigenous 
intellectual property; 

x Content which was sourced from and  remains part of the public domain 

1.3.3 Restricted Information  

Information in this report relating to the exact location of Aboriginal sites should not be published or 
promoted in the public domain. The following images and report sections should be restricted in any 
public version of this document: 

x Figure 3.1; and 

x Appendix 1 (AHIMS Search) 

1.3.4 Confidentiality 

No information in this report has been classified as confidential. 
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Figure 1.1 Diagram - Due Diligence Process - from DECCW 2010 

1. Will the activity disturb the 
ground surface of any culturally 
modified trees? 

2. Are there any: 

a. Relevant confirmed site 
records or other associated 
landscape feature information 
on AHIMS? and/or 

b. Any other sources of 
information of which a person 
is already aware? and/or 

c. Landscape feature that are 
likely to indicate the presence 
of Aboriginal objects? 

Yes 

No 

No 

Yes 

3. Can harm to Aboriginal objects 
listed on AHIMS or identified by 
other sources of information and/or 
can the carrying out of the activity 
at the relevant landscape feature 
be avoided? 

Yes 

An AHIP application is not necessary. 
Proceed with caution. If any Aboriginal 
objects are found, stop work and 
notify OEH. If human remains are 
found, stop work, secure the site and 
notify the NSW Police and OEH. 

4. Does a desktop assessment and 
visual assessment confirm that 
there are Aboriginal objects or that 
they are likely? 

No 

No 

Yes 

5. Further investigation and impact 
assessment 
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2. PROJECT DESCRIPTION 

The Googong Township Integrated Water Cycle (IWC) Project has been developed to support the 
new Googong Township in southern NSW. The IWC project involves the construction and operation 
of water cycle infrastructure to deliver potable and recycled water to the township. 

The IWC Project has been planned in four stages (A, B, C and D). Concept Approval for the ultimate 
development (Stages A, B C and D) and Project Approval for Stage 1 (which comprises stages A and 
B) of the IWC Project, was granted on 24 November, 2011, subject to conditions, which will deliver 
water, recycled water and wastewater capacity for 3,600 Equivalent Persons (EP). 

It is expected that the Googong development will require IWC capacity beyond 3,600 EP by 
December 2016, delivered partly by Stage C of the IWC project. 

Stage C will include three packages: 

x Stage C Network West – New potable water and recycled water reservoirs and supporting 
supply and distribution mains, and the part of a rising main from the bulk water pumping 
station (BWPS) to the WRP, located in Queanbeyan local government area (LGA); 

x Stage C Water Recycling Plant (WRP) – Augmentation of the WRP, located in Queanbeyan 
LGA; and 

x Stage C Network East – Augmentation of the BWPS and rising main, located in Palerang LGA. 

The timing of Stage C packages will be determined by the ongoing development of the Googong 
Township. Stage C Network West will be the first stage to be constructed and to commence 
operation. 

Stage C Network West includes the following works: 

x Continue the new Stage C Network East potable water pipeline from the boundary of the 
Googong Foreshores to the WRP for potable water top-up. 

x Install a new potable water and recycled water rising mains as an extension to the existing 
pipeline, from the interim reservoirs to the ultimate reservoirs. 

x Install two ultimate reservoirs at Hill 800, including a proposed recycled water discharge 
pipeline for any excess recycled water that needs to be discharged from the recycled water 
reservoir. 

x Decommission the interim potable and recycled water reservoirs. 

x Install new gravity potable water and recycled water main/s from the ultimate reservoirs back 
into the Township. 

x Install one new recycled water holding tank, replace and expand the recycled water pumping 
station at the WRP site. 

In addition to the proposed works listed above, further management measures may be required for 
an overland recycled water discharge alignment from where the proposed recycled water discharge 
pipeline finishes and recycled water is discharged into the environment  

The management measures would be implemented to ensure the natural water lines in the 
landscape have the protection from any potential scouring due to the recycled water discharge and 
would include bank stabilisation measures.  
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This work is not included within the proposed project boundary but has been considered to ensure all 
known heritage items near any additional works. 

The scope of work for IWC Stage C Network West is also represented in Figure 2.1. 

2.1 Will the activity disturb the ground surface?  

The IWC Stage C Network West project will disturb the ground via the following construction 
activities: 

x The excavation of soil for the installation of potable water and recycled water mains. 

x Excavation activities for the site establishment of the permanent reservoir site, including a 
temporary access road from Old Cooma Road. Open trenching will be used for the installation 
of buried services, conduits, connection to incoming flow lines and site drainage piping. 

During operation there will not be ongoing impacts or ground disturbance. 
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Figure 2.1 The Googong Township Integrated Water Cycle Project  
Stage C Network West Project are (Map supplied by RPS) 
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3. AHIMS SEARCH AND LITERATURE REVIEW 

3.1 Methodology 

A range of archaeological data was reviewed for the IWC Stage C Network West proposed project 
boundary and its surrounds. This literature and data review was used to determine if known 
Aboriginal sites were located within the area under investigation, to facilitate site prediction on the 
basis of known regional and local site patterns, and to place the area within an archaeological and 
heritage management context. The review of documentary sources included heritage registers and 
schedules, local histories, and archaeological reports. 

Aboriginal literature sources included the Aboriginal Heritage Information Management System 
(AHIMS) maintained by the NSW Office of Environment and Heritage (OEH) and associated files and 
catalogue of archaeological reports.  

3.2 AHIMS Search Results 

One hundred and sixteen Aboriginal recordings are listed on the OEH AHIMS for the area around the 
IWC Stage C Network West proposed project boundary within the following map grid references (with 
a buffer of 50 m): 

Latitude Longitude From:  35.4457, 149.2047 

Latitude Longitude To:- 35.4017, 149.2745 

Sites comprise:  

-  106 artefact scatters; 
-  eight Potential Archaeological Deposits (PADs); 
-  one modified tree; and  
-  one cultural feature. 

A copy of the AHIMS search is provided in Appendix 2. 

3.3 Previous Research within the Googong Township Area 

Archaeological surveys, surface collection and subsurface testing within the Googong Township area 
have been undertaken by Saunders (2001a, 200b) and NOHC (2003, 2010, 2014, 2015). A survey of 
additional areas of the Googong Township was conducted by NOHC in 2015 (in prep).  

A survey for Aboriginal and European sites was conducted within the 216 hectare property of Talpa 
Crest by Saunders in 2001 (2001a), in the northeastern corner of the Googong Township area. 
Fourteen Aboriginal archaeological sites resulted from this survey, consisting of seven open artefact 
scatters (TC2, TC4, TC6, TC8, & TC10-12) and seven isolated finds (TC1, TC3, TC5, TC7, TC9, 
TC13 & TC14). The majority of the open sites were small low-density artefact scatters, however, 
sites TC2, TC4 and TC11 were substantially larger, comprising up to an estimated 500 artefacts.  

Assemblages at these sites were dominated by flakes and flaked pieces, although cores, blades, 
hammer stones and a fragment of a ground-edge axe were also recorded. The predominant stone 
types were quartz and quartzite, with chert, silcrete, volcanic, metamorphosed tuff and 
metamorphosed sedimentary also present. Areas of high archaeological potential were also identified 
along  the  low  gradient  southern  sections  of  ‘Gorge  Creek’  and  the  tributary  adjacent  to  the  east. 

Saunders (2001b) conducted a preliminary archaeological assessment of an area encompassing the 
wider Googong project area as well as a number of properties to the north. Five Aboriginal sites and 
three areas of high archaeological potential were identified during that survey. 
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In 2003, NOHC conducted a cultural heritage assessment of the proposed Googong New Town 
development area as part of a Local Environmental Study (LES). The assessment involved a 
comprehensive surface survey of approximately 1,000 hectares.  

Twenty three previously recorded archaeological sites were known to exist in the study area prior to 
the 2003 field survey, (eighteen Aboriginal and five European). Thirty four Aboriginal sites comprising 
twenty artefact scatters (GA1, GA3, GA5-GA7, GA10-GA16, GA21, GA22, GA24-GA26, GA31, 
GA32, GA34) and fourteen isolated finds (GA2, GA4, GA8, GA9, GA17-GA120, GA23, GA27, GA28-
GA30, GA33), and 24 areas of potential archaeological deposit were identified during the 2003 
survey. The LES recommended a variety of further assessment strategies and/or salvage actions 
(NOHC 2003).  

The Googong New Town development area was subsequently divided into Neighbourhood 1A and 
1B for a phased land release. A program of Aboriginal archaeological subsurface testing and 
collection was conducted within Neighbourhood 1A in February, 2010 (NOHC 2010). 

Five PADs were tested: GAPAD13 (57-2-0592), GAPAD14 (57-2-0593), GAPAD16 (57-2-0594), 
GAPAD17 (57-2-0595) and GAPAD18 (57-2-0596).Eighty nine test pits, four grader scrapes and one 
hand-excavation were conducted during the subsurface testing program.  

One hundred and seventy six whole and broken artefacts were recovered during the surface 
collection (57 or 32.4%) and subsurface testing program (119 or 67.6%). A high proportion of 
artefacts (142 or 80.7%) came from GAPAD16 (57-2-0594), of which most (84 or 59.2%) were 
recovered from the hand excavation of Feature 1 within that PAD. Artefact types identified in the 
assemblage were: flakes, retouched flakes, cores, flaked pieces, hammers and/or anvils and an 
edge-ground hatchet head. Based on the presence of backed artefacts, it was inferred that these 
sites were occupied in the mid- to Late Holocene.  

A range of raw material types was utilised to produce the artefacts, including: silcrete; chert; hornfels; 
quartz and quartzite; and tuff and volcanic rock types. Surface artefact areal incidences were very 
low with artefacts collected from the surface of two of the five test areas (GAPAD17 and 
GAPPAD16). It was concluded that the location of sites within the study area was typical of most 
sites in southeastern Australian, with artefacts occurring on relatively level ground in locally well-
drained contexts on spur line crests.  

In general, the artefact assemblage was typical of most sites in southeastern Australia. The 
exception was a rare cluster of silcrete, indicative of a single activity associated with in situ artefact 
production.   This   ‘knapping   floor’   was   located   in   Feature   1,   Transect   1,   and  GAPAD16.  Given   the  
results of the extensive surface survey, surface collection and subsurface testing undertaken in the 
study area, it was concluded that it was unlikely that another  ‘knapping  floor’  would  be  located  in  the  
area (NOHC 2010). 

NOHC undertook an Aboriginal and historical archaeological heritage assessment for the Googong 
New Town Trunk Water and Recycled Water System in 2009. Four Aboriginal sites (GWTP1-
GWTP4) were identified in the course of the study. The sites comprised three artefact scatters 
(GTWP1-GTWP3) and one isolated find (GTWP4).  

Collection of artefacts at site GWTP2 was undertaken in May 2013. A site impact recording form was 
submitted to OEH relative to this collection (NOHC 2013). 

x The Googong New Town Trunk Water and Recycled Water System assessment and 
collection included all of the eastern half of the IWC Stage C Network West, including 
the WRP site and pipeline. 

x The recorded location of Site GWTP2 places it within the IWC Stage C Network West 
proposed project boundary. 
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Surface salvage collection of Aboriginal objects located within Googong Neighbourhood 1A was 
conducted at the following sites in 2013: GA24 and GA26 within GAPAD16, GA21 within GAPAD17, 
and sites GA22 and GA25 (NOHC 2013).  

Two hundred and twenty five stone artefacts were recovered in the course of the surface salvage 
collection. Raw materials included chert, quartz and quartzite. Thirty four artefacts (15%) were so 
weathered that their raw material type could not be identified beyond the general category of 
weathered fine grained sedimentary material. Artefact types identified in the assemblage included: 
flakes, flaked pieces, retouched flakes, hammers and anvils.  

It was found that artefacts made from the more coarse-grained material quartzite were larger and 
exhibited more cortex coverage, indicating that they were on average less intensively reduced than 
artefacts made from finer-grained materials such as chert and silcrete. The presence of four backed 
artefacts suggests that these sites were occupied sometime in the mid- to Late Holocene 
(NOHC 2013). 

Additional survey and review of the NH1B development area was conducted in December, 2013. 
This survey identified several previously unrecorded archaeological sites and re-assessed previously 
recorded sites (NOHC 2014a and 2015). Nine Aboriginal sites were recorded in the course of the 
survey - G1B AS1, G1B AS2, G1B AS3, G1B AS4, G1B AS5, G1B AS6, G1B AS7, G1B AS8 and 
G1B AS12.  

Site G1B AS12 was originally assessed as a probable Aboriginal scarred tree. NOHC commissioned 
Danny Draper from Urban Tree Management Australia Pty Ltd (2014) to undertake an arboricultural 
assessment of the tree. The assessment revealed that the tree was likely to be of Aboriginal origin 
due to the dimensions and age of the tree, depth of the wound margins, size of the initial wound, and 
moderate weathering of its durable heartwood as delignification. 

Previously recorded sites GA4, GA20 and GA23 were re-visited and artefacts were recorded to 
ensure consistent recording between all sites. Two of the previously recorded sites, GA19 and GA3, 
could not be found. Two areas of PAD were identified: G1B PAD and GA PAD19.  

Test excavation of the two PADs (GA PAD19 and G1B PAD) in February, 2014, recovered a sparse 
assemblage of artefacts from subsurface sediments at both PADs. 

A cultural heritage assessment was undertaken of the Balance area of the Googong project area, the 
area encompasses all remaining area of the Googong project south of Googong Dam Road by 
NOHC  in 2014 (in prep). This assessment included an archaeological survey undertaken in 
September 2014, and test excavations carried out in August 2014.  

The Balance Area survey identified 27 Aboriginal sites including: 

-  fourteen artefact scatters,  
-  twelve isolated finds; and  
-  one cultural feature.  

Test excavations were conducted at potential archaeological deposits GA PAD20, GA PAD21 and 
GA PAD22. Ten artefacts were recovered from thirteen pits at GA PAD20, one artefact from nine pits 
at GA PAD21 and sixteen artefacts from 26 pits at GA PAD22.  

x The Balance Area survey included all of the western half of the IWC Stage C Network 
West proposed project boundary.  

x Site GRW28 is located within 200m of the farm dams where additional scour protection 
measures may be implemented. 
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3.4 Sites near to the IWC Stage C Network West proposed project boundary 

x One Aboriginal site, GA6, is located within twelve metres of the defined IWC Stage C Network 
West project boundary. 

x Six Aboriginal sites are located within 200 m of the IWC Stage C Network West proposed 
project boundary. These sites are: 

GA7 G1B AS2 

GA23 GWTP1  

G1B AS1 GWTP3  

Additionally, site GRW28 is located within 200m of the farm dams where additional scour 
protection measures may be implemented. 

Description of these sites are provided in Appendix 3. 

3.5 Sites within the IWC Stage C Network West proposed project boundary 

One Aboriginal site, GWTP2, has been previously recorded in the IWC Stage C Network West 
proposed project boundary. 

1. Site GWTP2 

This site is an artefact scatter comprising six stone artefacts. It was originally recorded in 2009. 

A surface salvage collection of artefacts was conducted at site GWTP2 in 2013. The site has 
subsequently been impacted by the construction of the WRP. 

A site impact recording form was submitted to OEH relative to this collection. 
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Figure 3.1 Location of previously recorded Aboriginal sites  
relative to the IWC Stage C Network West proposed project boundary 
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4. LANDSCAPE CONTEXT 

4.1 Landform 

The Googong area comprises approximately 850 hectares of undulating terrain bordering a series of 
relatively steep gullies along Jerrabomberra Creek in the west, Gorge Creek in the north and a small 
portion of the Queanbeyan River in the northeast.  

Land elevations vary from approximately 600 metres Australian Height Datum along the Queanbeyan 
River to 816 metres at Swan Hill, which forms part of a low series of ridges that run northwest to 
southeast through the centre of the wider Googong project area.  

Drainage to the west of these ridges runs from a series of minor tributaries into Jerrabomberra 
Creek, which then drains to the north.  

To the southeast of the ridges the land is drained to the east into the Googong Dam, while to the 
northeast water is drained to the north from Gorge Creek and another similar steep gully into the 
Queanbeyan River that flows to the north.  

The western half of the IWC Stage C Network West proposed project boundary is located on a 
drainage line and the slopes and crest of Hill 800. The eastern half, i.e. the WRP, is located on upper 
slopes and an ephemeral drainage line. 

4.2 Geology and Soils 

Bedrock in the study area consists predominantly of Silurian aged rocks belonging to the Colinton 
Volcanics, as well as granites and Mt Pleasant Porphyry, the latter being restricted mainly to the 
vicinity of Gorge Creek.  

Soils in the wider Googong project area are characterised by massive earths consisting of Monga, 
Colinton, Springbank and Michelago soils, and texture contrast soils such as Nyora, Cowper and 
Reidsdale (Gunn et al 1969).  

The soils are typically shallow and contain large quantities of bedrock gravels and cobbles, with 
bedrock also frequently exposed at ground level on crests and ridge slopes, or as outcrops along the 
creek lines and steeper ridge slopes. However, on the low gradient basal slopes and creek flats 
deposits tend towards deeper sandy or loamy soils.  

Erosion is apparent on spur crests where bedrock is exposed, this is however uneven across these 
landforms and pockets of deeper soil do exist. Soils are deeper and relatively stable closer to creek 
lines, some bank erosion is evident within creek lines. 

4.3 Vegetation 

Pastoralism has been the dominant activity in the area since European settlement in the early to mid-
nineteenth century and most of the area has been cleared for pastoral purposes.  

Vegetation in the study area consists of savannah woodland and pockets of dry sclerophyll forest. 
Canopy trees are predominantly Eucalyptus species (E. melliodora and E. Bridgesiana), most of 
which represent regeneration following nineteenth-century clearance and firing of the original 
vegetation. 
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4.4 Landscape History 

All of the land in the IWC Stage C Network West project area has been subject to some degree of 
disturbance by European post-contact pastoral and grazing activities.  

The original native vegetation has been cleared. Clearance of trees can substantially disturb 
archaeological material on the surface and in subsurface sediments (Wildesen 1982). If trees are 
uprooted they drag subsurface sediments up to the surface. If tree stumps are left in the ground to 
rot, or are burned out, their roots create vacuities that are filled by intrusive sediment. This intrusive 
sediment can carry archaeological material down through the sediment profile.  

Clearing of vegetation also intensifies erosion, which can move archaeological material across 
eroding areas, and can mix material together that was initially separated, as the intervening sediment 
is stripped away. Erosion can also bury archaeological sites in areas where mobilised sediments 
settle, such as on floodplains. 

Grazing usually exacerbates erosion, increasing the chances of artefacts to be moved across the 
ground surface, and for artefacts that were originally deposited in different sedimentary contexts to 
become mixed together. 

Grazing animals can, in some circumstances, physically damage artefacts through treadage and 
trampling. 

4.5 Landscape Characteristics and Aboriginal Land Use 

The spatial patterning of archaeological sites found during the Googong heritage studies, and in the 
course of other archaeological studies in the Canberra and Queanbeyan region, indicate that there 
are no landscape types in this area that were not visited and occupied by prehistoric 
Aboriginal people.  

Archaeological sites (artefact scatters and isolated artefacts being by far the most common site type) 
are scattered across a range of different landforms, and at varying distances from identifiably 
important landscape features like rivers and other water sources. The lack of any large areas that are 
devoid of prehistoric sites presumably reflects the availability of resources across the region, and is 
also probably a result of the relatively variable nature of the ecology across the region and the 
consequent proximity and accessibility of different ecological zones. 

One of the most important resources for prehistoric groups, and one that is relatively easy to identify 
in the current landscape, is water. The wider Googong project area has several water sources, 
including relatively large rivers, nearby. Small ephemeral creeks are abundant, and some of these 
would hold water in pools for periods after heavy rain.  

The geology of the region around the project area provides relatively plentiful sources of stone, 
suitable for the production of flaked or ground tools. Hills, spurs and ridgelines across the region 
have variable erosion on their crests that frequently exposes bedrock, which includes granite and 
other igneous rocks, hornfels and other metamorphic rocks, and quartz. Sedimentary rock is also 
present in the Canberra region, some of which takes the form of flakeable silcrete and mudstone.  

Larger rivers in the region have transported pieces of rock down from the ranges, and large gravel-
beds have been deposited in lower-lying areas across the region. These gravel beds contain a 
sample  of   the  region’s  geology,  and  could   function  as  procurement areas where prehistoric groups 
could access stone. Most of the rock in these gravels is igneous or metamorphic, but pieces of 
sedimentary rock and fine-grained rocks such as chert are also present. 

The variable distribution of different landforms near the project area would also have provided a 
variety of floral and faunal resources for prehistoric groups. The variation in elevation around the 
project area, with ranges to the east and west and undulating hills and plains across the Canberra 
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area would have created a closely-spaced distribution of ecological zones that could have been 
exploited by mobile hunter-gatherer groups.  

A   group   situated   in   the   project   area   would   not   have   been   more   than   a   half   day’s   walk   from   the  
nearest area of hill country, or the nearest river-valley, for example. A variety of closely spaced 
ecological zones would have created a corresponding variety of plant and animal resources which 
hunter-gatherer groups would have been able to access within their daily range. 

4.6 Is the activity is in an area where landscape features indicate the presence 
of Aboriginal objects? 

Previous studies have indicated that there are no landscapes in the Googong area that would not 
have been visited and occupied by prehistoric Aboriginal people. Therefore the IWC Stage C 
Network West proposed project boundary is located within landscape features that indicate the 
presence of Aboriginal objects. 

5. ASSESSMENT RESULTS  

x All previous studies in the local area have indicated there are no landscape types in the 
Googong area that were not visited and occupied by prehistoric Aboriginal people. Therefore, 
the IWC Stage C Network West proposed project boundary is located within landscape 
features that indicate the presence of Aboriginal objects. 

x No field inspections were conducted for this Due Diligence assessment. All of the IWC Stage 
C Network West proposed project boundary has been included in previous heritage 
assessments (NOHC 2003, 2009, 2014 [in prep]). 

x No Aboriginal sites will be directly impacted by the IWC Stage C Network West project. 

x One Aboriginal site, GWTP2, has been previously recorded in the IWC Stage C Network West 
proposed project boundary. 

This site is an artefact scatter comprising six stone artefacts. It was originally recorded in 2009. 

A surface salvage collection of artefacts was conducted at site GWTP2 in 2013. The site has 
subsequently been impacted by the construction of the WRP. 

A site impact recording form was submitted to OEH relative to this collection. 

No further action is required for this site. 

x One Aboriginal site, GA6, is located within twelve metres of the defined project boundary. 

x Seven Aboriginal sites are located within 200 m of the defined project boundary.  

These are sites:  

GA7 G1B AS2 

GA23 GWTP1  

G1B AS1  GWTP3  

GRW28 
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Can harm be avoided? 

Harm to Aboriginal sites can be avoided by the IWC Stage C Network West project. 

No Aboriginal sites will be directly impacted by the project.  

One Aboriginal site, GA6, is located twelve metres from the defined project area and is particularly 
vulnerable to indirect and/or inadvertent impact from the IWC Stage C Network West project. 

Six Aboriginal sites are located within 200 m of the defined project area. These sites may be 
inadvertently impacted during construction works associated with the IWC Stage C Network West 
project. 

6. RECOMMENDATIONS 

It is recommended that: 

1. No further archaeological assessment is required for the IWC Stage C Network West project. 

2. No further action is required in relation to site GWTP2. 

3. Site GA6 should be fenced for the duration of construction activities associated with the IWC 
Stage C Network West project.  

The construction of the fence should be conducted with on-site advice from the project 
archaeologist. 

The location of the site should be clearly marked on all site plans and maps utilised for the 
IWC Stage C Network West project.  

4. The location of sites GA7, GA23, G1B AS1, GRW28, G1B AS2, GWTP1 and GWTP3 should 
be clearly marked on all site plans and maps utilised for the IWC Stage C Network West 
project.  

5. The protocols for the unanticipated discovery of archaeological material and suspected human 
remains (presented in Appendix 4) should be implemented if necessary.  
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APPENDIX 1 
 
 
STATUTORY AND POLICY CONTEXT1  

  

                                                      

1 The following information is provided as a guide only. Readers are advised to seek qualified legal advice relative to 
legislative matters.  
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National Parks and Wildlife Amendment Bill 2010  

The National Parks and Wildlife Amendment Bill 2010 (also known as the Omnibus Bill), was 
implemented on 1 October 2010 to amend the National Parks and Wildlife Act 1974 (NPW Act). 
Existing offences relating to Aboriginal objects and places were replaced with new offences, 
including a strict liability offence, along with offence exemptions and defences.  

Part 6 of the NPW Act provides specific protection for Aboriginal objects and declared Aboriginal 
places by establishing offences of harm. Harm is defined to mean destroying, defacing, damaging or 
moving an object from the land. There are a number of defences and exemptions to the offence of 
harming an Aboriginal object or place. One of the defences is that the harm was carried out under an 
Aboriginal Heritage Impact Permit (AHIP). 

In practice, archaeologists use a methodology that groups 'Aboriginal objects' into various site 
classifications according to the nature, occurrence and exposure of archaeological material evidence. 
The archaeological definition of a site may vary according to survey objectives; however a site is not 
recognised or defined as a legal entity in the Act.  

It should be noted that even single and isolated artefacts are protected as Aboriginal objects under 
the Act. 

In 2010 the Code of Practice for Archaeological Investigation of Aboriginal Objects in New South 
Wales was adopted by clause 3A of the National Parks and Wildlife Regulation 2009 (NPW 
Regulation). The code allows for the subsurface test excavation of Aboriginal objects without the 
need for an AHIP. The code establishes the requirements for undertaking test excavation without an 
AHIP and establishes the requirements that must be followed when carrying out archaeological 
investigation in NSW where an application for an AHIP is likely to be made. 

Additional amendments that commenced on 1 October, 2010, include the introduction of new 
processes for Aboriginal Heritage Impact Permit (AHIP) applications, consultation guidelines to 
support the Aboriginal Heritage Impact Permits (AHIP) application process, and mechanical 
provisions such as the transfer and variations of conditions of AHIPs. 
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GA6 - Artefact Scatter GDA 0701567.6077281 

Two identified artefacts on a minor spur crest within a wide saddle to the east of Old Cooma Road. 
The artefacts are approximately 200 metres apart, located in an exposure formed by the recent 
installation of a Telstra cable. The exposure is about 2 metres wide and surface visibility within it is 
around 50%, while the surrounding visibility is approximately 2-5%. 

The deposit in this area is brown loam with high gravel content; it appears to be generally less than 
20 cm in depth. The potential for further artefacts to occur within the landform is moderate, however, 
due to the nature of the deposit there is only a low potential for in situ subsurface cultural material. 

GA7 - Artefact Scatter GDA 0701872.6078305 

Three artefacts located on an exposure formed by a recent Telstra cable installation running to the 
east of Old Cooma Road. Topographic context is a gently sloping spur slope with a south easterly 
aspect. Surface visibility within the exposure is 30% while the surrounding visibility is 2-5%. 

Disturbance to the site is only moderate in that it is contained to a narrow corridor, however the 
deposit is a skeletal brown clayey loam with a high gravel content. So while there is a moderate to 
high potential for the site to be larger than recorded, there is a generally low potential for subsurface 
deposits. 

GA23 - Isolated Find GDA 0703825.6078278 

A single artefact located on moderate gradient slopes on the eastern side of a spur above a minor 
creek line located approximately 100 m to the south. Visibility in the locality was in the vicinity of 5-
10%. 

Local deposit is brown sandy silt. Potential for further artefacts or subsurface deposits is considered 
to be moderate to low; potential is lowered by the gradient of the slope. 

G1B AS1 - Artefact Scatter GDA 703749 6078308 

Five stone artefacts across approximately 19 metres by 12 metres on a low gradient ridge crest. The 
artefacts appear to result from procurement of locally occurring quartz. 

The soil across the ridge is shallow brown gravelly loam with some bedrock exposures. General 
surface visibility was 10%, with visibility in exposures of approximately 30%. Potential for the site to 
be larger than recorded is low to moderate, and the potential for subsurface deposits is low. 

GRW 28 - Isolated Find GDA 701962.6077588 

An isolated find located in erosion in a lower slope context. 

There was <5% exposure incidence with 10% visibility within those exposures. There is no potential 
for there to subsurface archaeological deposits. 

G1B AS2 - Isolated Find GDA 703873 6078302 

An isolated grey volcanic hammerstone with pitting at one end. The site is located in a grassy, 
cleared area within a mid-slope/crest landform. The surface visibility was 10% while the surrounding 
visibility was 30%. The brown, gravelly soil appears to be quite shallow given the outcropping of 
bedrock at the site.  

Potential for the site to be larger than recorded is low to moderate, and the potential for subsurface 
deposits is low. 
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GWTP1 - Artefact Scatter GDA 0703873.6078304 

Four artefacts located on a slight rise above a gully. Ground surface exposure in the area was 
approximately 30%, with visibility in exposures of approximately 40% owing to the occurrence of 
natural gravels.  

GWTP3 - Artefact Scatter GDA 0703255.6078324 

Eight artefacts located on a rocky spur crest above dry creek and gully. Ground surface exposure in 
the area was approximately 30%, with visibility in exposures of approximately 40%.  
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Protocol to follow if Aboriginal object(s) or historical relics  
(other than human remains) are encountered  

and no AHIP has been approved 

In the event that object(s) which are suspected of being Aboriginal object(s) or relic(s) are 
encountered during development works relating to the IWC Stage C Network West project, then the 
following protocol will be followed: 

1. Cease any further excavation or ground disturbance, in the area of the find(s); 

a. The discoverer of the find(s) will notify machinery operators in the immediate vicinity of 
the find(s) so that work can be temporarily halted; and 

b. The site supervisor and the Principal will be informed of the find(s). 

2. Do not remove any find(s) or unnecessarily disturb the area of the find(s);  

3. Ensure that the area of the find(s) is adequately marked as a no-go area for machinery or 
further disturbance, and that the potential for accidental impact is avoided; 

4. Note the location and nature of the finds, and report the find to: 

a. Relevant project personnel responsible for project and construction direction and 
management, and 

b. Report the find to the Office of Environment and Heritage (OEH). 

5. Where feasible, ensure that any excavation remains open so that the finds can be recorded 
and verified. An excavation may be backfilled if this is necessary to comply with work safety 
requirements, and where this action has been approved by the OEH. An excavation that 
remains open should only be left unattended if it is safe and adequate protective fencing is 
installed around it. 

6. Following consultation with the relevant statutory authority (OEH), and, where advised, any 
other relevant stakeholder groups, the significance of the finds should be assessed and an 
appropriate management strategy followed. Depending on project resources and the nature of 
the find(s), this process may require input from a consulting heritage specialist.  

7. Development works in the area of the find(s) may re-commence, if and when outlined by the 
management strategy, developed in consultation with, and approved by the relevant statutory 
authority. 

8. If human skeletal material is encountered, the protocol for the discovery of human remains 
should be followed (refer attached). 
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Protocol to follow in the event of  
the discovery of suspected human remains 

The following protocol will be actioned if suspected human material is revealed during development 
activities or excavations relating to the IWC Stage C Network West project: 

1. All works must halt in the immediate area of the find(s) and any further disturbance to the area 
of the find(s) prevented.  

a. The discoverer of the find(s) will notify machinery operators in the immediate vicinity of 
the find(s) so that work can be halted; and 

b. The site supervisor and the Principal/Project manager will be informed of the find(s). 

2. If there is substantial doubt regarding a human origin for the remains, then consider if it is 
possible to gain a qualified opinion within a short period of time. If feasible, gain a qualified 
opinion (this can circumvent proceeding further along the protocol for remains which are not 
human). If conducted, this opinion must be gained without further disturbance to the find(s) or 
the immediate area of the find(s). (Be aware that the site may be considered a crime scene 
that retains forensic evidence). If a quick opinion cannot be gained, or the identification is 
positive, then proceed to the next step. 

3. Immediately notify the following of the discovery:  

a. The local Police (this is required by law);  

b. A OEH archaeologist or Aboriginal Heritage Officer; and 

c. The project archaeologist (if not already notified). 

4. Co-operate and be advised by the Police and/or coroner with regard to further actions and 
requirements concerning the find area. If required, facilitate the definitive identification of the 
material by a qualified person (if not already completed).  

5. In the event that the Police or coroner instigate an investigation, construction works are not to 
resume in the designated area until approval in writing is gained from the NSW Police. 

6. In the event that the Police and/or Coroner advise that they do not have a continuing or 
statutory role in the management of the finds then proceed with the following steps: 

7. If the finds are not human in origin but are considered to be archaeological material relating to 
Aboriginal occupation then proceed with Protocol for the discovery of Aboriginal objects (other 
than human remains). 

8. If the finds are Aboriginal or probably Aboriginal in origin:  

a. Ascertain the requirements of OEH, the Heritage Branch, the Project Manager, and the 
views of the AFG, and the project archaeologist.  

b. Based on the above, determine and conduct an appropriate course of action. Possible 
strategies could include one or more of the following:  

i. Avoiding further disturbance to the find and conserving the remains in situ; 
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ii. Conducting archaeological salvage of the finds following receipt of any required 
statutory approvals; 

iii. Scientific description (including excavation where necessary), and possibly also 
analysis of the remains prior to reburial; 

iv. Recovering samples for dating and other analyses; and/or 

v. Subsequent reburial at another place and in an appropriate manner determined 
by the AFG.  

9. If the finds are non-Aboriginal in origin:  

a. Ascertain the requirements of the Heritage Branch, Project Manager, and the views of 
any relevant community stakeholders and the project archaeologist.  

b. Based on the above, determine and conduct an appropriate course of action. Possible 
strategies could include one or more of the following:  

o Avoiding further disturbance to the find and conserving the remains in situ; 

o Conducting archaeological salvage of the finds following receipt of any required 
statutory approvals; 

o Scientific description (including excavation where necessary), and possibly also 
analysis of the remains prior to reburial; 

o Recovering samples for dating and other analyses; and/or 

o Subsequent reburial at another place and in an appropriate manner determined in 
consultation with the Heritage Office and other relevant stakeholders.  

10. Construction related works in the area of the remains (designated area) may not resume until 
the proponent receives written approval in writing from the relevant statutory authority: from 
the Police or Coroner in the event of an investigation, from OEH in the case of Aboriginal 
remains outside of the jurisdiction of the Police or Coroner, and from the Heritage Branch in 
the case of non-Aboriginal remains outside of the jurisdiction of the Police or Coroner.  

~ o0o ~ 
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1 Introduction 
1.1  Background and proposal  

Googong Township Pty Limited (GTPL) engaged Eco Logical Australia to prepare a bushfire 
assessment of Stage C Network West of the Googong Township Integrated Water Cycle Project (IWC 
Project). The IWC Project involves the construction and operation of water cycle infrastructure to deliver 
potable and recycled water to the Googong Township.  

Concept Approval for the entire project and Project Approval for Stages A and B was granted by the 
Minister for Planning under Part 3A of the Environmental Planning and Assessment Act 1979 in 
November 2011. GTPL is now in the process of planning and approvals for Stage C which is divided 
into three areas. Only Stage C Network West is considered in this assessment, and consists of the 
following works: 

x Install ultimate reservoirs at Hill 800 
x Install one new recycled water holding tank, and replace and expand recycled water 

pumping station at the Water Recycling Plant 
x Install new gravity potable water and recycled water rising mains from the Hill 800 ultimate 

reservoirs back into the Googong Township 
x Install new potable water and recycled water rising mains as an extension to the existing 

pipeline, from the interim reservoirs to the ultimate reservoirs 
x Continue the new Stage C Network East potable water pipeline from the boundary of the 

Googong Foreshores to the WRP for potable water top-up 
x Decommission the interim potable and recycled water reservoirs. 

1.2  Location 

The location of the Stage C Network West works is mapped in Figure 1. The reservoirs are located 
alongside Old Cooma Road to the west of the Googong Township. The Water Recycling Plant is 
located alongside Googong Dam Road to the east of the Township. 

All components of the Stage C Network West proposal will be within cleared grazing land or in already 
developed areas as shown on Figure 1. A description of the vegetation and bushfire hazard across the 
site is provided in Section 2.  
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Figure 1: Location of Googong Township Integrated Water Cycle Project Stage C Network West 
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1.3  Bushfire assessment requirements 

A bushfire assessment is typically required when a development is proposed within bushfire prone land 
as mapped by the local council. The development site is not identified as bushfire prone land by 
Queanbeyan City Council as shown on Figure 2; therefore there is no statutory requirement to provide 
a bushfire assessment of the project. Additionally, the Concept Approval does not require the 
preparation of a bushfire assessment; however GTPL has recognised an assessment of bushfire 
protection to be an important aspect to address for the IWC Project in the same way that it has been 
identified for the design of the Googong Township.  

The NSW Rural Fire Service document Planning for Bush Fire Protection (PBP) is the guidelines 
controlling development on bushfire prone land. The document focuses on habitable development (such 
as dwellings) and Special Fire Protection Purpose (SFPP) development such as schools, hospitals and 
other  similar  uses.  It  doesn’t  address  development  associated  with  infrastructure  such  as  reservoirs and 
plant.  

As stated within Section 4.3.6.f of PBP, the Building Code of Australia (BCA) does not provide for any 
bushfire specific performance requirements for the type of development proposed. As such, the asset 
protection zone and building construction requirements specified within PBP and AS 3959-2009 
Construction of buildings in bushfire-prone areas (Standards Australia 2009) do not apply as deemed-
to-satisfy provisions for bushfire protection.  

Practice notes have been prepared by NSW Rural Fire Service to provide a position or guidance on 
specific developments that may not be covered by PBP. One such example is telecommunication 
towers (Practice Note 1/11 Telecommunication Towers in Bush Fire Prone, Version 0.2 February 2012), 
however a position or requirement has not been prepared for water supply infrastructure or the like. 
Typically the owner of the asset takes responsibility of the level of bushfire risk management applied.  

This assessment compares the requirements of other infrastructure installations imposed by NSW Rural 
Fire Service and the expectation of PBP for non-habitable development (Section 4.3.6.f). 

The works have been divided into three components based on vulnerability to the impacts of fire and 
geographical location. The components are: 

1. Rising mains will be underground and the interim reservoirs are to be decommissioned and 
therefore will not be impacted by fire. These components do not require further assessment; 

2. The Permanent Reservoirs Site on Hill 800 and the associated above ground infrastructure 
(pumping station and MCC cabinet); and 

3. New recycled water holding tank and replacement (expansion) of the recycled water pumping 
station located within the Water Recycling Plant site. 
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Figure 2: Excerpt of Queanbeyan Bushfire Prone Land Map relating to the development site 
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2 Bushfire hazard 
An assessment of the bushfire hazard is necessary to determine the application of bushfire protection 
measures such as Asset Protection Zone location and dimension. The following sub-sections provide a 
detailed account of the vegetation communities (bushfire fuels) and the topography (effective slope) that 
combine to create the bushfire hazard that may affect bushfire behaviour at the site. 

2.1  Vegetat ion communit ies inf luencing bushf ire  

The predominant vegetation influencing fire behaviour approaching the development site has been 
assessed strictly in accordance with the methodology specified within Appendix 2 of PBP. PBP requires 
a structural classification of the vegetation that predominates in area and severity over a distance of at 
least 140 m from the asset being assessed. PBP assigns a worst case equilibrium fuel load based on 
vegetation structure.  

Bushfire behaviour is influenced by fuel load and the availability of the fuel which is mostly determined 
by the arrangement of the fuel and its moisture content. Fuel load and availability affects the rate of 
spread and intensity of a bushfire. 

The land surrounding both the Permanent Reservoirs Site and the Water Recycling Plant have been 
extensively grazed in the past such that there is minimal wooded vegetation remaining. Both sites are 
discussed below. 

2.1.1 Permanent reservoirs site 
The land surrounding the Permanent Reservoirs Site at Hill 800 is denuded of wooded vegetation and is 
characteristic of the sheep grazing land of the surrounding district. The bushfire hazard consists of 
pasture interspersed with native grass and is in a minimal condition such that it would not present a 
hazard. In a worst-case scenario, grazing practices, growth and curing rates could change such that a 
grassland hazard could eventuate. Therefore the predominant vegetation has been assessed as 
‘grassland’.  It’s worthy to note that grazing is likely to occur until such time that the later stages of the 
Googong Township development engulf the lower flanks of the hill effectively removing the majority of 
the bushfire threat in years to come. 

2.1.2 Water Recycling Plant 
The land surrounding the Water Recycling Plant consists of partially cleared land with scattered trees to 
the north and west resembling an open woodland, and cleared land under development for the 
Googong Township to the west and east. 

The open woodland to the north is at least 60 m away separated by the management surrounding the 
plant and Googong Dam Road, and the open woodland to the east is 100 m away from the proposed 
recycled water holding tank and water pumping station separated by the remainder of the plant. 

2.2  Slopes influencing bushf ire  

The effective slope influencing fire behaviour has been assessed strictly in accordance with the 
methodology specified within Appendix 2 of PBP. This is conducted by measuring the slope that would 
most influence fire behaviour where the vegetation occurs over a 100 metre transect measured 
outwards from the asset.  
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Steeper slopes significantly increase the rate of spread of fires, whereby each 10 degree increase in 
slope corresponds to doubling in the rate of spread.  

The grassland surrounding the Permanent Reservoirs Site is on downslopes ranging from the PBP 
slope class of 5-10° downslope to 10-15° downslope whilst the open woodland to the north and east of 
the Water Recycling Plant ranges from 5-10° downslope to 0-5° downslope, respectively. The location 
of the varying slope classes are identified on Figure 3 and Figure 4. 
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Figure 3: Permanent Reservoirs Site 
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Figure 4: Water Recycling Plant 
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3 Impact potential and vulnerability 
Based on the hazard assessment in Section 2, likely fire behaviour and level of impact can be 
predicted. There is the potential for a grassfire to spread towards the Permanent Reservoirs Site and 
Water Recycling Plant. This potential is limited by the availability of fuel influenced by season (rainfall, 
rates of growth and curing) and grazing by sheep. Grazing pressure would need to be significantly 
reduced to allow fuel accumulation to occur.  

Should the fuel be available to allow rapid spread, a fire initiating along the roadside, for example, could 
impact on each of the sites. The intensity at the asset would be limited by the fuel load available within 
the grassland and would be of short duration during passing of the fire front (residence time), most likely 
less than 5 seconds based on the available fuel load present at time of site inspection. 

Above ground assets and infrastructure at both sites are rated to be of low vulnerability primarily due to 
the nature of construction and external materials used. The reliance on steel (non-combustible) 
construction and the fact that the asset is not habitable or offering protection for human life, coupled 
with the low consequence of impact, means that the risk of significant or costly damage, or disruption to 
capacity, is low.  
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4 Bushfire protection measures 
Section 1.2 explains that there are no legislative assessment requirements or controls for the type of 
development proposed. The following sections outlines what measures are proposed in order to reduce 
the potential effects of bushfire impact on the proposal. 

4.1    Asset Protection Zones (APZ)  

For habitable development types such as dwellings, an APZ dimension is related to the vulnerability of 
an asset typically in terms of combustibility of external materials or the nature of the occupants. The 
resulting APZ would stipulate a construction standard under AS 3959-2009 Construction of buildings in 
bushfire prone areas (AS 3959) known as a Bushfire Attack Level (BAL).  

As the proposal does not include a dwelling or habitable building that would offer protection to its users, 
PBP does not list an APZ requirement. This assessment compares the requirements for other 
infrastructure installations imposed by NSW Rural Fire Service and the expectation of PBP for non-
habitable development (Section 4.3.6.f). 

PBP does require the consideration of a managed area referred  to  as  ‘defendable space’ for fire fighting 
purposes for some development types, such as telecommunication towers. A defendable space is 
defined  by  PBP  as  “an area within the asset protection zone that provides an environment in which a 
person can undertake property protection after the passage of a bushfire with some level of safety”.  The  
defendable space also allows offensive fire fighting strategies to take place prior to the arrival of a fire 
such as back burning. Therefore the defendable space dimension is defined by the ability the gain 
access around an asset and conduct defensive or offensive fire fighting operations, rather than 
preventing material ignition. This is deemed acceptable in the instance of infrastructure installations 
whereby construction materials are typically non-combustible. 

An assessment of adequate defendable space for the Permanent Reservoirs Site and Water Recycling 
Plant follows: 

4.1.1 Permanent Reservoirs Site 
It is proposed to construct and maintain 5 m wide maintenance tracks to service and loop the proposed 
reservoirs. These tracks and the associated cleared area will ensure that the reservoirs will have a 
minimum 10 m defendable space that can be accessed by tankers if required.  

The proposed defendable space is considered adequate for the reservoirs and associated 
infrastructure, particularly as the external materials will be non-combustible and the hazard is grassland 
in a grazed and minimal condition that will for the most part be removed as future stages of the 
Googong Township progress southwards around the lower slopes of the hill. 

For comparative purposes, PBP would require a 10 m APZ for a dwelling in the same location, therefore 
the proposed defendable space provides the same standard of protection as for a dwelling. 

It is recommended that the pumping station, including the proposed MCC cabinet, also have a 
maintenance track between it and the grassland to the east. 
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4.1.2 Water Recycling Plant 
The proposed works to the Water Recycling Plant site will be internal to the partially constructed plant 
and therefore are surrounded by other existing components of the plant and maintenance roads. In 
addition to this, the plant is further separated from any bushfire hazard by Googong Dam Road to the 
north and the advancing stages of the Googong Township to the south. The proposal will be separated 
from the nearest bushfire hazard of open woodland to the north by at least 60 m. 

The proposed defendable space is considered adequate for the proposed water tank and addition to the 
plant and associated infrastructure, particularly as the external materials will be non-combustible and 
the hazard consists of partially cleared land at least 60 m away. 

For comparative purposes, PBP would require a 20 m APZ for a dwelling in the same location, therefore 
the proposed defendable space exceeds the standard of protection required for a dwelling. 

4.2  Building construct ion standards  

As discussed in Section 1.2, the construction standards specified under AS 3959 do not apply to the 
development. A BAL assessment in this case simply provides an understanding of the radiant heat at 
the structure based on a design fire specified under AS 3959. 

Considering the minimal grassland hazard (permanent reservoirs site) and large separation from 
partially cleared land (WRP) radiant heat and ember attack are not a concern for the type of 
infrastructure proposed. As such, specific building construction standards for bushfire protection are not 
recommended. 

4.3  Access 

Both sites will have access and maintenance roads that will exceed the PBP acceptable solutions for 
property access roads. PBP requires a 4 m wide road that does not exceed 15 degrees in gradient. 

The access will allow local RFS tankers to access the site and utilise the 10 m defendable space for fire 
fighting operations if required. Additional access provisions for bushfire protection are not 
recommended. 

4.4  Water Supply 

It is not an expectation for there to be a dedicated water supply at or proximate to the site for a proposal 
of this nature. The sites will have the capacity to provide water for fire fighting via the infrastructure if 
required. Installation of a 65 mm Storz fitting to tanks or outlets will allow fire appliances to utilise the 
water. Additional water supply provisions for bushfire protection are not recommended. 
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5 Conclusion & Recommendations 
5.1  Conclusion 

This report presents the bushfire assessment of the Stage C Network West component of the Googong 
Township Integrated Water Cycle Project at the Googong Township. Bushfire protection planning 
legislation and policy currently does not address infrastructure proposals such as water supply 
infrastructure, however Planning for Bush Fire Protection does set out general considerations relating to 
defendable space, access and water supply for development proposals not related to habitable spaces. 

The recommendations listed below will provide a level of bushfire protection compliant with Planning for 
Bush Fire Protection and comparable to RFS policy on other types of infrastructure installations. The 
bushfire protection measures inherent in the proposed design and recommended in this report will 
improve the chances of the asset surviving a bushfire event.  

5.2  Recommendations 

This assessment contains only one recommendation: 

1. It is recommended that the pumping station and MCC cabinet at the Permanent Reservoirs Site 
have a maintenance track between it and the grassland to the east. 

 

 

David Peterson 
Principal Bushfire Consultant 
FPAA BPAD Certified Practitioner No. BPD-L3-18882 
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1 Glossary 
Table 1-1 Glossary 

Abbreviation Description 

ACMA Australian Communications and Media Authority 

ADD Average Day Demand 

ADWF Average Dry Weather Flow 

BWPS Bulk Water Pumping Station 

CASA Civil Aviation Safety Authority 

CIC Canberra Investment Corporation 

EP Equivalent Population 

FSL Full Storage Level 

GTPL Googong Township Proprietary Limited 

IWC Integrated Water Cycle 

LGA Local Government Area 

LSI Langelier’s  Saturation  Index 

MBR Membrane Bio-Reactor 

MWL Minimum Water Level 

OF Overflow 

PDD Peak Day Demand 

PHD Peak Hour Demand 

PW Potable Water 

QCC Queanbeyan City Council 

RL Reduced Level 

RSL Reserve Storage Level 

RW Recycled Water 

RWPS Recycled Water Pumping Station 

SBS Sodium bisulphite 

TWL Top Water Level 

WRP Water Recycling Plant 

WTP Water Treatment Plant 
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2 Introduction 
Googong is a new town being created by Googong Township Proprietary Limited (GTPL) which is a 
joint venture between Canberra Investment Corporation (CIC) and Mirvac. It is located approximately 
14 km to the east of Canberra and 7 km to the south of Queanbeyan in NSW. Refer  to Figure 2-1 for 
its location relative to the surrounding region. 

 

Figure 2-1 Location of Googong relative to region (Source: http://googong.net/introducing-
googong/location.php, accessed 9 June 2015) 

Googong is primarily a residential town with some commercial development, schools and open spaces 
that cater for an ultimate equivalent population (EP) of approximately 20,000 (approximately 6,400 
dwellings). A high-level masterplan is displayed in Figure 2-2. A reference plan, identifying 
neighbourhoods is displayed in Figure 2-3. 
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Figure 2-2 Masterplan of Googong Township (Source: http://googong.net/introducing-
googong/masterplan.php, accessed 9 June 2015) 
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Figure 2-3 Indicative masterplan (prepared by GTPL, May 2014) 

Planning approval for Googong proceeded under the now-repealed Part 3A process (refer to Section 
3 for further detail) of the Environment Planning and Assessment Act 1979, on the basis that it 
delivered an Integrated Water Cycle (IWC) incorporating a recycled water scheme that aimed to 
reduce potable water consumption by 60%, when compared to typical water consumption.  

For planning purposes, the wet infrastructure at Googong has been split into two categories:  

x Infrastructure  that  is  located  in  Palerang  Shire,  which  is  referred  to  as  “east”  infrast ructure. 
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x Infrastructure  that  is  located  in  Queanbeyan  City  Council  area,  which  is  referred  to  as  “west”  
infrastructure. 

Within these two categories, infrastructure is further broken down into:  

x Head  works  infrastructure  which  is  critical  to  Googong’s  Integrate Water Cycle, and which is 
generally referred to Integrated Water Cycle (IWC) infrastructure. 

x Non-head works infrastructure, which is typically transporting/conveying infrastructure, which 
is generally referred to as Network infrastructure. 

Infrastructure delivered in the west will be handed over to QCC for operation and maintenance. As 
such QCC will have a keen interest in the design and delivery of west infrastructure.  

Infrastructure delivered in the east will be handed over to Icon Water for operation  and maintenance. 
As such Icon Water will have a keen interest in the design and delivery of east infrastructure.  

To  suit  these  two  critical  stakeholders,  the  next  Stage  of  Googong’s  IWC  infrastructure,  Stage  C,  will  
be delivered primarily in two parts that have nominally been design to support the Googong 
development up to a capacity of 3,300 Lots (or approximately 9,500 EP): 

x A concept design report for Stage C – West IWC infrastructure, primarily for QCC review and 
approval with, overview input from Icon Water.  

o This  infrastructure  is  primarily  focused  on  the  delivery  of  new  infrastructure  at  “Hill  
800”  such  as: 

� A new 1.9 ML potable water reservoir 

� A new 4.0 ML recycled water reservoir 

� Various chemical dosing facilities 

� Provision for future Stage D infrastructure at the site 

o It also includes a partial focus on the Stage C upgrade of the WRP including:  

� Amplification of the Stage A/B WRP recycled water holding tank capacity from 
415 kL to 830 kL (refer to Section 15) 

� Amplification of the Stage A/B WRP recycled water pumping station from 39 
L/s (duty/stand-by) to 102 L/s (duty/assist/standby) (refer to Section 16) 

x A detail design for the Stage C – East  IWC  infrastructure,  primarily  for  Icon  Water’s  review 
and approval, with overview input from QCC. 

o This infrastructure is focused on delivery of: 

� An upgrade of the existing bulk water pumping station to allow it to pump bulk 
potable water to a potable water reservoir on Hill 800 instead of the existing 
potable and recycled water reservoirs at the interim reservoir site.  

� Expansion of the existing bulk water pumping station to provide additional 
pumping  station  that  will  supply  bulk  “top-up”  potable  water  to the  WRP’s  
recycled water holding tanks to supplement the supply of recycled water. 
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There is a third part of the Stage C IWC infrastructure also to be delivered. This infrastructure includes 
the  remainder  of  the  WRP’s  Stage  C  infrastructure,  which  is  primarily  focused  on  the  provision  of  an  
additional WRP bioreactor. As this infrastructure has been designed to cater for around 4700 EP, its 
design development is not as imminent and will not be start for approximately another 12 months 
(pending GTPL detailed scheduling). 

As alluded to above, infrastructure at Googong will continue to be developed over stages to match 
development growth. These are identified in Table 2-1. 

Table 2-1 Infrastructure stages 

Stage Description Year required 

A/B Servicing initial development in NH1A, NH1B to approximately 
6,200 EP (1,800 lots) 2014 

C 

Servicing Stage A/B and additional development in NH2 Outer, 
and some open spaces to approximately 9,500 EP (3,300 lots)  
Stage C infrastructure will be delivered in two parts, as discussed 
above 

2018 

D Ultimate infrastructure to service 20,000 EP 2022 
 

2.1 Document purpose 
The purpose of this document is to present the design requirements (sizes, capacities, interfaces with 
existing and future infrastructure etc.), constraints and solutions for the concept design of the Stage C 
– West IWC infrastructure, which requires review and approval by QCC. 

This document is intended to achieve alignment from all key stakeholders prior to use as the basis for 
Detailed Design. 

3 Planning  Pathway  –  Stage  C  West  IWC 
On 24 November 2011, the Googong Township Water Cycle Project Environmental Assessment 
(Manidis Roberts, 2010) was approved by the Minister for Planning under Part 3A (now repealed) of 
the Environment Planning and Assessment Act 1979. The approval included Concept Approval for the 
ultimate development (Stage 1 and 2) and the Project Approval for Stage 1 development of the 
Googong Township IWC Project. Individual Conditions for Approval (CoAs) were for both the Stage 1 
Project Approvals and the overall Concept Approval. 

The Conditions of Approval for the Concept Design determined:  

(a) to approve the concept plan referred to in Schedule 1, subject to the modifications in Schedule 
2;  

(b) under section 75P (1)(b) of the Environmental Planning and Assessment Act 1979, 
development the subject of the concept plan, excluding the Stage 1 Project, that is no longer a 
project to which Part 3A [now Part 5.1] applies by operation of Schedule 6A to the EP&A Act 
and that is:  

ii. by operation of an EPI, permissible without development consent is subject to Part 5 of the 
EP&A Act.  
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(c) under section 75P(2)(c) of the Act:  

iii. where development is subject to Part 5 of the EP&A Act, that development is subject to 
the further environmental assessment requirements specified in Schedule 3[SIC – 
Schedule 2] of this approval.  

Clause 125 (Part 3, Division 24) of the State Environmental Planning Policy (Infrastructure) 2007 
(ISEPP) provides for development permitted without consent including:  

(1) Development for the purpose of water reticulation systems may be carried out by or on behalf 
of a public authority without consent on any land.  

(2) Development for the purpose of water storage facilities may be carried out by or on behalf of a 
public authority without consent on land in Zone RU1 Primary Production, Zone RU2 Rural 
Landscape, Zone SP1 Special Activities, Zone SP2 Infrastructure or an equivalent land use 
zone.  

Under Clause 124 (Part 3, Division 24) of the ISEPP provides the following definitions:  

x Water reticulation system - a facility for the transport of water, including pipes, tunnels, canals, 
bores, pumping stations, related electricity infrastructure, dosing facilities and water supply 
reservoirs. 

x Water storage facility – a dam, weir or reservoir for the collection and storage of water, and 
includes associated monitoring or gauging equipment.  

Under the Queanbeyan Local Environment Plan 2012, the proposal area is zoned as R1 – General 
Residential.  

Therefore as the proposed scope of works meets the definitions of a water reticulation system and/or 
a water storage facility and is being carried out by or on behalf of a public authority (Queanbeyan City 
Council) it is permitted without consent. Consequently, the proposal is subject to the Part 3A Concept 
Approval Conditions of Approval under section 75P(2)(c)(ii) of the EP&A Act. 

Key milestones (assuming a Part 5 REF assessment) are presented in Table 3-1: 

Table 3-1 Key REF milestones 

REF milestone Description 

12 June 2015 Confirmation of proposal scope 

22 June 2015 Completion of specialist studies 

20 July 2015 Submission of draft REF to QCC for review 

7 September 2015 Finalisation of REF for display 

14 September to 16 October 2015 Public display of REF 

23 November 2015 Submission of draft Submissions Report to QCC 

2 December 2015 Document submitted for inclusion at December Council meeting 

16 December 2015 Council meeting 

16 December 2015 Part 5 determination of Stage C Network West 
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4 Schedule  –  Stage  C  West  IWC 
Table 4-1 presents key milestones for the project. 

Table 4-1 Key project milestones – Stage C Network West 

Description Milestone date 

Concept Design Inception Meeting March 2015 

Capital cost estimate July 2015 

Completion of Concept Design August 2015 

Final REF submission to QCC September 2015 

Public exhibition of REF September 2015 

Part 5 approval December 2015 

Completion of contract documentation December 2015 

Award of design & construct contract March 2016 

Construction and Commissioning completion December 2016 

Handover to QCC January 2017 

 

5 Stakeholder  Reviews  –  Stage  C  West  IWC 
Table 5-1 identifies key stakeholder review activities during the Concept Design phase. 

Table 5-1 Stakeholder Reviews 

Review 
No. Description Expected outcomes Completed / Outcomes 

1 Review of CDR 
Table of Contents  

Stakeholder alignment for document 
scope 

Completed 

2 Review of 
Preliminary Draft  

Stakeholder direct input into document 
where desired by Stakeholder 
 
Other consultant input into document 
(e.g. RMS, RPS, Calibre, etc.) 

Completed 

3 Design Review 
Workshop 

Review the configuration and proposed 
capacities of the Stage C, Part 1 
infrastructure 

Completed 

4 HAZOP/CHAIR1 
Review 

Complete a Safety in Design review of 
the proposed infrastructure to ensure that 
the Concept Design captures critical 
safety requirements for further design 
Complete an operability review to ensure 
that the Concept Design captures the 
critical operability requirements for further 
design 

HAZOP and CHAIR 1 
Completed – this 

document includes 
review comments 
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6 Reference  Documents 
Table 6-1 identifies relevant reference documents for the Concept Design. 

Table 6-1: Reference Documents  

Document title Reference number 

Googong IWC Project - Stage C Network West - Review of Environment 
Factors 

15048 – Version 0.2 

Googong Township – Hill 800 Concept Development 60327263 (AECOM) 

Report on Geotechnical Investigation – Proposed Residential 
Subdivision – Googong Dam Road, Googong, August 2009 

46285 (Douglas Partners) 

Googong – Network West – Stage C Reservoirs – Sizing – Briefing 
Paper 

83500349-TM-005 Rev D 
(MWH) 

BWPS Stage C&D Outline Concept 83500349-M-TM-015 Rev 
D (MWH) 

Googong Integrated Water Cycle – Stage A, Prepared for CIC Australia MWH (2011) 

Googong Integrated Water Cycle – Water and Wastewater Concept 
Design, Volume 1 – Main Report, Revision 9, Prepared for CIC Australia 

MWH (2010) 

Googong Design Assumptions for Potable and Recycled Water Systems, 
Version 7, Prepared for CIC Australia 

MWH (2014) 

Googong Integrated Water Cycle – Network West Stage C – Civil Report  Revision 0 – Calibre 
Consulting, June 2015 

Bushfire Assessment – Googong Township Integrated Water Cycle 
Project – Stage C Network West 

Project number 1891, 
Version 2 (Ecological) 

7 Design  standards  and  codes 
7.1 Australian Standards 
Relevant Australian standards are included in Table 7-1. 

Table 7-1 Australian standards 

AZ/NZS Title 

1029, Part 1  Low Voltage Contractors 

1055 Acoustics - Description and measurement of environmental noise 

1158 Lighting for roads and public spaces 

1163 Cold-formed structural steel hollow sections 

1543 Electrical Equipment of Industrial Machines. 

1543 Electrical Equipment of. Industrial Machines 
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AZ/NZS Title 

1657 Fixed platforms, walkways, stairways and ladders - Design, construction and 
installation 

1768 Lightning protection 

1939 Degrees of protection provided by enclosures for electrical equipment (IP Code)  

1940 The storage and handling of flammable and combustible liquids 

2025 Metallic Materials - Rockwell Superficial Hardness Test - N and T Scales 

2184 Low Voltage Switchgear and Controlgear - Moulded-Case Circuit-Breakers for Rated 
Voltages up to and Including 600v a.c. and 250v d.c 

2207 Non-destructive testing - Ultrasonic testing of fusion welded joints in carbon and low 
alloy steel 

2293 Emergency escape lighting and exit signs for buildings 

2419.1 Fire hydrant installations Part 1: System design, installation and commissioning 

2638.2 Gate valves for waterworks purposes Part 2: Resilient seated 

2700 Colour standards for general purposes 

2832.3 Cathodic protection of metals - Fixed immersed structures 

3000 Electrical installations 

3000 Wiring Rules 

3111 Approval and test specification – miniature overcurrent circuit - breakers 

3147 Approval and test specification - Electric cables - Thermoplastic insulated - For 
working voltages up to and including 0.6/1 kV 

3500.1 Plumbing and drainage Part 1: Water services 

3678 Structural steel - Hot-rolled plates, floorplates and slabs 

3679 Structural Steel 

3735  Concrete structures retaining liquids 

3780 The storage and handling of corrosive substances 

3959 Construction of Buildings in Bushfire Prone Areas 

4024.1 Safe Guarding of Machinery 

4282-1997 Control of the Obtrusive Effects of Outdoor Lighting 

4791 Hot-dip galvanized (zinc) coatings on ferrous open sections, applied by an in-line 
process 

2005.1 / 
2005.2 

Low Voltage Fuses - Fuses with Enclosed Fuse-Links 

3008.1. Electrical installations - Selection of cables - Cables for alternating voltages up to and 
including 0.6/1 kV - Typical Australian installation conditions 

3947.5.1 Low-voltage switchgear and controlgear - Control circuit devices and switching 
elements – Electromechanical control circuit devices 

1170 Structural design actions 

1554 Structural steel welding - Welding of steel structures 
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AZ/NZS Title 

1680 Interior lighting 

2280 Ductile iron pipes and fittings 

3500, Parts 0 
to 2 

Plumbing and drainage 

4020 Testing of products for use in contact with drinking water 

4087 Metallic flanges for waterworks purposes 

4680 Hot-dip galvanized (zinc) coatings on fabricated ferrous articles 

1725.1 Chain link fabric fencing - Security fences and gates - General requirements 

1170 Parts 0 
to 4 

Structure design actions (incl. imposed, wind and earthquake) 

1897 Electroplated coatings on threaded components (metric coarse series)  

4020 Testing of products for use in contact with drinking water 
 

7.2 Industry Standards and Codes 
x Water Supply Code of Australia, WSA 03–2011 Version 3.1 

x Austroads: Guide to Pavement Technology, Part 2 

x Building Code of Australia 

7.3 QCC Standards and Specifications 
x Design and Construction Specifications for Water Works, QCC, 28 August 2014 – to be read 

in conjunction with QCC specifications for water works – MWH response, MWH, 11 May 2015 

x Development Design Specification D11, Water Reticulation – Googong, Version 1 – June 
2011 

x Development Construction Specification C401, Water Reticulation, QCC Version 3.1 – June 
2011 
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8 Key  design  constraints 
Key design constraints in the aforementioned reference documents (refer to Section 6) and standards 
and codes (refer to Section 7) are presented in Table 8-1 below along with additional constraints 
identified during Concept Design development. 

Table 8-1  Design Constraints 

Constraint Value / Comment 

Maximum Headloss 3 m head/km 
(Cl. 3.1.6.2, WSA 03-2011) 

Maximum Service Pressure 800 kPa 
(Cl.4, D11.05, Development Design Specification D11, Water 
Reticulation – Googong) 

Minimum Service Pressure 200 kPa – residential 
250 kPa – commercial 
(Table 2.3, WSA 03-2011) 

Fire flow Minimum compliance with Table 2.2, AS 2419.1 

Noise and vibration Refer to Section 6.3 Noise and Vibration, REF 

Maximum building/structure 
heights 

10 m 
Heights are limited to promote WH&S and to minimise visual hazards 
for aircraft 
Approval has been received from the Civil Aviation Safety Authority 
(CASA) that a communication tower and tanks will not be hazardous to 
aviation1 
(Item 17, Design and Construction Specifications for Water Works , 
QCC, 28 August 2014) 

Emergency Storage 
Requirement – Reservoirs 

Reserve Storage Level (RSL) to be 1/3 x Peak Day Demand (PDD) 
above Minimum Water Level (MWL) 
Accounting for system component failure 
(Cl. 2.9.1, WSA 03-2011) 

Peak Demand Week 
Recovery Requirements 

Reservoir to return to Full Storage Level (FSL) at end of maximum 
demand week (containing peak day demand)  

Topography Defines bench level of RL 795 mAHD and, subsequently, extent of 
service area of surface PW and RW reservoirs meeting pressure 
constraints and requirements booster pumps  

Access to Hill 800 Construction access to be provided from Old Cooma Road 
Permanent access to be provided from future subdivision west of Hill 
800 

Chemical dosing and water quality constraints are provided in Section 18.22. 

  

                                                      
1 CASA ref: EF10/634-7 D15/535955, 24 July 2015 
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8.1 Environmental Design Constraints 
Environmental constraints are identified in the Review of Environmental Factors (REF) (refer to 
Appendix  P). Key constraints include: 

x Visual amenity impact assessment – The reservoir facility would be located on the top of Hill 
800, which would be clearly visible from the Googong township and adjacent properties. The 
design of the facility needs to consider visual amenity to and from the township.  

x Noise and vibration construction and operation assessment – The ongoing operation of the 
reservoir facility would include the use of pumps, monitoring and other machinery as well as 
the movement of water through the facility. The noise impact of these on the adjacent (existing 
and future) properties needs to be considered.  

x Aboriginal heritage impact assessment – Known Aboriginal sites are located in close proximity 
to the proposed pipe alignments. Impacts and access for both construction and future 
operational maintenance need to be considered.  

x Air space – The reservoir site is in line with the operational flight path from the Canberra 
International Airport. Therefore construction and operational height restrictions apply to the 
proposal.  

x Bushfire management assessment – The design of the reservoir facility would need to be 
considered and be designed to accommodate potential bushfire risks.  

x Water quality management – The construction and operation of the reservoir facility would 
need to consider potential impacts to local water quality. This would include monitoring the 
water quality of any operational discharge, maintenance issues, storage of chemicals and 
management of flows at discharge points and along the natural water course to prevent 
erosion and sedimentation. 

8.2 Geotechnical Design Constraints 
A geotechnical investigation was undertaken in August 2009, with results presented in the Proposed 
Residential Subdivision – Googong Dam Road, Googong, 46285 document (refer to Appendix  J). 

Key findings and constraints include: 

x Top soil / Silty sandy gravel to 0.3-0.7 m below ground level – Removed by conventional 
earthmoving plant 

x Low to medium strength, highly weathered, brown medium grained DACITE below 0.3-0.7 m – 
Hard excavation with large excavators fitted with tooth buckets, heavy ripping and rock 
breaking also required 

x Cut material would be suitable for reuse as controlled filling or general embankment filling  

x No groundwater observed 
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9 Design  &  Service  Lives 
The design lives for assets are as per Items 1-11 in the Design and Construction Specifications for 
Water Works, QCC, 28 August 2014 (refer to Figure 9-1). 

 

Figure 9-1 Design life of assets 

In the case of Item 1 in Figure 9-1, values from Table 1.2 of WSA 03-2011-3.1 are included below. 
Note that the design life of reservoirs is stated generally as 50 years without specifying the reservoir 
material. 75 year design lives of steel reservoirs and concrete reservoirs (structures) shall prevail from 
Figure 9-1. All other stated design lives in Table 9-1 do not conflict with design lives in Figure 9-1 and 
shall apply. 

Table 9-1  Design lives as per WSA 03-2011-3.1 

Asset Type Design life (years) 

Water mains 100 

Reservoirs 50 

Pumps 50 

Valves 30 

SCADA 15 
 

Expected maintenance requirements to achieve the design life include:  

x Periodic concrete repairs 

x Periodic blasting/cleaning of painted metalwork/steel structures and repainting 

x Periodic inspection of exposed fasteners at approximately 25 year intervals for serviceability 
and replacement as required. 

x Periodic replacement of reservoir bolts and seals at approximately 10 year intervals if glass 
fused bolted steel panel tanks are use as reservoirs. 
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These requirements shall be retained in the Detailed Design. 

10 Servicing  extent  and  flow  rates 
Stage C IWC infrastructure shall service approximately 50% of the ultimate development comprised of 
the following (refer to Figure 2-3 and Appendix  A for location of neighbourhoods): 

x All residential and non-residential development within Neighbourhood NH1A 

x All residential and non-residential development within Neighbourhood NH1B 

x 92% of residential and non-residential development in Neighbourhood NH2 Outer 

- Includes fire station (0.18 ha) and open space (3.18 ha) 

- Excludes school 

- Excludes residential development above RL770 mAHD – 323 EP approx. deferred to 
Stage D when booster pumps to the high elevation network are installed (refer  to  ‘High  
elevation  zone’  in  Development  Staging  Plans,  Appendix  A). 

x No developments within Neighbourhood NH2 Inner (Residential dwellings, Neighbourhood 
centres – Mixed use centres, Community facilities, Town Centre and open spaces).  

x 25% of open spaces from Googong Common which corresponds to the area of Sportsfields 3 
and 4. 

x 100% of privately-owned developments in Gorman-Bunyip 

x No developments (privately-owned) within Cooke and Talpa 

The servicing extent is identified in Table 10-1 below. 

Table 10-1 Servicing extent – Stage C 

Neighbourhood Dwellings 
(No.) 

School 
(Ha) 

Commercial 
(Ha) 

Open Space 
(Ha) EP 

NH1A 1210 8.14 0.93 10.00 3945 

NH1B 376 0.00 0.00 0.25 1140 

NH5 Island 210 0.00 0.50 2.08 657 

NH2 Outer 1429 0.00 0.18 3.18 3713 

NH2 Inner 0.00 0.00 0.00 0.00 0 

Common 0.00 0.00 0.00 4.40 0 

Gorman-Bunyip 96 0.00 0.00 0.15 280 

Total 3321 8.14 1.61 20.06 9734 

Note that the ultimate development is anticipated to be 19,995 EP. 
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11 Design  flow  rates 
The flows used in the Concept Design were derived from values presented in the Googong Design 
Assumptions for Potable and Recycled Water Systems - Prepared for Canberra Investment 
Corporation and Queanbeyan City Council, August 2014. 

Flow rates for development types are presented in Table 11-1 and Table 11-2. 

Table 11-1 Design flow rates per development type - Potable Water 

Development type 
PW 

ADD 
(L/dwelling/day) 

PW 
PDD 

(L/dwelling/day) 

PW 
PHD 

(L/dwelling/s) 

Apartment 313 352 0.014 

Townhouse / Terrace 422 475 0.019 

Small Courtyard 458 512 0.018 

Large Courtyard 474 530 0.018 

Single Lot 555 620 0.024 

Large Lot 574 642 0.025 

Estate Home 574 642 0.025 

Rural 574 642 0.025 
 

Table 11-2: Design flow rates per development type - Recycled Water 

Development type 
RW 
ADD 

(L/dwelling/day) 

RW 
PDD 

(L/dwelling/day) 

RW 
PHD 

(L/dwelling/s) 

Apartment 91 154 0.005 

Townhouse / Terrace 127 221 0.008 

Small Courtyard 173 391 0.018 

Large Courtyard 228 594 0.027 

Single Lot 304 834 0.044 

Large Lot 417 1255 0.067 

Estate Home 803 2732 0.145 

Rural 1353 4831 0.257 
 

Applying the above unit flow rates to the Stage C development (refer Table 10-1) results in the overall 
demands presented in Table 11-3. 
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Table 11-3 Stage C Design flow rates – Entire service area 

Parameter PW value RW value Unit 

Average Day Demand 19.0 15.6  L/s 

Peak Day Demand 21.7 45.8  L/s 

Peak Hour Demand 69.4 147.7  L/s 
 

The design flow rates include an allowance for system leakage (assumed to be 10% of average day 
demand) and the following factors of safety 

x 20% for the design of long term assets 

x 40% for the assets delivered in the first 5 years 

These allowances are presented in Section 4, Googong Design Assumptions for Potable and 
Recycled Water Systems, Revision 7, August 2014 and were determined in consultation with QCC. 

12 Design  Redundancy 
Table 12-1 Design Redundancy 

Asset Redundancy 
provision Comment 

Rising Main and 
Gravity Pipelines 

No redundancy Redundancy not typically provided for water supply 
systems 
Overall system has undergone resilience stress-testing 
for ability to perform in and recover after maximum 
demand conditions (refer to Section 24.2) 

Recycled Water 
Pumping Station 
(RWPS) 

100% redundancy Duty/Standby pumps to be provided 

RW reservoir Cross-connection in 
chamber 

PW reservoir to feed recycled water system via cross 
connection managed by QCC in the same way as the 
cross connection provided at the interim reservoir site.  
Cross connection available for Stage D via sodium 
hypochlorite redundant dosing chamber (redundant after 
Stage C) 

PW reservoir Bypass main PW rising main can bypass Stage C reservoir and 
connect with outlet main to directly supply distribution 
system. 
Bypass arrangement to be retained for Stage D. 

Chemical Dosing 
Pumps 

100% redundancy Duty/Standby pumps to be provided for all chemical 
dosing. Single Standby pump required for 2 dosing 
pumps (1 inlet, 1 outlet) for each reservoir. 
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Asset Redundancy 
provision Comment 

WRP RW holding 
tank 

100% redundancy Existing tank alone has adequate capacity for WRP 
operation and flow balancing between BWPS and 
RWPS (refer to Section 15) 
Stage C tank to be a duplicate of existing tank 

Power Generator connection 
point for the site 
Battery back-up for 
RTU 
Battery back-up for 
chemical dosing 
pumps 

Dedicated emergency generators not required for RW 
booster pumps to Googong Common – non-critical 

13 Control  Philosophy 
The control following content should be read in conjunction with the Googong Potable and Recycled 
Water Flow Schematic in Drawing D001 in Appendix  B. 

13.1.1 Potable Water 

The control of potable water supply from the BWPS to the PW reservoir is presented in PEFD – Bulk 
Water Transfer to the Ultimate Reservoirs (Potable and Recycled Top-Up), MWH2. 

The pipework configuration at Hill 800 allows for the BWPS to pump directly into the PW distribution 
system should the reservoir be offline. 

An emergency connection with a manual isolation valve will be provided to the RW reservoir  to allow 
the BWPS PW pumps to also supply the RW reservoir in an emergency. 

13.1.2 Recycled Water 

Refer to PEFD – Bulk Water Transfer to the Ultimate Reservoirs (Potable and Recycled Top-Up), 
MWH3 for the control of: 

x Top-up water supply from the BWPS to the WRP RW Holding Tanks 

x RW supply from the WRP Recycled Water Pumping Station to the RW reservoir 

The ability for the system to operate under failure scenarios is presented in Section 24.2. 

The operating philosophy for the chemical dosing system is shown in Section 19.8. 

14 Top-up  rising  main  to  WRP  Recycled  Water  
Holding  Tanks 

A new DN375 ductile iron rising main will be constructed from the BWPS to the WRP Recycled Water 
(RW)  Holding  Tanks.  This  main  will  convey  potable  water  to  ‘top  up’  the  supply  of  RW  to  the  RW  
Holding Tanks as required. 

                                                      
22 MWH reference: 83500349-08-010 
33 MWH reference: 83500349-08-010 
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The section of main within the Palerang Shire is between the BWPS and the revenue meter site. This 
section is to be designed and constructed as part of Stage C East works. This section will be 
ultimately owned, operated, and maintained by Icon Water. 

Stage C West works will include the section of the main between the revenue meter site and the WRP 
RW Holding Tanks. 

For  further  details  refer  to  “Googong Integrated Water Cycle - Network West Stage C”, Revision 0, 
Calibre Consulting, June 2015. 

15 WRP  Recycled  Water  Holding  Tanks 
The existing 415 kL RW holding tank at the WRP will be augmented by duplicating its existing 
capacity with the addition of a second tank. As there are no plans to further augment this asset at a 
later time, the second tank has been sized accounting for ultimate requirements in conjunction with 
the existing tank. 

The second tank provides redundancy for the maintenance of either tank. Each tank has sufficient 
volume  to  support  the  WRP’s  operation  with  the  other tank offline. Table 15-1 presents an assessment 
of the operation volume requirements for the WRP when compared to the volumes to be provided at 
the end of Stage C. 

Table 15-1 WRP holding tank parameters 

Parameter Value Unit Comment 

Minimum Service 
Water requirement 
(A) 

Stage C: 24 
Stage D: 48 

kL Allows for 1.5 hrs of WRP operation when isolated 
from all sources of supply (i.e. potable water from 
development, potable water from BWPS, and WRP 
recycled water) 

Minimum MBR 
cleaning requirement 
(B) 

Stage C: 40 
Stage D: 80 

kL Stage C assumes 2 x MBR tanks 
Stage D assumes use of larger MBR tanks 
Assumes membrane cleaning volume is to be 
available at all times (conservative) 
Assumes one set of membranes cleaned at a time 

Maximum inflow from 
WRP 
(C) 

Stage C: 71.3 
Stage D: 145.8 

 L/s 3 x ADWF 

Inflow from BWPS 
(D) 

Stage C: 65.5 
Stage D: 131 

 L/s - 

Minimum buffer 
volume for pump 
operations over 1 min 
(E = (C + D – 0) x 
60/1000) 

Stage C: 8.2 
Stage D: 16.6 

kL This volume allows for a nominal 1 min of RWPS 
ramp up time but with no output (0 L/s, conservative 
assumption) from the RWPS 
Assumes the worst case inflow condition, where the 
BWPS (top-up) and WRP (3 x ADWF) are operating 
at their maximum capacities. 
Refer to Section 16 for the RWPS capacities at 
Stage C and D. 
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Parameter Value Unit Comment 

Total minimum volume 
required (F = A + B + 
E) 

Stage C: 72.2 
Stage D: 144.6 

kL  

Total proposed for 
second recycled water 
holding tank (G) 

415 kL Duplicate of existing tank to allow for WRP 
operation during maintenance of either tank 

Total volume in 
combined holding 
tanks (H = 2 x G) 

830 kL - 

Spare volume per 
holding tank (H – E) 

Stage C: 757.8 
Stage D: 685.4 

kL Volume available for supplementing supply to RW 
reservoir in an emergency or for process 
optimisation 

 

16 Recycled  Water  Pumping  Station  (RWPS)  and  
rising  main 

The Stage A/B RWPS at the WRP shall be augmented by replacing the existing duty/stand-by pumps 
with new pumps capable of the requirements presented in Table 16-1. 

The RWPS shall operate with a variable flow rate to maintain the desired volume in the WRP holding 
tanks (refer to Section 13). The RWPS shall discharge into a DN375 rising main that connected to the 
RW reservoir on Hill 800. 

The Stage C configuration of the RWPS will consist of 3 No. Stage D sized pumps in a 
duty/assist/stand-by configuration with an extra Stage D pump provided at Stage D. This will deliver a 
Stage D pumping configuration of duty/assist/assist/standby. As such, each pumping unit will be 
designed to deliver 33% of the Stage D design flow rate. 

The Stage D pump flow rate has been chosen as the larger of the following flow rates:  

x Design inflow from WRP (3 x Ultimate ADWF (48.6) = 145.8 L/s) + 5% = 153.1 L/s 

It is noted that the ultimate WRP is designed for 18,800 EP with 210 L/EP/day (ADWF = 45.7 
L/s). The actual discharge rate will be confirmed during commissioning of the ultimate WRP.  

x Ultimate BWPS pump rate (131 L/s) + 5%      = 137 L/s 

The ultimate BWPS pump flow rate is defined by the RW PDD x (24/18)4. 

The selected Stage D pump flow rate is, therefore, 153.1 L/s. Accordingly, each Stage D pump will 
have the capacity to deliver 33% of this flow rate; that is 51.0 L/s. 

At Stage C will be provided with 3 Stage D pumps in a duty/assist/standby configuration, the Stage C 
capacity of the RWPS will be 102.1 L/s (i.e. 2/3rd of the Stage D capacity). 

  

                                                      
4 Item 22, Design and Construction Specifications for Water Works, GCC, 28 August 2014 
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 Table 16-1 RWPS and rising main parameters 

Parameter Value Unit Comment 

Duty flow rate 102.1  L/s 67% of ultimate pump flow rate due to single duty pump at 
Stage C 

Pump centreline 726.4 RL 
mAHD 

- 

Static head 77.9 m Maximum, at MOL of WRP Holding Tank 

Friction loss 10.9 m Assume roughness, k = 0.6 mm plus 5% fittings loss 

Rising main 
diameter 

375 DN DICL PN35 

Rising main length 3.9 km Includes existing section 

A DN375 RW rising main currently exists between the WRP and the interim reservoir site. This rising 
main shall be extended to the south, along Old Cooma Rd from the interim reservoir site to Hill 800. 

For  further  detail  refer  to  “Googong Integrated Water Cycle - Network West Stage C”, Revision 0, 
Calibre Consulting, June 2015. 

17 Potable  Water  rising  main 
The existing DN225 PW rising main from the BWPS to the interim PW reservoir will be extended 
1.4 km approx. along the same alignment as the RW rising main extension (3.9 km total, including 
existing rising main). 

For further details refer  to  “Googong Integrated Water Cycle - Network West Stage C”, Revision 0, 
Calibre Consulting, June 2015. 
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18 Hill  800  Reservoirs  –  Potable  and  Recycled  Water 
The proposed reservoirs at Hill 800 have been designed with the capacities and dimensions 
presented in Table 18-1. 

Concept Design drawings are included in Appendix  B. 

Table 18-1 Reservoir parameters 

Parameter PW reservoir 
value 

RW reservoir 
value 

Unit Comment 

EP serviced - - - Refer to Section 10 

Capacity 1.9 4.0  ML 1 x Peak Day Demand 
Refer to appendix on stress 
testing 

Internal diameter 17.7 26.5 m  

Bench level 795.00 795.00 RL 
mAHD 

 

Top of wall 805.00 805.00 RL 
mAHD 

 

Inlet diameter 225 375 DN  

Inlet level 804.48 804.33 IL 
mAHD 

300 mm allowance from soffit to 
reservoir roof 
Air gap above spill level min. 2 x 
pipe diameter (AS3500.1) 

Overflow (OF) level 803.90 803.45 RL 
mAHD 

200 mm above FSL 

Full Storage Level 
(FSL) 

803.70 803.25 RL 
mAHD 

1 x Peak Day Demand above 
MWL 

Reserve Storage 
Level (RSL) 

798.57 798.42 RL 
mAHD 

1/3 x Peak Day Demand above 
MWL 

Minimum Water 
Level (MWL) 

796.00 796.00 RL 
mAHD 

 

 

18.1 Site Selection 
The new potable and recycled water reservoir will be located at a site known as “Hill 800” situated on 
the highest ground within the Googong development. The site was selected to provide sufficient 
residual gravity head to the majority of the subdivisions, with two small high level zones in NH3 and 
NH4 being supplied by dedicated booster pumps. 
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Figure 18-1: Hill 800 from Old Cooma Road 

A level platform will be created at RL 795 mAHD to site the potable and recycled water reservoirs . The 
main reservoir platform will be constructed to full size at the beginning of Stage C.  

Incoming PW and RW rising mains from the BWPS and RWPS respectively will enter the reservoir site 
from the west. 

The RW and PW gravity mains exiting the site to the west will connect to the existing mains from the 
interim reservoir site supplying NH1A and NH1B reticulation networks. The gravity mains exiting the 
site to the east will connect to NH2 and future developments.  

Reservoir overflows will be piped from the site to the northeast and discharge overland through a 
headwall and energy dissipater into a drainage  pond  (for  further  detail  refer  to  “Googong Integrated 
Water Cycle - Network West Stage C”, Revision 0, Calibre Consulting, June 2015).  

18.2 Earthworks 
The site will be benched to a nominal RL of 795.00 mAHD. This design level was selected to provide 
sufficient space for all tanks at the site to be founded on rock. 

The site requires approximately 12,000 m3 cut and 2,400 m3 fill. Excess cut will be transported away 
from the site and reused within the surrounding development.  

Cut and fill slopes will be battered at a slope of 1:3. 
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18.3 Reservoir material 
The reservoirs may be fabricated from either: 

x Glass-fused bolted steel tanks with RC ring beam foundation and light infill slab. 50 year 
design life. This is subject to QCC approval and is the subject of a Technica l Memorandum 
included in Appendix  N. 

x Reinforced concrete with concrete slab foundation 

x Post-tension, precast reinforced concrete with concrete slab foundation 

x Welded steel walls and floor on RC ring beam foundation 

GTPL proposes to use the market to determine the most economic reservoir construction material.  

18.4 Roof and access 
The roof shall be constructed using galvanised steel rafters with internal column supports as required. 

The roof structure will have the following key features and provisions: (Item numbers refer to the 
Design and Construction Specifications for Water Works, QCC, 28 August 2014) 

x Multiple removable roof panel sections to allow natural light in the tank – to assist with future 
inspections/maintenance 

x Contact between dissimilar metals shall be avoided to minimise risk of corrosion 

x Rainwater to flow off the roof to the hardstand area below – guttering not to be provided 

x Roof sheets to have sliding joints or similar to account for thermal effects  

x Non-powered ventilation system for the roof space that utilises natural means subject to the 
prevailing wind conditions at any point in time. This may require ventilation cowlings on the 
roof – no bearings that require maintenance. 

x Access to the roof to be via stairs and platforms within a security enclosure 

x An access platform, hatch, and hand-railing to be provided as per Items 78 & 80. Access 
hatch shall: 

- Facilitate access for divers 

- Include McBerns safety covers with void protection or equivalent 

- Cater for intrinsically-safe light for inspections. 

- If glass-fused bolted steel tanks are installed, an additional hatch shall be provided on 
each reservoir for a boat and Remote Operated Vehicle (ROV) to inspect bolts and seals. 
The hatches shall be 3 m x 2 m approx. 

x A separate ventilation hatch to be provided as per Item 85 

x Internal ladder as per Item 81 
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x Anchor points, davit, lifting arrangements, and the rescue system to be as per Items 82-84 

x All access covers to be approved by QCC prior to procurement and installation  

18.5 Ground level access  
Ground level access into the reservoir when empty is to be provided by a 2 No. maintenance access 
hatches located on opposite sides of the reservoir. Each access clear opening is to be 900 mm 
minimum in diameter. The hatch doors are to be hinged and open inwards with external locking bolts. 

Signage is required identifying that entry is into a confined space.  

18.6 Reservoir freeboard 
x Reservoirs will be designed with a maximum wall height of 10m, from the top of base slab. 

x Inlet pipe sizes have been designed to allow for ultimate demand pump flows from the BWPS 
(potable water supply) and the RWPS (recycled water supply) 

x The reservoir inlets have been designed as a high level penetration through the tank wall with 
the crown of pipe passing 300mm below the top of the wall 

x The high inlet connection provides a constant head for the delivery pump stations.  

x The raised inlet provides an air gap between the inlet discharge and the maximum water level 
in the tank (OF level plus spill height). The air gap is designed as an unobstructed, free 
atmosphere discharge with a vertical distance between inlet pipe and water surface of a 
minimum of two pipe diameters in accordance with AS3500. 

x The air gap provides a free atmosphere discharge of 2 x pipe diameters above the maximum 
water level in the tank. This also prevents backflow and cross contamination between the 
storage vessel and the incoming water supply. 

18.7 Inlet pipe 
The inlet pipe for each reservoir shall be above the FSL to minimise under-pressure penetrations 
through water-retaining structures. 

 A bend / nozzle shall be provided on the discharge to promote mixing.  

18.8 Overflows 
x The potable water and recycled water reservoirs will each be provided with an overflow pipe 

fitted with a bellmouth inlet.  

x The overflow pipe for each reservoir is sized to accommodate air movement and the peak 
instantaneous Stage D inflows to the reservoir with no demand on the tank from the 
reticulation network.  

x The crest of the bellmouth is situated 200 mm above Full Storage Level (FSL) and a minimum 
of two (2) inlet pipe diameters below the reservoir inlet pipe discharge invert level  as per air 
gap requirements in Table 4.3, AS3500.1. 
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x The crest of the bellmouth in the PW reservoir is 1.1 m below the top of the wall. The crest of 
the bellmouth in the RW reservoir is 1.55 m below the top of the wall. Refer to Table 18-1. 
These values are compliant with Item 60.3, Design and Construction Specifications for Water 
Works, QCC, 28 August 2014. 

x The below ground overflow pipework will include a weir structure to submerge a magnetic flow 
meter to monitor and record discharge volumes and to initiate chemical dosing for 
dechlorination of overflows.  

x Dechlorinated flows will be sampled for water quality before being discharged to the 
environment (for further detail refer to “Googong Integrated Water Cycle - Network West 
Stage C”, Revision 0, Calibre Consulting, June 2015). 

x The majority of overflows will occur from the recycled water reservoir  

x Refer to Section 18.23 for information on chemical dosing. 

18.9 Scours 
x The reservoirs will be provided with a scour pipeline passing through the floor of the tank with 

an isolation valve located on the external pipe penetration. The floor will slope towards the 
scour point. Refer to Drawing 83500349-07-001-C003, Appendix  B. 

x QCC requirements for the collection scour sediment has been resolved by allocating space in 
the Stage D recycled water reservoir footprint for the provision of temporary bunding, the 
same as that used by QCC at its Jerrabomberra reservoir. At Stage D, scour sediment will be 
direct to the future wastewater system to the east of Hill 800. 

x The temporary sedimentation bund will be sized to treat 1/3 of the largest reservoir volume 
over an 8 hour period, and to capture a nominal 75 mm thick sediment layer across the base 
of the reservoir as advised by QCC (refer to Appendix  L). 

x Clean water will be allowed to discharge from the site as surface runoff, or via the designated 
reservoir overflow pipe. 

x The approximate times to drain the reservoirs (from RSL) to the temporary sedimentation 
bund are presented below: 

Stage C PW Reservoir (1.9 ML) = 2.3 hours 

Stage C RW Reservoir (4.0 ML) = 4.9 hours 

18.10 Water service 
The water service provided to the site shall be PW and shall be provided for safety showers, chemical 
dosing and washdown of equipment. 

3 No. DN100 hydrants are provided within the site adjacent to each Stage C reservoir and the Stage D 
RW reservoir. Apart from general washdown, they will be used for internal washdown of the 
reservoirs. Blank flanged spool pieces will be provided through the reservoir walls. When required for 
the internal washdown of reservoirs, the blank flanges will require removal prior to connection of the 
hydrants to the spool. 

A minimum pressure of 250 kPa shall be provided via a dedicated booster pump set.  
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Note that this booster pump set shall be decommissioned at Stage D, at which time the supply shall 
be provided by Stage D PW booster pumps for the high-elevation development. 

18.11 Valves 
Valves shall comply with C401.13, Queanbeyan City Council Development Construction Specification 
C401 – Water Reticulation. 

Valves shall be flanged PN16 ductile iron to AS 2638 with thermal-bonded polymeric coating to 
AS/NZS 4158. 

Gate valves shall be resilient seated. 

18.12 Roads & Drainage 
x The site will be provided with a temporary all-weather access road from Old Cooma Rd during 

construction and until the subdivision road network is complete. A description of the proposed 
design of the temporary access road is described in Googong Integrated Water Cycle – 
Network West Stage C – Civil Report, Revision 0, Calibre Consulting, June 2015.  

x Once the development has expanded south towards Hill 800, a permanent all -weather access 
road will be provided to the site via the subdivison road network. The subdivision road network 
will be subject to future design and review. 

x The internal access road includes a single lane ring road around the Recycled Water and 
Potable Water reservoirs.  

x Road width varies between 5 m to 7.2 m to accommodate the turning path of an Austroads 
standard 19 m articulated vehicle at a design speed of 10km/h. This is assumed as the largest 
vehicle to access the site for chemical deliveries. Provision of a 0.5 m offset from vehicular 
overhang is included in the design. 

x The road pavement will be designed in accordance with Austroads: Guide to Pavement 
Technology Part 2 with a 40 year design life.  

x Road pavement will generally consist of compacted granular subgrade and base course layers 
with an asphaltic concrete wearing course.  

x Concrete roll-kerb will be provided around the inside road edge of the reservoir ring road.  

x The Internal ring road design shall include a minimum 3% crossfall across the roadway.  

x The Hill 800 roads and drainage will make allowance for both these access roads. Drainage 
from the site will take a Water Sensitive Urban Design (WSUD) approach with the site graded 
to avoid concentrations of stormwater runoff aiming to shed stormwater evenly to the 
surrounding landscape. Any unavoidable flow concentrations will be treated via swale drains 
with flows being dispersed through energy dissipaters/rock mattresses to the eastern and 
western sides of the site. 

x Sufficient space is provided between the reservoirs to allow access for a 55 t crane with 
outriggers fully extended and a heavy rigid vehicle (12.5 m length).  

x The chemical delivery bay shall be a concrete slab with a bunded wall to provide containment 
for spills or leaks with a capacity of at least 110% of the chemical delivery tanker volume (min. 
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8.8 kL). The bunded area shall have a 1 in 75 grade towards the sump pit. Stormwater from 
the surrounding roadway and ground shall be channelled away from the delivery bay bund.  

18.13 Licensed discharge 
The overflow from each of the reservoirs will be directed into a common DN450/DN525 overflow 
pipeline. The flow will be dosed with sodium bisulphite to de-chlorinate the water and achieve a 
chloride residual setpoint prior to discharge to the environment (refer to Section 19). 

The pipeline will also be installed with a flowmeter, analyser, and downstream weir to maintain full -
flowing pipework for instrumentation. 

Downstream of the weir, the discharge pipe will run below ground to the northwest for approximately 
400 m towards a headwall along a tributary to Googong Creek. 

Refer to Section 3.2.13 of the REF for further discussion. 

18.14 Electrical switch board 
The switchboard shall be located in an electrical room at the end of the booster pumping station 
building. 

18.15 Power Load Assessment 
An estimate of maximum demand has been based on all duty plant and associated utilities (lighting, 
ventilation, etc.) operating concurrently at their rated power. Refer to Table 18-2 below. 

Table 18-2 Power load 

Stage Maximum demand 
(kW, approx.) 

Estimated power factor Maximum kVA 
(approx.) 

C 30 0.98 31 

D 108 0.98 110 
 

A pad mounted transformer should be provided with a capacity to be confirmed by the electricity 
authority. 

Details of the assessment for Stage C and Stage D development are provided in Appendix  M. 

18.16 Lighting and Small Power 
Lighting design, supply and installation of luminaries, lamps and lamp holders, switches and other 
accessories shall comply with the requirements of AS/NZS 1680, AS 1158, AS 2293 and other 
relevant Australian Standards. 

Illumination levels and small power requirements shall comply with the requirements presented in 
Table 18-3. 

For the control of the obtrusive effects of outdoor lighting, any external lighting identified shall be:  

x Compliant with AS 4282-1997 
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x LED type 

x Sensor activated 

x Sensor and manually activated – perimeter lighting 

Table 18-3 Lighting and Small Power Requirements 

Location 
Lighting level 

required 
(Lux) 

Small power required 

Bottom of Reservoir Stairs 120 1 x 240V outlet 
1 x 415V outlet 

Top of Reservoir (Hatch) 40 1 x 240V outlet 

Top of Reservoir Stairs 40 1 x 240V outlet 

Chemical Dosing kiosks 100 1 x 240V outlet per dosing 
cabinet 

Chemical Dosing bund and delivery 
areas 

100 1 x 240V outlet 
1 x 415V outlet 

MCC Room 160 2 x 240V outlet 
1 x 415V outlet 

Potable Booster PS pump room 100 2 x 240V outlet 
2 x 415V outlet 

Recycled Booster PS pump room 100 2 x 240V outlet 
2 x 415V outlet 

Valve Chambers 40 1 x 240V outlet 

External security/street lighting 10 - 
 

18.17 Lightning protection 
A lightning protection assessment shall be carried out during detailed design. If lightning protection i s 
necessary, a system complying with AS 1768 shall be provided by a specialist contractor. 

18.18 Instrumentation and Telemetry 
The Stage C requirements shall typically reflect the provisions at the interim reservoirs.  A back-up 
battery will be provided for telemetry at the Hill 800 site. 

The  Hill  800  site  will  require  telemetry  as  an  extension  to  QCC’s  existing  SCADA  network  – refer to 
Figure 18-2 for a schematic of the existing system. The Stage C telemetry works will include/require:  

x An application to the Australian Communications and Media Authority (ACMA) – required to 
obtain a frequency licence. 

x A site based RTU – note that the interim reservoir will need to remain operation until the Hill  
800 is fully commissioned including the RTU and SCADA system. Relocation/re-use of RTU at 
the interim site will not be feasible. 
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x A radio repeater at Hill 800 reservoir site 

x Antennae equipment 

Typical control system requirements include: 

x Level transmitters 

x Level switches 

x Flow meter/transmitter 

x Chemical flow transmitters 

x Safety shower switch 

The reader is referred to the process and instrumentation diagrams in Appendix  B for more detailed 
appreciation of the instrumentation to be provided at Hill 800.  

As per the solution for the interim reservoirs, the medium of communication shall be UHF radio.  

 

Figure 18-2: Existing QCC SCADA network 

Alarms requirements for the SCADA system will be developed in consultation with QCC and Icon 
Water during Detailed Design. 
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18.19 Site Security 
As per the Design and Construction Specifications for Water Works , QCC, 28 August 2014, a chain 
link fabric security fence shall be installed along the Hill 800 reservoir site boundary. Specific 
provisions are as per Table 18-4. 

Table 18-4 Security fence details 

Asset Details (refer to AS/NZS1725-2010) 

Security Fence Type 2-T-B/B-T with 2400mm high with heavy duty fabric and vertical post 
extensions with 3 strands of barbed wire. 
All posts shall extend to within 70mm of the full footing depth as nominated by 
AS/NZS1725-2010 Figure K1. 
Bottom and top rails shall to be provided with bottom rail located to within 100mm of 
the finished surface level and the heavy duty fabric extended into the ground by 
300mm vertical depth. 

Vehicle Access 
Gate  

Type 2-T-P/B-T (Top and Bottom Rails/ 3 barbed top). 
7000mm Double Opening Gates (to suit 6500mm wide access road width). 
Gates shall be 2400mm high with heavy duty fabric and vertical post extensions with 
3 strands of barbed wire. 
All posts shall extend to within 70mm of the full footing depth as nominated by 
AS/NZS1725-2010 Figure K1. 
Bottom and top rails shall to be provided with bottom rail located to within 100mm of 
the finished surface level. 

Personnel 
Access Gate 

Type 2-T-B/B-T, 1000mm wide and 2400mm high with heavy duty fabric and vertical 
post extensions with 3 strands of barbed wire. 
All posts shall extend to within 70mm of the full footing depth as nominated by 
AS/NZS1725-2010 Figure K1. 
Bottom and top rails shall to be provided with bottom rail located to within 100mm of 
the finished surface level. 

18.20 Building Design 
The Stage C booster pumps (RW booster pump to irrigation, PW booster pump for  service water) shall 
be located in a building compliant with the Building Code of Australia. The PW and RW booster pumps 
shall be located in separate rooms. 

The building shall include monorails above the pumping units to assist with their remova l directly on to 
the back of a maintenance truck. 

The building shall be sized and constructed to accommodate Stage D booster pumping requirements 
and include an electrical room at one end. 

The chemical storage area shall have bunds as discussed in Section 18.23. 

A safety shower will be provided in each chemical storage bund and one safety shower outside of the 
bund for chemical unloading activities. 
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18.21 Bushfire 
A bushfire assessment was undertaken for Hill 800 and the WRP site in July 2015 – refer to Bushfire 
Assessment – Googong Township Integrated Water Cycle Project – Stage C Network West, Version 
2, Ecological. 

The development site is not identified as bushfire prone land by QCC. The NSW Rural Fire Service 
document, Planning for Bush Fire Protection (PBP) focuses on habitable development (such as 
dwellings) and Special Fire Protection Purpose (SFPP) development of which Stage C Network West 
infrastructure is not. Further, the Building Code of Australia (BCA) does not provide for any bushfire 
specific performance requirements for the type of development proposed. As such, the asset 
protection zone and building construction requirements specified within PBP and AS 3959-2009 
Construction of buildings in bushfire-prone areas do not apply as deemed-to-satisfy provisions for 
bushfire protection. 

Notwithstanding,  the  assessment  made  a  single  recommendation  that  the  “pumping station and MCC 
cabinet at the Permanent Reservoirs Site have a maintenance track between it and  the grassland to 
the east.” 

The provision of the recommended maintenance track has not been included in the Concept Design 
on the bases that it is not feasible within the site constraints and that the site is not bushfire prone.  

18.22 Landscaping & Colour Selection 
Landscaping shall be compliant with Item 70, Design and Construction Specifications for Water 
Works, QCC, 28 August 2014. 

The proposed level apron areas to the reservoirs will be stabilised and finished with compacted 
roadbase and bound by the perimeter roadway to provide clear, unhindered all weather access. To 
the outside of the perimeter roadway the concept proposes the establishment of a landscape buffer. 
This landscape buffer will comply with Item 70 to ensure that the aesthetics of the area are 
maintained. The selected plant species will tie in with the overall landscape masterplan for the 
surrounding open space parkland to be established on what is currently referred to as Hill 800. Any 
batters that are required as a result of establishing the level all weather access areas to the base of 
the reservoirs will be designed to ensure the grades blend in with the existing landform and the 
resultant areas finished with either an appropriate grass mix or a combination of grass and 
appropriate planting. Any selected plant species shall have non-invasive roots. 

The reservoir site by its nature will require a series of structures to provide shelter for the chemical 
storage tanks and the booster pumps. Accordingly it is anticipated that as part of ensuring the 
aesthetics of the site are maintained, colours for any structures and the reservoir tanks will be 
selected to ensure the main structures can blend in with the surrounding environment. Standard basic 
colours like Environmental Green – Colour G66 to AS 2700 and Midnight green / Juniper – Colour 12-
B-29 to BS 4800/5252 will be considered among other colours to ensure a subtle blending of the 
major built forms with the surrounding environment. 
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18.23 Chemical storage area 
Chemical storage vessels will be located in bunded areas designed as a water retaining structures in 
accordance with AS 3735. Each bund compartment shall have the capacity of at least 110% of the 
total capacity of the tank located within each bund compartment.  

The bund wall height shall be a minimum of 400 mm. 

The bunded area shall have a 1 in 75 grade towards the sump pit such that no pools of 
water/chemical will accumulate on the bund floor. 

Minimum separation distances between tanks and bund walls shall comply with AS 3780.  

The combined storage area shall have block walls on three (3) sides (rear, far left, far right) to provide 
minimise the potential for vandalism. 

A chainwire fence shall be provided across the front of all bunded areas to provide full visibility and 
maximise safety for tanker operators when replenishing chemicals. 

19 Chemical  Dosing 
To maintain residual chlorine levels in the recycled water and potable water, as well as dechlorination 
of overflow prior to discharge, both chlorine (in the form of sodium hypochlorite) and sodium b isulphite 
(SBS) will need to be dosed into the water transfer and storage systems. These are shown in Figure 
19-1.  

Occasional high pH levels have anecdotally been reported by Icon Water during periods when potable 
water has been left in cementious pipework for long periods of time (i.e. water age around 60-90 
days). QCC have also had instances in the Googong network where pH above 8.5 has been 
measured. At  QCC’s  request, adjustment measurements have been considered to reduce the pH of 
the potable water during this time to bring it in line with the Australian drinking water guidelines and to 
increase the effectiveness of chlorine disinfection. This will be in the form of intermittent sulphuric acid 
dosing. 
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Figure 19-1: Flow diagram of the PW and RW networks for the Googong Township 

The following sections estimate the chemical requirements for the ultimate works to ensure sufficient 
space is available for future storage tanks. It is anticipated that the ultimate infrastructure will be 
completed at a time when the Stage C chemical dosing pumps are nearing the end of their service life 
and will therefore be replaced with larger capacity dosing pumps, rather than the provision of 
augmented pumps. 

19.1 Water quality 
The following discussion presents the characteristics of the water to be provided to the Googong 
development. 

19.1.1 Potable Water 

19.1.1.1 Service Level Agreement 

QCC has a service level agreement in place with Icon Water for the potable water quality to be 
provided to Queanbeyan. For the purposes of chemical dosing design, it has been assumed that water 
to be provided to Googong will be subject to the same water quality requirements as the water 
currently provided to Queanbeyan. The existing requirements are provided in Table 19-1. 

Table 19-1 Water quality requirements for potable water provided to Queanbeyan – taken from the 
existing service level agreement 

Item Value Units 

E. Coli <1 MPN/100mL 

Total Coliforms <1 MPN/100mL 
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Item Value Units 

Free chlorine (supply point 1) 0.7 – 1.2 mg/L 

Free chlorine (supply point 2, Googong WTP operating) 0.7 – 1.2 mg/L 

Free chlorine (supply point 2, Googong WTP not operating) <1.2 mg/L 

Fluoride 0.6 – 1.1 mg/L 

pH 6.5 – 8.5 - 

Turbidity <2 NTU 

Colour <15 Co-Pt units 

Aluminium <0.2 mg/L 

Iron <0.3 mg/L 

Manganese <0.1 mg/L 

Copper <1.0 mg/L 

Icon Water does not guarantee the chlorine levels supplied due to the length of the transfer main over 
which they are delivered. They also do not guarantee any of the parameters listed in Table 19-1 if the 
draw-off from the pipeline is less than 2 ML/d averaged over five or more days. This is equivalent to a 
Googong Township population less than 10,000 EP. 

19.1.1.2 Actual potable water quality data 

Actual potable water quality data has been obtained for the following locations:  

x The outlet of the Googong WTP for the period 25 May 2010 to 30 Sept 2011 

x The existing Queanbeyan offtake No. 2 for the period 3 May 2010 to 28 May 2012 

x The Googong Township sample point 

This data is summarized in Table 19-2. 

Table 19-2: Summary of existing water quality data for locations local to the proposed Googong offtakes 

Item 

Googong WRP Queanbeyan Offtake 
#2 

Googong Township 
Offtake 

Units 
Average Maximum Average Maximum Average Maximum 

pH 7.4 8.0 7.7 8.0 7.95 8.0 - 

Temperature 11.7 23.5 14.8 23.0 15.7 20.2 °C 

Free Chlorine 1.9 2.5 0.9 1.5 0.03 0.04 mg/L 

Total Chlorine 2.0 2.7 1.0 1.6 0.05 0.07 mg/L 

Alkalinity 38.4 46.0 35.7 48.0 43 43 mg/L 

Conductivity 177.4 190.0 108.3 180.0 136.7 170.0 µS/cm 

Turbidity 0.6 1.4 0.3 0.6 0.3 0.3 NTU 
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Item 

Googong WRP Queanbeyan Offtake 
#2 

Googong Township 
Offtake 

Units 
Average Maximum Average Maximum Average Maximum 

Fluoride - - 0.8 1.0 - - mg/L 

Calcium (Diss.) - - 37.7 46.0 - - mg/L 

Potassium (Diss.) - - 0.7 1.2 - - mg/L 

Total Manganese - - 4.4 21.0 - - mg/L 

Sodium (Diss.) - - 3.3 4.0 - - mg/L 

Iron - - <0.02 0.02 - - mg/L 

Total Hardness - - 43.3 54.0 - - mg/L 

Langelier’s  
Saturation Index 
(LSI) 

- - 

-1.2 -1.6 

- - - 

TDS - - 81.7 130.0 - - mg/L 

Based on the above water quality data, the potable water can be considered aggressive with LSI 
values of less than -1. This is likely to lead to dissolution of cement-like materials in pipes or tanks if 
present. ICON Water stated that during a re-start of the Googong WTP in July 2012, the water in the 
discharge pipe was transferred through the WTP, and went past the WTP final water sample 
analysers which measured a pH greater than 9.0. The age of the water in this pipe was estimated to 
be more than 90 days. During excessive storage in water pipes, it is expected that some leaching of 
calcium and hydroxide will occur. This is not expected to occur very often in the water supply to the 
Googong Township and will occur with less frequency as the township grows. 

QCC has been recording chlorine and pH measurements in the water reticulation system of Googong. 
When this data is available during the detailed design of the Stage C West work, the dosing 
requirements should be refined. 

19.1.2 Recycled water 

The recycled water shall be provided to Googong from the WRP. The proposed water quality from the 
Googong WRP shall meet the specifications listed in Table 19-3. It is understood that the NSW Office 
of Water prefers risk-based criteria for the pathogens, instead of prescriptive limits. The table has 
been modified as a result. 

Table 19-3 Summary of recycled water quality to be provided by the Googong WRP 

Item Maximum value Unit 

Faecal coliforms  <1 cfu/100mL 

Turbidity <2 NTU 

pH 6.5 – 8.0 - 

Colour <15 TCU 

Free chlorine residual <0.5 mg/L 
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19.2 Water Flow 
The information below summarises the anticipated flowrates for potable and recycled water supplies 
to the Googong Township. Information has been divided into the inlet and outlet of the reservoirs, 
given that dosing will be provided at both of these locations.  

It is estimated that at the start of Stage C commissioning, Googong Township population will be in the 
range of 2000-2500 EP in December 2016. 

19.3 Potable Water 
19.3.1 Potable Water Reservoir Inlet 

The incoming flow to the potable water reservoir is regulated by the bulk water pumping station, and is 
a function of the water storage in the reservoir.  

The bulk water pumping station pumps are equipped with variable speed drives to allow the rate of fill 
to be adjusted. The key flowrates are provided in Table 19-4.  

Table 19-4 Summary of bulk water pumping station flowrates 

Item Stage C Stage D Units Source of Data 
Minimum bulk water pumping 
station pump rate 

4.1 8.1 L/s Nominal minimum bulk water 
pump station flowrate 0.35 0.7 ML/d 

Googong average day demand  19.0 38.7 L/s Average feed flowrate 
equivalent to average day 
demand, see Table 19-5 1.6 3.3 ML/d 

Peak bulk water pumping station 
pump rate 

29.0 61.0 L/s BWPS Stage C Sizing 

2.5 5.3 ML/d 

 

19.3.2 Potable Water Reservoir Outlet 

Potable water demand data for Googong is presented in Table 19-5. 

Table 19-5 Googong potable water demand data 

Item Stage C Stage D Units Source of Data 
Googong average day demand  18.1 38.7 L/s Googong Potable and 

Recycled Water Flow 
Schematic Rev C 1.6 3.3 ML/d 

Googong potable water peak hour 
demand 

69.4 143.3 L/s Googong Potable and 
Recycled Water Flow 
Schematic Rev C 6.0 12.4 ML/d 

 
19.4 Recycled Water 
19.4.1 Recycled Water Reservoir Inlet 

The feed to the recycled water reservoir will be controlled by the recycled water pump station (RWPS) 
and is summarised in Table 19-6. 
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Table 19-6 Summary of recycled water reservoir feed values 

Item Stage C Stage D Units Source of Data 
Minimum recycled water pumping 
station pump rate 

7.5 16.8 L/s Nominal 

0.65 1.45 ML/d 

Average recycled water pumping 
average flows 

15.6 33.5 L/s Googong Potable and 
Recycled Water Flow 
Schematic Rev C 1.4 2.9 ML/d 

Recycled water pumping station 
capacity 

102.1 153.1 L/s Googong Potable and 
Recycled Water Flow 
Schematic Rev C 8.8 13.2 ML/d 

 
19.4.2 Recycled Water Reservoir Outlet 

Recycled water demand data is presented in Table 19-7. Data is obtained from the Googong Potable 
and Recycled Water Flow Schematic Rev B found in the appendix of this document. 

 
Table 19-7 Summary of recycled water reservoir flows 

Item Stage C Stage D Units Source of Data 
Googong recycled water average 
day demand 

15.6 33.5 L/s Googong Potable and 
Recycled Water Flow 
Schematic Rev C 1.4 2.9 ML/d 

Googong recycled water peak hour 
demand 

147.7 336.5 L/s Googong Potable and 
Recycled Water Flow 
Schematic Rev C 12.8 29.1 ML/d 

 

19.4.3 Recycled Water Reservoir Overflow 

The  “worst  case”  scenario  for  the  recycled  water  reservoir  overflow  is  equivalent  to  the  feed  values  
presented in Table 19-6. This represents the case whereby the recycled water reservoir is fu ll, and the 
full flows from the recycled water pumping station are sent to overflow.  

Table 19-8 Flowrate data for the recycled water reservoir overflow 

Item Stage C Stage D Units Source of Data 
Minimum overflow rate 7.5 16.8 L/s Equivalent to nominal 

minimum recycled water 
pumping station flowrate 0.65 1.45 ML/d 

Average overflow rate 15.6 33.5 L/s Average overflow rate 
assumed equivalent to 
average feed from WRP, 
see Table 19-6 

1.4 2.9 ML/d 

Peak overflow rate 102.1 153.1 L/s Equivalent to maximum 
pump rate from the 
Googong WRP 8.8 13.2 ML/d 
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19.5 Chemical Dosing Requirements 
Material Safety Data Sheets for all proposed chemicals can be found in Appendix  E. 

19.5.1 Potable Water Sodium Hypochlorite System 

The potable water sodium hypochlorite dosing system requirements can be summarised in the Table 
below. 
Table 19-9: Summary of dosing rates and storage requirements for sodium hypochlorite dosing to the 
Googong potable water reservoir 

 

Stage C Stage D 
 Item Reservoir 

Inlet 
Reservoir 
Outlet 

Reservoir 
Inlet 

Reservoir 
Outlet Units 

Dosing Pumps 

Sodium hypochlorite chemical 
concentration 12.5 12.5 12.5 12.5 % 

Target dose – minimum (A) 0.5 0.5 0.5 0.5 mg/L 

Target dose – average (B) 1.5 1.5 1.5 1.5 mg/L 

Target dose – maximum (C) 3 3 3 3 mg/L 

Potable flow – minimum (D) 0.35* 0.35* 0.7* 0.7*  ML/d 

Potable flow – average (E) 1.6 1.6 3.3 3.3  ML/d 

Potable flow – maximum (F) 2.5 6.0 5.3 12.4  ML/d 

Dose rate – minimum (A x D) 0.05 0.05 0.10 0.10 L/hr 

Dose rate – average (B x E) 0.7 0.7 1.4 1.4 L/hr 

Dose rate – maximum (C x F) 2.1 5.0 4.4 10.3 L/hr 

# Pumps and Arrangement 3 D/D/S (common 
standby) 

3 D/D/S (common 
standby) L/hr 

Pump size selection 0.05 – 5.0 0.10 - 10.3 L/hr 

Storage Tank 

Design storage time at average 
flows 30 30 days 

Storage volume required 1.0 2.0 m3 

*Minimum flow to be dosed is based on turndown achievable by selected chemical dosing pumps. It is 
anticipated that this will be sufficient for dosing during commissioning based on Stage B flows. 

Allowance has been made for additional hypochlorite dosing concentration above the concept design 
concentrations of 2mg/L, to account for quality degradation of the hypochlorite over the 30 days storage 
time. 
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19.5.2 Recycled Water Sodium Hypochlorite System 

Dosing of sodium hypochlorite into the Googong recycled water network has been designed to achieve a 
maximum of 5mg/L chlorine residual at the head of the network. A summary of the sodium hypochlorite 
system for recycled water can be found in the Table below. 

Table 19-10 Summary of dosing rates and storage requirements for sodium hypochlorite dosing to the 
Googong recycled water reservoir 

 

Stage C Stage D 
 

Item Reservoir 
Feed 

Reservoir 
Discharge 

Reservoir 
Feed 

Reservoir 
Discharge Units 

Dosing Pumps 

Sodium hypochlorite 
concentration 12.5 12.5 12.5 12.5 % 

Target dose – minimum (A) 1.0 1.0 1.0 1.0 mg/L 

Target dose – average (B) 2.5 2.5 2.5 2.5 mg/L 

Target dose – maximum (C) 5.0 5.0 5.0 5.0 mg/L 

Recycled water flow – minimum 
(D) 0.65 0.65 1.45 1.45  ML/d 

Recycled water flow – average 
(E) 1.35 1.35 2.90 2.90  ML/d 

Recycled water flow – 
maximum (F) 8.8 12.8 13.2 29.1  ML/d 

Dose rate – minimum (A x D) 0.18 0.18 0.4 0.4 L/hr 

Dose rate – average (B x E) 1.1 1.1 2.0 2.0 L/hr 

Dose rate – maximum (C x F) 12.3 17.7 18.4 40.4 L/hr 

# Pumps and Arrangement 3 D/D/S (common 
standby) 

3 D/D/S (common 
standby) L/hr 

Pump size selection 0.18 - 17.7 0.40 – 40.4 L/hr 

 

Storage Tank 

Storage time at average flows 30 30 days 

Storage volume required 1.4 2.9 m3 

      Overall Sodium Hypochlorite Storage Tank including requirements for potable water and 
recycled water 

Storage time at average flows 30 30 days 

Storage volume required 2.4 4.9 m3 

 

A total sodium hypochlorite storage tank capacity of 4.9m3 is required for 30 days storage in the Ultimate 
stage, however an allowance has been made for 6.4m3 of storage because of potential loss in 
hypochlorite concentration. This is inclusive of chlorine requirements for both potable water and recycled 
water. The Stage C tankage required will be 3.2m3 to allow for losses in hypochlorite concentration and 
to allow direct duplication of storage tanks in the Ultimate stage. However it will be more economical to 
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install the entire 6.4m3 storage as part of the Stage C works and allow smaller deliveries during 
operation to ensure approximately 30 days of chemical is stored.  

19.5.3 Sodium Metabisulphite Dosing 

Dosing of sodium bisulphite into the recycled water tank overflow has been based on the average and 
peak dose concentrations delivered to the feed to the recycled water tank . A nominal minimum chlorine 
concentration of 1.0mg/L has been applied for a calculation of minimum flows. Table 19-11 below 
identify the requirements. 

Table 19-11 Summary of dosing rates and storage requirement for sodium hypochlorite dosing to the 
Googong recycled water reservoir overflow 

Item 
Reservoir overflow 

Units 
Stage C Stage D 

Dosing Pumps 

Sodium bisulphite concentration 30 % 

Target dose – minimum (A) 1.5 1.5 mg/L 

Target dose – average (B) 3.7 3.7 mg/L 

Target dose – maximum (C) 7.3 7.3 mg/L 

Overflow flowrate – minimum (D) 0.44 0.66  ML/d 

Overflow flowrate – average (E) 1.4 2.9  ML/d 

Overflow flowrate – maximum (F) 8.8 13.2  ML/d 

Dose rate – minimum (A x D) 0.07 0.10 L/hr 

Dose rate – average (B x E) 0.51 1.09 L/hr 

Dose rate – maximum (C x F) 6.63 9.93 L/hr 

# Pumps and Arrangement 2 (D/S) 2 (D/S)   

Pump size selection 6.7 10.0 L/hr 

Storage 

Storage time at average flows 30 30 days 

Minimum storage volume required 0.37 0.78 m3 

19.5.4 pH Correction 

As discussed earlier, the water as supplied by Icon Water has a low LSI, which could potentially leach 
calcium based materials from cement lining (either in DICL piping or concrete tanks). Icon Water has 
reported that at high water age (~ 90 days), pH as high as 9 has been observed. QCC have measured 
high pH in the Googong sewer network however the data has not yet been supplied. As the township 
grows, the water age will reduce which will minimise the pH rise in the transfer system and in the water 
reticulation system. In the interim, which may last greater than 5-10 years, It is proposed to provide acid 
dosing at the Googong reservoirs. 

pH  values  above  8.5  are  not  ideal  from  a  chlorine  disinfection  perspective.  At  QCC’s  request,  pH  
adjustment measurements have been considered. It is noted that the issue is partially mitigated if the 
new pipework conveying the water is made of PVC or HDPE materials. As a minimum, this will eliminate 
issues of calcium leaching during the commissioning phase of the Stage C infrastructure. Dosing of acid 
into the potable water reservoir has been based on continuous usage of approximately 30 days storage. 
It is intended that when the pH increases above 8.5, the acid dosing will activate to achieve a setpoint of 
7.5. At this concept design level, sulphuric acid is considered as this is the chemical used at the 
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Googong WRP, however given the low design flows, a 35%wt/wt solution is recommended which is 
readily supplied by multiple vendors in IBC deliveries.  

Dosing has only been provided on the inlet to the potable reservoir. It is recommended that non-
cementious reservoirs be provided to prevent an increase in pH during excessive storage within the 
reservoir. Dosing of sulphuric acid at the rates listed below is expected to give a similar or slightly lower 
Langelier’s  index  than  what  is  currently  provided  at  the  Queanbeyan  offtake.  

Sulphuric acid in the concentration stated has been selected based on availability by multiple chemical 
suppliers and long shelf-life. 

Table 19-12 Summary of dosing rates for sulphuric acid dosing to the Googong potable water reservoir feed  

Item 
Reservoir flow 

Units 
Stage C Stage D 

Dosing Pumps 

Sulphuric acid concentration 35* % 

Target dose – minimum (A) 
(to achieve a pH of 7.5 when pH is 8.0) 

2 2 mg/L 

Target dose – average (B) 
(to achieve a pH of 7.5 when pH is 8.5) 

3 3 mg/L 

Target dose – maximum (C) 
(to achieve a pH of 7.5 when pH is 9.5) 

9 9 mg/L 

Flowrate – minimum (D) 0.35 0.7  ML/d 

Flowrate – average (E) 1.6 3.3  ML/d 

Flowrate – maximum (F) 2.5 5.3  ML/d 

Dose rate – minimum (A x D) 0.05 0.1 L/hr 

Dose rate – average (B x E) 0.3 0.7 L/hr 

Dose rate – maximum (C x F) 1.5 3.3 L/hr 

# Pumps and Arrangement 2 (D/S) 2 (D/S)   

Pump size selection 1.5** 3.3** L/hr 

Storage 

Storage time at average flows 30 30 days 

Storage volume required 240 490 L 

*35% sulphuric acid has been proposed in lieu of 98.5% sulphuric acid to achieve more control during 
dosing. 

** It should be noted that these will be very low flow dosing pumps, however they are within the range of 
modern digital dosing pumps such as those supplied by Grundfos.  

The volume of sulphuric acid to be stored is very low. It is proposed to provide a bund suitable for the 
use of a 1m3 IBC which is replaced less frequently than once per 30 days. 
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19.6 Dosing Pumps 
It is proposed to use digital dosing pumps, similar to those used at the WRP. 

Battery-backup power shall be provided for dosing pumps. 

19.7 Chemical injection methods 
Chemical injection will be through the use of appropriately sized static mixers and dosing quills. 

The line size of the overflow where sodium bisulphite is to be dosed is larger than a normal static mixer. 
It is proposed to use a Westfall Series 2800 or similar static mixer type for this large pipe si ze. 

19.8 Control philosophy 
19.8.1 Delivery 

Delivery of sodium hypochlorite will be conducted periodically by tanker. A high level switch in the 
storage tank will be interlocked to the GPOs (1-phase and 3-phase) to cease delivery when a high level 
is reached. A siren and beacon will activate when the high level switch is activated.  

IBCs of sodium bisulphite and sulphuric acid will be delivered by hiab. The operator will close the 
delivery valve from the existing IBC and then drain the remaining chemical in the line into a beaker or 
similar before uncoupling the hose kamlock connection. The driver will then lift the old IBC onto the flat -
bed truck and replace it with the new IBC. The operator will then reconnect the hose kamlock connection 
to the new IBC. 

19.8.2 Sodium Hypochlorite Dosing 

Sodium hypochlorite dosing on the inlet to the reservoirs will be dosed to achieve a user adjustable 
chlorine dose. The dosing pumps will be flow paced and linked to the relevant potable/recycled water 
flowmeter. Water from downstream of the dosing point can be directed to a chlorine residual meter for 
spot checks if required. 

Water from downstream of the reservoir, prior to sodium hypochlorite trim dosing, can be directed to a 
chlorine residual meter for spot checks if required. 

Sodium hypochlorite trim dosing on the outlet of the reservoir will be to achieve a chlorine residual 
setpoint with feedback from the fixed chlorine residual meter.   

Sodium hypochlorite dosing will be inhibited if flow is not detected or if a high chlorine residual is 
reached. 

19.8.3 Sodium bisulphite dosing 

Sodium bisulphite dosing will be only activated when a high level switch is activated in either reservoir. 
When a high level switch is activated in either reservoir, valving will be arranged to ensure overflow 
water is directed to the chlorine residual meters. Dosing will be to achieve a chloride residual setpoint 
or, in the event the chlorine residual meter is unavailable, an ORP setpoint .  

19.8.4 Sulphuric acid 

Acid dosing on the potable water inlet line will be to achieve a pH set-point. Acid dosing will be inhibited 
if flow is not detected, or if the pH falls outside of operator set bounds.  
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20 Irrigation  booster  pumping  station  and  rising  main 
It is proposed to relocate the existing RW booster pumps (duty/standby) from the interim reservoir site to 
Hill 800 to act as a dedicated irrigation booster during Stage C. This will avoid providing a number of 
separate irrigation booster pumps and tanks at the end points during Stage C. 

The Stage C irrigation booster pumping station is required for the irrigation of Sportsfields 3 and 4. The 
booster pumping station will provide approximately 50 L/s to this area at a pressure in excess of 60 m at 
the end points. As this is not a critical supply requirement, there will be no provisions for an emergency 
generator or telemetry. 

Suction pipework shall be a DN280 PE100 PN16 offtake from the Stage C RW reservoir outlet main.  

Discharge pipework shall be a dedicated DN280 PE100 PN16 rising main to Googong Common.  

The pumps will be located in a building with a monorail for pump removal – refer to Section 18.20. 

The Stage D irrigation servicing philosophy for Googong Common will be resolved in consultation with 
QCC prior to the commencement of the Stage D design. An option is to retain the booster pumps as an 
ongoing irrigation booster service for Googong Common and provide a separate RW booster pumping 
station to support development in higher areas of Googong likely to be developed beyond Stage C.  

Booster pumps (PW and RW) required for the higher areas (Neighbourhoods 3 and 4) of Googong are 
not part of the Stage C provisions and shall be included in the Stage D design, commensurate with the 
development in those areas.  

21 Commissioning  and  Cutover 
The Stage C reservoirs and their associated feed pumping stations, rising mains, gravity mains and 
chemical dosing facilities will need to be fully commissioned prior to cut-over to supply PW and RW for 
Googong. It is considered prudent that the interim reservoir not be decommissioned unti l a few months 
of successful operation of the Stage C reservoirs. In this way the interim reservoir site can be relied 
upon as a back system for the supply of PW and RW to Googong in the event of a significant failure of 
the new reservoirs. 

It should be noted that once the supply pumping station to the reservoirs have been upgraded to suit the 
Hill 800 duty they will also be capable of meeting the interim reservoir duty requirement due to variable 
speed pump drives, which can be slowed down to meet the lesser duty of the interim reservoirs. It will be 
important to recognise this during the commissioning process so that flexibility is availability during the 
cutover phase – switching supply back and forth between the two reservoirs sites may be required in the 
event of unplanned incidents. 

Once the new reservoirs have been successfully operated for a few months, it is suggested the interim 
reservoir site be fully decommissioned with the removal of all above and below-ground assets to provide 
an unencumbered site for further development. 

A commissioning and cut-over plan will need to be developed towards the conclusion of the detail 
design phase when the final design is full understood. Regardless, it is suggested that following assets 
be commissioning in the follow order as nominated in the following table. 
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Table 21-1 Commissioning & Cutover Requirements 

Asset Requirement Comment 

1. BWPS upgraded existing 
pumps 

Fully commission Upgraded pumps will have the 
capacity to supply the PW 
reservoir on Hill 800 and the 
interim PW reservoir site 

2. PW rising main extension Pressure test Use BWPS to fill PW reservoir 
via extended PW rising main 

3a. PW reservoir Pre, dry and wet commission 
reservoir 

Use water in reservoir to support 
commissioning of chemical 
dosing systems 

3b. Chemical dosing systems & 
yard pipe work 

Pre, dry and wet commission 
chemical dosing system 

Use water in the PW reservoir 

4a. RW reservoir Pre, dry and wet commission 
reservoir 

Use BWPS to fill RW reservoir 
via extended PW rising main and 
the emergency connection to the 
RW reservoir. 

4b. Chemical dosing systems & 
yard pipe work 

Complete any supplementary 
commissioning activities needed 

There may be some 
supplementary chemical dosing 
system commissioning tests that 
rely on the RW reservoir t be 
available. 

5. Telemetry and SCADA Commission all SCADA and 
telemetry 

 

6. Recycle Water Pumping 
Station 

Progressively install and replace 
existing RW pumps 

New units will be able to 
continue to supply the interim 
RW reservoir 

7. RW rising main extension Pressure test to Hill 800  

8. Recycled Water Holding Tank Pre-commissioning and 
hydrostatically test 

 

9. Recycled Water Holding Tank Clean and super-chlorinate  

10. RW rising main extension to 
Hill 800 

Scour and super-chlorinate Use water from super-
chlorination of RW holding tank 

11. PW & RW reservoirs, & yard 
piping 

Clean and super-chlorinate  

12. PW & RW gravity mains Pressure test, scour and super-
chlorinate 

 

13. PW & RW reservoirs, yard 
piping, and gravity mains 

Charge with PW & RW as 
require and cut-over 

Googong RW and PW networks 
now being fed off Hill 800 

While not within the Stage C scope, the eventual re-purposing of the Stage C RW reservoir to the Stage 
D PW reservoir will require cleaning of the walls and floor with sodium hypochlorite. The tank and 
pipework will need to be flushed and super-chlorinated prior to being used for PW supply. 
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22 Servicing,  Operation  and  Maintenance  
Requirements 

22.1 Reservoirs 
Maintenance requirements will be specific to the final reservoir material selected. Please refer to 
Appendix  N for servicing/maintenance requirements of proposed options. 

Refer to Section 18.9 for scouring of reservoirs.  

22.2 Hill 800 general site 
x Chambers within the site are to be provided with a minimum of 1.2 m wide concrete hardstand 

with lanyard anchor points for personnel safety. Covers shall be McBerns safety covers with void 
protection or equivalent. 

x Chambers shall be limited to 1.5 m in depth where possible to minimise confied spaces. 

x Grass and plantings within the site will require general maintenance.  

23 Allowance  for  Future  Stages 
The reservoir site is designed to allow for expansion of the Integrated Water Cycle infrastructure  as the 
Googong development progresses. The following outlines the allowances that have been incorporated 
into the Stage C design for future staging:  

x Construction area for a new 8.5 ML RW reservoir 

x Retention of Stage C cross-connection to enable supply of PW into RW network 

x Existing 4.0 ML RW reservoir converted to PW reservoir, increasing ultimate PW storage 
capacity to 5.9 ML. 

x Addition and augmentation of PW and RW booster pumping stations for high elevation zones 
water supply. A bunded emergency generator will also be provided to power the booster pumps 
in the event of a power outage to ensure adequate water maintain water pressure to these 
areas. 

x Connection of reservoir scour lines to surrounding NH3 wastewater networks, eliminating the 
need for sedimentation bund. 

x Site access road from Old Cooma Rd to be replaced with permanent access from the 
surrounding NH3 development road network. 

24 Risk 
24.1 Safety Risks 
Safety risks will be formally identified using the Construction Hazard Assessment Implication Review 
(CHAIR) tool and HAZOP process to assist all parties in reducing construction, maintenance, repair and 
demolition safety risks associated with design. 

The schedule for the associated workshops is identified in Table 24-1. 
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Table 24-1 CHAIR and HAZOP workshop schedule 

Workshop Attendees Scheduled date 

CHAIR 1 
Identification of significant construction, maintenance, repair and 
demolition safety risks to eliminate or minimise during Detailed 
Design 

QCC 
GTPL 
MWH 

Calibre 

Occurred on the 
25 June 2015 

HAZOP 
Identification potential hazards and operational problems with a 
particular focus on plant design and human error 

QCC 
GTPL 
MWH 

Occurred on the 2 
July 2015 

CHAIR 2/3 (not part of Concept Design scope) 
Consideration of: 

x Opportunities to modify the design to eliminate or reduce 
construction and/or demolition hazards 

x Appropriateness of maintenance and repair of items and 
plant/equipment 

To be 
confirmed 

Detailed Design 

In all cases, actions will be identified and minutes will be maintained as part of a Safety Register to track 
status, and present residual risks for the construction phase. 

24.2 Operating Risks 
The reservoir storage volumes provided at Hill 800 need to consider the operating conditions for Stage 
C and Stage D. As noted in Table 18-1, the Stage C reservoirs have been sized with the following 
storage volumes: 

1.9 ML for the PW reservoir, which is equivalent to the Stage C potable water system peak day demand.  

4.0 ML for the RW reservoir, which is equivalent to the Stage C recycled water system peak day 
demand. 

At Stage D, the 4.0 ML recycled water reservoir is converted to a potable water reservoir, providing a 
total Stage D potable water storage volume of 5.9 ML that exceeds the potable water system peak day 
demand. 

At Stage D, a new 8.5 ML recycled water reservoir is also provided, which is equivalent to the Stage D 
recycled water system peak day demand. 

24.2.1 Resilience testing for peak week recovery 

The operating resilience of these reservoirs has been tested at Stage C and D using WaterGEMs 
modelling software, where the modelling tests presented in Table 24-2 were applied to the Stage C and 
D reservoirs in combination with their feed pumping stations and emergency backup systems. 
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Table 24-2 Reservoir resilience WaterGEMs modelling testing 

Test Description Test Criteria 
Stage C 

Test Result 
Stage D 

Test Result 

Test 1 - Peak week 
simulation, inclusive of 
a peak day 

Reservoirs do not drop 
below RSL over the 
peak week 

Passed Passed 

Reservoirs show full 
recovery by the end of 
peak week 

Passed Passed 

Test 2 – Peak week 
simulation, inclusive of 
peak day and a 24 hrs 
power failure on peak 
day at the WRP and 
bulk water pumping 
station 

Reservoirs do not 
empty Passed Passed 

 

Peak week demand is defined by the maximum demand in any one week of the year. The peak week 
implies inclusion of the peak day of the year. The peak week is derived from the peak day demand with 
factors for the remaining days of the peak week based on design values used by Sydney Water (refer to 
Sydney Water T.I.P.S. No. 5 – Water Supply System Design and Water Modelling for Googong 
Development NH1A, MWH reference: 83500349-C-TM-004). These factors are presented in Table 24-3 
with flow rates presented in Table 11-3. These are consistent with the Googong Design Assumptions for 
Potable and Recycled Water Systems, Version 7, MWH. 

Table 24-3 Peak week factors 

Day Factor 

1 0.88 

2 0.88 

3 0.93 

4 1.00 

5 0.95 

6 0.95 

7 0.97 
 

When completing the WaterGEMs resilience testing, the following reservoir and pumping station 
capacities were utilised: 
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Table 24-4 Resilience testing reservoir and pumping station capacities 

Asset 
Stage C 
Capacity 

Stage D 
Capacity 

Comment 

Recycled Water 
Reservoir 4.0 ML 8.5 ML x Reservoirs hold peak day demand. 

Potable Water 
Reservoirs 1.9 ML 5.9 ML 

x Reservoirs hold peak day demand. 
x Stage D storage consists of 2 reservoirs; 1 x 1.9 

ML and 1 x 4.0 ML. 

Bulk Water 
Pumping Station 
– Potable 
System 

29.3 L/s 60.2 L/s 

x Stage C Peak Day Demand = 22.0 L/s (or 1.9 
ML/d) 
Required Stage C capacity = 22.0 L/s x 24 hrs / 
18 hrs = 29.3 L/s (provided by 2 No. Stage AB 
pumps) 

x Stage D Peak Day Demand = 45.1 L/s (3.9 
ML/d) 
Required Stage D capacity = 45.1 L/s x 24 hrs / 
18 hrs = 60.2 L/s (provided by 1 No. Stage D 
pump) 

Bulk Water 
Pumping Station 
– Recycled 
System  “top-up”  
Supply 

65.5 L/s 131.0 L/s 

x Stage C Peak Day Demand = 45.84 L/s (or 4.0 
ML/d) 
Req’d  Stage  C  Capacity  =  45.8 L/s x 24 hrs / 18 
hrs = 60.1 L/s 
Installed Stage C Capacity = 65.5 L/s (provided 
by 1 No. Stage D unit) 

x Stage D Peak day Demand = 97.9 L/s (or 8.5 
ML/d) 
Req’d  Capacity  =  97.9 L/s x 24 hrs/18 hrs = 
131.0 L/s (provided by 2 No. Stage D pumps) 

Recycled Water 
Pumping Station 
at WRP 

102.1 L/s 153.1 L/s 

x Stage C EP = 9,779 EP (this aligns with certain 
staging boundaries within the development) 
Per capita flow mandated by QCC = 210L/EP/d 
Stage C ADWF = 23.8 L/s 
WRP Stage C Treatment Capacity = at least 3 x 
ADWFStage C = 71.3 L/s 
Installed RWPS Capacity = 102.1L /s (provided 
by 2 Stage D units operating in parallel) 

x Stage D EP = 19,995 EP 
Per capita flow mandated by QCC = 210 L/EP/d 
Stage D ADWF = 48.6 L/s 
WRP Stage D Treatment Capacity = 
3 x ADWFStage D = 145.8 L/s 
Req’d  Stage  D  Capacity  =  145.8 L/s + 5% = 
153.1 L/s (provided by 3 No. Stage D units 
operating in parallel) 

 

The results of the resilience testing are presented below. 
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24.2.1.1 Stage C – Test 1 

The results of this modelling are presented in the following graphs and indicate that both the potable 
water reservoir and recycled water reservoir performed well. Both reservoirs showed sign ificant 
resilience by fully recovering at the end of each day of a peak week and neither reservoir dropped below 
the RSL. This ensured that their reserve storage volumes were available during peak demand periods. 

 

Figure 24-1 Stage C PW reservoir – Test 1 

The above graph shows the water level in the 1.9 ML potable water reservoir for a simulated peak week 
demand period (blue line). Starting the peak week at 100%5 full, this reservoir fully recovers on 
successive days dropping to its lowest water level of approximately 73% full on the peak day. 

This graph also shows the operation of the Stage C bulk water pumping station intermittently pumping at 
29.3 L/s, whenever the water level in the reservoir depletes to 90% full. This pumping station continues 
to operate through most of the day until the reservoir recovers to approximately 100% full.  

Googong’s  Stage  C  potable  water  demand  is  also  shown in this graph (aqua blue). 

                                                      
5 Graph shows a reservoir water depth of 10m, thus multiplying depth by 10 converts water depth to percentage full.  
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Figure 24-2 Stage C RW reservoir – Test 1 

Figure 24-2 shows the water level profile for the 4.0 ML recycled water reservoir for a simulated peak 
week demand period (brown line). Starting the peak week at 100% full, this reservoir fully recovers on 
each day throughout the week dropping to its lowest water level of approximately 87% full on the peak 
day. 

Figure 24-2 also shows the operation of the Stage C RWPS at the WRP. The operation is primarily 
based on set points in the WRP holding tanks, which receives inflow from the WRP (according to a 
diurnal pattern) and the BWPS (according to call for water from the RW reservoir) as per the concept.  

Due to limitations of the modelling software, the true pattern of operation for this reservoir could not be 
represented correctly. The pumping station was shown to operate intermittently at 102.1  L/s, which is 
the Stage C design capacity of this pumping station. In reality, this pumping station will have the abilit y 
to ramp up and down from 25 L/s approx., up to 102.1 L/s making use of variable speed drives to 
maintain a near constant water level in the WRP holding tanks. This will be achieved by using 3 No. 
Stage D units in a duty/assist/standby configuration. At Stage D, an extra pump will be installed to 
provide a duty/assist/assist/standby configuration. 

In reality, the erratic operation of the RWPS and recycled water reservoir level, will not occur. The 
reservoir curve will be much smoother and the output of the RWPS will steady vary over time using a 
Proportional/Integral/Differential (PID) control based on the level of the WRP holding tank. 

Nevertheless, the modelling indicates that there is sufficient pumping and recycled water reservoir 
storage to ensure that the recycled water reservoir recovers on each day of the peak week and, more 
importantly, on the peak day. The modelling also indicates that the recycled water reservoir does not 
drop below the 87% full level, leaving the reservoir reserve storage volume fully available for 
emergencies. 

24.2.1.2 Stage C – Test 2 

The results of this modelling are presented in the following graphs and indicate that both the potable 
water reservoir and recycled water reservoir performed well. Both reservoirs showed significant 
resilience by fully recovering at the end of each day of a peak week and neither reservoir dropped below 
the RSL. This ensured that their reserve storage volumes were available during peak demand periods. 
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Figure 24-3 Stage C PW reservoir – Test 2 

Figure 24-3 shows the water level in the 1.9 ML potable water reservoir for a simulated peak week 
demand period (blue line) with a simulated loss of mains power for 24 hrs at the 72 hr mark. Pumping 
restarts at the 77 hr  mark  as  a  result  of  Icon  Water’s  provision  of  an  emergency  generator  ( the BWPS is 
fitted with an emergency generator connection point to suit an Icon Water emergency generator).  

Starting the peak week at 100% full, this reservoir fully recovers on successive days dropping to its 
lowest water level of approximately 73% full on the peak day. 

This graph also shows the operation of the Stage C BWPS intermittently pumping at 29 L/s, whenever 
the water level in the reservoir depletes to 90% full. The BWPS continues to operate through most of the 
day until the reservoir recovers to approximately 100% full. 

Stage C PW demand is also show in this graph (aqua blue). 
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Figure 24-4 Stage C RW reservoir – Test 2 

Figure 24-4 shows the water level profile for the 4.0 ML RW reservoir for a simulated peak week 
demand period (brown line). Starting the being of the peak week at 100% full, this reservoir fully 
recovers on successive days dropping to its lowest water level of approximately 56% on the peak day. 

The orange line in the graph above indicates the operation of the recycled water pumping station a t a 
reduced rate of 30 L/s during the 24 hr power failure. At the start of this  period,  the  WRP’s  emergency  
generator will cut in and provide sufficient power for critical site equipment inclusive of 1 No. RW pump 
operating at 30 L/s. 

Figure 24-4 also shows the operation of the Stage C RWPS at the WRP (magenta line). Refer to Section 
24.2.1.1 for discussion on the modelling of RWPS outflows. 

Nevertheless, the modelling sufficiently indicates that there is sufficient pumping and recycled water 
reservoir storage capacity to ensure that the recycled water reservoir recovers on each day of the peak 
week, and more importantly on the day following the 24 hr power outage. The modelling also indicates 
that the recycled water reservoir does not deplete below the 56% full water level, leaving the reservoir 
RSL fully available for emergencies. 

24.2.1.3 Stage D – Test 1 

The results of this modelling are presented in the following graphs and indicate that both the potable 
water reservoir and recycled water reservoir performed well. Both reservoirs showed significant 
resilience by fully recovering at the end of each day of a peak week and neither reservoir depleted 
below the RSL. This ensured that their reserve storage volumes were available during peak demand 
periods. 
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Figure 24-5 Stage D PW reservoir – Test 1  

Figure 24-5 shows the water level in the two potable water reservoirs (ie 1.9 ML & 4.0 ML) for a 
simulated peak week demand period (blue line). Starting the peak week at 100% full, this reservoir fully 
recovers on successive days dropping to its lowest water level of approximately 81% full on the peak 
day. 

Figure 24-5 also shows the operation of the Stage D bulk water pumping station intermittently pumping 
at 61 L/s, whenever the water level in the reservoir depletes to 90% full. The BWPS continues to operate 
through most of the day until the reservoir recovers to approximately 100% full.  
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Figure 24-6 - Stage C RW reservoir – Test 1  

Figure 24-6 shows the water level profile for the 8.5 ML recycled water reservoir for a simulated peak 
week demand period (brown line). Starting the peak week at 100% full, this reservoir fully recovers on 
each day throughout the week dropping to its lowest water level of approximately 81% full on the peak 
day. 

Figure 24-6 also shows the operation of the Stage D RWPS at the WRP. The operation is primarily 
based on set points in the WRP holding tanks, which receives inflow from the WRP (according to a 
diurnal pattern) and the BWPS (according to call for water from the RW reservoir) as per the concept.  

Due to limitations of the modelling software, the true pattern of operation for this reservoir could not be 
represented correctly. The pumping station was shown to operate intermittently at 102.1  L/s, which is 
the Stage C design capacity of this pumping station. In reality, this pumping station will have the ability 
to ramp up and down from 25 L/s approx., up to 102.1 L/s making use of variable speed drives to 
maintain a near constant water level in the WRP holding tanks. This will be achieved by using 4 No. 
Stage D units in a duty/assist/assiststandby configuration. 

In reality, the erratic operation of the RWPS and recycled water reservoir level, will not occur. The 
reservoir curve will be much smoother and the output of the RWPS will steady vary over time using a 
Proportional/Integral/Differential (PID) control based on the level of the WRP holding tank. 

Nevertheless, the modelling sufficiently indicates that there is sufficient pumping and RW reservoir 
storage to ensure that the RW reservoir recovers on each day of the peak week, and more importantly 
on the peak day. The modelling also indicates that the recycled water reservoir does not drop below the 
81% full level, leaving the reservoir reserve storage volume fully available for emergencies.  

24.2.1.4 Stage D – Test 2 

Of the resilience testing completed, this test was the most demanding test applied to the potable water 
and recycled water systems. 

To determine the impact of a power failure at the WRP and bulk water pumping station on the ultimate 
recycled water and potable water systems, the following key assumptions were used in the WaterGEMS 
modelling: 

x During the 24 hrs power outage, it was assumed that the WRP will not produce any recycled 
water. 

x The  potable  “top-up”  pumping  station  was  capable  of  supplying  at  least  30 L/s of  potable  “top-
up”  water  to  the  WRP’s  RW holding tanks6 on the peak day of the peak week after a supply 
interruption of around 4 hrs. At the start of the power failure period, an alarm will be raised with 
Icon Water, who will then mobilised an emergency generator to the BWPS, restoring power and 
allowing  the  “top-up”  pumping station to pump at 30 L/s. On all other days of the peak week, the 
potable  “top-up”  pumping  station  is capable of supplying up to 131.0 L/s.  

x At the start of the power failure period, the controls systems at the WRP will automatically start 
up the emergency generator, which is capable of running 1 No. RW pump at 30 L/s, along with 
other key WRP operating assets. However, due to no supply into the holding tanks from the 
“top-up”  pumping  station  and  the  WRP  for  4 hours, the water level in the tanks would normally 
remain static and the RWPS would normally stop operating. To overcome this situation, the 
WRP control system will be configured to override the RWPS normal functionality to allow one 
RW pump to pump at the rated flowrate of 30 L/s. For the 4 hrs that the BWPS is not operating 
(pending initiation of the BWPS emergency generator), around 50% of the available storage 
within the RW holding tank will be depleted until supply is restored by Icon after 4 hrs. It is noted 
that, due to its complexity, this subtlety of the emergency situation was not modelled but it is 
assumed to be intuitive that there will be sufficient buffer storage volume in the 830 kL WRP 
holding tanks to support this situation. On all other days of the peak week, the recycled water 

                                                      
6 Note  the  potable  “top-up”  pumping station has a connection point for an Icon supplied emergency generator.  
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pumping station is assumed to be capable of transferring 153.1 L/s of  combined  potable  “top-up”  
water and recycled water to the RW reservoir  on  Hill  800  by  “daisy-chain”  pumping.   

x Whilst the RWPS is designed to maintain a constant water level in the recycled water holding 
tanks, WaterGEMS is not capable of mimicking this arrangement; instead an approximation was 
required for this arrangement (see Modelling Results discussion, below, for further elaboration of 
this point).  

x The DN225 potable water rising main, running between the BWPS and the PW reservoirs on Hill 
800, is provided with a manually operated valve that allows this rising main to supply potable 
water directly into the RW reservoir (via and air-gap) in the event of an emergency such as this. 

x In a critical emergency such as this, the above valve was assumed to have been opened by 
QCC after about 5 hrs (assumed QCC reaction time) and the flow from the DN225 rising main 
diverted from the Stage D PW reservoirs to the Stage D RW reservoir7. 

x In an emergency such as this, it was reasonably assumed that water below the reservoir storage 
level in all reservoirs was available for emergency use if required. 

The results of this modelling exercise is summarised in  

Figure 24-7 and Figure 24-8, below. 

Using the above modelling assumptions, the following observations were noted as a result of the 
WaterGEMs modelling exercise: 

x The combined reservoir storage for the two Stage D potable water reservoirs is 5.9  ML. This 
compares to a Stage D peak day demand of 3.9 ML/d. In accordance with the WSA 03 
guideline, the required reserve storage volume is 1/3rd of 3.9 ML (the peak day demand); that is 
1.3 ML. In the emergency scenario outlined above, the WaterGEMs modelling indicated that the 
Stage D potable water reservoirs depleted to their 26% full level. When depleted to 26% full, 
these two reservoirs still hold 1.5 ML of operational storage, or 115% of their required reserve 
storage volume. Thus the reserve storage volume is not used. 

x Employing the emergency operations strategy discussed above, results in the Stage D RW 
reservoir depleting to its 77% full water level. Nominally, this is a very good result for the 
recycled water reservoir, which showed significant resilience in this emergency; arguably too 
much resilience at the expense of the potable water reservoirs. In reality, it is expected that 
operations  staff  would  manually  direct  water  from  the  bulk  water  pumping  station’s  DN225  rising  
main to each reservoir (i.e. PW & RW) to share the water providing each reservoir with a similar 
level of resilience as the emergency progresses. 

The results of this modelling exercise are further discussed below. 

                                                      
7 For modelling expedience, this manual arrangement was modelled using automatic control valves where a control valve on the 
DN225 rising main opened to feed potable water into the recycled water reservoir, and another control valve on the same rising 
main closed to shut of supply to the potable reservoir. From this point onwards on the peak day, the recycled water reservoir s 
were supplied with bulk potable water directly from the DN225 rising main at the rate of 60.2 L/s and the potable water reservoirs 
were required to rely on their available storage at that time.  
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Figure 24-7 Stage D PW reservoir – Test 2  

 

Figure 24-7 shows the response of the potable water reservoir (blue line) over the peak week period. At 
72 hrs into the peak week, power is lost at the WRP (and nominally also at the bulk water pumping 
station). This then triggers a requirement to manually divert bulk potable water away from the Stage D 
PW reservoirs and to the Stage D RW reservoir, taking advantage of the comparatively large Stage D 
PW storage at Hill 800 (5.9 ML), relative to the Stage D PW peak day demand of 3.9 ML. 

Up until the point of power failure, the PW reservoirs are seen to recover to their full storage level on 
each preceding day. On the day of the power failure, when supply is diverted away from the PW 
reservoirs and to the RW reservoir, the water level in the potable water reservoir drops significantly, to 
approximately 26% full. The 26% full level corresponds to 1.5 ML of retained storage, which is greater 
than the required reserve storage of 1.3 ML (i.e. 1/3rd of 3.9 ML). On the days following the power 
failure, the water levels in the potable water reservoirs are seen to progressively recover, with full 
reservoir recovery occurring 36 hrs (about 1.5 days) after the 24hr power failure period has past.  

 

Figure 24-7 also indicates the operation of the BWPS (green line and orange line). In the 72 hrs 
preceding the power failure, the bulk potable water pumping station is seen to operate routinely on 
successive days (green line). On the day of the power failure, the pumping station is seen to operate for 
all but around 5 hrs on the peak day, supplying potable water to the recycled water reservoir (orange 
line). It is on this day that the PW reservoirs deplete to around 26% full. Over subsequent days, the bulk 
water pumping station operates continuously, supporting the recovery of the potable water reservoirs to 
their full storage level, which is achieved some 36 hrs (about 1.5 days) after the 24hr power failure 
period has past. From then on the pumping station returns to its normal operating mode, turning on and 
off as required over a peak week demand period. 
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Figure 24-8 Stage D RW reservoir – Test 2  

Figure 24-8 shows the response of the recycled water reservoir (brown line) over the peak week period. 
At 72 hrs into the peak week, power is lost at the WRP. This then triggers the operation of the 
emergency generator at the WRP. At this point in time, the flow rate from the recycled water pumpin g 
station drops from 153.1 L/s to 30 L/s (pink line). After about 5 hrs: 

x The bulk potable water supply has been diverted away from the potable water reservoirs and 
across to the recycled water reservoirs (a QCC emergency action where manual valves are 
adjusted at the reservoir site to direct flows from the BWPS away from the PW reservoirs and to 
the RW reservoir), and  

x Icon Water has mobilised its emergency generator to the BWPS. 

At this point in time, the bulk water pumping station is then seen to deliver 60.2 L/s to the RW reservoir 
(see orange line). 

On the day of the power failure, the water level in the RW reservoir is seen to deplete to the 77% full 
level. 

On the days following the power failure, the water levels in the recycled water reservoir are seen to 
progressively recover, with full reservoir recovery some 36 hrs (about 1.5 days) after the 24hr power 
failure period has past. 

It should be recognised that the WaterGEMs modelling software was limited in is capacity to mimic 
reality. This is evident in the erratic operation of the recycled water pumping station (pink line) and 
recycled water reservoir water levels (brown line). 

The WaterGEMs software was unable to mimic the true operation of the recycled water pumping station, 
where the pumps would ramp  up  and  down  to  maintain  a  nominally  constant  water  level  in  the  WRP’s  
recycled water holding tanks. Were the software capable of modelling this situation precisely, the pink 
line would appear to rise and fall smoothly. In turn, this would result in a smoother movement in the 
water level of the recycled water reservoir. 
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Instead, the WaterGEMs model employs a fixed capacity RWPS, which was set at its design capacity of 
153.1 L/s (i.e. 3 x ADWF x 1.05), which is equivalent to a pumping station designed to pump the 
recycled water system peak day demand in 15 hrs (as opposed to the design requirement of 18 hrs). 
Accordingly,  as  a  legacy  of  its  requirement  to  suit  the  WRP’s  potential  output,  this  pumping  station  has  
enhanced capacity compared to its design requirement to support the recycled water system alone. 

Regardless of the software limitations, the modelling work is considered to be valid to prove that there is 
more than sufficient potable water and recycle system resilience to manage a 24  hr power failure on the 
peak day of the peak week, provided: 

x Icon Water is able to mobilise an emergency generator to site with about 5 hrs to power the bulk 
water pumping station such that the pumping station: 

o can supply 60.2 L/s to the Hill 800 reservoir site via the DN225 rising main, and 

o 30 L/s to  the  WRP’s  recycled  water  holding  tank  via  the  DN375  rising  main.  

x QCC is able to mobilise resources to the reservoirs site and manual direct bulk water flows from 
the BWPS between the PW reservoirs and the RW reservoir. 

x The WRP’s  control  system  and  emergency  generator  are  designed  to  support  the  operation  of  
1 No. recycled water pump at the rate of 30 L/s in a power outage. 

x A connection is provided from the DN225 rising main to the recycled water reservoir on Hill 800; 
inclusive of manually operated valves to allow flows from this rising main to be directed to either 
the potable water reservoirs or the recycled water reservoir.  

In conclusion, an extremely conservative approach to a power failure situation has been modelled for 
the Googong potable and recycled water systems whereby a power failure was simulated on the peak 
day of the peak week for these systems. 

Based on the work completed, it is concluded that the Googong potable and recycled water head works 
assets have sufficient capacity to manage a 24 hr power failure on the ultimate peak demand day for the 
ultimate peak week. 

A technical memorandum documenting the Stage D assessment is included in Appendix  C. 

24.2.2 Risk assessment – Loss of bulk water supply 

A risk assessment was also undertaken to consider the adequacy of the proposed ultimate reservoir 
sizes to cope with the loss of bulk water supply from Icon Water. 

A 48 hour supply outage period with an annual probability of 4% was used for the assessment, 
consistent with historical records for Mount Stromlo WTP. Maximum PW and RW water demands were 
conservatively estimated based on 40 years of available climatic record from Canberra Airport. 

The assessment concluded the probabilities of reservoir fai lure presented in Table 24-5. 
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Table 24-5 Loss of bulk water supply – probably of reservoir failure 

Reservoir Probability of failure 

5.9 ML Potable Water (1.9 + 4.0 ML) 0.004% 

8.5 ML Recycled Water 0% 

It can be seen that the reservoirs are appropriately sized to withstand a loss of bulk water supply from 
Icon Water. 

The results of the assessment are presented in more detail in Appendix  D. 

25 Conclusion 
The purpose of this report is to present infrastructure to be delivered by end-2018 to service Stage C of 
the Googong Township to approximately 9,500 EP or 3,300 lots.  

Key infrastructure proposed includes: 

x 1.9 ML potable water reservoir 

x 4.0 ML recycled water reservoir 

x Chemical dosing facilities 

x Duplication of the Stage A/B WRP recycled water holding tank 

x Amplification of the Stage A/B WRP recycled water pumping station 

x DN375 PW rising main from the BWPS providing top-up water to the WRP recycled water 
holding tanks (partially within Stage C West scope) 

x DN375 RW rising main extension from interim reservoir site to Hill 800 

x DN225 PW rising main extension from interim reservoir site to Hill 800 

This infrastructure has been designed to service Googong until the commencement of Stage D in 2022. 

The Detailed Design phase will be based on this Concept Design Report and will commence following 
the acceptance of the Concept Design. 
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2022 3,779 278 13.00 17.14
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Staging Residential -
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Residential -
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2015 2,936 - 70 577 3,582
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2022 10,133 873 975 1,021 13,002
2025 12,856 1,652 1,061 1,021 16,589
2029 16,226 1,688 1,061 1,021 19,995

Estimated Potable Water Demands

Staging Max Day
(ML/d)

Max Hour
(ML/d)

2015 0.7 2.1
2018 1.6 4.9
2022 2.6 7.9
2025 3.3 10.2
2029 4.0 12.4

Estimated Percentage Neighbourhood Developed
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2015 89%
2018 11% 100% 23% 100% 100% 100%
2022 77% 100% 36% 100%
2025 64% 43% 100%
2029 57% 100% 100%

 PW
RESERVOIR

(1.9ML)

PW
RESERVOIR

(4.0ML)

TO GOOGONG
PW GRAVITY ZONE

FROM BULK WATER PS
1 x DN 250

DN 225

RW
RESERVOIR

(8.5ML)

DN 375 FROM WRP

TO GOOGONG RW
GRAVITY ZONE

PW BOOSTER
PUMPING STATION

DN 350
DN 600

TO  POTABLE WATER
RESERVOIRS

FR
O

M
 G

O
O

G
O

N
G

W
TP

FR
O

M
 M

T 
S

TR
O

M
LO

W
TP

2x PUMPS DUTY / STANDBY
CONFIGURATION 61 L/S D

N
 1

80
0 

B
U

LK
 W

A
TE

R
 M

A
IN

(N
O

T 
S

H
O

W
N

 O
N

 P
LA

N
)

DN 450

DN 375TO RW HOLDING TANK AT WRP

DN 225

DETAIL A
BULK WATER PUMPING STATION

POTABLE WATER
RESERVOIRS

REFER DETAIL B

LOW LEVEL ELEVATION
ZONE CONTOUR 719
(SEE NOTE 4)

1 x DN 450

COFFEN - OTHER
DEVELOPER

DETAIL B
HILL 800 RESERVOIR SITE

NOTES:
1. RISING MAINS AND GRAVITY TRUNK MAINS ARE

SHOWN INDICATIVELY.  RETICULATION MAINS
ARE NOT SHOWN FOR CLARITY.

2. PIPELINE ALIGNMENTS ARE INDICATIVE ONLY
AND ARE SUBJECT TO DETAILED PLANNING AND
DESIGN. THE ALIGNMENTS AND SIZES OF PIPES
SHOWN ARE DERIVED FROM THE MODELING
CONDUCTED, AND SMALL CHANGES TO
ALIGNMENT THROUGH DETAILED DESIGN DO
NOT MATERIALLY AFFECT THE MODEL.
DETAILED DESIGN OF RETICULATION
NETWORKS WILL SUPERSEDE THE ALIGNMENTS
GIVEN.

3. HIGH LEVEL ELEVATION ZONES HAVE MODELED
MAINS PRESSURE  LOWER THAN 20m HEAD.
BOOSTER PUMPING STATIONS MAY BE
REQUIRED.

4. LOW LEVEL ELEVATION ZONE AT AND BELOW
CONTOUR 719mAHD HAS MODELED MAINS
PRESSURE IN EXCESS OF 80m HEAD. PRESSURE
REDUCING VALVES MAY BE REQUIRED FOR
RETIC BELOW THIS LEVEL.

LEGEND:
NEIGHBOURHOOD BOUNDARY

POTABLE WATER NETWORK

RISING MAIN

GRAVITY TRUNK MAIN

LOW LEVEL ELEVATION ZONE

WRP

ACTEW WTP

PTWL ZONE

SCHOOL

COMMERCIAL DISTRICT

OPEN SPACE

ELECTRICAL EASEMENT AND
SUBSTATION

FUTURE DEVELOPMENT AREA

HIGH LEVEL ELEVATION ZONE
(SEE NOTE 3)

RW BOOSTER
PUMPING STATION

TO GOOGONG HIGH
ELEVATION ZONE

TO GOOGONG
COMMON

DN 300

DN 200DN 150
TO GOOGONG HIGH
ELEVATION ZONE











GOOGONG DAM ROAD

O
LD

 C
O

O
M

A 
RO

AD

DN
37

5

DN 375

DN300

D
N

15
0

DN15
0

D
N

200

DN150

DN225

D
N

150

DN150

DN150

D
N

15
0

D
N

37
5

G
R

A
V

IT
Y

M
AI

N

D
N

37
5

DN100

DN150

D
N

150

DN100

DN100

DN150

DN150

DN150

D
N

20
0DN200

D
N

25
0

DN250

D
N

150

DN150

DN150

DN300

DN200

DN15
0

D
N

100

DN100

DN300

D
N

10
0

DN100

DN100

DN100

DN150

D
N

150

DN150

DN150

DN 375 PRESSURE MAIN

DN100

DN150

DN150

D
N

15
0DN200

D
N

25
0

DN250

DN150

DN150

DN375

DN300

DN15
0

D
N

100

DN100

DN300

D
N

10
0

DN100

DN100

DN200

DN100

DN150

D
N

15
0DN200

D
N

25
0

DN250

DN200

DN15
0

D
N

100

DN100

D
N

15
0

DN150

DN100

DN150

DN150

D
N

20
0DN200

D
N

30
0

DN375

DN15
0

D
N

 3
75

 R
IS

IN
G

 M
A

IN

DN150

DN225

DN 225

D
N

200

DN150

DN150

D
N

150

DN150

DN150

DN
15

0

DN200

DN
30

0
DN45

0

DN300

DN
30

0

DN300

R

A
1

31.07.15

NOT FOR CONSTRUCTION
FOR REVIEW

COOKE - OTHER
DEVELOPER

COFFEN - OTHER
DEVELOPER

BUNYIP  - OTHER
DEVELOPER

HAMSON - OTHER
DEVELOPER

Estimated No. of Dwelling/Non-Residential Area

Staging Residential - GTPL Residential -
Others Commercial (Ha) Schools (Ha)

2015              1,077                    -                0.93                8.14
2018              2,153                 275                1.63              17.14
2022              3,779                 278              13.00              17.14
2025              4,726                 541              14.14              17.14
2029              5,888                 552              14.14              17.14

Estimated Equivalent Population (EP)

Staging Residential -
GTPL

Residential -
Others  Commercial  Schools Total

2015              2,936                    -                   70                 577              3,582
2018              5,983                 863                 122              1,021              7,990
2022            10,133                 873                 975              1,021            13,002
2025            12,856              1,652              1,061              1,021            16,589
2029            16,226              1,688              1,061              1,021            19,995

Estimated Recycled Water Demands

Staging Max Day
(ML/d)

Max Hour
(ML/d)

2015                  1.8                  4.9
2018                  4.0                12.7
2022                  6.3                18.2
2025                  7.5                22.7
2029                  8.5                26.7

Estimated Percentage Neighbourhood Developed

Staging NH1A NH1B NH2
Outer

NH2
Inner NH3 NH4 NH5 BUNYIP COOKE TALPA COFFEN HAMSON HAMLETS

2015 89%
2018 11% 100% 23% 100% 100% 100%
2022 77% 100% 36% 100%
2025 64% 43% 100%
2029 57% 100% 100%

LOW LEVEL ELEVATION ZONE
CONTOUR 719 (NOTE 4)

BULK WATER
PUMPING STATION
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CAPACITY 153 L/S

LEGEND:
NEIGHBOURHOOD BOUNDARY

RECYCLED WATER NETWORK
EXISTING (BY 2025)
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NOTES:
1. RISING MAINS AND GRAVITY TRUNK MAINS ARE

SHOWN INDICATIVELY.  RETICULATION MAINS
ARE NOT SHOWN FOR CLARITY.

2. PIPELINE ALIGNMENTS ARE INDICATIVE ONLY
AND ARE SUBJECT TO DETAILED PLANNING AND
DESIGN. THE ALIGNMENTS AND SIZES OF PIPES
SHOWN ARE DERIVED FROM THE MODELING
CONDUCTED, AND SMALL CHANGES TO
ALIGNMENT THROUGH DETAILED DESIGN DO
NOT MATERIALLY AFFECT THE MODEL.
DETAILED DESIGN OF RETICULATION
NETWORKS WILL SUPERSEDE THE ALIGNMENTS
GIVEN.

3. HIGH LEVEL ELEVATION ZONES HAVE MODELED
MAINS PRESSURE  LOWER THAN 20m HEAD.
BOOSTER PUMPING STATIONS MAY BE
REQUIRED.

4. LOW LEVEL ELEVATION ZONE AT AND BELOW
CONTOUR 719mAHD HAS MODELED MAINS
PRESSURE IN EXCESS OF 80m HEAD. PRESSURE
REDUCING VALVES MAY BE REQUIRED FOR
RETIC BELOW THIS LEVEL.

8.5 ML RECYCLED
WATER RESERVOIR
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COOKE - OTHER
DEVELOPER

COFFEN - OTHER
DEVELOPER

BUNYIP  - OTHER
DEVELOPER

HAMSON - OTHER
DEVELOPER

Estimated No. of Dwelling/Non-Residential Area

Staging Residential - GTPL Residential -
Others Commercial (Ha) Schools (Ha)

2015              1,077                    -                0.93                8.14
2018              2,153                 275                1.63              17.14
2022              3,779                 278              13.00              17.14
2025              4,726                 541              14.14              17.14
2029              5,888                 552              14.14              17.14

Estimated Equivalent Population (EP)

Staging Residential -
GTPL

Residential -
Others  Commercial  Schools Total

2015              2,936                    -                   70                 577              3,582
2018              5,983                 863                 122              1,021              7,990
2022            10,133                 873                 975              1,021            13,002
2025            12,856              1,652              1,061              1,021            16,589
2029            16,226              1,688              1,061              1,021            19,995

Estimated Recycled Water Demands

Staging Max Day
(ML/d)

Max Hour
(ML/d)

2015                  1.8                  4.9
2018                  4.0                12.7
2022                  6.3                18.2
2025                  7.5                22.7
2029                  8.5                26.7

Estimated Percentage Neighbourhood Developed

Staging NH1A NH1B NH2
Outer

NH2
Inner NH3 NH4 NH5 BUNYIP COOKE TALPA COFFEN HAMSON HAMLETS

2015 89%
2018 11% 100% 23% 100% 100% 100%
2022 77% 100% 36% 100%
2025 64% 43% 100%
2029 57% 100% 100%

 PW
RESERVOIR

(1.9ML)

PW
RESERVOIR

(4.0ML)

TO GOOGONG
PW GRAVITY ZONE

FROM BULK WATER
PUMPING STATION1x DN 250

DN 225

RW
RESERVOIR

(8.5ML)

DN 375 FROM WRP

TO GOOGONG RW
GRAVITY ZONE

 RECYCLED WATER
RESERVOIR REFER TO

DETAIL B
TO  POTABLE WATER
RESERVOIRS

FR
O

M
G

O
O

G
O

N
G

 W
TP

FR
O

M
 M

T
S

TR
O

M
LO

 W
TP

D
N

 1
80

0 
B

U
LK

 W
A

TE
R

 M
A

IN
(N

O
T 

S
H

O
W

N
 O

N
 P

LA
N

)

DN 450

DN 375TO RW HOLDING TANK AT WRP

DN 225

3x PUMPS DUTY / ASSIST /
STANDBY CONFIGURATION 131 L/S

BLOWER
BUILDING

SLUDGE DEWATERING &
OUTLOADING BUILDING AEROBIC

DIGESTER

AC1

AC2

CHEMICAL STORAGE
& DOSING AREA FILTRATE

STORAGE TANKS

TERTIARY
TREATMENT AREA

EMERGENCY
DETENTION TANKS

BTF 1

EDT EXPANSION

BTF 2

FAT  D1  D2  D2

RW STORAGE TANK

TO
 R

W
 R

E
S

E
R

V
O

IR
O

N
 "H

IL
L 

80
0"

DN 375 PRESSURE MAIN

D
N

 3
75

 P
R

E
S

S
U

R
E

 M
A

IN
FR

O
M

 B
U

LK
W

A
TE

R
P

U
M

P
IN

G
 S

TA
TI

O
N

RECYCLED WATER
PUMPING STATION

OFF SPEC WATER
STORAGE TANKS

FILTRATE STORAGE
TANKS

INLET
WORKS

DN 600
DN 350

BULK WATER
PUMPING STATION
REFER DETAIL A

FF/GPPS/N.PIT
GOOGONG WRP
4.0 ML/D & RWPS

CAPACITY 153 L/S

1x DN 450

TO GOOGONG HIGH
ELEVATION ZONE

PW BOOSTER
PUMPING STATION

DETAIL B
HILL 800 RESERVOIR SITE

LOW LEVEL ELEVATION ZONE
CONTOUR 719 (NOTE 4)

GOOGONG WRP

DETAIL A
BULK WATER PUMPING STATION

B
IO

 R
E

A
C

TO
R

 4

B
IO

 R
E

A
C

TO
R

 3

B
IO

 R
E

A
C

TO
R

 2

B
IO

 R
E

A
C

TO
R

 1

NOTES:
1. RISING MAINS AND GRAVITY TRUNK MAINS ARE
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2. PIPELINE ALIGNMENTS ARE INDICATIVE ONLY
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GIVEN.
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Appendix  B Concept Design drawings 
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Appendix  C Supply of water in event of power failure 
  



83500349-C-TM-012 Emergency Supply of Recycled Water - Rev C  
   
   
 Page 1 

TO: Craig Harris DATE: 13 June 2015 

CC:  REF: 83500349-C-TM-012 Rev C 

PREP: P Collins MWH Australia Pty Ltd 

CHK: A Shammay / Sujit Pandey  

SUBJECT: Supply of Recycled Water in Event of WRP Power Failure 

Purpose 

The following technical memo has been written in response to a question raised by QCC in relation to the capacity of the 
Googong Water Recycling Plant (WRP) to supply Googong’s recycled water needs in the event of a power failure at the 
WRP. 

This memo presents the results of potable and recycled water system modelling that demonstrates how both systems can 
continue to meet the ultimate maximum week demands in the event of a 24hr power failure at the WRP on the maximum day 
of the maximum week. This scenario is considered to be an extreme situation as it relies on a power failure occurring 
coincident with an extreme water demand period. 

Background 

In 2010, MWH prepared a concept design for the potable water, recycled water and wastewater assets for the proposed 
township of Googong. This concept design was subsequently submitted to the NSW Department of Planning in support of a 
Part 3A concept application under the NSW Environmental Planning and Assessment Act. 

The concept design described the proposed configuration of the following head works assets for the township: 

x Potable water system 
x Recycled water system 
x Wastewater collection system 
x Water recycling plant 

The concept application was subsequently approved by the Director General of Planning in late 2011. 

Integral to the concept application was a water recycling system that consisted of: 

x A water recycling plant, to treat wastewater collected from the development to a suitable level so that it could be 
used for: 

o Irrigation, 
o Toilet flushing 
o Clothes washing 

x A recycled water top-up system to supplement the supply of recycled water with potable water when recycled water 
demand exceeded the recycled water supply capacity of the WRP. 

x A recycled water storage system to store recycled water before being reticulated throughout Googong. 
x A recycled water reticulation system to reticulate water around Googong and to individual homes. 

Of importance to the background of this technical memo is the proposed configuration of the recycled water top-up system. 
This system consists of a supply of bulk water from Icon Water’s DN1800 bulk water supply main, which is pumped to a 
recycled water holding tank at the WRP. The holding tank also receives recycled water (via multiple critical control points and 
an air-gap) from the WRP treatment process. The two waters are therefore combined in the holding tank and then pumped to 
the recycled water storage system, which consists of a recycled water storage reservoir. The recycled water storage 
reservoir is currently located at an interim reservoir site along Old Cooma Rd. It is proposed that this reservoir be relocated 
some further 1400m south along Old Cooma Rd to a location nominally call “Hill 800”. This relocation will occur as part of the 
development’s Stage C.  

In periods of high recycled water demand (eg. Mid-summer), the majority of water in the recycled water supply system is 
potable “top-up” water from the Icon Water bulk water supply main. This is because the WRP cannot create sufficient 



recycled water to meet the recycled water system demand. The WRP cannot create sufficient recycled water because the 
wastewater inflow to the WRP (in dry weather) is well below the level of recycled water demand. 

This arrangement is summarised in the following schematic, where the double pumping of potable “top-up” water is termed 
“Daisy-Chain” pumping. 

 

The bulk water pumping station has an ultimate design which contains two separate pumping stations in the one building, 
which will be divided into two rooms. In one room, two pumps will be provided in a duty/standby configuration, to pump bulk 
potable water to Googong’s potable water storage tanks on “Hill 800” via a DN225 rising main. In the other room, three 
pumps in duty/assist/standby configuration will pump bulk potable “top-up” water to recycled water holding tank at the WRP 
via a DN375 rising main. 

The two pumps in the first room (duty/standby) will be sized to pump Googong’s ultimate peak day potable water demand in 
18hrs using one unit only (ie the duty unit). As the potable water peak day demand for Googong is estimated to be 3.9ML/d 
(refer to Concept Design Report - Googong Integrated Water Cycle – Stage C – West – Rev B, MWH, 2015), each pump will 
therefore have a capacity of 60.2L/s. These pumps will transfer flows up to this rate directly to the ultimate potable water 
reservoirs on “Hill 800” via a DN225 DICL, PN35 rising main. 

The three pumps in the second room (duty/assist/standby) will be sized to pump Googong’s ultimate peak day recycled 
water demand in 18hrs using two pumps (ie the duty and assist units together). As the recycled water maximum day demand 
for Googong is estimated to be 8.5ML/d (refer to Concept Design Report - Googong Integrated Water Cycle – Stage C – 
West – Rev B, MWH, June 2015), two pumps operating together require a combined capacity of 131.0L/s; thus each unit will 
need to have a nominal capacity of 65.5L/s. These pumps will transfer flows up to this rate directly to the WRP’s recycled 
water holding tanks via a DN375 DICL PN35 rising main.  

At the WRP, the recycled water pumping station will then pump recycled water and potable “top-up” water to the Hill 800 
recycled water reservoir at a maximum rate of 153.1L/s via a DN375 DICL PN35 rising main. This capacity has been chosen 
to ensure that all the recycled water created at the WRP can be transferred to the recycled water reservoir for reuse, with 5% 

 

WRP RW HOLDING 
TANK

(ON WRP 
SITE)

BULK PW 
TOP-UP 

PUMPING 
STATION

RW STORAGE 
TANK

(ON “HILL 800”)

RW PUMPING 
STATION
(ON WRP 

SITE)

Bulk potable top-up 
water is pumped to the 
recycled water holding 
tank at the WRP site.

Recycled water and 
potable top-up water are 
combined in recycled 
water holding tank.

Potable top-up water and 
recycled water are “Daisy 
Chain” pumped from the 
WRP to the recycled 
water storage tank on 
“Hill 800”.



spare capacity. The WRP will have an ultimate capacity to treat 3 times the average dry weather inflow to the plant (currently 
estimated to be 48.6L/s1). Therefore the WRP’s recycled water pump station’s ultimate capacity will be 3 x 48.6 L/s + 5% = 
153.1L/s2. 

In the ultimate design of the WRP, a power failure at the plant will engage the operation of an emergency generator at the 
site. The generator has a capacity of 200kVA which is sufficient to power essential WRP operations and one recycled water 
pump out of four (refer to Appendix A for power load spreadsheet for emergency generator) at the rate of at least 30L/s. 

Description of Stress Test Modelling  
To determine the impact of a power failure at the WRP on the ultimate Googong Recycled Water System, MWH created a 
WaterGEMS model, which included the following key assumptions: 

1. The model was run over a maximum demand week at ultimate development. 
2. The power supply to the WRP was assumed to have been lost for a period of 24hrs at midnight on the peak-day of 

the peak-week. Note: GTPL completed a power supply reliability study in 2014 (“Water Recycling Plant Power 
Supply Reliabilty Study”, GHD, January 2014), which indicated that a loss of power supply for a period in excess of 
10hrs had probability of occurrence of around 3%, or a 1:30yrs recurrence interval. 

3. During the 24hrs power outage, it was assumed that the WRP could not produce any recycled water. 
4. The potable “top-up” pumping station was capable of supplying at least 30L/s of potable “top-up” water to the 

WRP’s recycled water pumping station3 on the peak-day of the peak-week. 
5. It was assumed that at the start of the power failure period, an alarm would be raised with Icon Water, who would 

then mobilised an emergency generator to the bulk water pumping station, restoring power to the pumping station 
within approximately 4hrs. During this period, it is assumed (due to modelling complexity) that around 50% of the 
water stored in the WRP’s recycled water tanks would be used to supply the recycled water pumping station with 
water at the rate of 30L/s (Note: 30L/s over 4hrs equates to 432kL, which is approximately 50% of the available 
recycled water holding tank volume of 830kL). 

6. On all other days of the peak-week the potable “top-up” pumping station was capable of supplying up to 131.0L/s. 
7. The WRP’s recycled water pumping station was capable of supplying at least 30L/s of potable “top-up” water on 

the peak-day, transferring potable “top-up” water to the recycled water reservoir on Hill 800 by “daisy-chain” 
pumping. 

8. It was assumed that at the start of the power failure period, the controls systems at the WRP would automatically 
start up the emergency generator, resulting in the restart of one of the recycled water pumps at the rate of 30L/s 
within a few minutes. As noted above, this pump then utilised around 50% of the available storage within the 
recycled water storage tanks until supply from Icon was restored after about 4hrs (Note: due to its complexity this 
subtly of the emergency situation was not modelled but it was take for granted that there was sufficient buffer 
storage volume in the WRP’s 830kL recycled water storage tanks to support this situation). 

9. On all other days of the peak-week, the recycled water pumping station was capable of transferring 153.1L/s of 
combined potable “top-up” water and recycled water to the recycled water reservoir on Hill 800 by “daisy-chain” 
pumping.  

10. The ultimate potable water storage at Hill 800 was nominally 5.9ML. 
11. The ultimate recycled water storage at Hill 800 was nominally 8.5ML. 
12. The ultimate recycled water storage at the WRP was 830kL. 
13. On all peak-week days, except for the peak-day, the potable “top-up” water pumping station cuts in at a rate of 

131.0L/s when the water level in the 8.5ML recycled water reservoir depletes to 90% and then cuts out when the 
recycled water reservoir reaches 100% (assumed to be a peak demand period reservoir management arrangement 

                                                      
1 The Stage AB tender design for the WRP anticipated an ultimate EP of 18,850, at an average per capita dry weather flow of 
210L/EP/d (mandated by QCC). This resulted in a nominal ultimate average dry weather capacity of 4ML/d (or 45.8L/s). Since 
the development of the Stage AB tender design, the ultimate EP has increased to 19,995EP. This is anticipated to increase the 
ultimate average dry weather flow capacity of the WRP to 4.2ML/d (or 48.6L/s). This is a relatively small increase (around 5%) in 
capacity and is well within the current design assumptions for the WRP, but will require minor modification to the design of 
future stages for the WRP. 
2 It is noted that the recycled water holding tanks at the WRP can receive a combined inflow from the WRP and the potable 
“top-up” pumping station in excess of its 153.1L/s capacity. To prevent an overflow of these tanks, an interlock will be provided 
between the WRP site and the potable “top-up” pumping station to lock out the “top-up” pumping station pumps in the event that 
the water level in recycled water tanks approach their full storage level. 
3 Note the potable “top-up” pumping station has a connection point for an Icon supplied emergency generator. 



to ensure the reservoir is maintained as full as possible). When this pumping station operates it supplies water to 
the WRP’s recycled water holding tanks. 

14. On the peak-day, the potable “top-up” water pumping station only cuts in at a rate of 30L/s when the water level in 
the 8.5ML recycled water reservoir depletes to 90% and then cuts out when the recycled water reservoir reaches 
100%. (As noted above this ignores the subtly that this flow rate is not available for the first 4hrs of the power 
outage period while Icon mobilises its emergency generator. Instead reliance is placed on the WRP’s recycled 
water storage tanks having sufficient stored volume to support the operation of the recycled water pumping for this 
4hrs period at the rate of 30L/s). When this pumping station operates it supplies water to the WRP’s recycled water 
holding tanks. 

15. Whilst the WRP’s recycled water pumping station is designed to maintain a constant water level in the recycled 
water holding tanks, WaterGEMS is not capable of mimicking this arrangement; instead an approximation was 
required for this arrangement (see Modelling Results discussion, below, for further elaboration of this point). On all 
days of the peak-week, other than the peak-day, the recycled water pumping station switches on at 153.1L/s when 
the recycled water holding tanks depleted to 90% full and then switch off when the holding tanks reached 100% full 
(this is a digital representation of what will be in reality, a much smoother pump operation with maintenance of a 
constant water level in the tanks). On the peak-day of the peak-week, this pumping station switches on at 30L/s 
when the recycled water holding tanks depleted to 90% full and then switches off when the holding tanks reached 
100% full. 

16. Demands were estimated based on the MWH report; “Googong Design Assumptions for Potable and Recycled 
Water Systems”, Rev 7, MWH, August 2014, which were further reported on in the “Concept Design Report - 
Googong Integrated Water Cycle – Stage C – West” – Rev B, MWH, 2015. 

17. The DN225 potable water rising main, running between the bulk water pumping station and the potable water 
reservoirs on “Hill 800”, is provided with a manually operated valve that allows this rising main to supply bulk 
potable water directly the recycled water reservoir (via and air-gap) in the event of an emergency such as this. 

18. In a critical emergency such as this, the above valve was assumed to have been opened by QCC after about 5hrs 
(assumed QCC reaction time) and the flow from the DN225 rising main diverted from the ultimate potable water 
reservoirs to the ultimate recycled water reservoir4. 

19. In an emergency such as this, it was reasonably assumed that water below the reservoir storage level in all 
reservoirs was available of emergency use if required. 

Modelling Results 
The results of this modelling exercise is summarised in Figures 1 and 2, below. 

Using the above modelling assumptions, the following observations were noted as a result of the WaterGEMs modelling 
exercise: 

x The combined reservoir storage for the two Stage D potable water reservoirs is 5.9ML. This compares to a Stage D 
peak day demand of 3.9ML/d. In accordance with the WSA 03 guideline, the required reserve storage volume is 
1/3rd of 3.9ML (the peak day demand); that is 1.3ML. In the emergency scenario outlined above, the WaterGEMs 
modelling indicated that the Stage D potable water reservoirs depleted to their 26% full level. When depleted to 
26% full, these two reservoirs still hold 1.5ML of operational storage, or 115% of their required reserve storage 
volume. Thus the reserve storage volume is not used. 

x Employing the emergency operations strategy discussed above, results in the Stage D recycled water reservoir 
depleting to its 77% full water level. Nominally, this is a very good result for the recycled water reservoir, which 
showed significant resilience in this emergency; arguably too much resilience at the expense of the potable water 
reservoirs. In reality, it is expected that operations staff would manually direct water from the bulk water pumping 
station’s DN225 rising main to each reservoir (ie PW & RW) to share the water providing each reservoir with a 
similar level of resilience as the emergency progresses. 

The results of this modelling exercise are further discussed below. 

                                                      
4 For modelling expedience, this arrangement was modelled using automatic control valves where a control valve on the DN225 
rising main opened to feed potable water into the recycled water reservoir, and another control valve on the same rising main 
closed to shut of supply to the potable reservoir. From this point onwards on the peak day, the recycled water reservoirs were 
supplied with bulk potable water directly from the DN225 rising main at the rate of 60.2L/s and the potable water reservoirs were 
required to rely on their available storage at that time.  



Figure 1 - Ultimate Potable Water Reservoir 

 
The above graphic shows the response of the potable water reservoir (blue line) over the peak-week period. At 72hrs into the 
peak-week, power is lost at the WRP (and nominally also at the bulk water pumping station). This then triggers a requirement 
to manually divert bulk potable water away from the Stage D potable water reservoirs and across to the Stage D recycled 
water reservoir, taking advantage of the comparatively large Stage D potable water storage at Hill 800 (5.9ML), relative to 
the Stage D potable water peak day demand of 3.9ML. 

Up until the point of power failure, the potable water reservoirs are seen to recover to their full storage level on each 
preceding day. On the day of the power failure, when supply is diverted away from the potable water reservoirs and across to 
the recycled water reservoir, the water level in the potable water reservoir drops significantly, to around 26% full. The 26% 
full level corresponds to 1.5ML of retained storage, which is greater than the required reserve storage of 1.3ML (ie 1/3rd of 
3.9ML). On the days following the power failure, the water levels in the potable water reservoirs are seen to progressively 
recover, with full reservoir recovery occurring 36hrs (about 1.5 days) after the 24hr power failure period has past. 

The above graphic also indicates the operation of the bulk potable water pumping station (green line and orange line). In the 
72hrs preceding the power failure, the bulk potable water pumping station is seen to operate routinely on successive days 
(green line). On the day of the power failure, the pumping station is seen to operate for all but around 5hrs on the peak-day, 
supplying potable water to the recycled water reservoir (orange line). It is on this day that the potable water reservoirs’ water 
levels drop to around 26% full. Over subsequent days, the bulk water pumping station operates continuously, supporting the 
recovery of the potable water reservoirs to their full storage level, which is achieved some 36hrs (about 1.5 days) after the 
24hr power failure period has past. From then on the pumping station returns to its normal operating mode, turning on and 
off as required over a peak-week demand period. 



Figure 2 - Ultimate Potable Water Reservoir 

 
The above graphic shows the response of the recycled water reservoir (brown line) over the peak-week period. At 72hrs into 
the peak-week, power is lost at the WRP. This then triggers the operation of the emergency generator at the WRP. At this 
point in time, the flow rate from the recycled water pumping station drops from 153.1L/s to 30L/s (pink line). After about 5hrs: 

x The bulk potable water supply has been diverted away from the potable water reservoirs and across to the 
recycled water reservoirs (a QCC emergency action where manual valves are adjusted at the reservoir site to 
direct flows from the bulk water pumping station away from the potable water reservoirs and across to the recycled 
water reservoir), and  

x Icon Water has mobilised its emergency generator to the bulk water pumping station to power up this pumping 
station. 

At this point in time, the bulk water pumping station is then seen to deliver 60.2L/s to the recycled water reservoir (see 
orange line). 

On the day of the power failure, the water level in the recycled water reservoir is seen to deplete to the 77% full level. 

On the days following the power failure, the water levels in the recycled water reservoir are seen to progressively recover, 
with full reservoir recovery some 36hrs (about 1.5 days) after the 24hr power failure period has past. 

It should be recognised that the WaterGEMs modelling software was limited in is capacity to mimic reality. This is evident in 
the erratic operation of the recycled water pumping station (pink line) and recycled water reservoir water levels (brown line). 

The WaterGEMs software was unable to mimic the true operation of the recycled water pumping station, where the pumps 
would ramp up and down to maintain a nominally constant water level in the WRP’s recycled water holding tanks. Were the 
software capable of modelling this situation correctly, the pink line would appear to rise and fall smoothly; showing the 
recycled water pumping station output varying smoothly, roughly reflects the recycled water system demands. In turn this 
result in a smoother movement in the water level of the recycled water reservoir. 

Instead, the WaterGEMs model had to employ a fix capacity recycled water pumping station, which was set at its design 
capacity of 153.1L/s (ie 3 x ADWFWRP x 1.05), which is equivalent to a pumping designed to pump the recycled water system 
peak day demand in 15hrs (as opposed to the design requirement of 18hrs). Accordingly, as a legacy of its requirement to 
suit the WRP’s potential output, this pumping station has enhanced capacity compared to its design requirement to support 
the recycled water system alone. 



Regardless of the software limitations, the modelling work is considered to be sufficient valid to prove that there is more than 
sufficient potable water and recycle system resilience to manage a 24hrs power on the peak-day of the peak-week, provided: 

x QCC is able to mobilise resources to the reservoirs site and manual direct bulk water flows from the bulk water 
pumping station between the potable water reservoirs and the recycled water reservoir. 

x The WRP’s control system and emergency generator are designed to support the operation of 1 recycled water 
pump at the rate of 30L/s in a power outage. 

x A connection is provided from the DN225 rising main to the recycled water reservoir on Hill 800; inclusive of 
manually operated valves to allow flows from this rising main to be directed to either the potable water reservoirs or 
the recycled water reservoir. 

x Icon Water is able to mobilise an emergency generator to site with about 5hrs to power the bulk water pumping 
station such that the bulk water pumping station: 

o can supply 60.2L/s to the Hill 800 reservoir site via the DN225 rising main, and 
o 30L/s to the WRP’s recycled water holding tank via the DN375 rising main. 

Conclusion 
An extremely conservative approach to a power failure situation has been modelled for the Googong Stage D potable and 
recycled water systems whereby a power failure was simulated on the ultimate peak-day of the ultimate peak-week for these 
systems. Based on the work completed, it is concluded that the Googong potable and recycled water head works assets 
have sufficient capacity to manage a 24hr power failure on the ultimate peak demand day for the ultimate peak week. This 
conclusion relies on: 

x The provision of a connection from the DN225 DICL PN35 bulk water rising main to the recycled water reservoir 
that is only utilised in an emergency; normal operation would see this rising main and associated pumping station 
dedicated to supplying bulk potable water the potable water reservoirs only. It is proposed that this connect be 
included in the concept design of the Hill 800 reservoirs. 

x The control system at the WRP is configured to allow one recycled water pump to operate at 30L/s, using the 
emergency generator, in the event of a main system power failure. 

x QCC implement an emergency procedure at Hill 800 to manual divert of bulk potable water supply away from the 
potable water reservoirs and across to the recycled water reservoir, taking advantage of the comparatively large 
ultimate potable water storage at Hill 800 (5.9ML) relative to potable water system peak day demand of 3.9ML. 
This diversion would need to take place within about 5hrs. 

x Icon Water mobilising an emergency generator to the bulk water pumping station site, within about 5hrs, to power 
the pumping station such that the potable “top-up” pumping station can operate at about 30L/s and the bulk water 
potable water pumping station can operate at its full capacity of 60.2L/s. 

Provided all of the above arrangements are put in place during an emergency power failure that occurs in a peak demand 
period, water levels in the ultimate potable water reservoirs should not deplete below 26% (approx.) full and the water level in 
the ultimate recycled water reservoir should not deplete below 77% (approx.) full, with full recovery of these reservoirs 
occurring within 1.5 days of the power failure period. The 26% full level for the potable water reservoirs corresponds to a 
retained storage volume 1.53ML which is greater than required reserve storage of volume 1.3ML (ie 1/3rd of the peak day 
demand of 3.9ML/d). 

  



APPENDIX A – WRP ULTIMATE MAXIMUM POWER DEMAND ESTIMATE WHEN OPERATING OFF THE EMERGENCY 
GENERATOR 
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TO: Craig Harris DATE: 25 June 2015 

CC: Ari Shammay REF: 83500349-TM-005 Rev G 

PREP: Clive Hare, Sachin Shrestha MWH Australia Pty Ltd 

CHK: Paul Collins  

SUBJECT: Googong – Network West – Stage C Reservoirs – Sizing – Briefing Paper 

This technical memo has been prepared as a briefing paper for attendees of a proposed risk workshop to consider/confirm 
the sizing of the potable and recycled water service reservoirs for the ultimate Googong development (ie Stage D – approx. 
19,995 equivalent population), and by inference, the sizing of the Stage C reservoirs in the near future, which will nominally 
cater for 50% of the development.  

The ultimate Stage D potable and recycled water reservoirs are proposed to be comprised of: 

x Two separate potable water storages of 4.0 ML and 1.9 ML of usable reservoir capacity (operating plus emergency 
storage), equating to 36 hours of supply at an ultimate peak day demand of 4.0 ML, which was calculated using 
Reference 21; and 

x One recycled water storage of 8.5 ML usable reservoir capacity (operating plus emergency storage), equating to 
24 hours of supply at ultimate peak day demand of 8.5 ML, which was also calculated using Reference 21. It is 
noted that the recycled water storage is fed from two supply sources: 

o Recycled water from the Googong Water Recycling Plant (which is the primary source of supply) 
o Potable water from the Googong bulk water pumping station (which is a secondary, top up, source of 

supply) 
This dual source of supply increases the overall reliability of the recycled water supply system and effectively 
augments the capacity of the recycled water storage tank with the addition of 3.6 ML/day of recycled water from 
the WRP. This additional volume results in a total effective storage capacity of 15.7 ML (ie: 8.5 ML of storage plus 
7.2 ML of recycled water supplied over 48hrs), equating to 44 hours of supply at the ultimate peak day demand. 

It is noted that the Water Supply Code of Australia WSA-03  nominates  “a useable reservoir capacity (including reserve 
storage capacity) equal to a minimum of 8-24 hours consumption at peak day demand, depending on the needs of the 
specific  system.” The reservoir capacities being provided for Googong are therefore significantly in excess of the 
recommended upper limit of the capacity recommended within WSA-03 and offer a higher than usual degree of reliability for 
a water supply during an ultimate peak day demand event.  

The additional storage capacity provided at Stage D for the potable water reservoirs is a legacy of the proposed staging 
strategy for the reservoirs, which sees one of the ultimate potable water reservoirs (ie the 4.0 ML reservoir) initially utilised at 
Stage C as a recycled water reservoir: 4.0 ML being equivalent to the Stage C peak day demand for recycled water. At 
Stage D, this reservoir is converted to a potable water storage reservoir to operate in tandem with the Stage C potable water 
reservoir (ie the 1.9 ML potable reservoir) providing a total potable water storage of around 5.9 ML at Stage D. 

WSA-03  also  requires  that  “a  risk  assessment  shall  be  undertaken  as  part  of  the  process  of  sizing  reservoirs”  and  that  “the 
minimum storage capacity provided shall be based on an assessment and costing of the risks associated with the most 
critical supply interruptions”  envisaged. 

For an assessment of the overall system reliability, the most critical service interruptions have been assumed to be those 
that impact the supply of bulk water to Googong from any failures of the following Icon Water assets: 

                                                      
1 Reference 2 & 3 documents the procedure used to develop average day demands based on the 40yrs of climate record. It then factors up average day 
demands to develop peak day demands and peak hour demands for various residential property types (commercial and open space developments were 
treated differently – refer to Reference 2 for detail). In accordance with an agreement with QCC, the calculated base average day demands have a 20% 
factor of safety applied to them for the sizing of ultimate infrastructure. 
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x Scenario 1: Mt Stromlo WTP fails whilst online, leading to a call to start up Googong WTP from an offline status. It 
has been assumed that this situation would lead to a loss of bulk water supply for a period of 48hrs. 

x Scenario 2: Googong BWPS fails to operate due to a loss of power supply. The duration of this outage is 
discussed further below. 

Based on preliminary discussions with Icon Water, these scenarios are described in detail as follows: 

x Scenario 1: Mt Stromlo WTP Fails 

Unplanned critical plant failure/total loss of supply from the Mt Stromlo WTP or Googong WTP, whichever WTP is 
online/offline at the time, is typically due to power failure or other extreme emergency conditions (such as the 
impact of the 2003 bushfire event on water supply and/or water quality). Advice from Icon Water is that an 
extended critical plant failure would be a rare condition. Unexpected  shut  downs  at  the  WTP’s  have  occurred  on  1-
2 occasions in recent memory. In such an event, existing risk mitigation measures include “designed-in”  system 
redundancies such as; the large clear water  tanks  at  the  WTP’s  and  the  provision  of  full  capacity  duty/standby 
generators at the two WTP’s to protect the plants from a loss of power supply. Icon Water also has a standard 
operating procedure that is implemented in the event of an emergency (or unplanned outage) at the Mt Stromlo 
WTP. This procedure requires the alternative source of supply (ie Googong WTP) to be brought on-line (and visa 
versa depending on which plant is the primary source of supply at the time). Icon Water has advised that the time 
required  for  any  changeover  between  the  two  WTP’s  is  mandated to be within a maximum duration of 48 hours.  
From  an  historical  perspective,  the  risk  associated  with  an  unplanned  outage  at  the  WTP’s  is  notionally  set  at  2  
events over 48 years of operation at the Mt Stromlo WTP, which is approximately equivalent to an annual 
probability of 4%. 

 
x Scenario 2: Power failure at the Googong Bulk Water Pumping Station 

A power supply reliability study, specifically for the Googong Water Recycling Plant, was undertaken by GHD in 
January 2014. Whilst this study was undertaken for the WRP, the essential conclusions and recommendations 
made are considered equally valid for the reliability of power supply to the Bulk Water Pumping Station, as this 
installation is fed from the same electrical feeder as the WRP. The essential conclusions drawn from the study 
state  that  “the reliability of the network supply to the WRP is considered very good based on its close proximity to 
the Googong zone substation along with a potential backup supply from the proposed Googong South Zone 
substation. Based on historical data it is expected that the WRP will experience approximately 1.14 outages per 
year. Of these, it is expected that an  outage  exceeding  4  hours  in  duration  will  be  a  1  in  8  year  event.” 

Figure 7 below, from Reference 1, provides an indication of the expected likelihood of an outage occurring as a 
function of outage duration. 
 

 

This figure indicates that for an outage exceeding 10 hours, the expected likelihood is around 3% or once in 30 
years. The likelihood of experiencing an extended outage of 48 hours duration is considered to be less than 1%.  
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x Other critical service interruptions, whether planned or unplanned, will no doubt be elaborated on further by Icon 
Water /QCC in the forthcoming risk assessment workshop. 

Probabilities relating to the above scenarios are therefore summarised in the following table. 

TABLE 1: PROBABILITY OF LOSS OF BULK WATER SUPPLY FOR A PERIOD OF 48HRS 

Risk Scenario Annual Probability of Occurrence 

Scenario 1: Probability of WTP outage - 48 hours lost supply (P1) 4% 

Scenario 2: Probability of BWPS Power outage - 48 hours lost supply (P2) <1% 

Other Scenarios TBA Icon Water 

Nominally, from the above, the most critical scenario is a WTP outage of 48 hours with a probability (P1) of 4%. The lower 
outage scenario of power failure to the BPWS (P2) will not be considered further. 

On the water demand side, climatic conditions, and their impact on water demand, also need to be considered in regard to 
system reliability (ie the system being made up of the bulk water supply plus the volume of stored water at Googong and 
the potable and recycled water demands downstream of reservoirs). Estimates of long term water demands have been 
derived previously by MWH, using 40yrs of available climatic record from Canberra Airport with the generation of an 
equivalent temporal distribution of daily demands over the same period of time (for the methodology of deriving these 
demands refer to References 2 and 3). Based on this 40yrs demand data, the potable and recycled water maximum 
demands over 48hrs are 6.1 ML and 14.6 ML respectively. 

From this long term daily demand distribution, MWH has determined the percentages of time when the volumetric demand 
over any 48 hour period exceeded a nominal amount. These percentages are analogous to the probability (P3) of a service 
reservoir, of a given nominal capacity, running dry in any 48 hour period, if the bulk potable water supply source from Mt 
Stromlo WTP was suddenly lost, and only restored via Googong WTP after 48 hours stand down time. These percentages 
are presented in Tables 2 and 3, below. The appendix to this document presents this information graphically. It also presents 
a table comparing the proposed reservoir volumes to: 

x The anticipated maximum potable and recycled water demands over 48hrs, as derived from 40yrs of climate data 
at Canberra Airport. 

x The derivations of the probabilities that 48hrs of demand will exceed the total effective storage volume. 
x Design Ultimate Potable Water and Recycled Water Peak Day Demand for Googong. 
x Design Ultimate Potable and Recycled Water Average Day Demand for Googong. 

TABLE 2: PERCENTAGE OF TIME THAT DIFFERENT SIZE POTABLE RESERVOIRS WOULD HAVE BEEN FULLY 
DEPLETED IN ANY 48 HOUR PERIOD OF NO SUPPLY OVER AN HISTORIC CLIMATE RECORD OF 40 YEARS  

POTABLE RESERVOIRS 

Nominal Reservoir Capacity 
(full capacity including reserve) 

%-age of time in 40 year historic record that the peak 
Potable Water demand volume over 48 hours exceeded the 

nominal reservoir capacity (P3 potable) 

4 ML 100% 

5 ML 99% 

5.5 ML 22% 

5.9 ML (proposed storage size) 0.1% 

7 ML 0% 

8 ML 0% 
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TABLE 3: PERCENTAGE OF TIME THAT DIFFERENT SIZE RECYCLED RESERVOIRS WOULD HAVE BEEN FULLY 
DEPLETED IN ANY 48 HOUR PERIOD OF NO SUPPLY OVER AN HISTORIC CLIMATE RECORD OF 40 YEARS  

RECYCLED WATER RESERVOIR 

Effective Reservoir Size (full capacity including reserve, 
with accounting for the additional water supply source from 

Googong WRP) 

%-age of time in 40 year historic record that the peak 
Recycled Water demand volume over 48 hours exceeded 

the effective reservoir capacity (P3 recycled) 

8 ML 22% 

9 ML 14% 

12 ML 0.4% 

14 ML ~0% 

15.7 ML (proposed effective storage size) 0% 

 
System Reliability Implications 
System reliability is defined as the joint probability of a Bulk Water Supply outage over 48hrs, coincident with the highest 
water demand over 48hrs, as determined via an analysis of 40yrs of climate records.  
The probability of a WTP supply failure and the simultaneous occurrence of an excessive demand due to extreme climatic 
conditions (both as derived above) is thus: Psystem (PW or RW) = ( P1 x P3 (PW or RW) ). This coincident probability is approaching 
zero due to the overall system reliability within Icon Water’s  headworks  infrastructure  and  the  proposed  sizing  of  the  service  
reservoirs for the ultimate development of Googong Township (which includes a 20% factor of safety for infrastructure sizing 
– Refer to Reference 2). 

The coincident annual probability from the above analysis is assessed as: 

x 0.004% (or a 1 in 25,000 chance of system failure)  for a potable water system (ie: Psystem (PW) = P1 x P3 (PW) ) with a 
total potable water reservoir storage capacity of 5.9 ML (ie the current proposed potable water storage volume for 
Googong), and 

x Zero percent chance of system failure for a recycled water system (ie: Psystem (RW) = P1 x P3(RW) ) with a total 
recycled water reservoir storage of 8.5 ML (ie the current proposed recycled water storage volume for Googong).  

In the event of a severe emergency such as the loss of bulk water supply, it is anticipated that QCC and Icon Water would 
advise the public to moderate water consumption and  take  steps  to  moderate  Council’s  own  consumption  within  the  
development. This would probably lead to a relatively trivial reduction in potable water usage (due to habitual consumption 
patterns and consideration of the household fixtures connected to the potable water system) but potentially a significant 
reduction in recycled water usage, due to more easily implemented restrictions to recycled water usage, such as: 

x Shutting down public open space irrigation at Googong, 
x Shutting down open space irrigation at schools in Googong, and 
x Partial shutdown (ie depends on public willingness to shut down) of private irrigation systems. 

It is noted that recycled water would still be required to supply water for toilet flushing purposes which is an essential 
recycled water end use. 

In consideration of the above dot points, MWH modelled the 40yrs of climate data for the following two scenarios: 

Scenario A: Shutting down all public open space irrigation and open space irrigation at schools. This will reduce the required 
recycled water maximum 48hrs demand from 14.6 ML to 8.1 ML. 

Scenario B: Shutting down all public open space irrigation. This will reduce the required recycled water maximum 48hrs 
demand from 14.6 ML to 9.2 ML. 

The results of these modelling and its implications on recycled reservoir storage is summarised on the following tables (and 
graphically in the appendix of this memo). 
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TABLE 4: PERCENTAGE OF TIME THAT DIFFERENT SIZE RECYCLED RESERVOIRS WOULD HAVE BEEN FULLY 
DEPLETED IN ANY 48 HOUR PERIOD OF NO SUPPLY OVER AN HISTORIC CLIMATE RECORD OF 40 YEARS 
ASSUMING NO DEMAND FOR COUNCIL OPEN SPACE IRRIGATION AND OPEN SPACE 
IRRIGATION AT SCHOOLS (SCENARIO A) 

RECYCLED WATER RESERVOIR 
Effective Reservoir Size (full capacity including reserve, 
with accounting for the additional water supply source 

from Googong WRP) 

%-age of time in 40 year historic record that the peak Recycled 
Water demand volume over 48 hours exceeded the effective 

reservoir capacity (P3 recycled) 
5 ML 19% 
7 ML 0.2% 
8 ML ~0% 
9 ML 0% 

12 ML 0% 
14 ML 0% 

15.7 ML (proposed effective storage size) 0% 
 

TABLE 5: PERCENTAGE OF TIME THAT DIFFERENT SIZE RECYCLED RESERVOIRS WOULD HAVE BEEN FULLY 
DEPLETED IN ANY 48 HOUR PERIOD OF NO SUPPLY OVER AN HISTORIC CLIMATE RECORD OF 40 YEARS 
ASSUMING NO DEMAND FOR COUNCIL OPEN SPACE IRRIGATION (SCENARIO B) 

RECYCLED WATER RESERVOIR 
Effective Reservoir Size (full capacity including reserve, 
with accounting for the additional water supply source 

from Googong WRP) 

%-age of time in 40 year historic record that the peak Recycled 
Water demand volume over 48 hours exceeded the effective 

reservoir capacity (P3 recycled) 
5 ML 24% 
7 ML 2% 
8 ML 0.1% 
9 ML ~0% 

12 ML 0% 
14 ML 0% 

15.7 ML (proposed effective storage size) 0% 

The above tables indicate that the proposed 15.7 ML of effective recycled water storage has zero chance of fully depleted in 
the event of a loss of bulk potable water supply over 48hrs, coincident with the highest 48hrs of recycled water demand over 
the 40yrs of historical climate data. However, it is recommended that council implements an emergency procedure that shuts 
down public open space irrigation at Googong.  Note  that  shutting  off  the  school’s  open  space  irrigation  with  RW  will  likely  be  
inconsequential regarding reducing the risk of exhausting RW supply. 

It is therefore concluded that the proposed size of recycled was reservoir has enough capacity to manage during an event of 
48hrs loss of supply with zero risk of failure of the recycled water system. 

OPERATIONAL IMPACTS ASSOCIATED WITH INCREASING RECYCLED WATER STORAGE 
Notwithstanding the above, it has nominally been suggested by Icon Water and QCC that storage volumes be sized to store 
2 x Peak Day Demand. This would result in the following ultimate storage volumes: 

x Recycle Water: 17 ML 
x Potable Water: 8 ML 

Were these volumes delivered the following operational impacts would need to be recognised in addition to increased capital 
costs: 

x Larger volumes to drain for maintenance 
x Larger volumes of sediment scoured from base of reservoir 
x Increased chemical dosing requirements – chemical storage, dosing volume, dosing frequency 
x Potential for mixing issues due to less changeover of water 
x Increased maintenance costs due to larger structure – e.g. (subject to final reservoir material) concrete patching, 

grit blasting and re-painting of steel (panels and roof), bolts and sealant replacement 
x Increased earthworks at Hill 800 (cut) to lower bench level and/or cut into northern end of saddle to accommodate 

larger reservoir  
x Potential for larger service area requiring boosted supply with associated impost on 
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- Pump power requirements  
- Stage D infrastructure availability 

CONCLUSION 
In a conservative approach to risk assessment, the probability of bulk supply failure was considered coincidentally with 
extreme climatic conditions, representing the worst case scenario for overall system reliability. System reliability was 
assessed as having: 

x A 0.004% (or a 1:25,000) chance of failure for the potable water system (assuming a total ultimate storage volume 
of 5.9 ML), and 

x A 0% chance of failure for the recycled water system (assuming a total ultimate storage volume of 8.5 ML).  

The risk of failure associated with the potable water system (i.e. 1:25,000) is considered acceptable by GTPL. 

With 8.5 ML of storage at Hill 800 and 3.6 ML/day of supply from WRP there is no risk of failure for the recycled water 
system. However, Council may wish to implement an emergency procedure which turns off any public open space irrigation. 
This will increase the reliability of recycled water system during loss of supply. GTPL considers this to be a minor impost in 
an emergency which is offset by improved operation and maintenance, and CAPEX outcomes when compared to the 
provision of 17ML (ie 2 x Peak Day Demand).  

The proposed water supply storage capacities are therefore considered adequate for the ultimate population at Googong, 
rendering the development with a very high degree of system reliability.  

REFERENCES 
1. “Water  Recycling  Plant  Power  Supply  Reliability  Study”,  GHD  January  2014. 
2. “Googong  Design  Assumptions  for  Potable  and  Recycled  Water  Systems”,  MWH,  August  2014 
3. “Googong  Water  Balance  Analysis”,  MWH  August  2014. 

  



83500349-TM-005 [G].docx  Page 7 

APPENDIX 

STAGE D RESERVOIR SIZES 

  
POTABLE 
WATER 

RECYCLED 
WATER 

MAXIMUM DAY DEMAND (ML) 4.0 8.5 

AVERAGE DAY DEMAND (ML) 3.4 2.9 

STORAGE PROPOSED IN CONCEPT DESIGN (ML) 5.9 8.5 

SUPPLEMENTARY SUPPLY (ML/Day) 0 3.6 

TOTAL STORAGE (ML) 5.9 15.7* 

PROBABILITY OF BULK WATER SUPPLY FAILURE (P1) 4% 4% 

NO DEMAND MODERATION 
MAX 48HR DEMAND (OVER 40 YRS) 6.1 14.6 

NO OF DAYS IN 40 YRS PREDICTED DEMAND EXCEEDS STORED VOLUME 19 0 

PROBABILITY OF DEMAND EXCEEDING STORE VOLUME (P3) 0.1% 0.0% 

RISK OF RESERVOIR FAILURE (P1 x P3) 0.004% 0.0% 

NO SUPPLY TO PUBLIC OPEN SPACES IRRIGATION & OPEN SPACES IRRIGATION AT SCHOOLS (A) 
MAX 48HR DEMAND (OVER 40 YRS) 6.1 8.1 

NO OF DAYS IN 40 YRS PREDICTED DEMAND EXCEEDS STORED VOLUME 19 0 

PROBABILITY OF DEMAND EXCEEDING STORE VOLUME (P3) 0.1% 0.0% 

RISK OF RESERVOIR FAILURE (P1 x P3) 0.004% 0.0% 

NO SUPPLY TO PUBLIC OPEN SPACES IRRIGATION (B) 
MAX 48HR DEMAND (OVER 40 YRS) 6.1 9.2 

NO OF DAYS IN 40 YRS PREDICTED DEMAND EXCEEDS STORED VOLUME 19 0 

PROBABILITY OF DEMAND EXCEEDING STORE VOLUME (P3) 0.1% 0.0% 

RISK OF RESERVOIR FAILURE (P1 x P3) 0.004% 0.0% 

*The total recycled water effective storage is equal to 8.5 ML of storage plus 3.6 ML/Day of recycled water supplied over 48hrs. 
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Stage C Reservoir Sizing Briefing Paper Table 
 
 
Storage Criteria Reservoir Storage Capacity at Stage D (ML) 

Potable Reservoir Recycled Reservoir 
Average day demand 
(ADD) 3.4 2.9 

Maximum day demand 
(MDD) 4 8.5 

A) WSA upper limit 
recommendation – 24 
hours MDD 

4 8.5 

B) Proposed in current 
Concept Design 

5.9 8.5 

C) Required for 2 x 24 hour 
MDD (current Icon and 
QCC Criteria) 

8 17 

D) Required for expected 
Max 48 Hour Demand 
based on 40 years of 
climate data 

6.1 14.6 

E) Required for expected 
Max 48 Hour Demand 
based on 40 years of 
climate data with 
irrigation for public open 
space and open space at 
school switched off 

6.1 8.1 

F) Required for expected 
Max 48 Hour Demand 
based on 40 years of 
climate data with 
irrigation for public open 
space switched off 

6.1 9.2 

 



Googong Integrated Water Cycle 
Stage C - Network West 

 

 
 

Appendix  E Hazardous Chemical MSDS 
  



Safety Data Sheet 
1. IDENTIFICATION OF THE MATERIAL AND SUPPLIER
 
Product Name: SODIUM HYPOCHLORITE SOLUTION (10-15% 

AVAILABLE CHLORINE)
 
Recommended use of the chemical 
and restrictions on use:

Dairy, food and beverage industries:  Sanitising processing equipment. 
Textile industry:  Bleaching agent. 
Water treatment:  Sanitising agent.  
Available chlorine = 10 - 15%.

 
Supplier: Orica Australia Pty Ltd
ABN: 99 004 117 828 
Street Address: 1 Nicholson Street, 

Melbourne 3000
Australia 

 
Telephone Number: +61 3 9665 7111 
Facsimile: +61 3 9665 7937 
Emergency Telephone: 1 800 033 111 (ALL HOURS) 
  

2. HAZARDS IDENTIFICATION
 

Classified as Dangerous Goods by the criteria of the Australian Dangerous Goods Code (ADG Code) for Transport by Road 
and Rail;  DANGEROUS GOODS.
 
This material is hazardous according to Safe Work Australia;  HAZARDOUS SUBSTANCE.
 
Classification of the substance or mixture: 
Skin Corrosion - Sub-category 1C
Eye Damage - Category 1
Acute Aquatic Toxicity - Category 1
 
SIGNAL WORD:  CAUTION
 

CORROSIVE

8
 
Hazard Statement(s):
H314 Causes severe skin burns and eye damage. 
H400 Very toxic to aquatic life.
 
Precautionary Statement(s):

Prevention:
P260 Do not breathe dust/fume/gas/mist/vapours/spray.
P264 Wash hands thoroughly after handling.
P273 Avoid release to the environment.
P280 Wear protective gloves/protective clothing/eye protection/face protection.

Product N a m e : S ODIUM  H YP O C H LORITE S OLU TION (10-15% 
A V AILA BLE C H LORIN E) 

Is s ue d:  22/01/2013

Substa nc e N o: 000034421401 V ers ion: 9
Page 1 of 7  



Safety Data Sheet 
 
Response:
P301+P330+P331 IF SWALLOWED: Rinse mouth. Do NOT induce vomiting.
P303+P361+P353 IF ON SKIN (or hair): Take off immediately all contaminated clothing. Rinse skin with water/shower.
P363 Wash contaminated clothing before re-use.
P304+P340 IF INHALED: Remove person to fresh air and keep comfortable for breathing.
P310 Immediately call a POISON CENTER or doctor/physician.
P321 Specific treatment (see First Aid Measures on Safety Data Sheet).
P305+P351+P338 IF IN EYES: Rinse cautiously with water for several minutes. Remove contact lenses, if present and easy to do. 
Continue rinsing.
P391 Collect spillage.
 
Storage: 
P405 Store locked up.
 
Disposal:
P501 Dispose of contents/container in accordance with local/regional/national/international regulations.
 
Other Hazards: 
AUH031 Contact with acids liberates toxic gas.
 
Poisons Schedule (SUSMP): S5  Caution.
  

3. COMPOSITION/INFORMATION ON INGREDIENTS
 
Components CAS Number Proportion Hazard Codes 
Water 7732-18-5 >60% -
Sodium hypochlorite 7681-52-9 10-<30% H314 H400
Sodium hydroxide 1310-73-2 <1% H290 H314 H318
  
4. FIRST AID MEASURES
 

For advice, contact a Poisons Information Centre (e.g. phone Australia 131 126; New Zealand 0800 764 766) or a doctor.
 
Inhalation:
Remove victim from area of exposure - avoid becoming a casualty. Remove contaminated clothing and loosen remaining 
clothing. Allow patient to assume most comfortable position and keep warm. Keep at rest until fully recovered. If patient finds 
breathing difficult and develops a bluish discolouration of the skin (which suggests a lack of oxygen in the blood - cyanosis), 
ensure airways are clear of any obstruction and have a qualified person give oxygen through a face mask. Apply artificial 
respiration if patient is not breathing.  Seek immediate medical advice.
 
Skin Contact:
If spilt on large areas of skin or hair, immediately drench with running water and remove clothing.  Continue to wash skin and 
hair with plenty of water (and soap if material is insoluble) until advised to stop by the Poisons Information Centre or a doctor.
 
Eye Contact:
Immediately wash in and around the eye area with large amounts of water for at least 15 minutes. Eyelids to be held apart. 
Remove clothing if contaminated and wash skin.  Urgently seek medical assistance. Transport to hospital or medical centre. 
Continue to wash with large amounts of water until medical help is available.
 
Ingestion:
Immediately rinse mouth with water. If swallowed, do NOT induce vomiting.  Give a glass of water. Seek immediate medical 
assistance. 
 
Indication of immediate medical attention and special treatment needed:
Treat symptomatically. Can cause corneal burns. Delayed pulmonary oedema may result.
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5. FIRE FIGHTING MEASURES
 

Suitable Extinguishing  Media:
Not combustible, however, if material is involved in a fire use: Fine water spray, normal foam, dry agent (carbon dioxide, dry 
chemical powder).
 
Hazchem or Emergency Action Code: 2X 
 
Specific hazards arising from the substance or mixture:
Non-combustible material.
 
Special protective equipment and precautions for fire-fighters:
Decomposes on heating emitting toxic fumes, including those of chlorine . Fire fighters to wear self-contained breathing 
apparatus and suitable protective clothing if risk of exposure to products of decomposition.
  

6. ACCIDENTAL RELEASE MEASURES
 

Emergency procedures/Environmental precautions: 
Clear area of all unprotected personnel. If contamination of sewers or waterways has occurred advise local emergency 
services.
 
Personal precautions/Protective equipment/Methods and materials for containment and cleaning up:
Slippery when spilt.  Avoid accidents, clean up immediately.  Wear protective equipment to prevent skin and eye contact and 
breathing in vapours.  Work up wind or increase ventilation.  Contain - prevent run off into drains and waterways.  Use 
absorbent (soil, sand or other inert material).  Collect and seal in properly labelled containers or drums for disposal.
  

7. HANDLING AND STORAGE
 

This material is a Scheduled Poison S5 and must be stored, maintained and used in accordance with the relevant 
regulations.
 
Precautions for safe handling: 
Avoid skin and eye contact and breathing in vapour, mists and aerosols. Keep out of reach of children.
 
Conditions for safe storage, including any incompatibilities:
Store in cool place and out of direct sunlight. Store away from foodstuffs. Store away from acids. Store away from 
incompatible materials described in Section 10. Keep containers closed when not in use - check regularly for leaks.
  

8. EXPOSURE CONTROLS/PERSONAL PROTECTION
 

Control Parameters: No value assigned for this specific material by Safe Work Australia. However, Workplace Exposure 
Standard(s) for constituent(s):
 
Chlorine:  Peak Limitation = 3 mg/m3 (1 ppm) 
Sodium hydroxide:  Peak Limitation = 2 mg/m3 
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As published by Safe Work Australia Workplace Exposure Standards for Airborne Contaminants.

 Peak Limitation - a maximum or peak airborne concentration of a particular substance determined over the shortest 
analytically practicable period of time which does not exceed 15 minutes.

These Workplace Exposure Standards are guides to be used in the control of occupational health hazards. All atmospheric 
contamination should be kept to as low a level as is workable.  These workplace exposure standards should not be used as 
fine dividing lines between safe and dangerous concentrations of chemicals.  They are not a measure of relative toxicity.

 
Appropriate engineering controls: 
Ensure ventilation is adequate and that air concentrations of components are controlled below quoted Workplace Exposure 
Standards. If inhalation risk exists: Use with local exhaust ventilation or while wearing air supplied mask. Keep containers 
closed when not in use.
 
Individual protection measures, such as Personal Protective Equipment (PPE):
The selection of PPE is dependant on a detailed risk assessment.  The risk assessment should consider the work situation, 
the physical form of the chemical, the handling methods, and environmental factors.

Orica Personal Protection Guide No. 1, 1998: D - OVERALLS, CHEMICAL GOGGLES, FACE SHIELD, GLOVES (Long), 
APRON, RUBBER BOOTS.

 

 
Wear overalls, chemical goggles, face shield, elbow-length impervious gloves, splash apron or equivalent chemical 
impervious outer garment, and rubber boots. Always wash hands before smoking, eating, drinking or using the toilet. Wash 
contaminated clothing and other protective equipment before storage or re-use. 
If risk of inhalation exists, wear air supplied respirator meeting the requirements of AS/NZS 1715 and AS/NZS 1716. 
 
 

9. PHYSICAL AND CHEMICAL PROPERTIES
 

Physical state: Liquid
Colour: Pale Yellow - Green
Odour: Chlorine
Solubility: Miscible in water.
Specific Gravity: 1.2 @20°C
Relative Vapour Density (air=1): Not available
Vapour Pressure (20 °C): Not available
Flash Point (°C): Not applicable
Flammability Limits (%): Not applicable
Autoignition Temperature (°C): Not available
Boiling Point/Range (°C): Not available
pH: 12.5  (1% w/w)
 

10. STABILITY AND REACTIVITY
 
Reactivity: Contact with acids liberates toxic gas. 
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Chemical stability: Stable under normal ambient and anticipated storage and handling conditions of 

temperature and pressure. The amount of available chlorine diminishes over time.
 
Possibility of hazardous reactions: Hazardous polymerisation will not occur.   Reacts exothermically with acids . Reacts 

with ammonia, amines and ammonium salts to product chloramines. Decomposes on 
heating to produce chlorine gas.

 
Conditions to avoid: Avoid contact with foodstuffs. Avoid exposure to heat, sources of ignition, and open 

flame. Avoid exposure to light. Avoid contact with other chemicals.  Avoid contact with 
acids .

 
Incompatible materials: Incompatible with  acids , metals , metal salts , peroxides , reducing agents , and 

ethylene diamine tetraacetic acid . Incompatible with ammonia and ammonium 
coumpounds such as amines and ammonium salts.

 
Hazardous decomposition 
products: 

Chlorine.

  

11. TOXICOLOGICAL INFORMATION
 

No adverse health effects expected if the product is handled in accordance  with this Safety Data Sheet and the product 
label.  Symptoms or effects that may arise if the product is mishandled and overexposure occurs are:
 
Ingestion: Swallowing can result in nausea, vomiting, diarrhoea, abdominal pain and chemical 

burns to the gastrointestinal tract.
 
Eye contact: A severe eye irritant.  Corrosive to eyes;  contact can cause corneal burns. 

Contamination of eyes can result in permanent injury.
 
Skin contact: Contact with skin will result in severe irritation.  Corrosive to skin - may cause skin 

burns.
 
Inhalation: Breathing in mists or aerosols may produce respiratory irritation. Delayed (up to 48 

hours) fluid build up in the lungs may occur.
 
Acute toxicity: No LD50 data available for the product. For the constituent 
SODIUM HYPOCHLORITE:
Oral LD50 (mice): 5800 mg/kg
 
Serious eye damage/irritation: Moderate irritant (rabbit). Standard Draize test
Chronic effects: No information available for the product.
  

12. ECOLOGICAL INFORMATION
 

Ecotoxicity Avoid contaminating waterways. 
For SODIUM HYPOCHLORITE:

 
Persistence/degradability: This material is biodegradable.
 
Aquatic toxicity: Very toxic to aquatic organisms.
 
48hr LC50 (fish): 0.07 - 5.9 mg/L.
 

13. DISPOSAL CONSIDERATIONS
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13. DISPOSAL CONSIDERATIONS
Disposal methods: 
Refer to Waste Management Authority. Dispose of material through a licensed waste contractor. Decontamination and 
destruction of containers should be considered.
  

14. TRANSPORT INFORMATION
 

Road and Rail Transport
Classified as Dangerous Goods by the criteria of the Australian Dangerous Goods Code (ADG Code) for Transport by Road 
and Rail;  DANGEROUS GOODS.
 

CORROSIVE

8

UN No: 1791
Transport Hazard Class: 8 Corrosive 
Packing Group: III
Proper Shipping Name or 
Technical Name:

HYPOCHLORITE SOLUTION

Hazchem or Emergency Action 
Code:

2X 

 
Marine Transport
Classified as Dangerous Goods by the criteria of the International Maritime Dangerous Goods Code (IMDG Code) for 
transport by sea;  DANGEROUS GOODS.
 
UN No: 1791
Transport Hazard Class: 8   Corrosive
Packing Group: III
Proper Shipping Name or 
Technical Name:

HYPOCHLORITE SOLUTION

 
IMDG EMS Fire: F-A
IMDG EMS Spill: S-B
 
Air Transport
Classified as Dangerous Goods by the criteria of the International Air Transport Association (IATA) Dangerous Goods 
Regulations for transport by air;  DANGEROUS GOODS.
 
UN No: 1791
Transport Hazard Class: 8   Corrosive
Packing Group: III
Proper Shipping Name or 
Technical Name:

HYPOCHLORITE SOLUTION

 

15. REGULATORY INFORMATION
 

Classification:
This material is hazardous according to Safe Work Australia;  HAZARDOUS SUBSTANCE.
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Classification of the substance or mixture: 
Skin Corrosion - Sub-category 1C
Eye Damage - Category 1
Acute Aquatic Toxicity - Category 1
 
Hazard Statement(s):
H314 Causes severe skin burns and eye damage. 
H400 Very toxic to aquatic life.
 
Poisons Schedule (SUSMP): S5  Caution.
 
All the constituents of this material are listed on the Australian Inventory of Chemical Substances (AICS).
  

16. OTHER INFORMATION
 

`Registry of Toxic Effects of Chemical Substances'. Ed. D. Sweet, US Dept. of Health & Human Services: Cincinatti, 2012. 

 
This safety data sheet has been prepared by Orica Toxicology & SDS Services.

 
Reason(s) for Issue:
Revised Primary SDS
Alignment to GHS requirements
 
 
This SDS summarises to our best knowledge at the date of issue, the chemical health and safety hazards of the material 
and general guidance on how to safely handle the material in the workplace.  Since Orica Limited cannot anticipate or control 
the conditions under which the product may be used, each user must, prior to usage, assess and control the risks arising 
from its use of the material.

If clarification or further information is needed, the user should contact their Orica representative or Orica Limited at the 
contact details on page 1.

Orica Limited's responsibility for the material as sold is subject to the terms and conditions of sale, a copy of which is 
available upon request.

  

Product N a m e : S ODIUM  H YP O C H LORITE S OLU TION (10-15% 
A V AILA BLE C H LORIN E) 

Is s ue d:  22/01/2013

Substa nc e N o: 000034421401 V ers ion: 9
Page 7 of 7  
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1. IDENTIFICATION OF THE MATERIAL AND SUPPLIER
 
Product Name: SODIUM BISULFITE SOLUTION 
 
Other name(s): Sodium hydrogen sulfite solution;  Sodium bisulphite solution 25-40%;  Sodium 

metabisulphite solution 25-40%;  SMBS solution 25-40%.
 
Recommended use of the chemical 
and restrictions on use:

Dechlorination of waste water;  reducing agent for chromium plating solution.

 
Supplier: Orica Australia Pty Ltd
ABN: 99 004 117 828 
Street Address: 1 Nicholson Street, 

Melbourne 3000
Australia 

 
Telephone Number: +61 3 9665 7111 
Facsimile: +61 3 9665 7937 
Emergency Telephone: 1 800 033 111 (ALL HOURS) 
  

2. HAZARDS IDENTIFICATION
 

Classified as Dangerous Goods by the criteria of the Australian Dangerous Goods Code (ADG Code) for Transport by Road 
and Rail;  DANGEROUS GOODS.
 
This material is hazardous according to Safe Work Australia;  HAZARDOUS SUBSTANCE.
 
Classification of the substance or mixture: 
Acute Oral Toxicity - Category 4
Skin Irritation - Category 2
Eye Irritation - Category 2A
 
SIGNAL WORD:  WARNING
 

CORROSIVE

8
 
Hazard Statement(s):
H302 Harmful if swallowed. 
H315 Causes skin irritation. 
H319 Causes serious eye irritation. 
 
Precautionary Statement(s):

Prevention:
P264 Wash hands thoroughly after handling.
P270 Do not eat, drink or smoke when using this product.
P280 Wear protective gloves / protective clothing / eye protection / face protection.
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Response:
P301+P312 IF SWALLOWED: Call a POISON CENTER or doctor/physician if you feel unwell.
P330 Rinse mouth.
P302+P352 IF ON SKIN: Wash with plenty of soap and water.
P321 Specific treatment (see First Aid Measures on Safety Data Sheet).
P332+P313 If skin irritation occurs: Get medical advice/attention.
P362 Take off contaminated clothing and wash before reuse.
P305+P351+P338 IF IN EYES: Rinse cautiously with water for several minutes. Remove contact lenses, if present and easy to do. 
Continue rinsing.
P337+P313 If eye irritation persists: Get medical advice/attention.
 
Disposal:
P501 Dispose of contents/container in accordance with local/regional/national/international regulations.
 
Other Hazards: 
AUH031 Contact with acids liberates toxic gas.
 
Poisons Schedule (SUSMP): None allocated.
  

3. COMPOSITION/INFORMATION ON INGREDIENTS
 
Components CAS Number Proportion Hazard Codes 
Sodium bisulfite 7631-90-5 25-40% H302
Water 7732-18-5 to 100% -
  
4. FIRST AID MEASURES
 

For advice, contact a Poisons Information Centre (e.g. phone Australia 131 126; New Zealand 0800 764 766) or a doctor.
 
Inhalation:
Remove victim from area of exposure - avoid becoming a casualty. Remove contaminated clothing and loosen remaining 
clothing. Allow patient to assume most comfortable position and keep warm. Keep at rest until fully recovered. Seek medical 
advice if effects persist.
 
Skin Contact:
If skin or hair contact occurs, immediately remove any contaminated clothing and wash skin and hair thoroughly with running 
water. If swelling, redness, blistering or irritation occurs seek medical assistance.
 
Eye Contact:
If in eyes, hold eyelids apart and flush the eye continuously with running water.  Continue flushing until advised to stop by a 
Poisons Information Centre or a doctor, or for at least 15 minutes.
 
Ingestion:
Rinse mouth with water. If swallowed, give a glass of water to drink. If vomiting occurs give further water. Seek medical 
advice.
 
Indication of immediate medical attention and special treatment needed:
Treat symptomatically.
  

5. FIRE FIGHTING MEASURES
 

Suitable Extinguishing  Media:
Not combustible, however, if material is involved in a fire use: Fine water spray, normal foam, dry agent (carbon dioxide, dry 
chemical powder).
 
Hazchem or Emergency Action Code: 2X 
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Specific hazards arising from the substance or mixture:
Non-combustible material.
 
Special protective equipment and precautions for fire-fighters:
Non-combustible material. Decomposes on heating emitting toxic fumes, including those of oxides of sulfur . Fire fighters to 
wear self-contained breathing apparatus and suitable protective clothing if risk of exposure to products of decomposition.
  

6. ACCIDENTAL RELEASE MEASURES
 

Emergency procedures/Environmental precautions: 
If contamination of sewers or waterways has occurred advise local emergency services.
 
Personal precautions/Protective equipment/Methods and materials for containment and cleaning up:
Wear protective equipment to prevent skin and eye contact. Contain - prevent run off into drains and waterways.  Use 
absorbent (soil, sand or other inert material).   Collect and seal in properly labelled containers or drums for disposal.
  

7. HANDLING AND STORAGE
 

Precautions for safe handling: 
Avoid skin and eye contact and breathing in vapour, mists and aerosols.
 
Conditions for safe storage, including any incompatibilities:
Store in a cool, dry, well ventilated place and out of direct sunlight. Store away from incompatible materials described in 
Section 10. Suitable packaging materials include polyethylene, polypropylene, and/or poly-lined containers.  Keep containers 
closed when not in use - check regularly for leaks.
  

8. EXPOSURE CONTROLS/PERSONAL PROTECTION
 

Control Parameters: No value assigned for this specific material by Safe Work Australia. However, Workplace Exposure 
Standard(s) for constituent(s):
 
Sodium bisulfite:   8hr TWA = 5 mg/m3 

 
As published by Safe Work Australia Workplace Exposure Standards for Airborne Contaminants.

 TWA - The time-weighted average airborne concentration of a particular substance when calculated over an eight-hour 
working day, for a five-day working week.

  These Workplace Exposure Standards are guides to be used in the control of occupational health hazards. All atmospheric 
contamination should be kept to as low a level as is workable.  These workplace exposure standards should not be used as 
fine dividing lines between safe and dangerous concentrations of chemicals.  They are not a measure of relative toxicity.

 
Appropriate engineering controls: 
Ensure ventilation is adequate and that air concentrations of components are controlled below quoted Workplace Exposure 
Standards. Keep containers closed when not in use.
 
Individual protection measures, such as Personal Protective Equipment (PPE):
The selection of PPE is dependant on a detailed risk assessment.  The risk assessment should consider the work situation, 
the physical form of the chemical, the handling methods, and environmental factors.

Orica Personal Protection Guide No. 1, 1998: H - OVERALLS, SAFETY SHOES, CHEMICAL GOGGLES, GLOVES, 
RESPIRATOR.
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Wear overalls, chemical goggles and impervious gloves.  Use with adequate ventilation. If inhalation risk exists wear suitable 
mist respirator meeting the requirements of AS/NZS 1715 and AS/NZS 1716. Always wash hands before smoking, eating, 
drinking or using the toilet. Wash contaminated clothing and other protective equipment before storage or re-use. 

 

9. PHYSICAL AND CHEMICAL PROPERTIES
 

Physical state: Liquid
Colour: Pale Yellow
Odour: Pungent , Sulfur - like
Solubility: Soluble in water.
Specific Gravity: 1.37 @20°C
Relative Vapour Density (air=1): Not available
Vapour Pressure (20 °C): Not available
Flash Point (°C): Not applicable
Flammability Limits (%): Not applicable
Autoignition Temperature (°C): Not available
Boiling Point/Range (°C): Not available
pH: 3.8
 

10. STABILITY AND REACTIVITY
 
Reactivity: Contact with acids liberates toxic gas. 
 
Chemical stability: Stable under normal ambient and anticipated storage and handling conditions of 

temperature and pressure.
 
Possibility of hazardous reactions: Hazardous polymerisation will not occur.   Corrosive to mild steel .
 
Conditions to avoid: Avoid exposure to extreme heat.
 
Incompatible materials: Incompatible with  acids , strong oxidising agents , and materials that react violently 

with water .
 
Hazardous decomposition 
products: 

Sulfur dioxide.

  

11. TOXICOLOGICAL INFORMATION
 

No adverse health effects expected if the product is handled in accordance  with this Safety Data Sheet and the product 
label.  Symptoms or effects that may arise if the product is mishandled and overexposure occurs are:
 
Ingestion: Swallowing can result in nausea, vomiting, diarrhoea, and gastrointestinal irritation. 
 
Eye contact: An eye irritant.
 
Skin contact: Contact with skin will result in irritation.
 
Inhalation: Breathing in mists or aerosols may produce respiratory irritation. May cause respiratory 

sensitisation in sensitive individuals, producing asthma-like symptoms.
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Acute toxicity: No LD50 data available for the product. For the constituent 
SODIUM BISULFITE:
Oral LD50 (rat): 2000 mg/kg
 
Skin corrosion/irritation: Irritant.
Serious eye damage/irritation: Irritant.
Chronic effects: Not a listed carcinogen.
 
Estimated fatal dose in humans is 10 g.  

The sodium bisulfite constituent in this product can sensitise the skin and/or respiratory tract of some susceptible 
individuals.
 

12. ECOLOGICAL INFORMATION
 

Ecotoxicity Avoid contaminating waterways.
  

13. DISPOSAL CONSIDERATIONS
 

Disposal methods: 
Refer to Waste Management Authority. Dispose of contents/container in accordance with local/regional/national/international 
regulations.
  

14. TRANSPORT INFORMATION
 

Road and Rail Transport
Classified as Dangerous Goods by the criteria of the Australian Dangerous Goods Code (ADG Code) for Transport by Road 
and Rail;  DANGEROUS GOODS.
 

CORROSIVE

8

UN No: 2693
Transport Hazard Class: 8 Corrosive 
Packing Group: III
Proper Shipping Name or 
Technical Name:

BISULPHITES, AQUEOUS SOLUTION, N.O.S. (CONTAINS SODIUM BISULPHITE) 

Hazchem or Emergency Action 
Code:

2X 

 
Marine Transport
Classified as Dangerous Goods by the criteria of the International Maritime Dangerous Goods Code (IMDG Code) for 
transport by sea;  DANGEROUS GOODS.
 
UN No: 2693
Transport Hazard Class: 8   Corrosive
Packing Group: III
Proper Shipping Name or 
Technical Name:

BISULFITES, AQUEOUS SOLUTION, N.O.S. (CONTAINS SODIUM BISULFITE)

 
IMDG EMS Fire: F-A
IMDG EMS Spill: S-B
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Air Transport
Classified as Dangerous Goods by the criteria of the International Air Transport Association (IATA) Dangerous Goods 
Regulations for transport by air;  DANGEROUS GOODS.
 
UN No: 2693
Transport Hazard Class: 8   Corrosive
Packing Group: III
Proper Shipping Name or 
Technical Name:

BISULFITES, AQUEOUS SOLUTION, N.O.S. (CONTAINS SODIUM BISULFITE)

 

15. REGULATORY INFORMATION
 

Classification:
This material is hazardous according to Safe Work Australia;  HAZARDOUS SUBSTANCE.
 
Classification of the substance or mixture: 
Acute Oral Toxicity - Category 4
Skin Irritation - Category 2
Eye Irritation - Category 2A
 
Hazard Statement(s):
H302 Harmful if swallowed. 
H315 Causes skin irritation. 
H319 Causes serious eye irritation. 
 
Poisons Schedule (SUSMP): None allocated.
 
All the constituents of this material are listed on the Australian Inventory of Chemical Substances (AICS).
  

16. OTHER INFORMATION
 

American Conference of Governmental and Industrial Hygienists.  In: `Threshold Limit Values and Biological Exposure 
Indices'.  American Conference of Governmental and Industrial Hygienists Inc., 2001.
Private Correspondence with supplier. 1996.
In: `Handbook of Poisoning'. 12th Edition. Ed. Driesbach R.H., Lang Medical Publications, 1987.
`Registry of Toxic Effects of Chemical Substances'. Ed. D. Sweet, US Dept. of Health & Human Services: Cincinatti, 2007.

 
This safety data sheet has been prepared by Orica Toxicology & SDS Services.

 
Reason(s) for Issue:
Revised Primary SDS
Alignment to GHS requirements
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This SDS summarises to our best knowledge at the date of issue, the chemical health and safety hazards of the material 
and general guidance on how to safely handle the material in the workplace.  Since Orica Limited cannot anticipate or control 
the conditions under which the product may be used, each user must, prior to usage, assess and control the risks arising 
from its use of the material.

If clarification or further information is needed, the user should contact their Orica representative or Orica Limited at the 
contact details on page 1.

Orica Limited's responsibility for the material as sold is subject to the terms and conditions of sale, a copy of which is 
available upon request.
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1800-127406

0800-243622

+64-4-9179888

Australia

New Zealand

                     

Telephone

+61-2-97333000

+64-9-2506222

0800-764766

MSDS Officer

1800-251525

131126

                     

Ask For

Chemical Name

Chemical Formula

Chemical Family

Other Names

New Zealand    

Product Name

Uses

Sulphuric Acid <51%

Fertilisers, explosives, battery acid (battery grades only), electroplating, dyes, drugs, detergents, adhesives, plastics, 

paints, tanning, food processing, water treatment.

Product Description

No Data Available

H2SO4

Sulphuric Acid <51%

No Data Available

Dihydrogen Sulfate; Dipping Acid; Sulfuric Acid <51%; Sulphuric Acid <51%

Contact Information Organisation Location

Poisons Information Centre

Redox Pty Ltd 2 Swettenham Road

Minto NSW 2566

Australia

11 Mayo Road

Wiri Auckland 2104

New Zealand

                     

Westmead NSW

Chemcall

National Poisons Centre

1. IDENTIFICATION

This Material Safety Data Sheet may not provide exhaustive guidance for all HSNO Controls assigned to this substance. The EPA (New Zealand) web site should be 

consulted for a full list of triggered controls and cited regulations.

S24/25 Avoid contact with skin and eyes.

S26 In case of contact with eyes, rinse immediately with plenty of water and seek medical 

advice.

S30 Never add water to this product.

S36/37/39 Wear suitable protective clothing, gloves and eye/face protection.

S45 In case of accident or if you feel unwell, seek medical advice immediately (show the 

label where possible).

R35 Causes severe burns.

6

C Corrosive

Poisons Schedule (Aust)

Risk Phrases

Safety Phrases

Categories

Dangerous Goods according to the criteria of the Australian Dangerous Goods Code (ADG Code).ADG Code

Hazardous according to the criteria of SWA [NOHSC:1008(2004)]SWA Hazard Classification

2. HAZARD IDENTIFICATION

HSNO Hazard Classification 6.1D; 6.7A; 6.9A; 8.1A; 8.2B; 8.3A; 9.1C; 9.1D

3. COMPOSITION/INFORMATION ON INGREDIENTS

50
ANNIVERSARY
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Australia
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Malaysia
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USA

Los Angeles

Phone

Fax

E-mail

Web

ABN

+61 2 9733 3000

+61 2 9733 3111

sydney@redox.com

www.redox com

92 000 762 345

Redox Pty Ltd
Corporate Office Sydney

Locked Bag 15 Minto NSW 2566 Australia

2 Swettenham Road Minto NSW 2566 Australia

All Deliveries: 4 Holmes Road Minto NSW 2566 Australia



Chemical Entity Formula CAS Number Proportion

Sulphuric Acid No Data Available 7664-93-9 >10.0 - 51.0 % 

Water No Data Available 7732-18-5 BALANCE % 

Ingredients

Description of necessary measures according to routes of exposure

4. FIRST AID MEASURES

Swallowed If swallowed, do NOT induce vomiting. Seek medical attention immediately. For advice, contact a Poison Information 

Centre on 13 11 26 (Australia Wide) or a doctor (at once).�

Advice to Doctor Treat symptomatically based on judgement of doctor and individual reactions of patient. Can cause corneal burns.

Inhaled If inhaled, remove from contaminated area. To protect rescuer, use a Full-face Type B (Inorganic and acid gas) 

respirator or an Air-line respirator (in poorly ventilated areas). Apply artificial respiration if not breathing.

Medical Conditions Aggravated 

by Exposure

No information available on medical conditions aggravated by exposure to this product.

Eye If in eyes, hold eyelids apart and flush the eye continuously with running water. Continue flushing until advised to stop 

by the Poisons Information Centre or a doctor, or for at least 15 minutes.

Skin If skin or hair contact occurs, remove contaminated clothing and flush skin and hair with running water. Continue 

flushing until advised to stop by the Poisons Information Centre or a doctor.

5. FIRE FIGHTING MEASURES

General Measures If safe to do so, remove containers from the path of fire. Evacuate area and contact emergency services.

Flammability Conditions Product is a non-flammable liquid.

Extinguishing Media For large fires, flood fire area with large quantities of water while knocking down vapours with water fog. If there is 

insufficient water supply, knock down vapours only. For small fires, use Carbon dioxide, dry chemical, dry sand or 

flooding quantities of water. Toxic gases may be evolved in a fire situation. Remain upwind and notify those 

downwind of hazard. If tanks or containers are involved in the fire, cool them with copious quantities of water until 

well after the fire is out. Do not allow water to get inside tanks or containers. Withdraw immediately from the fire area 

if the tanks discolour or there is a rising sound from the safety vents. Stay away from tank ends. Use an extinguishing 

agent suitable for the surrounding fire including water spray, foam, carbon dioxide or dry chemical powder.

Fire and Explosion Hazard The product is non-combustible but will support combustion of other materials and may emit toxic fumes including 

those of sulphuric acid fumes and sulphur dioxide. The packaging material may burn to emit noxious fumes. Reacts 

with most common metals to liberate hydrogen which can form explosive mixtures with air.�

Hazardous Products of 

Combustion

Sulphur oxides.

Special Fire Fighting 

Instructions

Clear fire area of all non-emergency personnel. Stay upwind. Keep out of low areas.  Eliminate ignition sources. Move 

fire exposed containers from fire area if it can be done without risk. Do NOT allow fire fighting water to reach 

waterways, drains or sewers. Store fire fighting water for treatment.

Personal Protective Equipment Fire fighters should wear a positive-pressure self-contained breathing apparatus (SCBA) and protective fire fighting 

clothing (includes fire fighting helmet, coat, trousers, boots and gloves) or chemical splash suit. Please note: 

Structural fire fighters uniform will provide limited protection.

Flash Point No Data Available

Lower Explosion Limit No Data Available

Upper Explosion Limit No Data Available

Auto Ignition Temperature No Data Available

Hazchem Code 2R

6. ACCIDENTAL RELEASE MEASURES

General Response Procedure Avoid accidents, clean up immediately. May be slippery when spilt. Eliminate all sources of ignition. Increase 

ventilation. Isolate the danger area. Use clean, non-sparking tools and equipment. Shut off all possible sources if 

ignition.



Clean Up Procedures Soak up spilled product using absorbent non-combustible material such as sand or soil. Avoid using sawdust or 

cellulose. When saturated collect material, transfer to suitable, labelled, dry chemical-waste containers and dispose 

of promptly as hazardous waste. In case of large spill, Solutions can be recovered or carefully diluted with water and 

cautiously neutralised with alkalis such as lime or soda ash, adjusting pH to 6-10. Neutralise the final traces and flush 

area with water.

Containment Stop leak if safe to do so.

Decontamination To avoid violent reactions, always add acid to water and never water to acid. When cleaning up residual acid after a 

spill, use copious (flooding) quantities of water from the outset, to provide rapid dilution.

Environmental Precautionary 

Measures

Do not allow product to reach drains, sewers or waterways. If product does enter a waterway, advise the 

Environmental Protection Authority or your local Waste Authority.

Evacuation Criteria Do not enter area, walk though spilled material or touch damaged containers. Restrict access downwind and for at 

least 25 metres in other directions, unless appropriate PPE is worn. Ventilate area where possible.

Personal Precautionary 

Measures

Personnel involved in the clean up should wear full protective clothing as listed in section 8.

7. HANDLING AND STORAGE

Handling Ensure an eye bath and safety shower are available and ready for use. Observe good personal hygiene practices and 

recommended procedures. Wash thoroughly after handling. Remove contaminated clothing promptly. Keep 

contaminated clothing in closed containers. Discard or launder before rewearing. Inform laundry personnel of 

contaminant's hazards. Do not eat, drink or smoke in work areas. Avoid generating mist or spray. When diluting 

solution, add material to water in small amounts. Label containers. Empty containers may contain residues which are 

hazardous. Use smallest possible amounts in designated areas with adequate ventilation. Have emergency 

equipment (for fires, spills, leaks, etc.) readily available. Avoid contact with eyes, skin and clothing. Do not inhale 

product vapours. Avoid prolonged or repeated exposure.

Storage Store in a cool, dry, well-ventilated area. Keep containers tightly closed when not in use. Inspect regularly for 

deficiencies such as damage or leaks. Protect against physical damage. Store away from incompatible materials as 

listed in section 10. Materials that react violently with acids should not be stored in the same area. Storage tanks 

should be above ground and surrounded with dykes capable of holding entire contents. Limit quantity of material in 

storage. Restrict access to storage area. Post warning signs when appropriate. Keep storage area separate from 

populated work areas. This product has a UN classification of 2796 and a Dangerous Goods Class 8 (Corrosive) 

according to The Australian Code for the Transport of Dangerous Goods By Road and Rail.

Container Container type/packaging must comply with all applicable local legislation. Store in original packaging as approved by 

manufacturer.

8. EXPOSURE CONTROLS / PERSONAL PROTECTION

General The following exposure standard has been established by The Safe Work Australia (SWA);

Sulphuric Acid CAS 7664-93-9: TWA = 1 mg/m3  STEL = 3 mg/m3 

NOTE: The exposure value at the TWA is the average airborne concentration of a particular substance when 

calculated over a normal 8 hour working day for a 5 day working week.

These exposure standards are guides to be used in the control of occupational health hazards. All atmospheric 

contamination should be kept to as low a level as is workable. These exposure standards should not be used as fine 

dividing lines between safe and dangerous concentrations of chemicals. They are not a measure of relative toxicity.

Exposure Limits No Data Available

Biological Limits No information available on biological limit values for this product.

Engineering Measures A system of local and/or general exhaust is recommended to keep employee exposures as low as possible. Local 

exhaust ventilation is generally preferred because it can control the emissions of the contaminant at its source, 

preventing dispersion of it into the general work area. Adequate ventilation should be provided so that exposure limits 

are not exceeded. Use a corrosion-resistant ventilation system separate from other exhaust ventilation systems. 

Exhaust directly to the outside. Use local exhaust ventilation, and process enclosure if necessary, to control airborne 

spray/ mists. Supply sufficient air to make up for air removed by exhaust systems.

Personal Protection Equipment RESPIRATOR: Where risk assessment shows air-purifying respirators are appropriate use a Full Facepiece Gas 

Mask/Chemical Cartridge Respirators as a backup to engineering controls. If the respirator is the sole means of 

protection, use a full-face supplied air respirator. Use respirators and components tested and approved under 

appropriate government standards (AS1715/1716).

EYES: Tightly fitting safety goggles. Faceshield (8-inch minimum). Use equipment for eye protection tested and 

approved under appropriate government standards (AS1336/1337). 

HANDS: Handle with gloves. Gloves must be inspected prior to use. Use proper glove removal technique (without 

touching glove's outer surface) to avoid skin contact with this product (AS2161). 

HANDS: Handle with gloves. Gloves must be inspected prior to use. Use proper glove removal technique (without 

touching glove's outer surface) to avoid skin contact with this product. (AS2161). 

CLOTHING: Complete suit protecting against chemicals, The type of protective equipment must be selected 



according to the concentration and amount of the dangerous substance at the specific workplace. (AS3765/2210).

Full contact

Material: Fluorinated rubber

Minimum layer thickness: 0.7 mm

Break through time: 480 min

Material tested:Vitoject® (KCL 890 / Aldrich Z677698, Size M)

Splash contact

Material: Nitrile rubber

Minimum layer thickness: 0.2 mm

Break through time: 30 min

Material tested:Dermatril® P (KCL 743 / Aldrich Z677388, Size M)

Work Hygienic Practices Use of safe work practices are recommended to avoid eye or skin contact and inhalation. Observe good personal 

hygiene, including washing hands before eating. Prohibit eating, drinking and smoking in contaminated areas.

9. PHYSICAL AND CHEMICAL PROPERTIES

Physical State Liquid

Appearance Liquid

Odour Slight Odour

Colour Clear/colourless

pH <1 

Vapour Pressure 1.33 hPa (@ 145.8 °C)

Relative Vapour Density 3.39 Air = 1

Boiling/Melting Point No Data Available

Solubility Completely Soluble °C

Freezing Point No Data Available

Specific Gravity 1.20 - 1.40

Flash Point No Data Available

Auto Ignition Temp No Data Available

Evaporation Rate No Data Available

Bulk Density No Data Available

Corrosion Rate No Data Available

Decomposition Temperature No Data Available

Density 1.403 g/ml

No Data AvailableSpecific Heat

Molecular Weight No Data Available

Net Propellant Weight No Data Available

Octanol Water Coefficient No Data Available

Particle Size No Data Available

Partition Coefficient No Data Available

Saturated Vapour Concentration No Data Available

Vapour Temperature No Data Available

Viscosity No Data Available

Volatile Percent No Data Available

VOC Volume No Data Available

Additional Characteristics Surface tension 55.1 mN/m at 20 °C

Relative vapour density 3.39 - (Air = 1.0)

Potential for Dust Explosion Product is a liquid.

Fast or Intensely Burning 

Characteristics

No Data Available

Flame Propagation or Burning 

Rate of Solid Materials

No Data Available

Non-Flammables That Could 

Contribute Unusual Hazards to a 

Fire

No Data Available



Properties That May Initiate or 

Contribute to Fire Intensity

No Data Available

Reactions That Release Gases 

or Vapours

Reacts with most metals generating flammable/explosive hydrogen gas.

Release of Invisible Flammable 

Vapours and Gases

No Data Available

10. STABILITY AND REACTIVITY

General Information Corrosive liquid. Corrosive to many metals with the liberation of extremely flammable hydrogen gas.

Chemical Stability Potential for exothermic hazard. Can react violently, releasing heat, when mixed with water and strong alkalis (bases). 

May evolve flammable, and when confined, explosive hydrogen gas in contact with some metals.

Conditions to Avoid Avoid heat, sparks, open flames and other ignition sources.

Materials to Avoid Bases, Halides, Organic materials, Carbides, fulminates, Nitrates, picrates, Cyanides, Chlorates, alkali halides, Zinc 

salts, permanganates, e.g. potassium permanganate, Hydrogen peroxide, Azides, Perchlorates., Nitromethane, 

phosphorous, Reacts violently with:, cyclopentadiene, cyclopentanone oxime,

nitroaryl amines, hexalithium disilicide, phosphorous(III) oxide, Powdered metals

Hazardous Decomposition 

Products

This product and its solutions will not burn or support combustion. However, reaction with a number of commonly 

encountered oxidisable materials (see Reactivity) can generate sufficient heat to ignite nearby combustible materials. 

Reacts with most metals generating flammable/explosive hydrogen gas.

Avoid addition of water to product - generates considerable heat and spattering. Will emit toxic fumes in fire, 

including sulfuric acid fumes and sulfur dioxide.

Hazardous Polymerisation Hazardous polymerization Does not occur.

EyeIrritant Extremely corrosive. Can penetrate deeply causing irritation or severe burns depending on the concentration and 

duration of exposure. In severe cases, ulceration and permanent damage may occur.

Ingestion Burning of the mouth, throat and oesophagus; vomiting; diarrhoea; collapse and possible death may result. Highly 

corrosive. Ingestion of large quantities may result in ulceration, unconsciousness, convulsions and death.

Inhalation Effects of inhaling vapour & mists have not been clearly established. Most references indicate that irritation of the 

nose, throat and lungs would occur due to the corrosive nature of the product. Highly corrosive - severe irritant.

Over exposure may result in mucous membrane irritation of the respiratory tract coughing, bronchitis, ulceration, 

bloody nose, lung tissue damage, chemical pneumonitis, pulmonary oedema and death.

SkinIrritant Extremely corrosive. Capable of causing severe burns with deep ulceration. Can penetrate to deeper layers of skin. 

Corrosion will continue until removed.

Severity depends on concentration and duration of exposure. Repeated or prolonged contact with dilute solutions 

may lead to irritant contact dermatitis.

11. TOXICOLOGICAL INFORMATION

General Information No Data Available

Carcinogen Category 0

12. ECOLOGICAL INFORMATION

Ecotoxicity No ecological information available for this product.

No information available on persistence/degradability for this product.Persistence/Degradability

Mobility Sulfuric acid is miscible with water and its dilution will increase the velocity of downward movement in the soil where it 

may dissolve the soil material.

Environmental Fate Do NOT allow product to enter waterways, drains or sewers.

Bioaccumulation Potential No information available on bioaccumulation potential for this product.

Environmental Impact No Data Available

13. DISPOSAL CONSIDERATIONS



General Information Dispose of in accordance with all local, state and federal regulations. All empty packaging should be disposed of in 

accordance with Local, State, and Federal Regulations or recycled/reconditioned at an approved facility.

Contact a specialist disposal company or the local waste regulator for advice.

Wearing the protective equipment detailed above, neutralise to pH 6-8 by SLOW addition to a saturated sodium 

bicarbonate solution or similar basic solution.

Dilute with excess water and flush to drain. Waste disposal should only be undertaken in a well ventilated area.

Special Precautions for Land Fill

Air

IATA

Proper Shipping Name SULPHURIC ACID with not more than 51% acid 

Class 8 Corrosive Substances

Subsidiary Risk(s) No Data Available

UN Number 2796

Hazchem 2R

Pack Group II

Special Provision No Data Available

Land

Australia: ADG

Proper Shipping Name SULPHURIC ACID with not more than 51% acid 

Class 8 Corrosive Substances

Subsidiary Risk(s) No Data Available

EPG 37 Toxic And/Or Corrosive Substances  Non-Combustible

UN Number 2796

Hazchem 2R

Pack Group II

Special Provision No Data Available

New Zealand: NZS5433

Proper Shipping Name SULPHURIC ACID with not more than 51% acid 

Class 8 Corrosive Substances

Subsidiary Risk(s) No Data Available

EPG 37 Toxic And/Or Corrosive Substances  Non-Combustible

UN Number 2796

Hazchem 2R

Pack Group II

Special Provision No Data Available

United States of America: US DOT

Proper Shipping Name SULPHURIC ACID with not more than 51% acid 

Class 8 Corrosive Substances

Subsidiary Risk(s) No Data Available

14. TRANSPORT INFORMATION

Dangerous Goods according to the criteria of the Australian Dangerous Goods Code (ADG Code).ADG Code



ERG 157 Substances - Toxic and/or Corrosive (Non-Combustible / Water-Sensitive)

UN Number 2796

Hazchem 2R

Pack Group II

Special Provision No Data Available

Sea

IMDG

Proper Shipping Name SULPHURIC ACID with not more than 51% acid 

Class 8 Corrosive Substances

Subsidiary Risk(s) No Data Available

UN Number 2796

Hazchem 2R

Pack Group II

Special Provision No Data Available

EMS FA,SB

Marine Pollutant No

ABBREVIATIONS: SAR = supplied-air respirator SCBA = self-contained breathing apparatus IDLH = Immediately 

Dangerous to Life or Health.

Additional Information

EPA (New Zealand)

Hazardous Substances and New Organisms Act (HSNO)

Approval Code: HSR001572

15. REGULATORY INFORMATION

General Information No Data Available

Poisons Schedule (Aust) 6

SULFURIC ACIDAICS Name

16. OTHER INFORMATION

Revision 2

Revision Date 24 Oct 2014

Related Product Codes SULACC1200, SULACC1300, SULACC2000, SULACC2001, SULACC2100, SULACC3500, SULACC5400, 

SULACD1400, SULACD1500, SULACD1501, SULACD1502, SULACD2600, SULACD2700, SULACD5400, 

SULACD5401, SULACD5402, SULACI1200, SULACI1201, SULACI1400, SULACI1401, SULACI1500, SULACI1501, 

SULACI2700, SULACI2800, SULACI3500, SULACI3501, SULACI4100, SULACI5000, SULACI1804, SULACI1805, 

SULACI1806, SULACI1807, SULACI1808, SULACI1809, SULACI1810, SULACI1811, SULACI1812, SULACI1813, 

SULACI1814, SULACI1815, SULACI1816, SULACI1817, SULACI1818, SULACI1822, SULACI1823, SULACI1824, 

SULACI1848, SULACI1849, SULACI1850, SULACI1851, SULACI1857, SULACI1873, SULACI1874, SULACI1875, 

SULACI1876, SULACI1877, SULACI1878, SULACI1879, SULACI1880, SULACI1881, SULACI1882, SULACI1883, 

SULACI1884, SULACI1885, SULACI1886, SULACI1887, SULACI1888, SULACI1889, SULACI1892, SULACI1893, 

SULACI1894, SULACI1895, SULACI1901, SULACI1902, SULACI1903, SULACI1904, SULACI1906, SULACI1907, 

SULACI1908, SULACI1909, SULACI1910, SULACI1911, SULACI1912, SULACI1913, SULACI1914, SULACI1915, 

SULACI1916, SULACI1922, SULACI1923, SULACI1930, SULACI1939, SULACI1940, SULACI1941, SULACI1943, 

SULACI1964, SULACI1965, SULACI1966, SULACI1967, SULACI1968, SULACI1969, SULACI1970, SULACI1971, 

SULACI1979, SULACI1980, SULACI1983, SULACI1984, SULACI1991, SULACI1992, SULACI1996, SULACI1998, 

SULACI1999, SULACI3502, SULACI2004, SULACI2005, SULACI2006, SULACI2008, SULACI1781, SULACI2014, 

SULACI2016, SULACI1007, SULACI2017



< Less Than

> Greater Than

AICS Australian Inventory of Chemical Substances

atm Atmosphere

CAS Chemical Abstracts Service (Registry Number)

cm² Square Centimetres

CO2 Carbon Dioxide

COD Chemical Oxygen Demand

deg C (°C) Degrees Celcius

EPA (New Zealand) Environmental Protection Authority of New Zealand

deg F (°F) Degrees Farenheit

g Grams

g/cm³ Grams per Cubic Centimetre

g/l Grams per Litre

HSNO Hazardous Substance and New Organism

IDLH Immediately Dangerous to Life and Health

immiscible Liquids are insoluable in each other.

inHg Inch of Mercury

inH2O Inch of Water

K Kelvin

kg Kilogram

kg/m³ Kilograms per Cubic Metre

lb Pound

LC50 LC stands for lethal concentration. LC50 is the concentration of a material in air which causes the death of 

50% (one half) of a group of test animals. The material is inhaled over a set period of time, usually 1 or 4 hours.

LD50 LD stands for Lethal Dose. LD50 is the amount of a material, given all at once, which causes the death of 50% 

(one half) of a group of test animals.

ltr or L Litre

m³ Cubic Metre

mbar Millibar

mg Milligram

mg/24H Milligrams per 24 Hours

mg/kg Milligrams per Kilogram

mg/m³ Milligrams per Cubic Metre

Misc or Miscible Liquids form one homogeneous liquid phase regardless of the amount of either component 

present.

mm Millimetre

mmH2O Millimetres of Water

mPa.s Millipascals per Second

N/A Not Applicable

NIOSH National Institute for Occupational Safety and Health

NOHSC National Occupational Heath and Safety Commission

OECD Organisation for Economic Co-operation and Development

Oz Ounce

PEL Permissible Exposure Limit

Pa Pascal

ppb Parts per Billion

ppm Parts per Million

ppm/2h Parts per Million per 2 Hours

ppm/6h Parts per Million per 6 Hours

psi Pounds per Square Inch

R Rankine

RCP Reciprocal Calculation Procedure

STEL Short Term Exposure Limit

TLV Threshold Limit Value

tne Tonne

torr Millimetre of Mercury

TWA Time Weighted Average

ug/24H Micrograms per 24 Hours

UN United Nations

wt Weight

Key/Legend
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Appendix  G CHAIR 1 Report 
  



Record of Risk Assessment CHAIR 1

Ass't No: Not applicable Sheet No: 1

Ref No Area / Activity Guideword / Prompts Risk Issue / Cause Existing Safegaurds Further Action Outcome / Residual risk     Owner
Date 

completed
1 Access road ACCESS / EGRESS Tight access from 100 km/hr public road into 

service road
Intersection being designed at present Access interection to be design for safe access/egress TC

2 Access road ACCESS / EGRESS Access roads might be difficult to negotiate 10 km/hr speed limit None. - VC 31-Jul

3 Access road ACCESS / EGRESS No designated parking areas Parking areas on compacted DGB Protect chambers (e.g. bollards) if not trafficable Bollards added as appropriate. VC 31-Jul

4 Access road ACCESS / EGRESS Possible insufficient working areas - e.g. when 
removing roof panels for maintenance

Space between reservoirs for temporary 
storage/working areas

Use area between reservoirs of block off parts of ring road for 
working area

QCC

5 Access road HEIGHTS / DEPTHS 11% grade of lead-in road to site - Access road to site to consider ability of vehicles to negotiate 
grade 

TC

6 Access road HEIGHTS / DEPTHS 3% cross fall around site banking opposite to 
curve

Larger turning radii for contra-camber driving None. - VC 31-Jul

7 Access road HEIGHTS / DEPTHS Road users driving off road and down batters None Protect road users from driving down batters - e.g. dacite 
boulders

Dacite boulders between road edge and top 
of batters as appropriate.

VC 31-Jul

8 Access road ACCESS / EGRESS Potential for collision on single-direction road Safety signage to confirm direction of travel (clockwise) and 
speed limits

Annotation added to drawing G002 VC 31-Jul

9 Access road LOAD / FORCE Hardstand areas not identified - Ensure hardstand for outriggers are identified hard stand area for 55t cxrane and laydown 
areas identified

VC 31-Jul

10 Access road LOAD / FORCE Potential subsidence of fill areas - Fill areas to be able to handle likely loads notes provided on G003 for geotechnical 
engineering advice during detailed design

VC 31-Jul

11 Access road ACCESS / EGRESS Personnel poorly informed in emergency 
situation

- Signage to include emergency contact information Annotation added to drawings VC 31-Jul

12 Access road ACCESS / EGRESS Insufficient access/egress points Access gate and personel gate provided Additional personnel access gate for emergencies - near 
overflow point

Added to G002 drawing VC 31-Jul

13 Access road ACCESS / EGRESS Slips and trips None Highlight bunding - zebra stripes incorporated on plans VC 31-Jul

14 Chambers POOR ERGONOMICS Over-reliance on cranes to maintain fittings in 
chambers

- Davit sockets for chambers Note for davits around pits added to C005 VC 31-Jul

15 Chambers ACCESS / EGRESS Confined space - Limit depths to 1500 mm deep (rule of thumb) Note added to C005 for pits to be 1500mm 
deep where posssible

VC 31-Jul

16 Chambers POSITION / LOCATION Pits may be in sub-optimal locations - Pits to not be in depressed ground
Pits to not be in drip line for roofs

 Amended as appropriate. VC 31-Jul

17 Chambers POSITION / LOCATION Potential vandalism of sampling equipment 
(overflow)

- If sampling equipment is in above-ground box, consider re-
locating closer to reservoir (not in exposed location on outside 
of Stage C ring road at present)

Note included on C005 VC 31-Jul

18 Chambers ACCESS / EGRESS Falling into pits McBerns safety covers for all chambers Note included on drawings
Already noted in CDR [C].

VC 31-Jul

19 Chambers LOAD / FORCE Potential for under-rated pit covers Specify load rating for pit lids Annotation added to C005 for 5kPa load 
rating on pits 

VC 31-Jul

20 Chemical dosing ACCESS / EGRESS Personnel poorly informed in emergency 
situation

- Include MSDS and emergency evacuation point in O&M Detailed design. VC 31-Jul

21 Chemical dosing SIZE Bunds sufficiently sized - Spash angles and volumes to be considered Bunds sized accordingly VC 31-Jul

22 Chemical dosing MAINTENANCE / REPAIR No stormwater drainage for chemical bund 
identified

- Where does chemical dosing sump drain to?
Stormwater drain to be provided (valve normally open). Valve 
to be closed prior to chemical delivery.

dedicated drain through  headwall at eastern 
site perimeter. Valve included on drainage 
line

VC 31-Jul

23 Chemical dosing MAINTENANCE / REPAIR Potential incorrect storage of IBCs - Storage area not correctly set out for IBCs (refer to how they 
are stored in treatment plants)

Drawings ammednded for IBC storage VC 31-Jul

24 Chemical dosing SIZE Dosing lines may be unecessarily long - Can dosing lines be shorter? Dosing line lengths retained. VC 31-Jul

25 Chemical dosing POOR ERGONOMICS Slips / trips - All pipework (fill point and fill pipe) to be in a rebate Note included and shown on C004 VC 31-Jul

26 Chemical dosing POSITION / LOCATION Potential for non-compliance with hazardous 
goods legislation

- Check hazardous goods legislation - requirement for wall if 
close to boundary?

Walls added to 3 sides of each bund VC 31-Jul

27 Chemical dosing POOR ERGONOMICS Potential vandalism - Consider walls on three sides (of combined storage area) Incorporated VC 31-Jul

28 Chemical dosing POOR ERGONOMICS Poor visibility for maintenance personnel - Lighting required around chemical dosing area Lighting included on chemical storage areas, 
pump building and between reservoirs

VC 31-Jul

29 Chemical dosing POOR ERGONOMICS Chemical dosing area might be too visible - 
vandalism

- Landscaping to maximise screening of chemical dosing area Chemical dosing area surrounded by cut area 
and walls around storage bunds.  No note 
included for landscaping

VC 31-Jul

30 Chemical dosing POSITION / LOCATION Potential for damage to pipework - All pipework to be mechanically protected from damage note included on C005 VC 31-Jul

31 Chemical dosing POOR ERGONOMICS Slips / trips - Grit finish on epoxy for chemical bunds note included on C005 VC 31-Jul

Project Name: Googong Stage C West Project Number: 83500349
Component or Aspect: All components



32 Chemical dosing MAINTENANCE / REPAIR Potential for vandalism to cabinets - Cabinet doors to be vandal-proof (refer to Aust Standard) note included on C005 VC 31-Jul

33 Chemical dosing ACCESS / EGRESS Potential for poor access in emergency - Consider ease of access for emergency vehicles Layout appropriate for emergency access. VC 31-Jul

34 Chemical dosing ACCESS / EGRESS Potential for poor access around tanks in 
emergency

- Consider ease of access around tanks Access adequate. VC 31-Jul

35 Chemical dosing ACCESS / EGRESS Protection of chemical area - Provide bollards around chemical area (including for reversing 
vehicles)

incorporated VC 31-Jul

36 Chemical dosing LOAD / FORCE Protection of chemical area - Robust post for fill points incorporated VC 31-Jul

37 Pipework / Boosters SIZE Potential for PW boosters (incl. accumulators) 
not large enough for safety shower(s)

- Check PW booster pump capacity for safety showers Booster pump sizing pending VC

38 Pipework / Boosters LOAD / FORCE Damage by vehicles Above-ground pipework to be mechanically protected note included on C005 VC 31-Jul

39 Pipework / Boosters POSITION / LOCATION Exposed pumps - All above-ground pumps to be inside building incorporated VC 31-Jul

40 Pipework / Boosters MAINTENANCE / REPAIR Access of pumps - If in building, pumps to be provided with monorails in a way 
that is accessible by maintenance vehicles

incorporated VC 31-Jul

41 Pipework / Boosters POSITION / LOCATION Potential for cross-contamination - Good check on cross-contamination potential at reservoir site - 
use of spool that sits with Andre that requires off-site 
intervention/approval

incorporated VC 31-Jul

42 Reservoirs / Structures HEIGHTS / DEPTHS Working at heights 10 m max structure height (excluding roofs) Minimise need to work at heights - instrumentation at ground 
level where possible, regular maintenance items to be as low 
as possible
Anchoring points to be provided
Handrailing around platform area (only)
No handrailing around perimeter - invites people to be on roof
Central tether point and ability to get there safely? Australian 
Standard for this?

incorporated VC 31-Jul

43 Reservoirs / Structures HEIGHTS / DEPTHS Falling objects Kick-plates around access hatch, stairs Design to AS 1657 incorporated VC 31-Jul

44 Reservoirs / Structures HEIGHTS / DEPTHS Potential for inadequate access around reservoir 
for EWP

- Allow space between chambers and reservoir for EWP
Identify 'no go' zone around reservoirs - reservation for EWP 
(no chambers, etc.)

incorporated VC 31-Jul

45 Reservoirs / Structures ACCESS / EGRESS Confined space 900 mm entry point - dedicated man-entry Identify standard for confined space access and design 
accordingly (may not be a need for forced ventilation)
Signage for Confined Space

Size to be confirmed during detailed design in 
consultation with QCC.
Content added (Section 18.5):
Ground level access into the reservoir when 
empty is to be provided by a 2 No. 
maintenance access hatches located on 
opposite sides of the reservoir. Each access 
clear opening is to be 900 mm minimum in 
diameter. The hatch doors are to be hinged 
and open inwards with external locking bolts.
Signage is required identifying that entry is 
into a confined space.

VC 31-Jul

46 Reservoirs / Structures ENERGY Rainfall run-off from roof falling on ground - Consider concrete footpath around reservoir
Or is DGB actually better (energy dissipation)?

No action. Retain as DGB. VC 31-Jul

47 Reservoirs / Structures ACCESS / EGRESS Encumberances around reservoirs - Nominate location for side-entry hatch and stairs - these are 
encumberances and need to be managed

side entry hatch shown on typical section.  
Final locations to be confirmed in detailed 
design

VC 31-Jul

48 Reservoirs / Structures POOR ERGONOMICS Poor visibility for night work Site lighting identified in CDR Compound lighting required incorporated VC 31-Jul

49 Reservoirs / Structures ACCESS / EGRESS Emergency access may not be easily accessible 900 side entry Check 900 side entry is accessible - not too high to get 
someone out in an emergency (e.g. ~300 mm off ground)

Size to be confirmed during detailed design in 
consultation with QCC.
Content added (Section 18.5):
Ground level access into the reservoir when 
empty is to be provided by a 2 No. 
maintenance access hatches located on 
opposite sides of the reservoir. The hatch 
doors are to be hinged and open inwards with 
external locking bolts.

VC 31-Jul

50 Reservoirs / Structures MOVEMENT / DIRECTION Stairs may not be visible (in emergency, for 
maintenance, etc.)

- Stairs to be visible from main points of operation Stairs shown on plans VC 31-Jul



51 Reservoirs / Structures MAINTENANCE / REPAIR Potential inability to re-purpose Stage C RW 
reservoir ro PW reservoir

- Hypochlorite cleaning of walls / floor
Super-chlorinate and flush tanks and pipework
Pipework and fittings to suit changeover - identify requirement 
for detailed design

Content added to Section 21:
While not within the Stage C scope, the 
eventual re-purposing of the Stage C RW 
reservoir to the Stage D PW reservoir will 
require cleaning of the walls and floor with 
sodium hypochlorite. The tank and pipework 
will need to be flushed and super-chlorinated 
prior to being used for PW supply.

VC 31-Jul

52 Reservoirs / Structures HEIGHTS / DEPTHS High wind area - Identify risk in safe work method documentation To be addressed in CHAIR2/3 and 
construction documentation

VC 31-Jul

53 Reservoirs / Structures LOAD / FORCE Sloshing effect during filling - reservoir 
movement

- Rigidity of reservoir to be considered Will be addressed by detailed designer based 
on reservoir material selection

VC 31-Jul
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Googong Stage C Network West Date of HAZOP:

83500349.030129 Client:
Use dropdown list where required. Add rows by either dragging down the bottom right table icon OR typing the next number in the "No" column in the next row and pressing enter. 
Table is currently not in filter mode. Please activate the filter mode if required. Filter mode is under the "Sort & Filter" icon in the "Home" tab.

No Node Node Description Drawing No Deviation/ Guidewords Cause Consequence Safeguard Action / Recommendation Responsibility Complete By Comment

1 1 Potable Water Supply 83500249-07-001-P103 Needs to be re-reviewed when BWPS supply system is known Concept Design - Stage C East -
2 1 Potable Water Supply 83500249-07-001-P103 NO  FLOW Manual valve closure No water supply Valve covers are colour coded to show open/closed positions. None

3 1 Potable Water Supply 83500249-07-001-P103 NO  FLOW Construction debris No water supply Pipeline shall be flushed and disinfected prior to being put into service. None

4 1 Potable Water Supply 83500249-07-001-P103 NO  FLOW Pipe break/burst No water supply
Flow comparison between incoming flow and BWPS flow. Shutdown BWPS 
when large deviation.

Prepare entire scheme control philosophy inlcuding alarms, priorities and alamrm responses. For this 
instance ensure alarm is provided where water is called at critical water level but not supplied. Mark Rush Detailed Design -

5 1 Potable Water Supply 83500249-07-001-P103 REVERSE FLOW Scouring of pipeline Confirm scope of supply of pipeline air and scour valves and update P&ID. Ari Shammay Concept Design

No air valves on the RW or PW extension rising 
mains from the ISS to the Hill 800 reservoirs. 
Added note on P&IDs confirming that scour 
lines not shown here.

6 1 Potable Water Supply 83500249-07-001-P103 REVERSE FLOW Scouring of pipeline No ability to scour downstream of NRV None Confirm methodology for pipeline scour. Review requirements for NRV on feed line. Ari Shammay Concept Design Outcome pending

7 1 Potable Water Supply 83500249-07-001-P103 REVERSE FLOW Bypass valve around reservoir failure when BWPS not operating. Potential to emptying PW reservoir back through BWPS
Operational procedures for confirming valve positions and detecting 
failure. Ensure NRV's are provided on BWPS. Develop operating procedures for the entire system. Ari Shammay Concept & Detailed Design PEFD pending.

8 1 Potable Water Supply 83500249-07-001-P103 MORE  / HIGH FLOW Overspeed on pumps Reservoir high level TBC Prepare entire scheme control philosophy inlcuding the BWPS. Ari Shammay Concept Design - Stage C East -
9 1 Potable Water Supply 83500249-07-001-P103 MORE  / HIGH FLOW Overspeed on pumps Reservoir high level Demand calculations based on good information None

10 1 Potable Water Supply 83500249-07-001-P103 LESS / LOW FLOW Valve to RW reservoir opened Potable supply to RW reservoir.
Planned procedural activity to open valve. Above ground valve to identify 
opening from valve cover.

All above ground valves (not in pits) to be lockable. Update P&ID's to show correct normal valve 
positions and if locked. Ari Shammay Concept Design

CDR [D] and drawing notes/annotations
AS - Note added to drawings

11 1 Potable Water Supply 83500249-07-001-P103 LESS / LOW FLOW Pumps can't keep up with supply (partial pipe blockage/partial pipe breakage) Reservoir low level Flow comparison between incoming flow and BPWS.
Prepare entire scheme control philosophy inlcuding the BWPS and confirm what controls are in place if 
flow or level set points are not achieved. Mark Rush Concept & Detailed Design PEFD pending.

12 1 Potable Water Supply 83500249-07-001-P103 LESS / LOW FLOW Pumping directly to network where demand is less than anticipated Over pressurisation of supply to township. Operational procedures only.
Provide BWPS basis of design and system shut in pressures. Ensure that BWPS cannot exceed the design 
pressure of the gravity network under a reservoir bypass scenario. Mark Rush Concept Design - Stage C East -

13 1 Potable Water Supply 83500249-07-001-P103 MORE / HIGH PRESSURE Surge in pipeline from power failure of valve closure Pipe break Surge analysis of pipework completed.
Update surge analysis for increased basis of design flow and reservoir bypass including any pressure 
reducing capability. Ari Shammay Concept Design Outcome pending

14 1 Potable Water Supply 83500249-07-001-P103 MORE / HIGH PRESSURE Valve shut Pipe/valve break Low flow alarm at BPWS. Ensure system is designed  for BWPS shutin pressure. Ensure low flow switches are provided at BWPS. Ari Shammay Concept Design - Stage C East -
15 1 Potable Water Supply 83500249-07-001-P103 LESS / LOW PRESSURE Scouring of line Pipe break due to vacuum condition being generated. None Ensure pipework is vacuum rated. Ari Shammay Concept Design CDR [D] and drawing notes/annotations

16 1 Potable Water Supply 83500249-07-001-P103 MORE / HIGH LEVEL Stormwater ingress to pits Flooding of pit and instruments None
Review if pits are required. Review pit cover types and consider weatherproofing and finished surface 
level grading to have water fall away to minimise stormwater ingress. Ari Shammay Concept Design CDR [D] and drawing notes/annotations

17 1 Potable Water Supply 83500249-07-001-P103 MORE / HIGH LEVEL Chemical break of pipework and containment drains to pit. Hazardous chemicals in pit. None Review secondary containment philosophy & consider provision of catchpots to alert for leaks pre pit. Ari Shammay Concept Design As per WRP
18 1 Potable Water Supply 83500249-07-001-P103 MORE / HIGH LEVEL Chemical break of pipework and containment drains to pit. Chemical within a pit None Update P&ID's with scope of supply. Ari Shammay Concept Design As per WRP

19 1 Potable Water Supply 83500249-07-001-P103 CONTAMINATION High pH Potential for reduced disinfection pH adjustment control

Ensure sodium hypochlorite disinfection is effective across the full range of water pH. Ensure that any 
pH control allows for any pH increase caused by the sodium hypochlorite dosing to ensure water quality 
targets are achieved. Ari Shammay Concept Design Allowed for in design

20 1 Potable Water Supply 83500249-07-001-P103 CONTAMINATION High pH Insufficient sulphuric acid storage Sulphuric acid dosing

Refinement of storage/dosing requirements for sulphuric acid during detailed design as well as location 
of dosing point (at reservoirs or at BWPS). This should take into account new data on pH from QCC 
continuous monitoring. Ari Shammay Concept & Detailed Design

Move to 35% sulphuric acid to allow better 
control across a wider range

21 3 Potable Storage & Distribution 83500249-07-001-P103 CONTAMINATION Chlorine residual unknown in reservoir Risk of biological growth in reservoir Sodium hypochlorite dosing on inlet
Consider Cl2 monitoring pre and post reservoir and ensure control system is integrated with the acid 
dosing. Ari Shammay Concept & Detailed Design Indication only pre-resrvoirs. P&IDs updated

22 1 Potable Water Supply 83500249-07-001-P103 MATERIAL SELECTION Sulphuric acid dosing Acid corrosion of DICL and high heat of reaction None
Ensure sufficient cooling is avaialble to quench heat of reaction. Review location of dose to prevent 
pipework corrosion. Ari Shammay Concept & Detailed Design

Detailed design material selection needs to be 
thought of, unlikely to effect temperature of 
reservoir materially

23 1 Potable Water Supply 83500249-07-001-P103 MATERIAL SELECTION Pipework failure Incorrect seals specified on acid use Correct pipe spec
Ensure dosing pipework is suitable for service. Check seal and glue compatability. Check pressure and 
temperature rating. Check any derating for service. Ari Shammay Concept & Detailed Design Note on P&ID provided in concept design

24 1 Potable Water Supply 83500249-07-001-P103 MAINTENANCE Confined space entry Confined space entry requirements None
Confirm all pit dimensions. Avoid creating confined spaces. Complete access and maintenenace review 
of facility. Ari Shammay Concept & Detailed Design CDR [D] and drawing notes/annotations

25 1 Potable Water Supply 83500249-07-001-P103 MATERIAL SELECTION Identification of pipework material required Incorrectly identified fluid in pipes
Ensure pipework is labeled/colour coded appropriatley according to type of 
fluid Ensure pipework is labeled/colour coded appropriatley according to type of fluid Ari Shammay Detailed Design -

26 1 Potable Water Supply 83500249-07-001-P103 MATERIAL SELECTION Inadequate tank material selection. Tank failure. Confirm tank material is suitable for service. Ari Shammay Concept Design CDR [D] and drawing notes/annotations

27 1 Potable Water Supply 83500249-07-001-P103 INSTRUMENTATION Power failure/communication failure. Instrument failure. No restart ability. UPS on site.
Confirm if all instruments are backed up by UPS and confirm pumping station restart philosophy from 
power and communications failure. Ari Shammay Concept & Detailed Design CDR [D] and drawing notes/annotations

28 3 Potable Storage & Distribution 83500249-07-001-P103 SAMPLING Bacteriological ingress or growth in reservoir Contamination of water supply. Downstream reservoir hypo dosing
Provide bacteriological sampling point on the reservoirs and the QCC side of the revenue meter station 
(Calibre scope). Ari Shammay Concept & Detailed Design

Added note to P&IDs.
Calibre to add note for a 25mm sample tee 
with ball valve for bacteriological sampling.

29 1 Potable Water Supply 83500249-07-001-P103 SIMPLICITY Review position of flowmeters. Can they be instyalled AG in vertical legs and avoid the pits? Ari Shammay Concept Design CDR [D] and drawing notes/annotations

30 1 Potable Water Supply 83500249-07-001-P103 SIMPLICITY Washdown hoses required for chemcial bunds. Ari Shammay Concept Design
CDR [D] and drawing notes/annotations
AS - Added note to P&IDs

31 1 Potable Water Supply 83500249-07-001-P103 SIMPLICITY Complete a fire protection assessement of the facility and ensure compliance with code. Ari Shammay Concept Design
Study due 22 June 2015. Design to comply with 
AS 3959.

32 2 Recycled Water Supply 83500249-07-001-P103 NO  FLOW Manual valve closure No water supply Valve covers are colour coded to show open/closed positions. None

33 2 Recycled Water Supply 83500249-07-001-P103 NO  FLOW Construction debris No water supply Pipeline shall be flushed and disinfected prior to being put into service. None

34 2 Recycled Water Supply 83500249-07-001-P103 NO  FLOW Pipe break/burst No water supply
Flow comparison between incoming flow and pumped flow from 
Googomng RWP. Shutdown when large deviation.

Prepare entire scheme control philosophy inlcuding alarms, priorities and alamrm responses. For this 
instance ensure alarm is provided where water is called at critical water level but not supplied. Mark Rush Detailed Design -

35 2 Recycled Water Supply 83500249-07-001-P103 REVERSE FLOW Scouring Confirm scope of supply of pipeline air and scour valves and update P&ID. Ari Shammay Concept Design

No air valves on the RW or PW extension rising 
mains from the ISS to the Hill 800 reservoirs. 
Added note on P&IDs confirming that scour 
lines not shown here.

36 2 Recycled Water Supply 83500249-07-001-P103 MORE  / HIGH FLOW Overspeed on pumps Reservoir high level TBC Prepare entire scheme control philosophy inlcuding the pump station at Googong. Ari Shammay Concept Design - Stage C East -
37 2 Recycled Water Supply 83500249-07-001-P103 MORE  / HIGH FLOW Overspeed on pumps Reservoir high level Demand calculations based on good information None

38 2 Recycled Water Supply 83500249-07-001-P103 LESS / LOW FLOW Pumps can't keep up with supply (partial pipe blockage/partial pipe breakage) Reservoir low level Flow comparison between incoming flow and Googong RWP PS.
Prepare entire scheme control philosophy and confirm what controls are in place if flow or level set 
points are not achieved. Mark Rush Concept & Detailed Design PEFD pending.

39 2 Recycled Water Supply 83500249-07-001-P103 LESS / LOW FLOW

Consider providing the same bypass functionality for the RW reservoir as per the potable. Ensure that 
Googong WRP pump station cannot exceed the design pressure of the gravity network under a reservoir 
bypass scenario. Mark Rush Concept Design

Will this actually work? Will it even work for PW 
bypass? VC/XW to incorporate into CDR [D] and 
drawings as appropriate.

40 2 Recycled Water Supply 83500249-07-001-P103 MORE / HIGH PRESSURE Surge in pipeline from power failure of valve closure Pipe break Surge analysis of pipework completed.
Update surge analysis for increased basis of design flow and reservoir bypass including any pressure 
reducing capability. Ari Shammay Concept Design Outcome pending

41 2 Recycled Water Supply 83500249-07-001-P103 MORE / HIGH PRESSURE Valve shut Pipe/valve break Low flow alarm at PS. Ensure system is designed  for PS shutin pressure. Ensure low flow switches are provided at PS. Ari Shammay Concept Design PEFD pending.
42 2 Recycled Water Supply 83500249-07-001-P103 LESS / LOW PRESSURE Scouring of line Pipe break due to vacuum condition being generated. None Ensure pipework is vacuum rated. Ari Shammay Concept Design CDR [D] and drawing notes/annotations

43 2 Recycled Water Supply 83500249-07-001-P103 MORE / HIGH LEVEL Stormwater ingress to pits Flooding of pit and instruments None
Review if pits are required. Review pit cover types and consider weatherproofing and finished surface 
level grading to have water fall away to minimise stormwater ingress. Ari Shammay Concept Design CDR [D] and drawing notes/annotations

44 2 Recycled Water Supply 83500249-07-001-P103 MORE / HIGH LEVEL Chemical break of pipework and containment drains to pit. Hazardous chemicals in pit. None Review secondary containment philosophy & consider provision of catchpots to alert for leaks pre pit. Ari Shammay Concept Design As per WRP
45 2 Recycled Water Supply 83500249-07-001-P103 MORE / HIGH LEVEL Chemical break of pipework and containment drains to pit. Chemical within a pit None Update P&ID's with scope of supply. Ari Shammay Concept Design Done

46 2 Recycled Water Supply 83500249-07-001-P103 CONTAMINATION Chlorine residual unknown in reservoir Risk of biological growth in reservoir Sodium hypochlorite dosing on inlet
Consider Cl2 monitoring pre and post reservoir and ensure control system is integrated with the acid 
dosing. Ari Shammay Concept & Detailed Design Done

47 2 Recycled Water Supply 83500249-07-001-P103 MAINTENANCE Confined space entry Confined space entry requirements None
Confirm all pit dimensions. Avoid creating confined spaces. Complete access and maintenenace review 
of facility. Ari Shammay Concept & Detailed Design CDR [D] and drawing notes/annotations

48 2 Recycled Water Supply 83500249-07-001-P103 MATERIAL SELECTION Identification of pipework material required Incorrectly identified fluid in pipes
Ensure pipework is labeled/colour coded appropriatley according to type of 
fluid Ensure pipework is labeled/colour coded appropriatley according to type of fluid Ari Shammay Detailed Design -

49 2 Recycled Water Supply 83500249-07-001-P103 INSTRUMENTATION Power failure/communication failure. Instrument failure. No restart ability. UPS on site.
Confirm if all instruments are backed up by UPS and confirm pumping station restart philosophy from 
power and communications failure. Ari Shammay Concept & Detailed Design CDR [D] and drawing notes/annotations

50 2 Recycled Water Supply 83500249-07-001-P103 SAMPLING Bacteriological ingress or growth in reservoir Contamination of water supply. Downstream reservoir hypo dosing
Provide bacteriological sampling point on the reservoirs and the QCC side of the revenue meter station 
(Calibre scope). Ari Shammay Concept & Detailed Design Added note to P&IDs

51 2 Recycled Water Supply 83500249-07-001-P103 NO  FLOW
Show cross-connection on P&IDs with missing spool piece for Stage D requirements (where RW converts 
to PW) Ari Shammay Concept Design Added
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52 2 Recycled Water Supply 83500249-07-001-P103 NO  FLOW Tank out of service No RW supply None
Review the provision of recycled water supply when RW reservoir unavailable for both Stage C and 
Stage D. Ari Shammay Concept Design

Will this actually work? Will it even work for PW 
bypass? VC/XW to incorporate into CDR [D] and 
drawings as appropriate.

53 2 Recycled Water Supply 83500249-07-001-P103 MORE  / HIGH FLOW Tank bypass. 
Less head for feed pumps and dosing system needs to ramp up. 
Insufficient chemical dosing. Scour of discharge None. Confirm max flows when tank is out of service and confirm design flow range for dechlorination. Ari Shammay Concept Design Confirmed to handle the full range

54 2 Recycled Water Supply 83500249-07-001-P103 MORE  / HIGH FLOW Tank bypass. Overlfow pits overflow. None Confirm hydraulics of bypass scenario and that pits do not permit overflow Ari Shammay Concept Design Bypass for RW not provided.

55 3 Potable Storage & Distribution 83500249-07-001-P103 NO  FLOW Poor tank construction Tank failure Construction monitoring/tank material selection suitable for service None
56 3 Potable Storage & Distribution 83500249-07-001-P103 NO  FLOW No demand None None None
57 3 Potable Storage & Distribution 83500249-07-001-P103 NO  FLOW Safety showers not in use Dechlorination of safety shower flow water required None Review booster pump operation and potable water distribution to showers. Mark Rush Concept Design Assume 200 kPa.
58 3 Potable Storage & Distribution 83500249-07-001-P103 NO  FLOW Tank bypass valve location Dechlorination of flow in deadleg None Review locations and layouts and minimise deadlegs if possible Ari Shammay Concept & Detailed Design Deadlegs minimised
59 3 Potable Storage & Distribution 83500249-07-001-P103 MORE  / HIGH FLOW Pipe failure after flowmeter High flow to environment None Include rate of change alarm on levels in reservoirs Ari Shammay Concept & Detailed Design CDR [D]

60 3 Potable Storage & Distribution 83500249-07-001-P103 MORE / HIGH PRESSURE Bypass around reservoir Pressurisation of gravity network Planned operation
Provide  Googong RWP PS basis of design and system shut in pressures. Ensure that PS cannot exceed 
the design pressure of the gravity network under a reservoir bypass scenario. Mark Rush Concept Design PEFD pending.

61 3 Potable Storage & Distribution 83500249-07-001-P103 MORE / HIGH PRESSURE Bypass around reservoir Pressurisation of gravity network Planned operation Develop control strategy on how the PS function during RW reservoir bypass Mark Rush Concept Design PEFD pending.
62 3 Potable Storage & Distribution 83500249-07-001-P103 MORE / HIGH PRESSURE Bypass around reservoir Pressurisation of gravity network Planned operation Check control strategy on the safety shower booster pumps. Mark Rush Detailed Design -

63 3 Potable Storage & Distribution 83500249-07-001-P103 MORE / HIGH PRESSURE Fluctuating booster pump station (water hammer) Pipe rupture None Review booster pump operation and consider providing continuous flow to turn over potable line. Ari Shammay Concept Design PEFD pending.

64 3 Potable Storage & Distribution 83500249-07-001-P103 LESS / LOW PRESSURE Closure of isolation valve for booster pump station Safety showers not available
Regular checks of safety showers. Booster pump station would not be able 
to achieve its pressure and shut down Review booster pump operation to be able to provide flow at all time. Include low flow detection. Ari Shammay Concept Design PEFD pending.

65 3 Potable Storage & Distribution 83500249-07-001-P103 CONTAMINATION Poor mixing in sump Dead points in sump None Sumps are not preferred in reservoirs, preferred sloping floors to low point where scour is connected. Ari Shammay Concept Design CDR [D] and drawing notes/annotations

66 3 Potable Storage & Distribution 83500249-07-001-P103 CONTAMINATION Short circuiting in reservoir Poor mixing. Long contact time in reservoir.
Review chlorine monitoring pre and post reservoir and ensure robust system for secondary chlorination 
is developed. Include failure mode operation too. Ari Shammay Concept & Detailed Design Reviewed and amended

67 3 Potable Storage & Distribution 83500249-07-001-P103 MORE / LESS CONCENTRATIONChemical dosing pump failure Low concentration of hypo Duty rotation of internal flow detection of pumps
Review chlorine monitoring pre and post reservoir and ensure robust system for secondary chlorination 
is developed. Include failure mode operation too. Ari Shammay Concept & Detailed Design Reviewed and amended

68 3 Potable Storage & Distribution 83500249-07-001-P103 MORE / LESS CONCENTRATIONLow flow below range of chemical dosing Low concentration of hypo Static mixer
Cross check static mixer sizing range of flows with Stage C East (and Stage D flows) on reservoir inlet. 
Consider potable carrier water into hypo line to increase CoV. Ari Shammay Concept & Detailed Design Westfall 2800 series or similar is suitable

69 3 Potable Storage & Distribution 83500249-07-001-P103 MAINTENANCE Bypassing reservoir could have flow coming back through single isolation Flooding of reservoir whilst people are in the reservoir

Flow into the reservoir is very low compared to diamater meaning level will 
increase very slowly. Manhole on side of tank will overflow before 
personnel are at risk. Double isolation not required by client with access 
and egress available. None

70 3 Potable Storage & Distribution 83500249-07-001-P103 SPARE EQUIPMENT Instrument failure Chemical dosing failure when instruments fail Provide spares for critical equipment Council to consider area wide sparing strategy for critical equipment Andre Pretorius Detailed Design -

71 4 Recycled Water Storage & Distribution 83500249-07-001-P103 NO  FLOW Poor tank construction Tank failure Construction monitoring/tank material selection suitable for service Confirm tank material selection Ari Shammay Concept Design
Tank material to be determined in Detailed 
Design phase.

72 4 Recycled Water Storage & Distribution 83500249-07-001-P103 NO  FLOW No demand None None None

73 4 Recycled Water Storage & Distribution 83500249-07-001-P103 NO  FLOW
Tank bypass valve leaking (Note no current bypass but it is to be considered as an 
above action) Dechlorination of flow in deadleg None Review water in deadlegs to minimise volume of water Ari Shammay Detailed Design valves positioned to reduce dead legs

74 4 Recycled Water Storage & Distribution 83500249-07-001-P103 MORE  / HIGH FLOW Pipe failure after flowmeter High flow to environment None Include rate of change alarm on levels in reservoirs Ari Shammay Detailed Design -

75 4 Recycled Water Storage & Distribution 83500249-07-001-P103 MORE / HIGH PRESSURE Bypass around reservoir Pressurisation of gravity line leading to pipe rupture Planned operation
Ensure that Googong WRP pump station cannot exceed the design pressure of the gravity network 
under a reservoir bypass scenario. Mark Rush Concept Design No bypass for RW reservoir. PEFD pending.

76 4 Recycled Water Storage & Distribution 83500249-07-001-P103 MORE / HIGH PRESSURE Bypass around reservoir Pressurisation of gravity line leading to pipe rupture Planned operation Check control strategy on how the PS function during RW reservoir bypass Mark Rush Concept Design No bypass for RW reservoir. PEFD pending.
77 4 Recycled Water Storage & Distribution 83500249-07-001-P103 MORE / HIGH PRESSURE Bypass around reservoir Pressurisation of gravity line leading to pipe rupture Planned operation Check control strategy on the safety shower booster pumps and pipe material Mark Rush Concept Design PSLs added as per WRP
78 4 Recycled Water Storage & Distribution 83500249-07-001-P103 MORE / HIGH PRESSURE Fluctuating booster pump station (water hammer) Pipe rupture None Compete surge analysis of entire system with bypass Ari Shammay Concept Design Outcome pending

79 4 Recycled Water Storage & Distribution 83500249-07-001-P103 CONTAMINATION Poor mixing in sump Dead points in sump None Sumps are not preferred in reservoirs, preferred sloping floors to low point where scour is connected. Ari Shammay Concept Design CDR [D] and drawing notes/annotations

80 4 Recycled Water Storage & Distribution 83500249-07-001-P103 CONTAMINATION Short circuiting in reservoir Slug of chlorine coming through Contact time in reservoir and long residence times.
Review chlorine monitoring pre and post reservoir and ensure robust system for secondary chlorination 
is developed. Include failure mode operation too. Ari Shammay Concept Design Reviewed and amended

81 4 Recycled Water Storage & Distribution 83500249-07-001-P103 MORE / LESS CONCENTRATIONChemical dosing pump failure Low concentration of hypo Duty rotation of internal flow detection of pumps
Review chlorine monitoring pre and post reservoir and ensure robust system for secondary chlorination 
is developed. Include failure mode operation too. Ari Shammay Concept Design Reviewed and amended

82 4 Recycled Water Storage & Distribution 83500249-07-001-P103 MORE / LESS CONCENTRATIONLow flow below range of chemical dosing Low concentration of hypo Static mixer
Cross check static mixer sizing range of flows with Stage C East (and Stage D flows) on reservoir inlet. 
Potentially providing potable carrier water into hypo line. Ari Shammay Concept Design Westfall 2800 series or similar is suitable

83 4 Recycled Water Storage & Distribution 83500249-07-001-P103 MAINTENANCE Bypassing reservoir could have flow coming back through single isolation Flooding of reservoir whilst people are in the reservoir

Flow into the reservoir is very low compared to diamater meaning level will 
increase very slowly. Manhole on side of tank will overflow before 
personnel are at risk. Double isolation not required by client with access 
and egress available. None

84 4 Recycled Water Storage & Distribution 83500249-07-001-P103 SPARE EQUIPMENT Instrument failure Chemical dosing failure when instruments fail Provide spares for critical equipment Council to consider area wide sparing strategy for critical equipment Andre Pretorius Detailed Design -
85 4 Recycled Water Storage & Distribution 83500249-07-001-P103 NOISE Booster pumps all operating at the same time Noise impact on operators Review noise from booster pumps Signage requirements if Noise from booster pumps greater than safe working levels Mark Rush Detailed Design -

86 5 Storage Overflow 83500249-07-001-P103 CONTAMINATION Short circuiting in reservoir Potential issue with chemical dosing effectiveness Static mixer, and pointing the inlet away from the overflow.
Review inlet/overflow to ensure chemical dosing system would be effective under overflow arrangment 
with potential short-circuiting and low head mixing. Ari Shammay Concept Design Westfall 2800 series or similar is suitable

87 5 Storage Overflow 83500249-07-001-P103 INSTRUMENTATION Instruments not reading correctly due to on off overflow operation Instrument submerged

Review overflow line instrumentation. Consider adequate velocities for flow measurement, adequate 
head for mixing, adequate submergence for probes, adeqiate flow to wet racks etc. Review the intermin 
reservoir design. Ari Shammay Concept Design Reviewed and amended

88 5 Storage Overflow 83500249-07-001-P103 NO  FLOW Normal during summer time Instrumentation failure from no water Instrument submerged

Review overflow line instrumentation. Consider adequate velocities for flow measurement, adequate 
head for mixing, adequate submergence for probes, adeqiate flow to wet racks etc. Review the intermin 
reservoir design. Ari Shammay Concept Design Reviewed and amended

89 5 Storage Overflow 83500249-07-001-P103 NO  FLOW Isolation valves closed on overflow lines Overflow to grade at upstream isolation pits None Remove isolation valves on overflow. Ari Shammay Concept Design Removed

90 5 Storage Overflow 83500249-07-001-P103 NO  FLOW Debris in overflow chambers Blockage of line (particularly static mixer) Grating
Provide fixed cover and ensure no hydraulic link between the two overflows is created. Confirm method 
for detecting overflow. Ari Shammay Concept Design Outcome pending

91 5 Storage Overflow 83500249-07-001-P103 MORE / LESS MIXING Low mixing due to very large pipework >500mm and very low driving head Poor mixing and no dechlorination Static mixer

Update P&ID with pipework sizes. Pipe to be sized to allow both reservoir overflows. This will lead to 
very large lines and having a very large static mixer with no head upstream. Dechlorination startegy 
requires throough review. Ari Shammay Concept Design Pipe sizes added to main pipes

92 5 Storage Overflow 83500249-07-001-P103 MORE / HIGH PRESSURE Bypass activated Overflow is pressurised None Review combination of pressurised bypass into gravity overflow. Update hydraulic design. Ari Shammay Concept Design

Overflow appropriately sized so as not to 
pressurise.  Bypass for RW rising main from 
RWPS to overflow

93 5 Storage Overflow 83500249-07-001-P103 LESS / LOW TEMPERATURE Diurnal temperature Freezing of stagnant water None Can dead leg water freeze in overflow channel? Ari Shammay Concept Design
Large line predominantely underground so risk 
is low

94 5 Storage Overflow 83500249-07-001-P103 MAINTENANCE Potentially difficult to access large pipework Unknown access requirements None Complete access and maintenance review of facility. Ari Shammay Detailed Design -
95 5 Storage Overflow 83500249-07-001-P103 SAMPLING Sampler not shown on P&IDs None Show auto-sampler on P&IDs and consider how it will be supplied. Ari Shammay Concept Design Added

96 5 Storage Overflow 83500249-07-001-P103 COMMISSIONING How to commission the bisulphite dosing Discharge of chlorinated water to environment Bisulphite dosing Review use of scour pond for commissioning of overflow system Ari Shammay Concept Design

Scour pond can be used to discharge to 
overflow pipeline for commissioning and 
testing

97 5 Storage Overflow 83500249-07-001-P103 SAFETY Intermittent high-flows discharging from overflow People/animals being washed away Energy dissipation Energy dissipation area potentially to be enclosed/locked off with signage. This is in Calibre's scope. Ari Shammay Concept Design Calibre to address.

98 5 Storage Overflow 83500249-07-001-P103 ALARM OVERLOAD
When BWPS is feeding to the WRP RW tanks to top up RW reservoir, and there is an 
overflow, PW is being discharged. Overflowing potable water through RW reservoir LSH provided

Notification when LSH on RW Reservoir is occuring and Alarm when LSH on RW reservoir when BWPS is 
pumping to the WRP. Ari Shammay Concept Design Outcome pending

99 6 Sodium Hypochlorite Storage & Dosing - Potable83500249-07-001-P103

HAZOP review not completed on this P&ID. Design  to proceed on existing HAZOP'd 
Googong WRP design. Basic exceptions noted and to be reveiwed during detailed 
design.

100 6 Sodium Hypochlorite Storage & Dosing - Potable83500249-07-001-P104 LESS / LOW FLOW Review whether using motorised ball valves or solenoids for direction of flow for standby pump. Ari Shammay Concept Design Motorised ball valves - P&IDs updated
101 6 Sodium Hypochlorite Storage & Dosing - Potable83500249-07-001-P104 CONTAMINATION Review use of LSH in secondary containment lines at low points. Ari Shammay Concept Design Same as WRP
102 6 Sodium Hypochlorite Storage & Dosing - Potable83500249-07-001-P104 Review off gas removal from system. Ari Shammay Concept Design Same as WRP
103 7 Sodium Hypochlorite Storage & Dosing - Recycled Water83500249-07-001-P105 MATERIAL SELECTION Incompatible material Pipe break/leak Correct pipe spec Flanges on uPVC to be confirmed for use in the pressure supplied by the dosing pumps Ari Shammay Concept Design Chemical suitability note on P&IDs

104 8 Sodium Bisulphite Storage & Dosing 83500249-07-001-P106

HAZOP review not completed on this P&ID. Design  to proceed on existing HAZOP'd 
Googong RWP design. Basic exceptions noted and to be reveiwed during detailed 
design.
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105 8 Sodium Bisulphite Storage & Dosing 83500249-07-001-P106 INSTRUMENTATION Monitoring and control insufficient Dosing is uncontrolled ORP probe to control SBS dosing Check monitoring precedence on QCC sites Ari Shammay Concept Design

Chlorine analyser added, to be for 
monitoring/logging only. To ensure it is not left 
uncalibrated, it will be a common instrument 
with other areas with manual valve operation 
to direct source water.

106 8 Sodium Bisulphite Storage & Dosing 83500249-07-001-P106 LESS / LOW TEMPERATURE Low temperature Frozen pipes/no dosing None Ensure lagging of all SBS pipework Ari Shammay Concept Design Shown on P&ID
107 8 Sodium Bisulphite Storage & Dosing 83500249-07-001-P106 MATERIAL SELECTION Incompatible material Pipe break/leak Correct pipe spec Pipework material to be suitable for SBS Ari Shammay Concept Design Chemical suitability note on P&IDs
108 8 Sodium Bisulphite Storage & Dosing 83500249-07-001-P106 OPERABILITY Inability to deliver chemical No chemical dosing Correct delivery methodology Delivery area to be suitable for a Hiab to reach into drop the IBC. No forklift on site. Ari Shammay Concept Design Note included on drawings

109 9 Sulphuric Acid Storage & Dosing

HAZOP review not completed on this P&ID. Design  to proceed on existing HAZOP'd 
Googong RWP design. Basic exceptions noted and to be reveiwed during detailed 
design.

110 9 Sulphuric Acid Storage & Dosing 83500249-07-001-P107 MATERIAL SELECTION Incompatible material Pipe break/leak Correct pipe spec Ensure CPVC is suitable for sulphuric acid including seals and O-rings Ari Shammay Concept Design

uPVC is suitable for sulphuric acid 
concentrations 70% and below, at all temps 
below 60C. CPVC suitable for all temperature 
ranges. Special attention needed on flanges 
and o-rings. Notes added to P&ID to reflect 
this.

111 9 Sulphuric Acid Storage & Dosing 83500249-07-001-P107 OPERABILITY Purging of line when IBC changeout Undirected acid Direct acid drain line to sump Consider provision for operator to collect SA from bind and return to IBC. Ari Shammay Concept Design Shown on P&ID

112 9 Sulphuric Acid Storage & Dosing 83500249-07-001-P107 OPERABILITY Wrong IBC delivered to wrong location Unwanted chemical reaction Signage.
Ensure IBC delivery method is similar to the WRP to ensure wrong IBC is not delivered to the wrong 
bund. If no strategy develop on for this facility. Ari Shammay Concept Design Used WRP process

Page 3 of 3



Googong Integrated Water Cycle 
Stage C - Network West 

 

 
 

Appendix  I Drafting Standards 
  



Googong Integrated Water Cycle 
Stage C - Network West 

 

 
 

Appendix  J Geotechnical Report 
  



 

 

 

 
 
REPORT 
ON 
GEOTECHNICAL INVESTIGATION 
 
 
 
 
PROPOSED RESIDENTIAL SUBDIVISION 
GOOGONG DAM ROAD 
GOOGONG 
 
 
 
 
Prepared for: 
BROWN CONSULTING (ACT) PTY LTD 
 
 
 
 
PROJECT 46285 
AUGUST 2009 
 



 

 

 

 
 
REPORT 
ON 
GEOTECHNICAL INVESTIGATION 
 
 
 
 
PROPOSED RESIDENTIAL SUBDIVISION 
GOOGONG DAM ROAD 
GOOGONG 
 
 
 
 
Prepared for: 
BROWN CONSULTING (ACT) PTY LTD 
 
 
 
 
PROJECT 46285 
AUGUST 2009 

Douglas Partners Pty Ltd 
ABN 75 053 980 117 

Unit 1, 1-7 Waramanga Place 
Waramanga  ACT 2611 
Australia 

PO Box 108 
Waramanga  ACT  2611 
 
Phone    (02) 6287 2555 
Fax         (02) 6287 2577 
canberra@douglaspartners.com.au 



 

Report on Geotechnical Investigation  Project 46285 
Proposed Residential Subdivision 31 August 2009 
Googong Dam Road, GOOGONG 

 
TABLE OF CONTENTS 

 

 
 
 Page 
 

1. INTRODUCTION.........................................................................................................1 

2. SITE DESCRIPTION AND REGIONAL GEOLOGY....................................................2 

3. FIELD WORK ..............................................................................................................2 
3.1 Methods...........................................................................................................2 
3.2 Results.............................................................................................................3 

4. LABORATORY TESTING ...........................................................................................4 

5. COMMENTS ...............................................................................................................6 
5.1 General............................................................................................................6 
5.2 Site Preparation and Earthworks.....................................................................6 

5.2.1 Stripping...............................................................................................6 
5.2.2 Excavation Conditions .........................................................................6 
5.2.3 Excavation Batters...............................................................................7 
5.2.4 Excavation Support..............................................................................7 
5.2.5 Reuse of Excavated Material ...............................................................8 
5.2.6 Filling Placement .................................................................................9 
5.2.7 Filling Compaction ...............................................................................9 

5.3 Pavement Design Considerations .................................................................10 
5.4 Site Classification ..........................................................................................11 
5.5 Foundations...................................................................................................11 

6. LIMITATIONS............................................................................................................12 
 

 
APPENDIX A -  Drawing 1 
  

APPENDIX B -  Notes Relating to this Report  
 Test Pit Logs 
 
APPENDIX C -  Laboratory Test Report Sheets 
 
 
 



 Page 1 of 13 

Report on Geotechnical Investigation  Project 46285 
Proposed Residential Subdivision 31 August 2009 
Googong Dam Road, GOOGONG 

MJJ:mj 
Project 46285 

31 August 2009 
 

 

 

 

 

 

REPORT ON GEOTECHNICAL INVESTIGATION 
PROPOSED RESIDENTIAL SUBDIVISION 

GOOGONG DAM ROAD, GOOGONG 
 

 

 

 

1. INTRODUCTION 
 

This report presents the results of a geotechnical investigation carried out for a proposed 
residential subdivision at Googong Dam Road, Googong.  The work was commissioned by 
Canberra Investment Corporation Ltd, project developers and was undertaken in liaison with 
Brown Consulting (ACT) Pty Ltd, civil design engineers for the project. 
 
The current stage of the proposed development covers an area of approximately 120 hectares.  
Site investigation was carried out to provide preliminary information to assist in planning site 
preparation procedures and to provide comment on earthworks, subgrade and excavation 
conditions, pavement design parameters and suitable foundation systems for the various 
structures proposed. 
 
The investigation comprised the excavation and logging of test pits followed by laboratory 
testing, engineering analysis and reporting.  Details of the work undertaken and the results 
obtained are given in the report, together with comments relating to design and construction 
practice. 
 
Site plans indicating block and road layouts were supplied by the client for the investigation. 
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2. SITE DESCRIPTION AND REGIONAL GEOLOGY 
 

The site is located some 5 km south of the City of Queanbeyan via Old Cooma Road.  The 

current stage of the development comprises an irregular shaped area of some 120 ha with 

maximum north-south and east-west dimensions of 1100 m and 1350 m respectively.  It is 

bounded by Googong Dam Road to the north and existing farm land on all other sides. 

 

The site is presently being utilised for grazing and is characterised by a series of ridges and 

gullies with numerous small dams constructed in these gullies.  Site levels fall in variable 

directions at grades estimated at 1 in 8 to 1 in 20. 

 

Reference to the Canberra 1:100 000 Geological Series Sheet (Ref 1) indicates that the site is 

underlain by the Colinton Volcanics of Silurian age which typically comprises dark green dacitic 

ignimbrite and minor volcaniclastic sediments or limestone and dolomitic limestone. 

 

The field investigation confirmed the geological conditions with dacite and quartzite encountered 

in the test pits. 

 

 

3. FIELD WORK 
 

3.1 Methods 
 

The field investigation comprised the excavation of fourty nine test pits (Pits 1 – 40 and Pits 101 

– 109) to depths of 0.4 – 5.5 m using either a Cat 320 excavator fitted with a 600 mm wide 

bucket or a Case extendahoe fitted with a 450 mm wide bucket.  The pits were logged onsite by 

an experienced technical officer and disturbed samples were collected to assist in strata 

identification and for laboratory testing.  The approximate locations of the test pits are shown on 

Drawing 1 in Appendix A. 
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3.2 Results 
 

Details of the subsurface conditions encountered are summarised in the test pit logs included in 

Appendix B, which should be read in conjunction with the standard notes that define 

classification methods and descriptive terms.  The test pits encountered variable subsurface 

conditions underlying the site with the principal succession of strata broadly summarised as 

follows: 

 

TOPSOIL:  silty sand with rootlets to depths of 0.05 – 0.2 m. 

 

CLAY, SAND, SILT AND GRAVEL:  stiff to hard and dense soil to depths of 0.2 – 3.4 m but 

generally 0.5 – 3.4 m.  The soil comprised a mixture of clay, sand, silt and gravel. 

 

BEDROCK:  extremely low to medium strength, extremely to highly weathered dacite and 

quartzite bedrock below depths of 0.2 – 3.4 m continuing to the limit of investigation at depths of 

0.4 – 5.5 m.  A summary of bedrock conditions is given in Table 1. 

 

Table 1 – Summary of Bedrock Conditions 
 

Pit No Depth to Rock 
(m) 

Refusal Depth 
(m) Rock Type 

1 1.4 2.2 Dacite 
2 0.4 1.0 Dacite 
3 0.9 1.9 Dacite 
4 1.2 2.1 Dacite 
5 0.5 3.5 Dacite 
6 0.5 1.1 Dacite 
7 0.7 1.9 Quartzite 
8 0.7 1.2 Dacite 
9 0.4 0.9 Dacite 
10 0.7 1.7 Dacite 
11 0.5 1.2 Dacite 
12 0.7 1.3 Dacite 
13 Not Encountered Not Encountered Refusal on boulder/possible bedrock 
14 1.4 5.5 Dacite 
15 0.4 0.8 Dacite 
16 0.5 1.9 Dacite 
17 0.8 1.7 Dacite 
18 0.8 3.5 Dacite 
19 1.0 1.6 Dacite 
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Table 1 (cont’d) – Summary of Bedrock Conditions 
 

Pit No Depth to Rock 
(m) 

Refusal Depth 
(m) Rock Type 

20 3.4 4.1 Dacite 
21 1.0 1.8 Dacite 
22 0.5 0.9 Dacite 
23 0.4 0.9 Dacite 
24 0.8 1.5 Dacite 
25 0.7 1.6 Dacite 
26 0.5 1.2 Dacite 
27 0.8 1.8 Dacite 
28 0.5 0.8 Dacite 
29 0.9 1.3 Quartzite 
31 0.9 1.8 Dacite 
32 0.5 1.2 Dacite 
33 0.7 1.3 Dacite 
34 0.7 2.3 Dacite 
35 1.7 2.9 Dacite 
36 0.2 0.4 Dacite 
37 0.7 1.2 Dacite 
38 0.3 0.6 Dacite 
39 0.5 0.9 Dacite 
40 0.7 1.8 Dacite 

101 1.3 2.4 Dacite 
102 0.5 0.7 Dacite 
103 0.6 1.2 Dacite 
104 0.7 1.8 Dacite 
105 0.7 0.9 Dacite 
106 0.9 3.5 Dacite 
107 0.7 1.2 Dacite 
108 0.7 1.0 Dacite 
109 0.7 1.0 Dacite 

 

No free groundwater was observed during excavation of the test pits.  However, it is noted that 

the pits were backfilled immediately following excavation precluding long term monitoring of 

groundwater levels.  Groundwater conditions rarely remain constant and can change seasonally 

due to variations in rainfall and other factors.   

 
 

4. LABORATORY TESTING 
 

Selected samples collected from the test pits were tested in the laboratory for measurement of 

insitu moisture content, compaction and plasticity properties, California bearing ratio (CBR) and 

particle size distribution.  The detailed laboratory test report sheets are included in Appendix C 

with the results summarised below in Tables 2 and 3. 
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Table 2 – Results of CBR Testing 

 
Pit 
No 

Depth 
(m) 

FMC 
(%) 

OMC 
(%) 

MDD  
(t/m3) 

CBR  
(%) Material 

4 0.6 17.5 13.5 1.91 2.0 Sandy Silty Clay 
7 0.5 19.0 21.0 1.70 2.5 Silty Sandy Clay  
8 0.6 24.5 17.5 1.77 0.5 Silty Clay  
13 0.5 12.0 12.5 1.93 4.5 Gravelly Clayey Sand  
18 0.6 12.5 15.0 1.87 4.0 Sandy Clay 
25 0.6 9.0 12.0 1.93 4.5 Gravelly Sandy Silty Clay  
26 0.5 14.5 15.0 1.78 3.5 Silty Clayey Sand 
35 0.5 7.0 9.5 2.04 15 Silty Sand/Sandy Silt 
37 0.5 23.0 17.5 1.72 1.5 Sandy Clay 
40 0.6 8.0 9.5 1.99 30 Silty Sand 

101 0.6 14.5 15.5 1.81 1.0 Silty Sandy Clay/Silty Clayey Sand 
102 0.5 6.0 10.5 2.01 20 Silty Gravelly Sand  
104 0.5 7.0 9.5 1.92 12 Silty Sand 
106 0.6 14.0 15.0 1.83 1.5 Silty Clayey Sand 
109 0.5 8.0 12.0 1.92 14 Gravelly Silty Sand 

 
 Where FMC = Field moisture content MDD = Maximum dry density 
  OMC = Optimum moisture content CBR = California bearing ratio 
 

 

Table 3 – Results of Classification Testing  
 

Pit 
No 

Depth 
(m) 

LL  
(%) 

PI  
(%) 

LS   
(%) 

% 
Passing 
2.36 mm 

Sieve 

% 
Passing 

0.075 mm 
Sieve 

Material 

4 0.6 48 31 10.5 95 59 Sandy Silty Clay 
13 0.5 32 15 5.0 91 42 Gravelly Clayey Sand  
18 0.6 48 30 13.0 93 64 Sandy Clay 
25 0.6 36 18 6.5 82 62 Gravelly Sandy Silty Clay  
26 0.5 50 29 8.5 76 29 Silty Clayey Sand 
35 0.5 21 0 1.0 97 54 Silty Sand/Sandy Silt 
37 0.5 33 15 5.0 95 46 Sandy Clay/Clayey Sand 

102 0.5 23 4 2.5 60 10 Silty Gravelly Sand  
104 0.5 24 5 1.5 93 34 Silty Sand 
109 0.5 31 13 5.5 69 27 Silty Gravelly Sand 

 

Where: FMC  = Field Moisture Content  PI  = Plasticity Index 
  LL  = Liquid Limit   LS  = Linear Shrinkage 
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The samples tested for CBR were compacted to 95% modified dry density ratio at optimum 

moisture content and soaked for four days under surcharge loadings of 4.5 kg.  The compaction 

test results show that 12 of the 15 samples tested were dry of optimum moisture content with a 

variable range in CBR value.  Whilst the results are an accurate determination of a small 

remoulded laboratory sample, it is considered that several samples tested overstate and 

understate the insitu strength of the natural soil and as such should be altered for design 

purposes.  The results further indicate that the clayey/silty portion of the samples tested were 

generally of low to intermediate plasticity.  

 

 

5. COMMENTS 
 

5.1 General 
 

The following comments are based on the results of the field mapping, limited subsurface 

investigation and Douglas Partners involvement in nearby projects.  Whilst detailed engineering 

design has not yet been completed, it is likely that site recontouring will be proposed in 

conjunction with pavement construction. 

 

5.2 Site Preparation and Earthworks 
 

5.2.1 Stripping 
 

Site preparation for the construction of road formations and structures should include the 

removal of vegetation, silty topsoils and other deleterious materials (such as uncontrolled filling) 

from the proposed construction areas.  Based on the results of the investigation, topsoil stripping 

depths of 0.1 – 0.2 m are expected. 

 

5.2.2 Excavation Conditions 
 

The investigation has indicated subsurface conditions generally comprising sandy topsoils, soils 

of variable composition overlying weathered bedrock at relatively shallow depths. 
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The sandy topsoil, residual soils and extremely low to low strength bedrock could be expected to 

be removed using conventional earthmoving plant and as such no difficulties are anticipated.   

 

Below test pit refusal depths though, excavation will largely be dependent on the degree of 

fracturing/jointing and the strike and dip of bedding within the rock relative to the excavation.  

The use of large excavators fitted with toothed buckets could excavate in parts of the site up to 3 

– 4 m within weathered rocks.  However, it is likely that heavy ripping and rock breaking will be 

required over most of site, in particular where shallow refusal was encountered. 

 

Depending on the depth of excavation proposed, additional investigation may be required 

following determination of design levels.  This investigation should comprise boreholes drilled to 

at least 1 m below cut level.  Depending on the extent of any cuts, seismic refraction traversing 

may also be helpful for tenderers to estimate the practical depth of ripping of the bedrock. 

 

Whilst groundwater was not encountered during the field investigation, it is noted that the extent 

of groundwater inflow would be dependent on prior weather conditions. 

 

5.2.3 Excavation Batters 
 

For permanent excavations in the topsoil, natural soils and weathered rock, maximum gradients 

of 3H:1V (horizontal:vertical) for natural soils and 1H:1V for extremely low to very low strength 

bedrock are recommended.  To minimise surface erosion the batter should be protected with toe 

and spoon drains and vegetated as soon as possible after construction. 

 

For temporary excavations, maximum gradients of 1H:1V and 0.5H:1V are suggested for natural 

soils and extremely low to very low strength rock respectively. 

 

Batters for low strength or greater bedrock should be individually inspected and treated 

accordingly. 

 

5.2.4 Excavation Support 
 

Where batters are not feasible, construction of permanent walls designed to support excavations 

will be necessary.   
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The extremely low to low strength rock encountered during the field investigation, could stand 

vertically in the short term provided no adverse jointing is encountered, with early construction of 

permanent walls designed to support the excavation advised.   

 

It is suggested that inspections during bulk excavation be undertaken by a suitably qualified 

geotechnical engineer to confirm the suitability of the geological conditions for vertical 

excavations and temporary support/stabilisation measures, if required. 

 

In areas where retaining walls are proposed, it is suggested that earth pressures on retaining 

walls due to the retained soils be based on a triangular pressure distribution calculated as 

follows: 

hz  =  J kaz 

 
where,  hz = horizontal pressure at depth z 
  J = unit weight of retained soil 
   = 20 kN/m3 for clay/filling 
   = 22 kN/m3 for weathered rock 
  ka = active earth pressure coefficient (long term) 
   = 0.3 for compacted filling 
   = 0.3 for very stiff clays 
   = 0.2 for very low or greater strength rock  
 

Drainage behind all retaining walls should be provided or, alternatively, full hydrostatic pressure 

allowed for in design.  In the event that hydrostatic pressure is allowed, densities of the retained 

soils can be appropriately reduced to the buoyant values.   

 

Where applicable, superimposed surcharge loads due to adjacent roadways, inclined surfaces 

etc should also be accommodated in the design of such structures. 

 

5.2.5 Reuse of Excavated Material 
 

After stripping and removal of topsoils and any upper silty layers, it would be expected that most 

of the materials available from cutting on the site would be suitable for reuse as controlled filling 

or general embankment filling.  The clayey soils removed in bulk excavation, would be expected 

to be suitable for clay lining of ponds.   
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The weathered bedrock encountered, may be suitable for use as select fill however will require 

inspection and laboratory testing during excavation.  It would be suitable for re-use as general 

filling or controlled filling provided oversized pieces (greater than 75 mm in any dimension) are 

removed.  As excavation proceeds into higher strength bedrock, it would be expected that 

cobble and boulder sized bedrock pieces would be removed, which would need to be crushed 

prior to use as filling. 

 

5.2.6 Filling Placement 
 

Prior to the placement of filling on the site, the areas to receive the filling should be subjected to 

proof rolling.  The rolling should be carried out using a minimum 10 tonne dead weight roller and 

an inspection made following at least six passes of the roller.  Should weak or compressible 

material be exposed by the proof rolling, a decision could then be made as to whether the 

material should be replaced, or a bridging layer provided over the weak material.  A suitable 

bridging layer could comprise a 0.5 m thick course of low plasticity granular soil, which then 

would be expected to provide a suitable working platform for subsequent layers of filling. 

 

Filling material should be placed in horizontal layers of maximum 250 mm loose thickness.  The 

material should have a moisture content within 2% of modified optimum at the time of 

compaction.  Compaction advice is provided below. 

 

Downslope batters for filled embankments should be finally graded to a maximum gradient of 

2.5H:1V and protected by both upslope and toe drains.  Provision should also be made for the 

early grassing of the battered banks to help minimise erosion.   

 

5.2.7 Filling Compaction 
 

All filling placed in the construction platforms should be compacted to a minimum 95% modified 

maximum dry density.  To validate site classifications, field inspections and in-situ testing of 

future earthworks should be undertaken in order to satisfy the requirements of a Level 1 

inspection and testing service as defined in AS 3798 – 2007 (Ref 2). 
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5.3 Pavement Design Considerations 
 

Based on the results of the field investigation, laboratory testing and previous experience, 

Table 4 gives suggested design CBR values for the current likely subgrade conditions.   

 

Table 4 – Design CBR Values 
 

Subgrade Material Design CBR (%) 

Sandy/Silty Clay 3.0(1) 
Sands and Silts 4.0 

Weathered Dacite 7.0 
 

Note:  (1) Following subgrade replacement as detailed below. 

 

Subgrade replacement to a depth of approximately 300 mm using minimum CBR 7% material 

will be required where CBR values of less than 3% are exposed at subgrade level.  In the event 

sandy/silty soil or weathered rock is encountered prior to the base of the 300 mm over-

excavation, the replacement depth may be reduced following inspection by a qualified 

geotechnical engineer. 

 

It must be noted that the above design CBR values are applicable to the current subgrade 

conditions.  Review of design CBR values must be undertaken following the determination of the 

extent of bulk earthworks and anticipated embankment filling material. 

 

It is anticipated that a high proportion of the roadway will be subject to filling to achieve design 

surface levels.  It is recommended that filling of roadway embankments be undertaken using 

sandy clays/gravelly clays of low plasticity, clayey gravels or weathered rock. 

 

All earthworks should be undertaken under close supervision and consultation with the 

geotechnical consultant in order to avoid any unnecessary over-excavation. 

 

Prevailing weather conditions at the time of construction and the control that can be exercised 

over construction traffic will be critical in achieving satisfactory subgrade performance.  If 

pavement construction does not immediately follow subgrade preparation (thus exposing the 

subgrade to weather and traffic), subgrade deterioration would be expected, thus requiring 
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rectification.  In conjunction with subgrade preparation procedures, consideration should also be 

given to installing temporary drainage systems prior to installation of the final works. 

 

Surface and subsoil drainage should be installed and maintained to protect the pavement and 

subgrade.  Subsoil drains should be located at a minimum of 0.5 m depth below the excavation 

level.  Guidelines on the arrangement of subsoil drainage are given on Page 20 of ARRB – 

SR41 (Ref 3).  It should be noted that if the sub-base permeability is lower than that of the base 

layer, then the subsoil drain must intersect all pavement layers as shown in ARRB – SR41. 

 

The standard of construction, the selection of materials and quality of workmanship for the roads 

should satisfy the requirements of the latest edition of the Queanbeyan City Council. 

 

5.4 Site Classification 
 

Classification of residential lots within the site should comply with the requirements of Australian 

Standard AS 2870 – 1996 "Residential Slabs and Footings" 1996 (Ref 4).  Based on the limited 

fieldwork carried out during the current investigations, the natural subsurface profiles are as 

would be expected for Class S (slightly reactive) and Class M (moderately reactive) sites in the 

areas of relatively shallow bedrock and Class H (highly reactive) sites in areas of deep clay 

deposits. 

 

Residential allotments, which are subject to controlled filling, are likely to receive a Class M 

(moderately reactive) or Class H (highly reactive) site classification depending on the depth and 

type of filling material.  All filling, which is to be placed within residential allotments, will need to 

be certified as controlled fill (Level 1) to avoid a Class P site classification.   

 

5.5 Foundations 
 

All residential footing systems should be designed and constructed in accordance with 

AS 2870 – 1996 (Ref 4) for the appropriate site classification.   

 

For infrastructure elements such as bridges, retaining walls and water treatment and storage, 

preliminary sizing of footings could be based on the following allowable base bearing pressures 

for the various soil strata encountered including controlled filling: 
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 Controlled Filling:      150 kPa 

 Very stiff/medium dense or greater strength soils:  150 kPa 

 Extremely low to very low strength bedrock:   500 kPa 

 Low strength rhyodacite:     1500 kPa 

 

 

6. LIMITATIONS 
 

Douglas Partners (DP) has prepared this report for this project at Googong Dam Road, 

Googong.  This report is provided for the exclusive use of Canberra Investment Corporation Ltd 

and Brown Consulting (ACT) Pty Ltd for the specific project and purpose as described in the 

report.  It should not be used by or relied upon for other projects or purposes on the same or 

other site or by a third party.     

 

The results provided in the report are considered to be indicative of the sub-surface conditions 

on the site only to the depths investigated at the specific sampling and/or testing locations, and 

only at the time the work was carried out.  DP’s advice may be based on observations, 

measurements, tests or derived interpretations.  The accuracy of the advice provided by DP in 

this report is limited by unobserved features and variations in ground conditions across the site 

in areas between test locations and beyond the site boundaries or by variations with time.  The 

advice may be limited by restrictions in the sampling and testing which was able to be carried 

out, as well as by the amount of data that could be collected given the project and site 

constraints.  Actual ground conditions and materials behaviour observed or inferred at the test 

locations may differ from those which may be encountered elsewhere on the site.  Should 

variations in subsurface conditions be encountered, then additional advice should be sought 

from DP and, if required, amendments made. 

 

This report must be read in conjunction with the attached “Notes Relating to This Report” and 

any other attached explanatory notes and should be kept in its entirety without separation of 

individual pages or sections.  DP cannot be held responsible for interpretations or conclusions 

from review by others of this report or test data, which are not otherwise supported by an 

expressed statement, interpretation, outcome or conclusion stated in this report.  In preparing 

this report DP has necessarily relied upon information provided by the client and/or their agents. 
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NOTES RELATING TO THIS REPORT 
 

Introduction 
These notes have been provided to amplify the 

geotechnical report in regard to classification methods, 
specialist field procedures and certain matters relating to 
the Discussion and Comments section.  Not all, of course, 
are necessarily relevant to all reports. 

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

 
 

Description and Classification Methods 
The methods of description and classification of soils 

and rocks used in this report are based on Australian 
Standard 1726, Geotechnical Site Investigations Code.  In 
general, descriptions cover the following properties - 
strength or density, colour, structure, soil or rock type and 
inclusions. 

Soil types are described according to the predominating 
particle size, qualified by the grading of other particles 
present (eg. sandy clay) on the following bases: 

 
Soil Classification Particle Size 

Clay less than 0.002 mm 
Silt 0.002 to 0.06 mm 
Sand 0.06 to 2.00 mm 
Gravel 2.00 to 60.00 mm 

 
Cohesive soils are classified on the basis of strength 

either by laboratory testing or engineering examination.  
The strength terms are defined as follows. 

 
 

Classification 
Undrained  

Shear Strength kPa 
Very soft less than 12 
Soft 12—25 
Firm 25—50 
Stiff 50—100 
Very stiff 100—200 
Hard Greater than 200 

 
Non-cohesive soils are classified on the basis of relative 

density, generally from the results of standard penetration 
tests (SPT) or Dutch cone penetrometer tests (CPT) as 
below: 

 
 

Relative Density 
SPT  
“N” Value 
(blows/300 mm) 

CPT 
Cone Value 
(qc — MPa) 

Very loose less than 5 less than 2 
Loose 5—10 2—5 
Medium dense 10—30 5—15 
Dense 30—50 15—25 
Very dense greater than 50 greater than 25 

Rock types are classified by their geological names.  
Where relevant, further information regarding rock 
classification is given on the following sheet. 

 
 

Sampling 
Sampling is carried out during drilling to allow 

engineering examination (and laboratory testing where 
required) of the soil or rock. 

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

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

Details of the type and method of sampling are given in 
the report. 

 
 

Drilling Methods. 
The following is a brief summary of drilling methods 

currently adopted by the Company and some comments 
on their use and application. 

 
Test Pits — these are excavated with a backhoe or a 
tracked excavator, allowing close examination of the 
in-situ soils if it is safe to descent into the pit.  The depth of 
penetration is limited to about 3 m for a backhoe and up to 
6 m for an excavator.  A potential disadvantage is the 
disturbance caused by the excavation. 

 
Large Diameter Auger (eg. Pengo) — the hole is 
advanced by a rotating plate or short spiral auger, 
generally 300 mm or larger in diameter.  The cuttings are 
returned to the surface at intervals (generally of not more 
than 0.5 m) and are disturbed but usually unchanged in 
moisture content.  Identification of soil strata is generally 
much more reliable than with continuous spiral flight 
augers, and is usually supplemented by occasional 
undisturbed tube sampling. 

 
Continuous Sample Drilling  —  the hole is advanced 
by pushing a 100 mm diameter socket into the ground and 
withdrawing it at intervals to extrude the sample.  This is 
the most reliable method of drilling in soils, since moisture 
content is unchanged and soil structure, strength, etc. is 
only marginally affected. 

 
Continuous Spiral Flight Augers — the hole is 
advanced using 90—115 mm diameter continuous spiral 
flight augers which are withdrawn at intervals to allow 
sampling or in-situ testing.  This is a relatively economical 
means of drilling in clays and in sands above the water 
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table.  Samples are returned to the surface, or may be 
collected after withdrawal of the auger flights, but they are 
very disturbed and may be contaminated.  Information 
from the drilling (as distinct from specific sampling by 
SPTs or undisturbed samples) is of relatively lower 
reliability, due to remoulding, contamination or softening 
of samples by ground water. 
 
Non-core Rotary Drilling — the hole is advanced by a 
rotary bit, with water being pumped down the drill rods and 
returned up the annulus, carrying the drill cuttings.  Only 
major changes in stratification can be determined from the 
cuttings, together with some information from ‘feel’ and 
rate of penetration. 
 
Rotary Mud Drilling — similar to rotary drilling, but using 
drilling mud as a circulating fluid.  The mud tends to mask 
the cuttings and reliable identification is again only 
possible from separate intact sampling (eg. from SPT). 
 
Continuous Core Drilling — a continuous core sample 
is obtained using a diamond-tipped core barrel, usually 
50 mm internal diameter.  Provided full core recovery is 
achieved (which is not always possible in very weak rocks 
and granular soils), this technique provides a very reliable 
(but relatively expensive) method of investigation. 
 
 
Standard Penetration Tests 

Standard penetration tests (abbreviated as SPT) are 
used mainly in non-cohesive soils, but occasionally also in 
cohesive soils as a means of determining density or 
strength and also of obtaining a relatively undisturbed 
sample.  The test procedure is described in Australian 
Standard 1289, “Methods of Testing Soils for Engineering 
Purposes” — Test 6.3.1. 

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

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

successive blow counts for each 150 mm of say 4, 6 
and 7 
  as 4, 6, 7 
   N = 13 

• In the case where the test is discontinued short of full 
penetration, say after 15 blows for the first 150 mm and 
30 blows for the next 40 mm 
  as 15, 30/40 mm. 
The results of the tests can be related empirically to the 

engineering properties of the soil. 
Occasionally, the test method is used to obtain samples 

in 50 mm diameter thin walled sample tubes in clays.  In 
such circumstances, the test results are shown on the 
borelogs in brackets. 

 
 

Cone Penetrometer Testing and Interpretation 
Cone penetrometer testing (sometimes referred to as 

Dutch cone — abbreviated as CPT) described in this 
report has been carried out using an electrical friction cone 
penetrometer. The test is described in Australian Standard 
1289, Test 6.4.1. 

In the tests, a 35 mm diameter rod with a cone-tipped 
end is pushed continuously into the soil, the reaction being 
provided by a specially designed truck or rig which is fitted 
with an hydraulic ram system.  Measurements are made 
of the end bearing resistance on the cone and the friction 
resistance on a separate 130 mm long sleeve, 
immediately behind the cone. Transducers in the tip of the 
assembly are connected by electrical wires passing 
through the centre of the push rods to an amplifier and 
recorder unit mounted on the control truck. 

As penetration occurs (at a rate of approximately 
20 mm per second) the information is plotted on a 
computer screen and at the end of the test is stored on the 
computer for later plotting of the results. 

The information provided on the plotted results 
comprises: — 
• Cone resistance — the actual end bearing force divided 

by the cross sectional area of the cone — expressed in 
MPa. 

• Sleeve friction — the frictional force on the sleeve 
divided by the surface area — expressed in kPa. 

• Friction ratio — the ratio of sleeve friction to cone 
resistance, expressed in percent. 
There are two scales available for measurement of 

cone resistance.  The lower scale (0—5 MPa) is used in 
very soft soils where increased sensitivity is required and 
is shown in the graphs as a dotted line.  The main scale 
(0—50 MPa) is less sensitive and is shown as a full line. 

The ratios of the sleeve friction to cone resistance will 
vary with the type of soil encountered, with higher relative 
friction in clays than in sands.  Friction ratios of 1%—2% 
are commonly encountered in sands and very soft clays 
rising to 4%—10% in stiff clays. 

In sands, the relationship between cone resistance and 
SPT value is commonly in the range:— 

qc (MPa)  =  (0.4 to 0.6) N (blows per 300 mm) 
In clays, the relationship between undrained shear 

strength and cone resistance is commonly in the range:— 
qc  =  (12 to 18) cu   

Interpretation of CPT values can also be made to allow 
estimation of modulus or compressibility values to allow 
calculation of foundation settlements. 

Inferred stratification as shown on the attached reports 
is assessed from the cone and friction traces and from 
experience and information from nearby boreholes, etc.  
This information is presented for general guidance, but 
must be regarded as being to some extent interpretive.  
The test method provides a continuous profile of 
engineering properties, and where precise information on 
soil classification is required, direct drilling and sampling 
may be preferable. 
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Hand Penetrometers 

Hand penetrometer tests are carried out by driving a rod 
into the ground with a falling weight hammer and 
measuring the blows for successive 150 mm increments 
of penetration.  Normally, there is a depth limitation of 
1.2 m but this may be extended in certain conditions by 
the use of extension rods. 

Two relatively similar tests are used. 
• Perth sand penetrometer — a 16 mm diameter flat-

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

• Cone penetrometer (sometimes known as the Scala 
Penetrometer) — a 16 mm rod with a 20 mm diameter 
cone end is driven with a 9 kg hammer dropping 
510 mm (AS 1289, Test 6.3.2).  The test was developed 
initially for pavement subgrade investigations, and 
published correlations of the test results with California 
bearing ratio have been published by various Road 
Authorities.  
 

Laboratory Testing 
Laboratory testing is carried out in accordance with 

Australian Standard 1289 “Methods of Testing Soil for 
Engineering Purposes”.  Details of the test procedure used 
are given on the individual report forms. 

 
Bore Logs 

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

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

 
Ground Water 

Where ground water levels are measured in boreholes, 
there are several potential problems; 
• In low permeability soils, ground water although present, 

may enter the hole slowly or perhaps not at all during 
the time it is left open. 

• A localised perched water table may lead to an 
erroneous indication of the true water table. 

• Water table levels will vary from time to time with 
seasons or recent weather changes.  They may not be 

the same at the time of construction as are indicated in 
the report. 

• The use of water or mud as a drilling fluid will mask any 
ground water inflow.  Water has to be blown out of the 
hole and drilling mud must first be washed out of the 
hole if water observations are to be made. 
More reliable measurements can be made by installing 

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

 
Engineering Reports 

Engineering reports are prepared by qualified personnel 
and are based on the information obtained and on current 
engineering standards of interpretation and analysis.  
Where the report has been prepared for a specific design 
proposal (eg. a three storey building), the information and 
interpretation may not be relevant if the design proposal is 
changed (eg. to a twenty storey building).  If this happens, 
the Company will be pleased to review the report and the 
sufficiency of the investigation work. 

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

potential for this will depend partly on bore spacing and 
sampling frequency 

• changes in policy or interpretation of policy by statutory 
authorities 

• the actions of contractors responding to commercial 
pressures. 
If these occur, the Company will be pleased to assist 

with investigation or advice to resolve the matter. 
 

Site Anomalies 
In the event that conditions encountered on site during 

construction appear to vary from those which were 
expected from the information contained in the report, the 
Company requests that it immediately be notified.  Most 
problems are much more readily resolved when conditions 
are exposed than at some later stage, well after the event.  

 
Reproduction of Information for  
Contractual Purposes 

Attention is drawn to the document “Guidelines for the 
Provision of Geotechnical Information in Tender 
Documents”, published by the Institution of Engineers, 
Australia.  Where information obtained from this 
investigation is provided for tendering purposes, it is 
recommended that all information, including the written 
report and discussion, be made available. In 
circumstances where the discussion or comments section 
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is not relevant to the contractual situation, it may be 
appropriate to prepare a specially edited document.  The 
Company would be pleased to assist in this regard and/or 
to make additional report copies available for contract 
purposes at a nominal charge. 

 
 

Site Inspection 
The Company will always be pleased to provide 

engineering inspection services for geotechnical aspects 
of work to which this report is related.  This could range 
from a site visit to confirm that conditions exposed are as 
expected, to full time engineering presence on site. 
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GRAPHIC SYMBOLS FOR SOIL & ROCK

CONGLOMERATE

CONGLOMERATIC SANDSTONE

BOULDER CONGLOMERATE

SANDSTONE FINE GRAINED

SANDSTONE COARSE GRAINED

BITUMINOUS CONCRETE

CONCRETE

FILLING

TOPSOIL

PEAT

CLAY

SOIL

GRAVELLY CLAY

SHALY CLAY

SILT

CLAYEY SILT

SILTY CLAY

COBBLES/BOULDERS

SANDY CLAY

SANDY SILT

SAND

CLAYEY SAND

SILTY SAND

GRAVEL

SANDY GRAVEL

LAMINITE

MUDSTONE, CLAYSTONE, SHALE

COAL

LIMESTONE

IGNEOUS ROCK

GNEISS

QUARTZITE

DOLERITE, BASALT

SEDIMENTARY ROCK

SILTSTONE

METAMORPHIC ROCK

CLAYEY GRAVEL

SLATE, PHYLITTE, SCHIST

GRANITE

TUFF

PORPHYRYTALUS
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grained silty sand with some gravel

SANDY SILTY CLAY - very stiff, dry to moist, yellow
brown mottled medium plasticity sandy silty clay
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0.4

TOPSOIL - brown silty sand with rootlets

SILTY SANDY GRAVEL - dense, dry, brown fine to
coarse grained silty sandy gravel with cobbles and
boulders

DACITE - low strength, highly weathered, brown
medium grained dacite

Pit discontinued at 1.0m
(refusal)
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A Auger sample pp Pocket penetrometer (kPa)
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W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level
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0.1 TOPSOIL - brown silty sand with rootlets

GRAVELLY SILTY SAND - dense, dry, brown fine to
coarse grained gravelly silty sand with some cobbles

GRAVELLY CLAYEY SILT - hard, dry, light brown low
plasticity gravelly clayey silt

DACITE - low strength, highly weathered, brown
medium grained foliated dacite

Pit discontinued at 1.9m
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C Core drilling    Water seep    Water level
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TOPSOIL - brown sandy silt with rootlets

SANDY SILT - very stiff, dry to moist, grey low
plasticity sandy silt

SANDY SILTY CLAY - very stiff, yellow brown medium
plasticity sandy silty clay

DACITE - very low to low strength, extremely to highly
weathered, light brown yellow medium to coarse
grained foliated dacite

- medium strength from 1.8m

Pit discontinued at 2.1m
(refusal)

0.1

0.4

1.2

2.1

LOCATION:

R
L Depth

(m)

TEST PIT LOG

WATER OBSERVATIONS:  No free groundwater observed

RIG:  20T excavator - 600mm bucket

W
at

er

5 10 15 20

LOGGED:  JRB

Googong Dam Road, Googong

73
3

73
2

73
1

73
0

72
9

72
8

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

REMARKS:

Ty
pe

Initials:

PIT No:  4
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

CHECKED

Dynamic Penetrometer Test
(blows per mm)

   Sand Penetrometer  AS1289.6.3.3

CLIENT:
PROJECT:

SURFACE LEVEL:  733.6 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

Date:

0.6B pp = 310kPa



Sampling & In Situ Testing

1

2

3

4

5

W
at

er

   Cone Penetrometer  AS1289.6.3.2

D
ep

th

Sa
m

pl
e

Description
of

Strata G
ra

ph
ic

Lo
g

0.1 TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

SILTY SANDY CLAY - hard, dry brown red medium
plasticity silty sandy clay
DACITE - low strength, highly weathered, highly
fractured, grey brown fine to medium grained dacite

Pit discontinued at 3.5m
(limit of investigation)

Results &
Comments

0.25

0.5

3.5

WATER OBSERVATIONS:  No free groundwater observed

5 10 15 20

LOCATION:

PIT No:  5
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

Depth
(m)

Ty
pe

   Sand Penetrometer  AS1289.6.3.3

RIG:  20T excavator - 600mm bucket

REMARKS:

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

LOGGED:  JRB

74
1

74
0

73
9

73
8

73
7

73
6

TEST PIT LOG
CLIENT:
PROJECT:

Initials:

Date:

Dynamic Penetrometer Test
(blows per mm)

Googong Dam Road, Googong

SURFACE LEVEL:  741.7 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

CHECKED



Sampling & In Situ Testing

1

2

3

4

5

W
at

er

   Cone Penetrometer  AS1289.6.3.2

Sa
m

pl
e

Description
of

Strata G
ra

ph
ic

Lo
g

0.05 TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

SILTY CLAY - stiff, moist, yellow brown grey mottled
medium plasticity silty clay
DACITE - low to medium strength, highly weathered,
light brown coarse grained dacite

Pit discontinued at 1.1m
(refusal)

Results &
Comments

0.3

0.55

1.1

D
ep

th

TEST PIT LOG

LOGGED:  JRB

5 10 15 20

Googong Dam Road, Googong

Ty
pe

PIT No:  6
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

   Sand Penetrometer  AS1289.6.3.3

Depth
(m)

LOCATION:

WATER OBSERVATIONS:  No free groundwater observed

REMARKS:

74
6

74
5

74
4

74
3

74
2

74
1

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

Initials:

Dynamic Penetrometer Test
(blows per mm)

CHECKED

CLIENT:
PROJECT:

SURFACE LEVEL:  746.8 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

RIG:  20T excavator - 600mm bucket

Date:

0.5D



Sampling & In Situ Testing

1

2

3

4

5

   Cone Penetrometer  AS1289.6.3.2

D
ep

th

Sa
m

pl
e

Description
of

Strata G
ra

ph
ic

Lo
g

0.1 TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

SILTY SANDY CLAY - hard, dry, brown red fine to
coarse grained silty sandy clay

FELDSPATHIC QUARTZITE - low strength, extremely
to highly weathered, white brown medium grained
feldsparhic quartzite/dacite

Pit discontinued at 1.9m
(near refusal)

Results &
Comments

0.4

0.7

1.9

W
at

er

5 10 15 20

LOCATION:

PIT No:  7
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

Depth
(m)

TEST PIT LOG

Googong Dam Road, Googong

   Sand Penetrometer  AS1289.6.3.3WATER OBSERVATIONS:  No free groundwater observed

Dynamic Penetrometer Test
(blows per mm)

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

REMARKS:

LOGGED:  JRB

74
7

74
6

74
5

74
4

74
3

74
2

Ty
pe

CHECKED

Initials:

Date:

RIG:  20T excavator - 600mm bucket

CLIENT:
PROJECT:

SURFACE LEVEL:  747.5 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

0.5

1.6

B

D



Results &
Comments

Sampling & In Situ Testing

1

2

3

4

5

   Cone Penetrometer  AS1289.6.3.2

D
ep

th

Sa
m

pl
e

Description
of

Strata G
ra

ph
ic

Lo
g

W
at

er

TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

SILTY CLAY - stiff, moist, yellow brown medium
plasticity silty clay

DACITE - low strength, highly weathered, brown fine to
medium grained foliated dacite, hard excavation

Pit discontinued at 1.2m
(refusal)

0.1

0.3

0.7

1.2

Dynamic Penetrometer Test
(blows per mm)

PIT No:  8
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

LOCATION:

Depth
(m)

TEST PIT LOG

Googong Dam Road, Googong

WATER OBSERVATIONS:  No free groundwater observed

RIG:  20T excavator - 600mm bucket

REMARKS:

LOGGED:  JRB

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

74
4

74
3

74
2

74
1

74
0

73
9

Ty
pe

CHECKED

Initials:

5 10 15 20

Date:

R
L

   Sand Penetrometer  AS1289.6.3.3

CLIENT:
PROJECT:

SURFACE LEVEL:  744.3 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

0.6

1.0

B

D

pp = 200kPa



Sa
m

pl
e

1

2

3

4

5

W
at

er

D
ep

th

Description
of

Strata

   Cone Penetrometer  AS1289.6.3.2

Ty
pe

0.4

TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

DACITE - low strength, highly weathered, brown fine to
medium grained foliated dacite, hard excavation

Pit discontinued at 0.9m
(refusal)

Sampling & In Situ Testing

0.05

0.9

Results &
CommentsG

ra
ph

ic
Lo

g

Initials:

   Sand Penetrometer  AS1289.6.3.3

Dynamic Penetrometer Test
(blows per mm)

REMARKS:

5 10 15 20

LOCATION:

PIT No:  9
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

73
3

73
2

73
1

73
0

72
9

72
8

Depth
(m)

TEST PIT LOG

WATER OBSERVATIONS:  No free groundwater observed

LOGGED:  JRB

SAMPLING & IN SITU TESTING LEGEND

Date:

CHECKED
A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

SURFACE LEVEL:  733.9 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

Googong Dam Road, Googong

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

RIG:  20T excavator - 600mm bucket

CLIENT:
PROJECT:



1.7

RIG:  20T excavator - 600mm bucket

Pit discontinued at 1.7m
(refusal)

0.1

DACITE - very low to low strength, highly weathered,
brown medium grained dacite, moderate excavation

0.7

CLAYEY SAND - dense, dry, light yellow brown
mottled fine to coarse grained clayey sand

CLIENT:
PROJECT:

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

Googong Dam Road, Googong

0.3

74
5

74
4

74
3

74
2

74
1

74
0

LOGGED:  JRB

REMARKS:

WATER OBSERVATIONS:  No free groundwater observed

TEST PIT LOG

- hard excavation from 1.1m

PIT No:  10
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

5 10 15 20

Dynamic Penetrometer Test
(blows per mm)

   Sand Penetrometer  AS1289.6.3.3
   Cone Penetrometer  AS1289.6.3.2

TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

Depth
(m)

LOCATION:

D
ep

th

Sa
m

pl
e

Description
of

Strata G
ra

ph
ic

Lo
g

Ty
pe

Initials:

Date:

CHECKED

Results &
Comments

R
L

1

2

3

4

5

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

SAMPLING & IN SITU TESTING LEGEND

Sampling & In Situ Testing

1

2

3

4

5

W
at

er

SURFACE LEVEL:  745.4 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--



D
ep

th

1

2

3

4

5

W
at

er

   Cone Penetrometer  AS1289.6.3.2

Description
of

Strata G
ra

ph
ic

Lo
g

Ty
pe

0.5

TOPSOIL - brown silty sand with rootlets

SILTY SANDY GRAVEL - dense, dry, brown fine to
coarse grained silty sandy gravel

DACITE - low to medium strength, highly weathered,
brown medium grained foliated dacite, hard excavation

Pit discontinued at 1.2m
(refusal)

Sampling & In Situ Testing

0.1

1.2

Results &
Comments

PIT No:  11
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

   Sand Penetrometer  AS1289.6.3.3

Dynamic Penetrometer Test
(blows per mm)

Initials:

5 10 15 20

Googong Dam Road, GoogongLOCATION:

Depth
(m)

TEST PIT LOG

WATER OBSERVATIONS:  No free groundwater observed

REMARKS:

73
6

73
5

73
4

73
3

73
2

73
1

LOGGED:  JRB

Sa
m

pl
e

SURFACE LEVEL:  736.6 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

Date:

CHECKED
A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

CLIENT:
PROJECT:

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

RIG:  20T excavator - 600mm bucket



D
ep

th

1

2

3

4

5

W
at

er

   Cone Penetrometer  AS1289.6.3.2

Description
of

Strata G
ra

ph
ic

Lo
g

Ty
pe

0.7

TOPSOIL - brown silty sand with rootlets

SILTY SANDY GRAVEL - dense, dry, brown fine to
coarse grained silty sandy gravel

DACITE - low strength, highly weathered, brown
foliated dacite

Pit discontinued at 1.3m
(refusal)

Sampling & In Situ Testing

0.1

1.3

Results &
Comments

PIT No:  12
PROJECT No:  46285
DATE:  03 Aug 09
SHEET  1  OF  1

   Sand Penetrometer  AS1289.6.3.3

Dynamic Penetrometer Test
(blows per mm)

Initials:

5 10 15 20

Googong Dam Road, GoogongLOCATION:

Depth
(m)

TEST PIT LOG

WATER OBSERVATIONS:  No free groundwater observed

REMARKS:

72
6

72
5

72
4

72
3

72
2

72
1

LOGGED:  JRB

Sa
m

pl
e

SURFACE LEVEL:  726.3 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

Date:

CHECKED
A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

CLIENT:
PROJECT:

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

RIG:  Case 580 Super L Backhoe



CLAYEY SILTY SAND - dense, dry, dark brown fine to
coarse grained clayey silty sand

SANDY SILTY GRAVEL - dense, dry, brown fine to
coarse grained sandy silty gravel with cobbles

GRAVELLY CLAYEY SAND - dense, dry, brown
orange fine to coarse grained gravelly clayey sand

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

TOPSOIL - brown silty sand with rootlets

   Cone Penetrometer  AS1289.6.3.2

Sa
m

pl
e

Results &
Comments

Pit discontinued at 2.1m
(refusal on large boulder)

Sampling & In Situ Testing

1

2

3

4

5

W
at

er

2.1

1.6

1.0

0.5

0.05

SILTY CLAY - very stiff, dry to moist, brown yellow grey
mottled medium plasticity silty clay

D
ep

th

0.25

LOGGED:  JRB

R
L

LOCATION: Googong Dam Road, Googong

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

REMARKS:

WATER OBSERVATIONS:  No free groundwater observed

TEST PIT LOG

Depth
(m)

PIT No:  13
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

5 10 15 20

Dynamic Penetrometer Test
(blows per mm)

   Sand Penetrometer  AS1289.6.3.3

72
1

72
0

71
9

71
8

71
7

71
6

Description
of

Strata G
ra

ph
ic

Lo
g

Ty
pe

Initials:

RIG:  20T excavator - 600mm bucket

Date:

CHECKED

CLIENT:
PROJECT:

SURFACE LEVEL:  721.4 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

0.5B



Results &
Comments

Sampling & In Situ Testing

1

2

3

4

5

G
ra

ph
ic

Lo
g

   Cone Penetrometer  AS1289.6.3.2

D
ep

th

Sa
m

pl
e

Description
of

Strata

W
at

er

TOPSOIL - brown sandy silt with rootlets

SANDY SILT - hard, dry, grey brown mottled low
plasticity sandy silt

SANDY SILTY CLAY - hard, dry, yellow brown medium
plasticity sandy silty clay

- light yellow brown from 0.9m

DACITE - extremely low to very low strength, extremely
weathered, brown medium grained foliated dacite

- low strength from 2.1m

Pit discontinued at 5.5m
(limit of investigation)

0.1

0.3

1.4

5.5

LOCATION:

R
L

PIT No:  14
PROJECT No:  46285
DATE:  03 Aug 09
SHEET  1  OF  1

Depth
(m)

TEST PIT LOG

WATER OBSERVATIONS:  No free groundwater observed

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

REMARKS:
   Sand Penetrometer  AS1289.6.3.3

LOGGED:  JRB

72
4

72
3

72
2

72
1

72
0

71
9

Googong Dam Road, Googong

Ty
pe

Initials:

5 10 15 20

CHECKED

Dynamic Penetrometer Test
(blows per mm)

CLIENT:
PROJECT:

SURFACE LEVEL:  724.2 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

RIG:  Case 580 Super L Backhoe

Date:



D
ep

th

1

2

3

4

5

W
at

er

   Cone Penetrometer  AS1289.6.3.2

Description
of

Strata G
ra

ph
ic

Lo
g

Ty
pe

0.4

TOPSOIL - brown silty sand with rootlets

SILTY SANDY GRAVEL - dense, dry, brown fine to
coarse grained silty sandy gravel

DACITE - low strength, highly weathered, brown
medium grained foliated dacite

Pit discontinued at 0.8m
(refusal)

Sampling & In Situ Testing

0.1

0.8

Results &
Comments

PIT No:  15
PROJECT No:  46285
DATE:  03 Aug 09
SHEET  1  OF  1

   Sand Penetrometer  AS1289.6.3.3

Dynamic Penetrometer Test
(blows per mm)

Initials:

5 10 15 20

Googong Dam Road, GoogongLOCATION:

Depth
(m)

TEST PIT LOG

WATER OBSERVATIONS:  No free groundwater observed

REMARKS:

73
3

73
2

73
1

73
0

72
9

72
8

LOGGED:  JRB

Sa
m

pl
e

SURFACE LEVEL:  733.5 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

Date:

CHECKED
A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

CLIENT:
PROJECT:

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

RIG:  Case 580 Super L Backhoe



Ty
pe

Sampling & In Situ Testing

1

2

3

4

5

W
at

er

Results &
Comments

Sa
m

pl
e

   Cone Penetrometer  AS1289.6.3.2

Description
of

Strata G
ra

ph
ic

Lo
g

0.1 TOPSOIL - brown silty sand with rootlets

SILTY SANDY GRAVEL - dense, dry, brown fine to
coarse grained silty sandy gravel

DACITE - low strength, highly weathered, moderately
to highly fractured, brown medium grained foliated
dacite, moderate excavation

- hard excavation from 1.2m

Pit discontinued at 1.9m
(refusal)

0.5

1.9

Depth
(m)

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

   Sand Penetrometer  AS1289.6.3.3

Dynamic Penetrometer Test
(blows per mm)

5 10 15 20

72
9

72
8

72
7

72
6

72
5

72
4

PIT No:  16
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

RIG:  20T excavator - 600mm bucket

TEST PIT LOG

WATER OBSERVATIONS:  No free groundwater observed

REMARKS:

LOGGED:  JRB

D
ep

th

SURFACE LEVEL:  729.7 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

Initials:

Date:

CHECKED

Googong Dam Road, Googong

CLIENT:
PROJECT:
LOCATION:

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L



Sampling & In Situ Testing

1

2

3

4

5

W
at

er

   Cone Penetrometer  AS1289.6.3.2

D
ep

th

Sa
m

pl
e

Description
of

Strata G
ra

ph
ic

Lo
g

0.1 TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, brown fine to coarse
grained silty sand with some gravel

SILTY SANDY GRAVEL - dense, dry, brown orange
fine to coarse grained silty sandy gravel

DACITE - low strength, highly weathered, brown
orange medium grained dacite

Pit discontinued at 1.7m
(refusal)

Results &
Comments

0.3

0.8

1.7

WATER OBSERVATIONS:  No free groundwater observed

5 10 15 20

LOCATION:

PIT No:  17
PROJECT No:  46285
DATE:  03 Aug 09
SHEET  1  OF  1

Depth
(m)

Ty
pe

   Sand Penetrometer  AS1289.6.3.3

RIG:  Case 580 Super L Backhoe

REMARKS:

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

LOGGED:  JRB

74
0

73
9

73
8

73
7

73
6

73
5

TEST PIT LOG
CLIENT:
PROJECT:

Initials:

Date:

Dynamic Penetrometer Test
(blows per mm)

Googong Dam Road, Googong

SURFACE LEVEL:  740.5 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

CHECKED



Sampling & In Situ Testing

1

2

3

4

5

W
at

er

   Cone Penetrometer  AS1289.6.3.2

Sa
m

pl
e

Description
of

Strata G
ra

ph
ic

Lo
g

TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

CLAYEY SAND/SANDY CLAY - hard, dry, dark brown
yellow brown mottled medium plasticity clayey
sand/sandy clay

DACITE - very low to low strength, extremely to highly
weathered, brown medium grained dacite, moderate
excavation

- hard excavation from 2.3m

Pit discontinued at 3.5m
(near refusal)

Results &
CommentsD

ep
th

0.1

0.3

0.8

3.5

WATER OBSERVATIONS:  No free groundwater observed

Dynamic Penetrometer Test
(blows per mm)

LOCATION:

PIT No:  18
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

Ty
pe

Depth
(m)

Googong Dam Road, Googong

TEST PIT LOG

   Sand Penetrometer  AS1289.6.3.3
REMARKS:

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

LOGGED:  JRB

73
1

73
0

72
9

72
8

72
7

72
6

Initials:

5 10 15 20

CHECKED

RIG:  20T excavator - 600mm bucket

CLIENT:
PROJECT:

SURFACE LEVEL:  731.0 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

Date:

0.6B



TEST PIT LOG

Description
of

Strata

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

73
8

73
7

73
6

73
5

73
4

73
3

LOGGED:  JRB

LOCATION:

WATER OBSERVATIONS:  No free groundwater observed

RIG:  20T excavator - 600mm bucket

Depth
(m)

PIT No:  19
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

5 10 15 20

TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

SANDY CLAY - hard, dry, yellow brown medium
plasticity sandy clay with some gravel

DACITE - low strength, highly weathered, brown
medium grained dacite, moderate excavation

REMARKS:

CHECKED

G
ra

ph
ic

Lo
g

Ty
pe

Initials:

Googong Dam Road, Googong

Date:

CLIENT:
PROJECT:

SURFACE LEVEL:  738.3 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

W
at

er

1

2

3

4

5

Pit discontinued at 1.6m
(refusal)

D
ep

th

- hard excavation from 1.3m

Sa
m

pl
e

Results &
Comments

Sampling & In Situ Testing

1.6

   Cone Penetrometer  AS1289.6.3.2

0.1

1.0

   Sand Penetrometer  AS1289.6.3.3

Dynamic Penetrometer Test
(blows per mm)

0.5



Results &
Comments

   Cone Penetrometer  AS1289.6.3.2

D
ep

th

Sa
m

pl
e

Sampling & In Situ Testing

TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, brown fine to coarse
grained silty sand with some gravel

SILTY SAND - dense, dry, brown orange fine grained
silty sand

CLAYEY SANDY GRAVEL - dense, moist, brown fine
to medium grained clayey sandy gravel

- grey brown orange mottled from 2.8m

DACITE - low strength, extremely to highly weathered,
brown medium grained dacite

Pit discontinued at 4.1m
(near refusal)

W
at

er

0.15

1.4

2.1

3.4

4.1

1

2

3

4

5

PIT No:  20
PROJECT No:  46285
DATE:  03 Aug 09
SHEET  1  OF  1

Depth
(m)

TEST PIT LOG

WATER OBSERVATIONS:  No free groundwater observed

REMARKS:

LOGGED:  JRB

LOCATION:

5 10 15 20

73
8

73
7

73
6

73
5

73
4

73
3

R
L

RIG:  Case 580 Super L Backhoe

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

Googong Dam Road, Googong

Description
of

Strata

CHECKED

G
ra

ph
ic

Lo
g

Ty
pe

Initials:

1

2

3

4

5

Date:

CLIENT:
PROJECT:

SURFACE LEVEL:  738.6 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

   Sand Penetrometer  AS1289.6.3.3

Dynamic Penetrometer Test
(blows per mm)



Sampling & In Situ Testing

1

2

3

4

5

W
at

er

D
ep

th

   Cone Penetrometer  AS1289.6.3.2

Description
of

Strata G
ra

ph
ic

Lo
g

0.15
TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, brown fine to coarse
grained silty sand with some gravel

CLAYEY SAND - dense, dry, yellow brown orange
mottled fine to coarse grained clayey sand

DACITE - very low to low strength, extremely to highly
weathered, brown medium grained foliated dacite

Pit discontinued at 1.8m
(near refusal)

Results &
Comments

0.4

1.0

1.8

Sa
m

pl
e

TEST PIT LOG

Dynamic Penetrometer Test
(blows per mm)

5 10 15 20Ty
pe

PIT No:  21
PROJECT No:  46285
DATE:  03 Aug 09
SHEET  1  OF  1

LOCATION:

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

RIG:  Case 580 Super L Backhoe

WATER OBSERVATIONS:  No free groundwater observed

REMARKS:

LOGGED:  JRB

74
0

73
9

73
8

73
7

73
6

73
5

Depth
(m)

CLIENT:
PROJECT:

Initials:

Date:

   Sand Penetrometer  AS1289.6.3.3

Googong Dam Road, Googong

SURFACE LEVEL:  740.2 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

CHECKED



1

2

3

4

5

W
at

er

Sa
m

pl
e

   Cone Penetrometer  AS1289.6.3.2

Description
of

Strata G
ra

ph
ic

Lo
g

Ty
pe

0.5

TOPSOIL - brown silty sand with rootlets

GRAVELLY SILTY SAND - dense, dry, brown fine to
coarse grained gravelly silty sand

DACITE - low to medium strength, highly weathered,
brown medium to course grained dacite

Pit discontinued at 0.9m
(refusal)

Sampling & In Situ Testing

0.05

0.9

Results &
Comments

PIT No:  22
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

   Sand Penetrometer  AS1289.6.3.3

Dynamic Penetrometer Test
(blows per mm)

5 10 15 20

Initials:

D
ep

th

Googong Dam Road, Googong

Depth
(m)

TEST PIT LOG
74

0
73

9
73

8
73

7
73

6
73

5

WATER OBSERVATIONS:  No free groundwater observed

REMARKS:

LOGGED:  JRB

CLIENT:
PROJECT:

Date:

LOCATION:

SURFACE LEVEL:  740.9 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

RIG:  20T excavator - 600mm bucket

CHECKED

0.5B



Sa
m

pl
e

1

2

3

4

5

W
at

er

D
ep

th

Description
of

Strata

   Cone Penetrometer  AS1289.6.3.2

Ty
pe

0.4

TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, brown fine to coarse
grained silty sand with some gravel

DACITE - low strength, highly weathered, brown
medium grained foliated dacite

Pit discontinued at 0.9m
(refusal)

Sampling & In Situ Testing

0.1

0.9

Results &
CommentsG

ra
ph

ic
Lo

g

Initials:

   Sand Penetrometer  AS1289.6.3.3

Dynamic Penetrometer Test
(blows per mm)

REMARKS:

5 10 15 20

LOCATION:

PIT No:  23
PROJECT No:  46285
DATE:  03 Aug 09
SHEET  1  OF  1

73
2

73
1

73
0

72
9

72
8

72
7

Depth
(m)

TEST PIT LOG

WATER OBSERVATIONS:  No free groundwater observed

LOGGED:  JRB

SAMPLING & IN SITU TESTING LEGEND

Date:

CHECKED
A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

SURFACE LEVEL:  732.2 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

Googong Dam Road, Googong

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

RIG:  Case 580 Super L Backhoe

CLIENT:
PROJECT:



Sampling & In Situ Testing

1

2

3

4

5

W
at

er

   Cone Penetrometer  AS1289.6.3.2

D
ep

th

Sa
m

pl
e

Description
of

Strata G
ra

ph
ic

Lo
g

0.1 TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, brown fine to coarse
grained silty sand with some gravel

SANDY SILTY CLAY - very stiff, dry to moist, yellow
brown orange mottled medium plasticity sandy silty
clay

DACITE - low strength, highly weathered, brown
medium grained foliated dacite

Pit discontinued at 1.5m
(refusal)

Results &
Comments

0.3

0.8

1.5

WATER OBSERVATIONS:  No free groundwater observed

5 10 15 20

LOCATION:

PIT No:  24
PROJECT No:  46285
DATE:  03 Aug 09
SHEET  1  OF  1

Depth
(m)

Ty
pe

   Sand Penetrometer  AS1289.6.3.3

RIG:  Case 580 Super L Backhoe

REMARKS:

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

LOGGED:  JRB

73
0

72
9

72
8

72
7

72
6

72
5

TEST PIT LOG
CLIENT:
PROJECT:

Initials:

Date:

Dynamic Penetrometer Test
(blows per mm)

Googong Dam Road, Googong

SURFACE LEVEL:  730.8 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

CHECKED



G
ra

ph
ic

Lo
g

Results &
Comments

Sampling & In Situ Testing

1

2

3

4

5

   Cone Penetrometer  AS1289.6.3.2

D
ep

th

Sa
m

pl
e

Description
of

Strata

W
at

er

TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

SILTY GRAVELLY CLAYEY SAND - dense, dry, yellow
brown orange mottled fine to coarse grained silty
gravelly clayey sand

DACITE - low strength, highly weathered, brown
medium grained dacite, moderate excavation

- hard excavation from 1.1m

Pit discontinued at 1.6m
(refusal)

0.1

0.4

0.7

1.6

REMARKS:

RIG:  20T excavator - 600mm bucket

PIT No:  25
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

Depth
(m)

TEST PIT LOG

Dynamic Penetrometer Test
(blows per mm)

   Sand Penetrometer  AS1289.6.3.3

Googong Dam Road, Googong

LOGGED:  JRB

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

73
8

73
7

73
6

73
5

73
4

73
3

WATER OBSERVATIONS:  No free groundwater observed

CHECKED

Ty
pe

Initials:

5 10 15 20

Date:

LOCATION:

CLIENT:
PROJECT:

SURFACE LEVEL:  738.6 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

0.6B



   Cone Penetrometer  AS1289.6.3.2

Sampling & In Situ Testing

1

2

3

4

5

W
at

er

D
ep

th

Sa
m

pl
e

Description
of

Strata G
ra

ph
ic

Lo
g

0.05 TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

SILTY SANDY CLAY - hard, dry, red brown medium
plasticity silty sandy clay

DACITE - low strength, extremely to highly weathered,
light brown medium to coarse grained foliated dacite

Pit discontinued at 1.2m
(refusal)

Results &
Comments

0.4
0.5

1.2

Dynamic Penetrometer Test
(blows per mm)

LOCATION:

PIT No:  26
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

Depth
(m)

TEST PIT LOG

Googong Dam Road, Googong

WATER OBSERVATIONS:  No free groundwater observed    Sand Penetrometer  AS1289.6.3.3
REMARKS:

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

LOGGED:  JRB

75
0

74
9

74
8

74
7

74
6

74
5

Ty
pe

Initials:

5 10 15 20

CHECKED

RIG:  20T excavator - 600mm bucket

CLIENT:
PROJECT:

SURFACE LEVEL:  750.3 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

Date:

0.5B



Sampling & In Situ Testing

1

2

3

4

5

W
at

er

   Cone Penetrometer  AS1289.6.3.2

Sa
m

pl
e

Description
of

Strata G
ra

ph
ic

Lo
g

TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

SANDY CLAY - hard, dry, yellow brown red mottled
medium plasticity sandy clay

DACITE - low strength, highly to moderately
weathered, blue brown fine to medium grained dacite.
Medium strength section in middle of pit, moderate
excavation

- hard excavation

Pit discontinued at 1.8m
(refusal)

Results &
CommentsD

ep
th

0.1

0.4

0.8

1.8

WATER OBSERVATIONS:  No free groundwater observed

Dynamic Penetrometer Test
(blows per mm)

LOCATION:

PIT No:  27
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

Ty
pe

Depth
(m)

Googong Dam Road, Googong

TEST PIT LOG

   Sand Penetrometer  AS1289.6.3.3
REMARKS:

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

LOGGED:  JRB

74
2

74
1

74
0

73
9

73
8

73
7

Initials:

5 10 15 20

CHECKED

RIG:  20T excavator - 600mm bucket

CLIENT:
PROJECT:

SURFACE LEVEL:  742.0 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

Date:

0.5D



TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

SILTY SANDY GRAVEL - dense, dry, light brown fine
to coarse grained silty sandy gravel with cobbles
DACITE - low to medium strength, highly weathered,
brown medium grained dacite

W
at

er

1

2

3

4

5

Pit discontinued at 0.8m
(refusal)

Sampling & In Situ Testing

   Cone Penetrometer  AS1289.6.3.2

D
ep

th

Sa
m

pl
e

Description
of

Strata G
ra

ph
ic

Lo
g

0.05

0.2

0.5

Results &
Comments

0.8

Googong Dam Road, Googong

LOGGED:  JRB

   Sand Penetrometer  AS1289.6.3.3

Dynamic Penetrometer Test
(blows per mm)

Ty
pe

LOCATION:

PIT No:  28
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

Depth
(m)

72
2

72
1

72
0

71
9

71
8

71
7

TEST PIT LOG

WATER OBSERVATIONS:  No free groundwater observed

REMARKS:

5 10 15 20

CHECKED

Initials:
A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level Date:

RIG:  20T excavator - 600mm bucket

CLIENT:
PROJECT:

SURFACE LEVEL:  722.4 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L



   Cone Penetrometer  AS1289.6.3.2

Sampling & In Situ Testing

1

2

3

4

5

W
at

er

D
ep

th

Sa
m

pl
e

Description
of

Strata G
ra

ph
ic

Lo
g

0.1 TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

SILTY SANDY CLAY - hard, dry, brown yellow medium
plasticity silty sandy clay

QUARTZITE - medium to high strength, highly
weathered, light brown fine grained quartzite, hard
excavation

Pit discontinued at 1.3m
(refusal)

Results &
Comments

0.5

0.9

1.3

Dynamic Penetrometer Test
(blows per mm)

LOCATION:

PIT No:  29
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

Depth
(m)

TEST PIT LOG

Googong Dam Road, Googong

WATER OBSERVATIONS:  No free groundwater observed    Sand Penetrometer  AS1289.6.3.3
REMARKS:

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

LOGGED:  JRB

72
4

72
3

72
2

72
1

72
0

71
9

Ty
pe

Initials:

5 10 15 20

CHECKED

RIG:  20T excavator - 600mm bucket

CLIENT:
PROJECT:

SURFACE LEVEL:  724.9 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

Date:

1.1D



Sampling & In Situ Testing

1

2

3

4

5

W
at

er

   Cone Penetrometer  AS1289.6.3.2

Sa
m

pl
e

Description
of

Strata G
ra

ph
ic

Lo
g

TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

CLAYEY SAND - dense, dry, yellow brown orange
mottled fine to coarse grained clayey sand

DACITE - low strength, highly weathered, brown
medium grained dacite, moderate excavation

- hard excavation from 1.3m

Pit discontinued at 1.8m
(refusal)

Results &
CommentsD

ep
th

0.1

0.4

0.9

1.8

WATER OBSERVATIONS:  No free groundwater observed

Dynamic Penetrometer Test
(blows per mm)

LOCATION:

PIT No:  31
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

Ty
pe

Depth
(m)

Googong Dam Road, Googong

TEST PIT LOG

   Sand Penetrometer  AS1289.6.3.3
REMARKS:

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

LOGGED:  JRB

72
3

72
2

72
1

72
0

71
9

71
8

Initials:

5 10 15 20

CHECKED

RIG:  20T excavator - 600mm bucket

CLIENT:
PROJECT:

SURFACE LEVEL:  723.4 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

Date:

0.6D



D
ep

th

1

2

3

4

5

W
at

er

Sa
m

pl
e

   Cone Penetrometer  AS1289.6.3.2

G
ra

ph
ic

Lo
g

Ty
pe

0.15
TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

DACITE - very low to low strength, extremely to highly
weathered, brown medium grained dacite, moderate
excavation

- hard excavation from 0.8m

Pit discontinued at 1.2m
(refusal)

Sampling & In Situ TestingDescription
of

Strata

0.45

1.2

Results &
Comments

PIT No:  32
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

   Sand Penetrometer  AS1289.6.3.3

Initials:

Dynamic Penetrometer Test
(blows per mm)

REMARKS:

LOCATION:

Depth
(m)

TEST PIT LOG

WATER OBSERVATIONS:  No free groundwater observed

72
6

72
5

72
4

72
3

72
2

72
1

LOGGED:  JRB

5 10 15 20

SAMPLING & IN SITU TESTING LEGEND

Date:

CHECKED
A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

SURFACE LEVEL:  726.5 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

Googong Dam Road, Googong

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

RIG:  20T excavator - 600mm bucket

CLIENT:
PROJECT:



Sampling & In Situ Testing

1

2

3

4

5

W
at

er

   Cone Penetrometer  AS1289.6.3.2

Sa
m

pl
e

Description
of

Strata G
ra

ph
ic

Lo
g

TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

CLAYEY SAND - dense, dry, yellow brown orange
mottled fine to coarse grained clayey sand

DACITE - low strength, highly weathered, brow
medium grained dacite, moderate excavation
- hard excavation from 0.9m

Pit discontinued at 1.3m
(refusal)

Results &
CommentsD

ep
th

0.1

0.4

0.7

1.3

WATER OBSERVATIONS:  No free groundwater observed

Dynamic Penetrometer Test
(blows per mm)

LOCATION:

PIT No:  33
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

Ty
pe

Depth
(m)

Googong Dam Road, Googong

TEST PIT LOG

   Sand Penetrometer  AS1289.6.3.3
REMARKS:

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

LOGGED:  JRB

72
8

72
7

72
6

72
5

72
4

72
3

Initials:

5 10 15 20

CHECKED

RIG:  20T excavator - 600mm bucket

CLIENT:
PROJECT:

SURFACE LEVEL:  728.3 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

Date:

0.6D



D
ep

th

1

2

3

4

5

W
at

er

Sa
m

pl
e

   Cone Penetrometer  AS1289.6.3.2

G
ra

ph
ic

Lo
g

Ty
pe

0.1 TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

DACITE - very low to low strength, extremely to highly
weathered, brown medium grained dacite, moderate
excavation

- hard excavation from 1.6m

Pit discontinued at 2.3m
(near refusal)

Sampling & In Situ TestingDescription
of

Strata

0.7

2.3

Results &
Comments

PIT No:  34
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

   Sand Penetrometer  AS1289.6.3.3

Initials:

Dynamic Penetrometer Test
(blows per mm)

REMARKS:

LOCATION:

Depth
(m)

TEST PIT LOG

WATER OBSERVATIONS:  No free groundwater observed

72
8

72
7

72
6

72
5

72
4

72
3

LOGGED:  JRB

5 10 15 20

SAMPLING & IN SITU TESTING LEGEND

Date:

CHECKED
A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

SURFACE LEVEL:  728.3 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

Googong Dam Road, Googong

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

RIG:  20T excavator - 600mm bucket

CLIENT:
PROJECT:



Results &
Comments

Sampling & In Situ Testing

1

2

3

4

5

G
ra

ph
ic

Lo
g

   Cone Penetrometer  AS1289.6.3.2

D
ep

th

Sa
m

pl
e

Description
of

Strata

W
at

er

TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches
- grey brown mottled from 0.3m

CLAYEY SAND - dense, dry, brown orange grey
mottled fine to coarse grained clayey sand

DACITE - very low to low strength, extremely to highly
weathered, brown orange medium grained dacite,
moderate excavation
- hard excavation from 2.0m

Pit discontinued at 2.9m
(near refusal)

0.1

1.1

1.7

2.9

REMARKS:

R
L

PIT No:  35
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

Depth
(m)

TEST PIT LOG

RIG:  20T excavator - 600mm bucket

WATER OBSERVATIONS:  No free groundwater observed

5 10 15 20

LOCATION:

Dynamic Penetrometer Test
(blows per mm)

LOGGED:  JRB

Googong Dam Road, Googong

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

72
5

72
4

72
3

72
2

72
1

72
0

CLIENT:
PROJECT:

Ty
pe

Initials:

Date:

SURFACE LEVEL:  725.3 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

   Sand Penetrometer  AS1289.6.3.3

CHECKED

0.5

1.5

B

D



D
ep

th

1

2

3

4

5

G
ra

ph
ic

Lo
g

   Cone Penetrometer  AS1289.6.3.2

Ty
pe

Initials:

Sa
m

pl
e

SILTY SANDY GRAVEL - dense, dry, brown fine to
coarse grained silty sandy gravel with rootlets

DACITE - low to medium strength, highly weathered,
brown medium grained dacite, hard excavation
Pit discontinued at 0.4m
(refusal)

0.2

W
at

er

Results &
Comments

Sampling & In Situ Testing

0.4

TEST PIT LOG

Description
of

Strata

LOGGED:  JRB

WATER OBSERVATIONS:  No free groundwater observed

81
2

81
1

81
0

80
9

80
8

80
7

Depth
(m)

PIT No:  36
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

5 10 15 20

Dynamic Penetrometer Test
(blows per mm)

   Sand Penetrometer  AS1289.6.3.3
REMARKS:

SURFACE LEVEL:  812.3 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

CLIENT:
PROJECT:

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

CHECKED

1

2

3

4

5

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

R
L

RIG:  20T excavator - 600mm bucket

LOCATION: Googong Dam Road, Googong

Date:



   Cone Penetrometer  AS1289.6.3.2

Sampling & In Situ Testing

1

2

3

4

5

W
at

er

D
ep

th

Sa
m

pl
e

Description
of

Strata G
ra

ph
ic

Lo
g

0.05 TOPSOIL - brown silty sand with rootlets

SILTY SANDY GRAVEL - dense, dry, brown fine to
coarse grained silty sandy gravel

SANDY CLAY - hard, dry, yellow brown orange mottled
medium plasticity sandy clay with some gravel

DACITE - low to medium strength, highly weathered,
brown medium grained dacite, hard excavation

Pit discontinued at 1.2m
(refusal)

Results &
Comments

0.3

0.7

1.2

Dynamic Penetrometer Test
(blows per mm)

LOCATION:

PIT No:  37
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

Depth
(m)

TEST PIT LOG

Googong Dam Road, Googong

WATER OBSERVATIONS:  No free groundwater observed    Sand Penetrometer  AS1289.6.3.3
REMARKS:

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

LOGGED:  JRB

79
7

79
6

79
5

79
4

79
3

79
2

Ty
pe

Initials:

5 10 15 20

CHECKED

RIG:  20T excavator - 600mm bucket

CLIENT:
PROJECT:

SURFACE LEVEL:  797.7 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

Date:

0.5B



D
ep

th

1

2

3

4

5

G
ra

ph
ic

Lo
g

   Cone Penetrometer  AS1289.6.3.2

Ty
pe

Initials:

Sa
m

pl
e

SILTY SANDY GRAVEL - dense, dry, brown fine to
coarse grained silty sandy gravel with rootlets

DACITE - low to medium strength, highly weathered,
brown medium grained dacite, hard excavation

Pit discontinued at 0.6m
(refusal)

0.3

W
at

er

Results &
Comments

Sampling & In Situ Testing

0.6

TEST PIT LOG

Description
of

Strata

LOGGED:  JRB

WATER OBSERVATIONS:  No free groundwater observed

79
7

79
6

79
5

79
4

79
3

79
2

Depth
(m)

PIT No:  38
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

5 10 15 20

Dynamic Penetrometer Test
(blows per mm)

   Sand Penetrometer  AS1289.6.3.3
REMARKS:

SURFACE LEVEL:  797.0 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

CLIENT:
PROJECT:

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

CHECKED

1

2

3

4

5

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

R
L

RIG:  20T excavator - 600mm bucket

LOCATION: Googong Dam Road, Googong

Date:



Sa
m

pl
e

1

2

3

4

5

W
at

er

D
ep

th

Description
of

Strata

   Cone Penetrometer  AS1289.6.3.2

Ty
pe

0.5

TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, brown fine to coarse
graineed silty sand with some gravel

DACITE - low strength, highly weathered, brown
medium grained dacite

Pit discontinued at 0.9m
(refusal)

Sampling & In Situ Testing

0.05

0.9

Results &
CommentsG

ra
ph

ic
Lo

g

Initials:

   Sand Penetrometer  AS1289.6.3.3

Dynamic Penetrometer Test
(blows per mm)

REMARKS:

5 10 15 20

LOCATION:

PIT No:  39
PROJECT No:  46285
DATE:  03 Aug 09
SHEET  1  OF  1

73
7

73
6

73
5

73
4

73
3

73
2

Depth
(m)

TEST PIT LOG

WATER OBSERVATIONS:  No free groundwater observed

LOGGED:  JRB

SAMPLING & IN SITU TESTING LEGEND

Date:

CHECKED
A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

SURFACE LEVEL:  737.1 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

Googong Dam Road, Googong

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

RIG:  Case 580 Super L Backhoe

CLIENT:
PROJECT:



Sa
m

pl
e

1

2

3

4

5

W
at

er

D
ep

th

   Cone Penetrometer  AS1289.6.3.2

G
ra

ph
ic

Lo
g

Ty
pe

0.7

TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

DACITE - very low to low strength, extremely to highly
weathered, brown coarse grained dacite, quartz
porphroblists

Pit discontinued at 1.8m
(refusal)

Sampling & In Situ Testing

0.15

1.8

Results &
Comments

Description
of

Strata

WATER OBSERVATIONS:  No free groundwater observed    Sand Penetrometer  AS1289.6.3.3

Initials:

Dynamic Penetrometer Test
(blows per mm)

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

5 10 15 20

Googong Dam Road, Googong

PIT No:  40
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

74
1

74
0

73
9

73
8

73
7

73
6

Depth
(m)

TEST PIT LOG

LOGGED:  JRB

REMARKS:

SURFACE LEVEL:  741.5 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

Date:

CHECKED

CLIENT:
PROJECT:

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

RIG:  20T excavator - 600mm bucket

LOCATION:

0.6B



G
ra

ph
ic

Lo
g

Results &
Comments

Sampling & In Situ Testing

1

2

3

4

5

   Cone Penetrometer  AS1289.6.3.2

D
ep

th

Sa
m

pl
e

Description
of

Strata

W
at

er

TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

SILTY SANDY CLAY/SILTY CLAYEY SAND - hard,
dry, yellow brown orange grey mottled medium
plasticity silty sandy clay/silty clayey sand

DACITE - very low to low strength, extremely to highly
weathered, light brown medium grained dacite,
moderate excavation
- hard excavation from 1.6m

Pit discontinued at 2.4m
(near refusal)

0.1

0.4

1.3

2.4

REMARKS:

5 10 15 20

RIG:  20T excavator - 600mm bucket

PIT No:  101
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

Depth
(m)

TEST PIT LOG

WATER OBSERVATIONS:  No free groundwater observed

R
L

Googong Dam Road, Googong

LOGGED:  JRB

73
4

73
3

73
2

73
1

73
0

72
9

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

Ty
pe

Initials:

Dynamic Penetrometer Test
(blows per mm)

CHECKED

   Sand Penetrometer  AS1289.6.3.3

CLIENT:
PROJECT:

SURFACE LEVEL:  734.4 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

LOCATION:

Date:



1

2

3

4

5

W
at

er

Sa
m

pl
e

   Cone Penetrometer  AS1289.6.3.2

Description
of

Strata G
ra

ph
ic

Lo
g

Ty
pe

0.5

TOPSOIL - brown silty sand with rootlets

SILTY SANDY GRAVEL - dense, dry, brown fine to
coarse grained silty sandy gravel with cobbles

DACITE - low to medium strength, highly weathered,
blue brown medium grained foliated dacite, hard
excavation
Pit discontinued at 0.7m
(refusal)

Sampling & In Situ Testing

0.1

0.7

Results &
Comments

PIT No:  102
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

   Sand Penetrometer  AS1289.6.3.3

Dynamic Penetrometer Test
(blows per mm)

5 10 15 20

Initials:

D
ep

th

Googong Dam Road, Googong

Depth
(m)

TEST PIT LOG
73

8
73

7
73

6
73

5
73

4
73

3

WATER OBSERVATIONS:  No free groundwater observed

REMARKS:

LOGGED:  JRB

CLIENT:
PROJECT:

Date:

LOCATION:

SURFACE LEVEL:  738.6 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

RIG:  20T excavator - 600mm bucket

CHECKED

0.5B



D
ep

th

1

2

3

4

5

W
at

er

   Cone Penetrometer  AS1289.6.3.2

Description
of

Strata G
ra

ph
ic

Lo
g

Ty
pe

0.6

TOPSOIL - brown silty sand with rootlets

SILTY SANDY GRAVEL - dense, dry, brown fine to
coarse grained silty sandy gravel with cobbles

DACITE - low strength, highly weathered, brown
medium grained foliated dacite, hard excavation

Pit discontinued at 1.2m
(refusal)

Sampling & In Situ Testing

0.1

1.2

Results &
Comments

PIT No:  103
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

   Sand Penetrometer  AS1289.6.3.3

Dynamic Penetrometer Test
(blows per mm)

Initials:

5 10 15 20

Googong Dam Road, GoogongLOCATION:

Depth
(m)

TEST PIT LOG

WATER OBSERVATIONS:  No free groundwater observed

REMARKS:

73
9

73
8

73
7

73
6

73
5

73
4

LOGGED:  JRB

Sa
m

pl
e

SURFACE LEVEL:  739.9 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

Date:

CHECKED
A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

CLIENT:
PROJECT:

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

RIG:  20T excavator - 600mm bucket



D
ep

th

1

2

3

4

5

W
at

er

   Cone Penetrometer  AS1289.6.3.2

Description
of

Strata G
ra

ph
ic

Lo
g

Ty
pe

0.1 TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

DACITE - very low strength, extremely to highly
weathered, brown medium grained dacite, moderate
excavation
- hard excavation from 1.0m

Pit discontinued at 1.8m
(refusal)

Sampling & In Situ Testing

0.7

1.8

Results &
Comments

PIT No:  104
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

REMARKS:
   Sand Penetrometer  AS1289.6.3.3

Dynamic Penetrometer Test
(blows per mm)

Initials:

5 10 15 20

Googong Dam Road, GoogongLOCATION:

Depth
(m)

TEST PIT LOG

WATER OBSERVATIONS:  No free groundwater observed

72
6

72
5

72
4

72
3

72
2

72
1

LOGGED:  JRB

Sa
m

pl
e

SURFACE LEVEL:  726.5 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

Date:

CHECKED
A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

CLIENT:
PROJECT:

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

RIG:  20T excavator - 600mm bucket

0.5B



   Cone Penetrometer  AS1289.6.3.2

Sampling & In Situ Testing

1

2

3

4

5

W
at

er

D
ep

th

Sa
m

pl
e

Description
of

Strata G
ra

ph
ic

Lo
g

0.1 TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches with cobbles

SILTY SANDY CLAY - hard, dry, orange brown
medium plasticity silty sandy clay

DACITE - low to medium strength, highly weathered,
blue brown medium grained foliated dacite, hard
excavation
Pit discontinued at 0.9m
(refusal)

Results &
Comments

0.3

0.7

0.9

Dynamic Penetrometer Test
(blows per mm)

LOCATION:

PIT No:  105
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

Depth
(m)

TEST PIT LOG

Googong Dam Road, Googong

WATER OBSERVATIONS:  No free groundwater observed    Sand Penetrometer  AS1289.6.3.3
REMARKS:

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

LOGGED:  JRB

74
1

74
0

73
9

73
8

73
7

73
6

Ty
pe

Initials:

5 10 15 20

CHECKED

RIG:  20T excavator - 600mm bucket

CLIENT:
PROJECT:

SURFACE LEVEL:  741.6 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

Date:

0.5D



   Cone Penetrometer  AS1289.6.3.2

Sampling & In Situ Testing

1

2

3

4

5

W
at

er

D
ep

th

Sa
m

pl
e

Description
of

Strata G
ra

ph
ic

Lo
g

0.1 TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

SILTY CLAYEY SAND - dense, dry, brown orange fine
to coarse grained silty clayey sand

DACITE - very low to low strength, extremely to highly
weathered, brown medium grained dacite, moderate
excavation

Pit discontinued at 3.5m
(slow progress)

Results &
Comments

0.3

0.9

3.5

Dynamic Penetrometer Test
(blows per mm)

LOCATION:

PIT No:  106
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

Depth
(m)

TEST PIT LOG

Googong Dam Road, Googong

WATER OBSERVATIONS:  No free groundwater observed    Sand Penetrometer  AS1289.6.3.3
REMARKS:

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

LOGGED:  JRB

72
8

72
7

72
6

72
5

72
4

72
3

Ty
pe

Initials:

5 10 15 20

CHECKED

RIG:  20T excavator - 600mm bucket

CLIENT:
PROJECT:

SURFACE LEVEL:  728.7 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

Date:

0.6B



G
ra

ph
ic

Lo
g

Results &
Comments

Sampling & In Situ Testing

1

2

3

4

5

   Cone Penetrometer  AS1289.6.3.2

D
ep

th

Sa
m

pl
e

Description
of

Strata

W
at

er

TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

SILTY CLAYEY SAND - dense, dry, yellow brown
orange mottled fine to medium grained silty clayey
sand

DACITE - low strength, highly weathered, brown
medium grained foliated dacite, moderate excavation

- medium strength, hard excavation from 1.0m

Pit discontinued at 1.2m
(refusal)

0.1

0.25

0.7

1.2

REMARKS:

RIG:  20T excavator - 600mm bucket

PIT No:  107
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

Depth
(m)

TEST PIT LOG

Dynamic Penetrometer Test
(blows per mm)

   Sand Penetrometer  AS1289.6.3.3

Googong Dam Road, Googong

LOGGED:  JRB

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

74
4

74
3

74
2

74
1

74
0

73
9

WATER OBSERVATIONS:  No free groundwater observed

CHECKED

Ty
pe

Initials:

5 10 15 20

Date:

LOCATION:

CLIENT:
PROJECT:

SURFACE LEVEL:  744.9 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

0.5D



Sampling & In Situ Testing

1

2

3

4

5

W
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er

   Cone Penetrometer  AS1289.6.3.2

D
ep

th

Sa
m

pl
e

Description
of

Strata G
ra

ph
ic

Lo
g

0.1 TOPSOIL - brown silty sand with rootlets

SILTY SAND - dense, dry, light brown fine to coarse
grained silty sand with clayey patches

SILTY CLAYEY SAND - dense, dry, yellow brown
orange mottled fine to medium grained silty clayey
sand with cobbles and boulders

DACITE - low to medium strength, highly weathered,
light brown medium grained foliated dacite, hard
excavation
Pit discontinued at 1.0m
(refusal)

Results &
Comments

0.4

0.7

1.0

WATER OBSERVATIONS:  No free groundwater observed

5 10 15 20

LOCATION:

PIT No:  108
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

Depth
(m)

Ty
pe

   Sand Penetrometer  AS1289.6.3.3

RIG:  20T excavator - 600mm bucket

REMARKS:

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

LOGGED:  JRB

74
0

73
9

73
8

73
7

73
6

73
5

TEST PIT LOG
CLIENT:
PROJECT:

Initials:

Date:

Dynamic Penetrometer Test
(blows per mm)

Googong Dam Road, Googong

SURFACE LEVEL:  740.2 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

CHECKED



1
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   Cone Penetrometer  AS1289.6.3.2

Description
of

Strata G
ra

ph
ic

Lo
g

Ty
pe

0.7

TOPSOIL - brown silty sand with rootlets

GRAVELLY SILTY SAND - dense, dry, light brown fine
to coarse grained gravelly silty sand with cobbles

DACITE - low to medium strength, highly weathered,
brown medium grained dacite, hard excavation

Pit discontinued at 1.0m
(refusal)

Sampling & In Situ Testing

0.1

1.0

Results &
Comments

PIT No:  109
PROJECT No:  46285
DATE:  28 Jul 09
SHEET  1  OF  1

A Auger sample pp Pocket penetrometer (kPa)
D Disturbed sample PID Photo ionisation detector
B Bulk sample S Standard penetration test
Ux Tube sample (x mm dia.) PL Point load strength Is(50) MPa
W Water sample V Shear Vane (kPa)
C Core drilling    Water seep    Water level

   Sand Penetrometer  AS1289.6.3.3

Dynamic Penetrometer Test
(blows per mm)

5 10 15 20

Initials:

D
ep

th

Googong Dam Road, Googong

Depth
(m)

TEST PIT LOG
72

3
72

2
72

1
72

0
71

9
71

8

WATER OBSERVATIONS:  No free groundwater observed

REMARKS:

LOGGED:  JRB

CLIENT:
PROJECT:

Date:

LOCATION:

SURFACE LEVEL:  723.3 m
EASTING:
NORTHING:
DIP/AZIMUTH: 90°/--

SAMPLING & IN SITU TESTING LEGEND

Brown Consulting (ACT) Pty Ltd
Proposed Residential Subdivision

1

2

3

4

5

R
L

RIG:  20T excavator - 600mm bucket

CHECKED

0.5B
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Appendix  K Asset Numbering System Requirements 
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Appendix  L QCC scour requirements 
  



1

Victor Chin

From:Paul Collins
Sent:Wednesday, 13 May 2015 3:50 PM
To:Victor Chin
Subject:FW: Sedimentation pond - Reservoir site
Attachments:image1.PNG; ATT00001.txt

Vic, 
 
This is what Andre is think in respect of the pit for collection of sediment when cleaning out a reservoir. 
 
PC 
 
-----Original Message----- 
From: Andre Pretorius [mailto:Andre.Pretorius@qcc.nsw.gov.au]  
Sent: Tuesday, 12 May 2015 12:22 PM 
To: Paul Collins 
Subject: Sedimentation pond - Reservoir site 
 
Paul, 
 
Please find a screenshot for a temporary sedimentation pond/ bund that we have constructed at one of our 
reservoir sites. 
 
The bund was constructed from uncompacted roadbase material and is about 500mm deep. 
 
Suggest to contact Aqualift (John Berry) and get an idea on required volumes. We work on 75mm sedimentation 
depth in our reservoirs 
 
 
This message has been scanned for malware by Websense. www.websense.com 
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Appendix  M Power load assessment 
  



Project No: Area:

Project Name: Equipment/Tag No:

Client: P&ID No:

Project Stage: Doc. No:

% Complete: Client Ref:

Flow (l/s) Head

(m)

dosing (l/h)

1 Potable Water Booster Pump 1 MTR Potable Reservoirs D Zone 2 11 VSD 0 0

2 Potable Water Booster Pump 2 MTR Potable Reservoirs D Zone 2 11 VSD 0 0

3 Potable Water Booster Pump 3 MTR Potable Reservoirs S Zone 2 11 VSD 0 0

4 Common Pump 1 MTR Common PS area D Zone 2 7.5 VSD 1 7.5

5 Common Pump 2 MTR Common PS area D Zone 2 7.5 VSD 1 7.5

6 Common Pump 3 MTR Common PS area D Zone 2 7.5 VSD 1 7.5

7 Common Pump 4 MTR Common PS area S Zone 2 7.5 VSD 0 0

8 Recycled Water Booster Pump 1 MTR Recycled Reservoirs D Zone 2 15 VSD 0 0

9 Recycled Water Booster Pump 2 MTR Recycled Reservoirs D Zone 2 15 VSD 0 0

10 Recycled Water Booster Pump 3 MTR Recycled Reservoirs S Zone 2 15 VSD 0 0

11 Potable Sodium Hypochlorite Dosing Pump 1 0.13 - 10.3 100 MTR Chemical dosing area D Zone 2 0.067 VSD 1 0.067

12 Potable Sodium Hypochlorite Dosing Pump 2 0.13 - 10.3 100 MTR Chemical dosing area D Zone 2 0.067 VSD 1 0.067

13 Potable Sodium Hypochlorite Dosing Pump 3 0.13 - 10.3 100 MTR Chemical dosing area S Zone 2 0.067 VSD 0 0

14 Recycled Sodium Hypochlorite Dosing Pump 1 0.37 - 37.0 100 MTR Chemical dosing area D Zone 2 0.067 VSD 1 0.067

15 Recycled Sodium Hypochlorite Dosing Pump 2 0.37 - 37.0 100 MTR Chemical dosing area D Zone 2 0.067 VSD 1 0.067

16 Recycled Sodium Hypochlorite Dosing Pump 3 0.37 - 37.0 100 MTR Chemical dosing area S Zone 2 0.067 VSD 0 0

17 Recycled Water Overflow Dosing Pump 1 6.7 100 MTR Chemical dosing area D Zone 2 0.067 VSD 1 0.067

18 Recycled Water Overflow Dosing Pump 1 6.7 100 MTR Chemical dosing area S Zone 2 0.067 VSD 0 0

19 Potable Water Overflow Dosing Pump 1 no info no info 0 0

20 Potable Water Overflow Dosing Pump 1 no info no info 0 0

21 Street lighting Entire site D Zone 2 3 N/A 1 3

22 External lighting Potable tank 1, bottom of stairs Potable Reservoirs D Zone 2 0.5 N/A 1 0.5

23 External lighting Potable tank 2, bottom of stairs Potable Reservoirs D Zone 2 0.5 N/A 1 0.5

24 External lighting Potable tank 1, top of stairs Potable Reservoirs D Zone 2 0.5 N/A 1 0.5

25 External lighting Potable tank 2, top of stairs Potable Reservoirs D Zone 2 0.5 N/A 1 0.5

26 External lighting Recycled tank 1, bottom of stairs Recycled Reservoirs D Zone 2 0.5 N/A 1 0.5

27 External lighting Recycled tank 1, top of stairs Recycled Reservoirs D Zone 2 0.5 N/A 1 0.5

28 Potable PS lighting Potable Reservoirs D Zone 2 1 N/A 1 0.5

29 Recycled PS lighting Recycled Reservoirs D Zone 2 1 N/A 1 0.5

30 MCC lighting MCC room D Zone 2 0.5 N/A 1

31 Hypo kiosk lighting potable Chemical dosing area D Zone 2 0.2 N/A 1 0.2

32 Hypo kiosk lighting recycled Chemical dosing area D Zone 2 0.2 N/A 1 0.2

33 Recycled overflow dosing kiosk lighting Chemical dosing area D Zone 2 0.2 N/A 1 0.2

34 Potable Booster Pump room AC MTR Pump room/building D Zone 2 5 N/A 1

35 Recycled Water Pump room AC MTR Pump room/building D Zone 2 5 N/A 1

Notes

1. All Duty loads estimated at 100% (no diversity) PF1 0.91 33

2. All Standby loads estimated as 0% (OFF) PF2 0.98 31 30

Not available

Not available

Not available

kVA Sensitivity

Not available

Not available

Not available

Not available

Not available

Not available

Not available

Line 

No.

83500349

Stage C Network East

Concept

Total Duty
Process and Instrument 

Diagram No.
Description Tag Number Location Plant Area

Duty 

(D/A/S)

Hazardous Area

Classification
Kw Rating Drive 

Estimated Maximum demand Stage C

Reservoirs

N/A

Not available

Not available

Not available

Not available

Not available

Not available

Not available

Duty count

Not available

Not available

Not available

Not available

Not available

Not available

Not available

Not available

Duty

22 25

40 25

Not available

Not available

Not available

Not available

50 20

Not available

Not available

Not available

Not available

Not available

Not available



Project No: Area:

Project Name: Equipment/Tag No:

Client: P&ID No:

Project Stage: Doc. No:

% Complete: Client Ref:

Flow (l/s) Head

(m)

dosing (l/h)

1 Potable Water Booster Pump 1 MTR Potable Reservoirs D Zone 2 11 VSD 1 11

2 Potable Water Booster Pump 2 MTR Potable Reservoirs D Zone 2 11 VSD 1 11

3 Potable Water Booster Pump 3 MTR Potable Reservoirs S Zone 2 11 VSD 0 0

4 Common Pump 1 MTR Common PS area D Zone 2 18.5 VSD 1 18.5

5 Common Pump 3 MTR Common PS area D Zone 2 18.5 VSD 1 18.5

6 Common Pump 4 MTR Common PS area S Zone 2 18.5 VSD 0 0

7 Recycled Water Booster Pump 1 MTR Recycled Reservoirs D Zone 2 15 VSD 1 15

8 Recycled Water Booster Pump 2 MTR Recycled Reservoirs D Zone 2 15 VSD 1 15

9 Recycled Water Booster Pump 3 MTR Recycled Reservoirs S Zone 2 15 VSD 0 0

10 Potable Sodium Hypochlorite Dosing Pump 1 0.13 - 10.3 100 MTR Chemical dosing area D Zone 2 0.067 VSD 1 0.067

11 Potable Sodium Hypochlorite Dosing Pump 2 0.13 - 10.3 100 MTR Chemical dosing area D Zone 2 0.067 VSD 1 0.067

12 Potable Sodium Hypochlorite Dosing Pump 3 0.13 - 10.3 100 MTR Chemical dosing area S Zone 2 0.067 VSD 0 0

13 Recycled Sodium Hypochlorite Dosing Pump 1 0.37 - 37.0 100 MTR Chemical dosing area D Zone 2 0.067 VSD 1 0.067

14 Recycled Sodium Hypochlorite Dosing Pump 2 0.37 - 37.0 100 MTR Chemical dosing area D Zone 2 0.067 VSD 1 0.067

15 Recycled Sodium Hypochlorite Dosing Pump 3 0.37 - 37.0 100 MTR Chemical dosing area S Zone 2 0.067 VSD 0 0

16 Acid dosing pump 1 100 MTR Chemical dosing area D Zone 2 0.067 VSD 1 0.067

17 Acid dosing pump 2 100 MTR Chemical dosing area S Zone 2 0.067 VSD 0 0

18 Recycled Water Overflow Dosing Pump 1 6.7 100 MTR Chemical dosing area D Zone 2 0.067 VSD 1 0.067

19 Recycled Water Overflow Dosing Pump 1 6.7 100 MTR Chemical dosing area S Zone 2 0.067 VSD 0 0

20 Potable Water Overflow Dosing Pump 1 no info no info 0 0

21 Potable Water Overflow Dosing Pump 1 no info no info 0 0

22 Street lighting Entire site D Zone 2 3 N/A 1 3

23 External lighting Potable tank 1, bottom of stairs Potable Reservoirs D Zone 2 0.5 N/A 1 0.5

24 External lighting Potable tank 2, bottom of stairs Potable Reservoirs D Zone 2 0.5 N/A 1 0.5

25 External lighting Potable tank 1, top of stairs Potable Reservoirs D Zone 2 0.5 N/A 1 0.5

26 External lighting Potable tank 2, top of stairs Potable Reservoirs D Zone 2 0.5 N/A 1 0.5

27 External lighting Recycled tank 1, bottom of stairs Recycled Reservoirs D Zone 2 0.5 N/A 1 0.5

28 External lighting Recycled tank 1, top of stairs Recycled Reservoirs D Zone 2 0.5 N/A 1 0.5

29 Potable PS lighting Potable Reservoirs D Zone 2 1 N/A 1 0.5

30 Recycled PS lighting Recycled Reservoirs D Zone 2 1 N/A 1 0.5

31 MCC lighting MCC room D Zone 2 0.5 N/A 1 0.5

32 Hypo kiosk lighting potable Chemical dosing area D Zone 2 0.2 N/A 1 0.2

33 Hypo kiosk lighting recycled Chemical dosing area D Zone 2 0.2 N/A 1 0.2

34 Recycled overflow dosing kiosk lighting Chemical dosing area D Zone 2 0.2 N/A 1 0.2

35 Potable Booster Pump room AC MTR Pump room/building D Zone 2 5 N/A 1 5

36 Recycled Water Pump room AC MTR Pump room/building D Zone 2 5 N/A 1 5

Notes

1. All Duty loads estimated at 100% (no diversity) PF1 0.91 118

2. All Standby loads estimated as 0% (OFF) PF2 0.98 110 108

Not available

Not available

Not available

Not available

Duty count

Not available

Not available

Not available

Not available

Not available

Not available

Not available

Not available

Duty

40 30

Not available

51 30Not available

Not available

Not available

23 30Not available

Not available

Estimated Maximum demand Stage D 

Reservoirs

N/A

Total Duty
Process and Instrument 

Diagram No.
Description Tag Number Location Plant Area

Duty 

(D/A/S)

Hazardous Area

Classification
Kw Rating Drive 

Line 

No.

83500349

Stage C Network West

Concept

Not available

Not available

Not available

kVA Sensitivity

Not available

Not available

Not available

Not available

Not available

Not available

Not available

Not available

Not available

Not available

Not available

Not available

Not available

Not available

Not available
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Appendix  N Reservoir comparison – Hill 800 
reservoirs 

  



 

TECHNICAL MEMORANDUM 

  

 

83500349-PCN129 Reservoir comparison.docx 

TO Craig Harris, GTPL DATE 5 June 2015 

FROM Victor Chin, MWH MWH PROJECT NO. 83500349 

REVIEWED Paul Collins, MWH  

SUBJECT Reservoir comparison – Hill 800 reservoirs 

 

1 ABBREVIATIONS 

Table 1.1 Abbreviations 

Abbreviation Definition 

AHD Australian Height Datum 

GTPL Googong Township Pty Ltd 

ML Megalitre 

PW Potable Water 

QCC Queanbeyan City Council 

RC Reinforced Concrete 

RW Recycled Water 
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2 INTRODUCTION 

A 4.0 ML Recycled Water (RW) reservoir and a 2.0 ML Potable Water (PW) reservoir are 
proposed at Hill 800 for the Stage C servicing of the Googong development. These are 
displayed in Figure 2.1. An additional 8.5 ML reservoir (not displayed in Figure 2.1) is 
proposed for a future stage at the same site, which will ultimately function as the RW 
reservoir when the Stage C RW reservoir is re-purposed to be the second PW reservoir. 

 

Figure 2.1 Stage C Part 1 works 

These assets shall ultimately be handed over to Queanbeyan City Council (QCC) for 
ownership, operation and maintenance. Accordingly it is assumed that such assets will need 
to  be  constructed  in  accordance  with  Council’s  requirements,  which  are  nominally  
established in Council’s  Design and Construction Specifications for Water Works, 28 August 
2014. Item 55 of this document stipulates acceptable reservoir construction methods include: 

x Fabricated Mild Steel 
x Cast In-situ Reinforced Concrete 
x Pre-cast Post Tensioned Concrete 

MWH proposes that glass-fused bolted steel tanks be included on this list as an additional 
option for reservoir construction methodology. 

The purpose of this document is to compare the aforementioned materials and make a 
recommendation for the Stage C reservoirs. 
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3 LOCATION 

The Hill 800 site is 1.4 km (approx.) south of the interim reservoir sites, east of Old Cooma 
Rd, and north of a new sub-station – refer to Figure 3.1. 

 

Figure 3.1 Location - Hill 800 reservoirs 

The area is approximately 7,500 m2 with a concept design bench level set at 795 mAHD 
(approx.) A preliminary sketch of the site layout is shown in Figure 3.2, including the future 
8.5 ML RW reservoir at the northern end of the site. 

 

SUB-STATION 
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Figure 3.2 Concept site layout - Hill 800 reservoirs 

Two (2) geotechnical investigation test pits were undertaken at the site in 2009 with results 
presented in Table 3.1.1 

Table 3.1 Test pit results 

Parameter Test Pit 37 Test Pit 38 

Strata 
overlying 
rock 

x Top soil to 0.05 m 
x Silty sandy gravel to 

0.3 m 
x Sandy clay to 0.7 m 

x Silty sandy gravel to 
0.3 m 

Depth to rock 0.7 m 0.3 m 

Depth to 
refusal 

1.2 m 0.6 m 

Rock type Low to medium strength, 
highly weathered, brown 
medium grained DACITE, 
hard excavation 

Low to medium strength, 
highly weathered, brown 
medium grained DACITE, 
hard excavation 

 

As such, the reservoirs will be founded on bedrock. 

Construction access will be via Old Cooma Road with permanent access from the eastern 
side of the site through future development roads. 

                                                
1 Refer to Report on Geotechnical Investigation - Proposed Residential Subdivision - Googong Dam Road, GOOGONG, Project 
46285, Douglas Partners, 31 August 2009 
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4 DESCRIPTION 

A brief description of the reservoir material options are presented below. 

4.1 Reinforced concrete 

Reinforced concrete (RC) storage tanks are either cast in-situ or pre-cast post-tensioned 
circular tanks with a concrete floor slab. For the purposes of this comparison document, both 
shall be considered together. 

Concrete tanks require quality design and construction processes to avoid leaks with 
particular attention given to construction, contraction and expansion joints to deal with 
movements associated with initial and long term shrinkage, thermal effects, and water 
absorption. 

It is recommended that concrete tanks for PW and RW applications are epoxy-lined to 
mitigate the effects of bacterial growth and chlorine attack of the cement and reinforcement. 

Figure 4.1 shows typical RC tanks under construction. 

  

Figure 4.1 Typical reinforced concrete tank (Source: http://www.hornick.com.au/projects.html) 

4.2 Welded steel 

Welded steel storage tanks are available with welded floor plates or installed on a concrete 
floor slab. Steel requires an epoxy liner for corrosion protection. 

Welded tanks have the potential for zero leakage but require long construction timeframes 
due to extensive site work including welding and painting. These activities are also required 
during the service life of a tank and subsequently impact capital and operating costs. 

Figure 4.2 shows typical welded steel tanks under construction. 
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Figure 4.2 Typical welded steel tank – hydraulic jacks shown in right image (Source: http://www.saunders-
international.com.au/) 

4.3 Glass-fused bolted steel 

Glass-fused bolted steel storage tanks use glass fused to the interior and exterior of steel 
tank wall plates. The fusion process occurs in the factory before the panels are delivered to 
site for installation. 

Plates are thicker at the floor (~10 mm) with reducing thicknesses (~6 mm) towards the roof. 

The tank is installed on a concrete base slab or otherwise on a concrete ring beam with 
bolted floor plates for the tank floor. The former is more common due to cost and ease of 
maintenance and is the option discussed herein. 

It is recommended that concrete bases for PW and RW applications are epoxy-lined to 
mitigate the effects of bacterial growth and chlorine attack of the cement and reinforcement. 

Note that this glass-fused bolted steel option is different to other bolted steel options 
including: 

x Bladder-type tanks, which have a reduced service life  due to the fatigue of the 
bladder, and 

x Epoxy-lined bolted steel tanks, which are at a similar cost to glass-fused bolted steel 
tanks but with an inferior lining. 

Apart from industrial applications, other Australian water authorities have used this type of 
tank for PW and/or RW water, including Murray Shire Council (NSW), Goulburn Shire 
Council (NSW), Cooma-Monaro Shire Council (NSW), and Bega Shire Council (NSW). A list 
of bolted steel panel tanks supplied by Permastore and in service by these authorities and 
others has been obtained and is included in Appendix A. 

Further, Sydney Water has recently specified a tank of this type for the Turner Road 
Precinct, for which detailed design is pending. This specification resulted from a significant 
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review of the different types of tanks available. Sydney Water concluded that a glass-fused 
bolted steel tank was preferred for the project based on lowest capital and life-cycle costs. 

  

Figure 4.3 Typical glass-fused bolted steel  tank – hydraulic jacks shown in right image (Source: Permastore) 

4.4 Roof structure 

The same range of roof types apply to all tanks, including trough deck, tapered beam, and 
geodesic roofs. The appropriate roof type is largely governed by the purpose and diameter of 
the tank, rather than by the wall material. For this reason, the roof material and their 
associated construction considerations have been excluded from this comparison document. 
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5 MATERIALS COMPARISON 

Table 5.1 presents a comparison of tank materials for key categories. Key advantages and disadvantages are presented in Table 5.2. 

Table 5.1 Comparison of tank materials 

Category  Reinforced concrete Welded steel Glass-fused bolted steel Discussion 

Applicable 
design 
standards 

x AS 3735 Concrete 
Structures for Retaining 
Liquids 

x AS 3600 Concrete 
Structures 

x AS 1170 Parts 0 to 4 
Structure design actions 
(incl. imposed, wind and 
earthquake) 

x NZS 3106 Design of 
Concrete Structures for 
the Storage of Liquids 

x AS/NZS 4020 Testing of 
products for use in 
contact with drinking 
water 

x AS 3678 (Grade 250 
only) – Mild steel plate for 
tank shell and floor 

x AS1170 Parts 0 to 4 
Structure design actions 
(incl. imposed, wind and 
earthquake) 

x AS/NZS 4020 Testing of 
products for use in 
contact with drinking 
water 

x AWWA D100-11 Welded 
Carbon Steel Tanks for 
Water Storage 

 

x AS 3678 (Grade 250 
only) – Mild steel plate for 
tank shell and floor 

x AS1170 Parts 0 to 4 
Structure design actions 
(incl. imposed, wind and 
earthquake) 

x AS/NZS 4020 Testing of 
products for use in 
contact with drinking 
water 

x AWWA D103-09 Factory-
Coated Bolted Carbon 
Steel Tanks for Water 
Storage 

x EN ISO 28765:2011 
Vitreous and porcelain 
enamels -- Design of 
bolted steel tanks for the 
storage or treatment of 
water or municipal or 
industrial effluents and 
sludges 

Not applicable. 
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Category  Reinforced concrete Welded steel Glass-fused bolted steel Discussion 

Potential 
suppliers 

x Any reputable Contractor 
with experience in 
delivering water retaining 
concrete structures 

x Reputable welded steel 
tank Contractor – e.g. 
Saunders, NSW 

x Proprietary product 
supplied be vendors such 
as: 
- Permastore, UK  
- GLS Tanks, Austria  
- CST Industries, 

North America 

RC and welded steel tank contractors should be available 
locally in NSW/ACT. 
Glass-fused bolted steel tank suppliers are generally 
manufactured overseas – e.g. North America and Europe – 
with local agents/distributors. Lead times are commensurate 
with transporting panels and components from manufacturing 
locations to site. 

Corrosion 
protection 

x Adequate concrete cover 
required to reinforcement 

x No cathodic protection 
required 

x Concrete requires lining 
to mitigate chlorine attack 
of cement and 
reinforcement – 
particularly prone where 
concrete has been poorly 
vibrated 

x Painted (on-site) epoxy 
liner 

x If required, cathodic 
protection (sacrificial 
anode) and/or additional 
plate thickness 

x High chlorine resistance 

x Glass-fused lining 
(factory-applied) – high 
resistance 

x Mastic sealant provides 
primary barrier between 
panel overlaps 

x Bolts are galvanised – 
bolt heads plastic coated 
or enveloped by excess 
mastic 

x If required, cathodic 
protection (sacrificial 
anode) and/or additional 
plate thickness 

x Panels have high 
chlorine resistance 

x Concrete base requires 
lining to mitigate chlorine 
attack of cement and 
reinforcement 

It is recommended that concrete surfaces be coated with an 
epoxy system to resist the negative effects of water chemistry 
on concrete. This applies to RC and glass-fused bolted steel 
tanks with a concrete base. 
While welded steel tanks are not prone to these effects due to 
the welded steel floor, epoxy lining is required to resist 
oxidation of the steel panels. 
Cathodic protection can be provided for steel tanks in the form 
of sacrificial zinc anodes. 
Glass-fused bolted steel tanks have the most robust corrosion 
resistance due to the glass being fused to the steel panels and 
the least requirement for epoxy lining.  
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Category  Reinforced concrete Welded steel Glass-fused bolted steel Discussion 

Manufacture 
and 
Construction 
– Quality 

x Cast in-situ 
x Variable quality – 

dependent on concrete 
Contractor 

x Highest margin for 
workmanship error (steel 
fixing, waterstop 
placement, concrete 
quality/finish, cover to 
reinforcement, etc.) 

x Prone to leaking due to 
construction defects and 
cracking 

x Post-tensioned structures 
require good construction 
(including vibration) of 
stitch joints 

x Variable weld quality – 
dependent on Contractor 
and site conditions (dust, 
moisture, etc.) 

x Site welding is time 
consuming and requires 
high level of inspection 
and testing 

x Variable paint quality – 
dependent on Contractor 
and site conditions (dust, 
moisture, etc.) 

x Paint can delaminate 
x Paint susceptible to 

abrasion 
x Good water-tightness 

x Pre-fabricated panels – 
factory-controlled 
process 

x Glass-fused layer 
undergoes high-voltage 
integrity testing in factory 
(defect free) 

x Bolted on site – may 
have initial water-
tightness issues during 
commissioning (bolts and 
seams) which are then 
addressed before putting 
into service 

x Vendor selection 
important 

 

RC and welded steel tanks require extensive site work during 
tank installation including concrete formwork and pours, post-
tensioning, welding, and painting, which are highly dependent 
on the Contractor engaged. 
Glass-fused bolted steel tanks have a more controlled 
manufacturing/installation process with the least exposure to 
on-site quality issues. Vendor selection is crucial to achieveing 
a good end product. 

Manufacture 
and  
Construction 
- Safety 

x Requires working at 
heights 

x Requires working at 
heights  

x Alternative approach to 
construct at ground level 
with jacks – reduced 
requirement for working 
at heights but extended 
duration 

x Reduced requirement for 
working at heights - 
construction at ground 
level with jacks 

RC tank construction requires work at heights for 
placement/stripping of formwork and placement of concrete. 
Glass-fused bolted steel tanks require the least amount of work 
at heights due to the ‘top  down’  system of jacking rows from 
ground level upon completion of bolting/sealing. 
Welded steel tanks may be constructed in a similar manner to 
minimise work at heights. 
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Category  Reinforced concrete Welded steel Glass-fused bolted steel Discussion 

Manufacture 
and 
Construction 
– Duration 

x Limited extent of wall and 
floor pours (10-15 m 
lengths approx.) 

x 10-12 weeks excluding 
foundations 

x 12-14 weeks excluding 
foundations 

x Long lead time for 
manufacture of panels 
overseas 

x 6-8 weeks for installation 
excluding foundations 

RC tanks require the longest construction timeframes due to 
the majority of the works being required on site. Formwork, 
limitations on concrete pours, required curing times contribute 
to the long durations anticipated. 
Similarly, welded tanks require long durations due to the need 
for welding each panel seam on site followed by painting 
internal and external surfaces. 
Glass-fused bolted steel tanks are likely to require the longest 
lead time for panels. However, on-site works require the 
shortest duration – limited to bolting and sealing of seams 
following construction of the base. 

Effect on 
water quality 

x Lining to AS 4020 avoids 
temporary increase in pH 
due to calcium leaching 
from concrete walls/base 

x Lining to AS4020 
overcomes surface 
imperfections in unlined 
concrete (e.g. cracks, 
holes) that can otherwise 
harbour bacteria 

x Epoxy lining to AS 4020 
is inert with little or no 
impact on water quality 

x Wall/floor surfaces are 
smooth with low potential 
to harbour bacteria 

x Lining the concrete base 
to AS 4020 avoids small 
temporary increase in pH 
due to calcium leaching 
from concrete base 

x Factory applied glass 
fused lining to AS 4020 
provides a high quality 
surface which is inert with 
no impact on water 
quality 

x Wall surfaces are very 
smooth with a very low 
potential to harbour 
bacteria 

x Lining concrete base to 
AS4020 overcomes 
surface imperfections in 
unlined concrete (e.g. 
cracks, holes) that can 
otherwise harbour 
bacteria 

Unlined concrete can leach calcium within the initial years (2 
years approx.), causing an increase in pH. Lining of exposed 
concrete surfaces will mitigate this issue. This is most 
significant for RC tanks due to the extent of concrete in 
potential contact with water. 
Calcium leaching is a lesser issue for glass-fused bolted steel 
tanks but will be mitigated by lining to AS 4020 – limited to the 
concrete base. The glass lining will not impact water chemistry. 
Provided the epoxy lining to AS 4020 is serviceable on welded 
steel tanks, it is not anticipated that welded steel tanks will 
impact water quality. 
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Category  Reinforced concrete Welded steel Glass-fused bolted steel Discussion 

Foundations 
and base 
 

x Suitable for construction 
on rock 

x Cast insitu slab 
integrated with walls 

x Large concrete volume in 
footing/base 

x Formwork, reinforcement, 
and pour sequence is 
labour intensive and time 
consuming 

x Slab thickening under 
walls reducing to light 
slab section in middle of 
tank 

x Floor penetrations (e.g. 
scour pipe) to be cast 
into base 

x Water tightness requires 
attention at wall-floor 
construction joints 

x Need to consider 
concrete mix, pour 
sequence, curing, 
construction joints etc. to 
control shrinkage 
cracking 

x Increased site 
surveillance required 
(due to aforementioned 
requirements) 

x Suitable for construction 
on rock 

x Steel plate tank base on 
RC ring beam 

x Small concrete volume in 
footing/base 

x Hot work required for 
welding 

x Foundation preparation 
required under tank base 
which typically includes 
sand blinding layer on 
compacted subgrade/fill 

x Floor penetrations (e.g. 
scour pipe) to be site 
welded to tank base 

x High margin for 
workmanship error 
(welding, protective 
coating application) 

x Need to consider careful 
handling methodologies / 
procedures to minimise 
plate buckling / 
deformation 

x Less site surveillance 
required 

x Suitable for construction 
on rock 

x RC ring beam with light 
infill slab 

x Moderate concrete 
volume in footing/base 

x Cast-in bottom row of 
panels 

x Minimal hot work 
required 

x Floor penetrations (e.g. 
scour pipe) to be cast 
into base 

x Integrity of tank slab to 
be periodically inspected 

x Water tightness at floor 
construction joints 

x Lowest margin for 
workmanship error 

x Less site surveillance 
required 

The installation of the foundations for RC tanks is the most 
complex of the options and requires the greatest care to ensure 
an appropriately high quality of construction. 
Welded steel tanks also require extensive work including 
concrete pours and welding of the floor plates. 
Glass-fused bolted tank foundations have the simplest 
construction resulting in the lowest likelihood of workmanship 
errors. 
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Category  Reinforced concrete Welded steel Glass-fused bolted steel Discussion 

Structural 
serviceablility 
during 
operation 

x Subject to thermal 
cracking 

x Subject to shrinkage 
cracking 

x Lower ductility – less 
earthquake loads 
resistance 

x Low thermal impact 
x Ductility to resist 

earthquake loads 

x Low thermal impact 
x Ductility to resist 

earthquake loads 

RC tanks are most prone to structural serviceability issues 
such as cracking and ductility. The presence of cracking will 
need to be inspected periodically and repairs made as 
required. 
Steel (welded and bolted) presents the best serviceability 
performance with good thermal resistance and ductility. 

Maintenance x Epoxy lining is 
susceptible to 
delamination and 
abrasion 

x Periodic concrete 
patching (comparatively 
lower cost) 

x Epoxy lining susceptible 
to delamination and 
abrasion 

x Periodic grit blasting and 
re-painting required 
(15 year intervals, 
approx.) 

x Health and safety 
considerations due to 
welding during fabrication 
(potentially at height) 

x Health and safety 
considerations due to 
periodic grit blasting and 
liner replacement 

 

x Periodic inspection 
(5 year intervals, approx.) 
for bolt and sealant 
serviceability – 
replace/re-seal as 
required 

x No planned panel 
maintenance during 
service life – glass-fused 
liner cannot be repaired 

x Panels replaced as 
required 
- Can be replaced at 

height or tank can be 
jacked down 

- Sealant requires up to 
10 day cure time 
(tank offline 
throughout) 

Other than periodic condition inspections, repairs/replacements 
will require the tanks to be drained for the works and tested 
upon re-commissioning. 
RC tanks will require ad hoc repairs such as the sealing of 
cracks. Any defects in the epoxy lining will need to be repaired. 
Welded steel tanks will require blast cleaning and painting of all 
internal and external surfaces at 15 year (approx.) intervals. 
Glass-fused bolted tanks will require a thorough inspection of 
the drained structures at 10-15 years to particularly inspect the 
serviceability of the joints. Bolts and seals are unlikely to last 
the life of the tank – up to 50% of the bolts and sealant may 
require replacement at this time. 
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Category  Reinforced concrete Welded steel Glass-fused bolted steel Discussion 

Estimated 
actual 
service life 
(different to 
design life)3 

x 100 years with 
appropriate durability 
inclusions in design and 
ad hoc concrete repairs 

x Refer  to  ‘Maintenance’  
and  ‘Cost  estimate  for  
ongoing maintenance 
cost’ 

x 100 years with periodic 
painting 

x Refer  to  ‘Maintenance’  
and  ‘Cost  estimate  for  
ongoing maintenance 
cost’ 

x 100 years with ad hoc 
sealant repair and bolt 
replacement 

x Refer  to  ‘Maintenance’  
and  ‘Cost  estimate  for  
ongoing maintenance 
cost’ 

RC and welded steel tanks are likely to exceed the design life / 
required minimum useful service life provided the structures 
are periodically inspected for cracking/lining deficiencies and 
repairs undertaken before a worsening of the condition. 
Glass-fused bolted tanks will adequately satisfy the design life 
if bolts and sealant are regularly inspected and replaced as 
required. It is anticipated that approximately 50% of the total 
bolts and sealant will require replacement during the service 
life of the tank resulting from periodic inspections. 
Glass-fused tank panels are likely to last longer than welded 
steel panels due to superior coating system. 

Design life 
(useful 
service life) 

x 75 years 
x As per QCC Design and 

Construction 
Specifications for Water 
Works, August 2014 

x 75 years 
x As per QCC Design and 

Construction 
Specifications for Water 
Works, August 2014 

x 50 years 
x In lieu of explcit 

requirements in QCC 
Design and Construction 
Specifications for Water 
Works, August 2014, 
expected design life for 
reservoirs (general) is as 
specified in Table 1.2, 
WSA 03—2011-3.1 

Not applicable. 

                                                
3 Design life or minimum useful service life is herein defined as the service life intended by the Designer. Actual service life is herein defined as the period of time (prolonged by maintenance activities) 
after installation during which a constructed asset meets or exceeds the performance requirements without major renewal activities. The actual service life should therefore be equal to or greater than 
the design life. 
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Category  Reinforced concrete Welded steel Glass-fused bolted steel Discussion 

Modification 
and/or 
Demolition 

x Difficult – cast in-situ 
concrete 

x Difficult – welded panels x Simple – modular/bolted 
structure 

RC tanks require significant effort to demolish/modify with the 
requirement of noisy heavy impact machinery. There are 
associated safety issues with such an operation that would 
require good site management. Potential damage of 
surrounding and below-ground structures would have to be 
mitigated. RC can be recycled for other construction uses such 
as sub-base material, retaining walls, or erosion prevention. 
Demolition/Modification of welded steel tanks require labour-
intensive cutting with associated safety issues of hot work and 
heights. Steel can be recycled into a multitude of uses. 
Glass-fused bolted tanks are the safest to demolish due to the 
modular construction. Demolition/modification can be achieved 
by systematic removal of bolted panels. Due to the fusing 
process of glass to steel, it may be difficult to recycle the 
panels. 

Cost 
estimate for 
walls only7 - 
i.e. excluding 
walls and 
invert 

x 4 ML: $755 K approx 
x 2 ML: $593 K approx. 

x Prices not sought 
x Anticipated to be 

commensurate to RC  

x 4 ML: $391 K approx. 
x 2 ML: $329 K approx. 

RC tanks require large wall thicknesses (400 mm approx. at 
base) appropriate for 10 m tank heights and to accommodate 
the extensive steel for water retaining structures of this 
magnitude. 
While the volume of steel required for welded steel tanks is 
similar to glass-fused bolted steel tanks, the labour required for 
welding and epoxy-lining the tank is expected to be a large 
cost.  
Glass-fused bolted steel tanks present an opportunity to reduce 
capital expenditure due to less material (6-10 mm thick wall 
plates) and simpler installation with no requirement for welding 
or painting on site. 

                                                
7 Cost estimates sourced from suppliers with specific requirements for Googong Stage C 
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Category  Reinforced concrete Welded steel Glass-fused bolted steel Discussion 

Cost 
estimate for 
ongoing 
maintenance 
cost 

x $10,000 – Initial condition 
inspection (visual) within 
first 12 months 

x $10,000 / 5 years – 
Condition inspection 
(visual) 

x $200,000 / 15-20 years – 
Concrete/Liner repairs 

x $10,000 – Initial condition 
inspection (visual) within 
first 12 months 

x $10,000 / 5 years – 
Condition inspection 
(visual) 

x $300,000 / 15 years – 
cleaning and repainting 

x $10,000 – Initial condition 
inspection (visual) within 
first 12 months 

x $10,000 / 5 years – 
Condition inspection 
(visual) 

x $40,000 / 10-15 years – 
Condition inspection 
(internal/external) 

x $400,000 / 25 years – 
Replacement of panels, 
bolts, and seals as 
required 

Refer  to  discussion  on  “Maintenance”. 
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Based on the information presented in Table 5.1, the key advantages and disadvantages of 
each tank type are sumamrised in Table 5.2. 

Table 5.2 Key advantages and disadvantages of tank materials 

Tank 
material 

Key advantages Key disadvantages 

Reinforced 
concrete 

x Availability of local Contractors 
x Long service life 
x Low maintenance expense 

x Epoxy lining required for corrosion 
resistance (walls and base) and water 
quality (initial years and ongoing bacteria 
prevention) 

x High exposure to on-site quality issues – 
concrete works 

x Extensive construction at heights 
x Long construction period (concrete works) 
x Susceptible to structural serviceability 

issues (cracking) and leaking 
x Repairs to concrete and liner defects 

required at ~15 year intervals 
x Difficult modification/demolition 
x High capital expense 

Welded steel x Availability of local Contractors 
x No impact on water quality 
x Good structural serviceability 
x Long service life 

x Epoxy lining required for corrosion 
resistance 

x High exposure to on-site quality issues – 
welding 

x May require extensive construction at 
heights 

x Long construction period (welding) 
x Epoxy lining will require 

blasting/repainting at ~15 year intervals 
x Difficult modification/demolition 
x High capital expense 

Glass-fused 
bolted steel 

x Factory-controlled manufacturing process 
x Low exposure to on-site quality issues 
x Minimal construction at heights 
x Short construction period (bolting/sealing) 
x Good structural serviceability 
x High corrosion-resistance of glass liner 
x Glass liner will not require replacement 

during service life 
x Simple modification/demolition 
x Lowest capital expense 

x Overseas manufacture – long lead times 
x Epoxy lining required for corrosion 

resistance of walls and preservation of 
water quality (initial years initial years and 
ongoing bacteria prevention) 

x Bolts and sealant will require replacement 
during actual service life 

x Higher maintenance expense 
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6 CASE STUDIES – RC TANK REFURBISHMENTS 

MWH has been involved in several refurbishment projects involving RC tanks. Brief 
summaries are provided below. 

6.1 10 ML Maryborough Reservoir (Central Highlands Water) 

6.1.1 Description 

x Pre-cast post tensioned construction with galvanised I-beam and purlin roof framing and 
galvanised roof cladding 

x Constructed in early 1980s 

6.1.2 Observations and solutions 

x New roof was required due to poor ventilation design, severe corrosion of purlins and I-
beams, cladding with many pin holes 

x Precast wall panels were in reasonably good condition due to superior quality of concrete 
compaction ensuring a denser, less permeable concrete 

x Chlorine water attack had impacted on up to 5 mm of internal cover concrete 
x Cast in-situ wall stitch joints were quite severely impacted by chlorine water attack, with 

up to 25mm of internal cover concrete impacted 
x Some cracks were present with some leakage 
x Water blasting away impacted concrete and replacing with Xypex repair grouts 
x Impact on stitch joints caused by the relatively lower-quality concrete compaction relative 

to the precast panels 
x Cast in-situ floor joints had numerous joint and crack leaks requiring sealing.   Water 

leaks had caused heaving between floor panels in places of up to 25 mm.   In this case, 
expansion and contraction joints were bandage jointed with an epoxied bandage strips.   
Cracks were given Xypex treatment – patch and plug or concentrate 

6.2 900 kL Chum Creek Reservoir 

6.2.1 Description 

x Cast in-situ concrete tank with galvanised steel roof 
x Built early 1980s 

6.2.2 Observations and solutions 

x Multiple leaks in cracks at many locations in wall, cracks had mainly self-healed with 
efflorescence present 

x Poor compaction and curing of concrete had led to bony concrete in places and many 
fine crazing cracks throughout the walls 

x Roof needed some refurbishment due to corrosion / poor ventilation 
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6.3 2.25 ML Cornish Hill Reservoir 

6.3.1 Desciption 

x Cast in-situ concrete tank with galvanised steel roof 
x Built 1964 

6.3.2 Observations and solutions 

x Leaks in cracks at many locations in wall, cracks had mainly self-healed with 
efflorescence present 

x Surrounding footpath had settled severely around tank perimeter contributed to by tank 
leakage 

x Roof needed some refurbishment due to corrosion / poor ventilation 

7 RECOMMENDATION 

While all options are expected to meet or exceed the minimum service life requirement, the 
glass-fused bolted steel tanks are recommended for  inclusion  in  Council’s  Design and 
Construction Specifications for Water Works due to key factors including: 

x Construction safety 
x Construction efficiency 
x High-quality pre-fabricated panels 
x High corrosion-resistance 
x Resistance to leaks relative to concrete tanks 
x Ease of demolition 
x Capital cost savings 

Should GTPL and QCC be amenable to the glass-fused bolted steel tank option for the Hill 
800 reservoirs, it is recommended that tank suppliers be invited to present a detailed 
overview of their products to supplement this recommendation. 
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APPENDIX A 

List of glass-fused bolted tanks – Permastore 



PERMASTORE INSTALLATIONS IN AUSTRALIA 
 

PROJECT CLIENT LOCATION YEAR BUILT STORAGE CAPACITY 
Origin Energy Salt Tank Origin Energy  Talinga QLD 2014 Salt Water Transfer Tank 386KL 

Cascade Brewery AD Cascade Brewery Hobart, TAS 2013 Anaerobic Digester 990KL 
Brockway S2 – Shenton Park Anaeco Perth, WA 2013 Anaerobic Digester 620kl 

Kepinle WWTP CCB Envico Pohnpei, Micronesia 2012 Waste Water 2.2Ml, 1Ml, 200kl 
Black Rock WTP John Holland Black Rock, VIC 2012 Waste Water 342kl, 436kl 
Northern WTP John Holland Geelong, VIC 2012 Waste Water 532kl, 360kl 

Brockway S2 – Shenton Park Monadelphous Perth, WA 2011 Anaerobic Digester 620kl 
Sino Iron Desalination Plant Citic Pacific Mining Cape Preston 2010 Process Water Tank 15Ml 

M2Actew Bulk Water Alliance Canberra, ACT 2009 Raw Water 1.1Ml 
Murrumba Downs John Holland Murrumba Downs, QLD 2009 Waste Water 1.1Ml, 3.8 Ml 

Proserpine WDT Engineers Proserpine, QLD 2009 Waste Water 220kl 
Unanderra Veolia Unanderra, NSW 2008 Waste Water 150kl 
Bluewater Sydney Desalination Kurnell, NSW 2008 Permeate & Sludge 2 x 6.1 Ml, 2 x 700kl 
Camellia Veolia Camellia, NSW 2008 Waste Water 3 x 800kl 
Chullora Western Containers Chullora, NSW 2008 Waste Water 2 x 100kl 

Visy, Smithfield Aquatec Maxcon Smithfield, NSW 2008 Process Water Tank 2 x 280kl  
Gold Coast Desalination John Holland Tugun, QLD 2007 Water 2 x 15 Ml 

Mt Newman Shire East Pilbara Marylands, WA 2007 Sewage 2.1 Ml 
Perth Desalination Plant MDJV Kwinawa, WA 2006 Lime Water/Permeate 2.4 Ml, 1.2 Ml 

Irriki Island Resort Ludowici Environmental Castle Hill, NSW 2005 Sewage  
Murray Shire Murray Shire Mathoura, NSWW 2005 Water  

Moama Murray Shire Moama, NSW 2004 Water 2.4Ml 
Eastern Creek UR-3R GRD Minproc Eastern Creek, NSW 2004 Water/Digester 2 x 2.4Ml 

Mauri Foods Mauri Foods Camellia, NSW 2003 Waste Water 2 x 2Ml 
PNG Lae Waterboard Morobi Province, PNG 2001 Water 10Ml, 2 x 2Ml 

Olympic Stadium Multiplex Homebush, NSW 1999 Water 4 x 5.15Ml 
Marulan Goulburn Shire Goulburn, NSW 1997 Water  

Bemboka Town Water Bega Shire Bega, NSW 1986 Water 1Ml 
Leigh Creek, Desalination Electricity Commission, 

SA 
Adelaide, SA 1985 Water 500kl 

Taubman’s  Paints Taubman’s  Paints Villawood, NSW 1978 Water 2Ml 
Standpipe Cooma Shire Cooma, NSW   5.1Ml 
Gulgong Mudgee Shire Mudgee, NSW   3.4Ml, 2.5Ml 

Starch Water Goodmans Fielders Tamworth, NSW   3.4Ml 
Irrigation Balance Tank Wentworth Shire Wentworth, NSW   4.3Ml 
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TANKS SUPPLIED BY PERMASTORE LIMITED 
 

PARTIAL REFERENCE LIST - POTABLE WATER AND WATER TREATMENT PLANTS 
 

CLIENT SITE MODEL DUTY 
    

ECCLP St Austell, UK 2020 Reservoir 
    
    

H Fuchs Denmark 1705 Potable Water 
    
    

ECCLP 
Unigate Dairy 

St Austell, UK 
Davidstow, UK 

1420 
1405 
2010 
1410 

Potable Water 
Potable Water 
Potable Water 
Potable Water 

    
    

NWWA 
STWA 
Strutt & Parker 
ECCLP 
Truman 
Permutit Co 
Riecken 
Tynehead Water Co 

Wrexham, UK 
Matlock, UK 
Edinburgh, Scotland 
Quidhampton, UK 
Falmouth, UK 
Foggia, Italy 
Germany 
E. Lothian, Scotland 

1110 
4715 
2015 
2520 
2020 

2 x 4515 
3915 
2015 

Potable Water 
Water Treatment 
Potable Water 
Potable Water 
Potable Water 
Water Treatment 
Water Treatment 
Potable Water 

    
    

Colville Ltd 
Take Away Tankers Ltd 

Perth, Scotland 
Birmingham, UK 

0815 
2015 

Potable Water 
Potable Water 

    
    

Hanley & Sons Ltd 
C H Lindsey Ltd 
F L & D A Moss Ltd 
R P Watson & Son Ltd 
SIFRA 

Eire 
Colchester, UK 
Norwich, UK 
UK 
New Caledonia 

5615 
2010 

2012½ 
3010 
1410 

Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 

    
    

D Peddie & Son Ltd Fife, Scotland 1415 Potable Water 
    
    

TWA 
British Nuclear Fuels 
 
 
Cyril Johnson 
McCain International Ltd 
 
Tuckwell Ltd 

Eynsham, UK 
Risley, UK 
 
 
Northern Ireland 
Peterborough, UK 
 
Suffolk, UK 

3620 
6225 
2020 
1122 
2510 
1430 
2830 
3010 
3015 

Water Treatment 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 

    
    

AWA 
 
 
Blenheim Palace 

Docking, UK 
 
 
Blenheim, UK 

2 x 1115 
3010 
0805 

2 x 2020 

Water Treatment 
Water Treatment 
Water Treatment 
Potable Water 

    
    

SWWA 
NIPA Laboratory 
STWA 
Metito 
 
 
PCI 
 
Central Electricity Generating 

Hale, UK 
Pontypridd, Wales 
Newtown, Wales 
Saudi Arabia 
 
 
Trinidad & Tobago 
 
Berkely, UK 

3915 
2515 
5615 
3010 
3035 
3025 
17 No 

Various 
2510 

Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Water Treatment 
 
Potable Water 
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CLIENT SITE MODEL DUTY 
    

Walsh Holiday Camp 
Fyffes Ltd 
AWA 
Home Office 
Allied Colloids 
Crown Agents 
Metito 
 
 
 
 
 
 
 
WWA 

Norfolk, UK 
Swaffham, UK 
Belstead, UK 
Ford Prison, UK 
Bradford UK 
Sudan 
Saudi Arabia 
 
 
 
 
 
 
 
Cherhill, UK 

1130 
2220 
1710 
1415 
2810 
2510 

5 x 1715 
2 x 3310 
2 x 3315 
2 x 3915 
2 x 2515 

10 x 1715 
7 x 2020 
1 x 2820 

6215 

Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 

    
    

TWA 
TWA 
British Hydraulics Research 
SWWA 
SWA 
Holgate Holiday Park 
STWA 
Henry Davies Ltd 
Davenport Engineering 
Metalwerke Buch AG 
Metito 
Sedgemoor District Council 

Fobney, UK 
Marlow, UK 
Cranfield, UK 
Torrington, UK 
Cowes, UK 
Carnforth, UK 
Thornton, UK 
Kilmarnock, Scotland 
Belfast, Ulster 
Saudi Arabia 
Saudi Arabia 
Bridgewater, UK 

3310 
3020 
1415 

2 x 3315 
3610 
1715 

2 x 2215 
2215 
1420 
2522 
2015 
0810 

Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 

    
    

SWA 
PCI 
Camber Sands Holiday Park 
St Ivel Foods 
John Mason Ltd 
North Scotland Hydro Electricity 
Central Regional Council 
 
SEE 
Norit Cydesdale 
Canada Dry 
ABS Dwellex 
ABR Chemicals 
Central Electricity Generating 
Kaduna Brewery 

Fawley, UK 
Laverstoke, UK 
Camber, UK 
Stockport, UK 
Sheffield, UK 
Pitlochry, Scotland 
Tyndrum, Scotland 
 
Cairo, Egypt 
Glasgow, Scotland 
Damman, Saudi Arabia 
Jubail, Saudi Arabia 
Corby, UK 
Dinorwic, Wales 
Kaduna, Nigeria 

2250 
1715 
2015 

2 x 1420 
1420 
3310 

2 x 10915 
3025 
2815 
2027 

5 x 2030 
5620 
2535 

2 x 0810 
2 x 1115 
2 x 2020 

2805 

Potable Water 
Water Treatment 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Water Treatment 
Water Treatment 
Water Treatment 

    
    

WWA 
STWA 
SWA 
WWA 
British Coal 
 
Orkney Islands Council 
Clearwater Systems 
Trading & Contracting 
Hyundai 
Cambridge Water Co 
ABR Chemicals 
J Cooper Abattoirs 

Litton Cheyney, UK 
Sling, UK 
Popham, UK 
Longtown, Wales 
Thorne, UK 
 
Orkney, Scotland 
Sudan 
Saudi Arabia 
Saudi Arabia 
Cambridge, UK 
Corby, UK 
Dorset, UK 

2015 
2 x 2005 
3017½ 
3012½ 
3620 
1720 
2525 

1407½ 
2515 
4230 
2017 

2 x 2532 
1110 

Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
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CLIENT SITE MODEL DUTY 
    

Snamprogretti 
UK Atomic Energy Authority 
Biwater 
 
WWA 
Sokoto Water Authority 
Trade Establishment 
Mannai Trading 
Al Wasil Hospital 
Johnson Co 
Wm Sparrow Ltd 
PCI 
Johnson Co 

Bahrain 
Winfrith, UK 
Trinidad 
 
Weymouth, UK 
Sokoto, Nigeria 
Jeddah, Saudi Arabia 
Qatar 
Dubai, UAE 
Manama, UAE 
Bath, UK 
Nigeria 
Dubai, UAE 

1410 
4720 

2 x 2220 
2 x 1120 

0805 
16 Various 
2 x 2015 
2 x 1415 

2015 
6415 
1115 
3615 
2015 

Potable Water 
Potable Water 
Water Treatment 
Water Treatment 
Potable Water 
Water Treatment 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 

    
    

Hochtief AG 
Berkefeld Filter GmbH 
Berkefeld Filter GmbH 
YWA 
Invent Industrial Products 
Ministry of Defence 
 
 
Allbrew 
International Sanitation 
Metal Box Co 
Al Ain Municipality 
Awalco 
Crownhouse Eng. 
Al Wasil Hospital 
 
Rashid Hosiptal 
Al Ajman Municipality 
Sharjah Municipality 
 
IC Enterprise 
Algeco 
Vacenor 
Sodele 
Club Mediterranee 
Liquepur SA 
 
SFA 

Saudi Arabia 
Jordan 
Algeria 
Thornton Moor UK 
Rochdale, UK 
Egypt 
 
 
Burton, UK 
Ibra, Oman 
Carlisle, UK 
Al Ain UAE 
Bahrain 
Oman 
Dubai, UAE 
 
Dubai, UAE 
Al Ajman, UAE 
Sharjah, UAE 
 
Iraq 
Iraq 
Le Mans, France 
Frejus, France 
Bora Bora, Polynesia 
France 
 
Piouaret, France 

2 x 6215 
2020 

4 x 1425 
4 x 1415 

2220 
4 x 1720 
4 x 2020 
2 x 3612 

6205 
2 x 2507 

1720 
7620 
1410 

2 x 3610 
2 x 3325 
2 x 3625 

3617 
2015 
5322 

2 x 2020 
6 x 1715 

1115 
1430 
3615 
2020 
0810 
1115 
1115 

Potable Water 
Potable Water 
Potable Water 
Filters 
Potable Water 
Water Treatment 
Water Treatment 
Water Treatment 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Water Treatment 
Potable Water 
Potable Water 
Water Treatment 
Water Treatment 

    
    

Lurgi GmbH 
 
Hochtief AG 
 
Ross Foods 
Express Dairies 
International Paints 
Ministry of Defence 
 
 
CMC 
 
Lilley Construction 
Lea Valley Water Co 
Ministry of Defence 
Ministry of Defence 
 
 

Frankfurt, Germany 
 
Togo 
 
Hull, UK 
Ulster 
Damman, Saudi Arabia 
Egypt 
 
 
Damman, Saudi Arabia 
 
Nigeria 
Essenden, UK 
Iraq 
Egypt 
 
 

3 x 2020 
4 x 2520 

4715 
2520 
2020 
2217 
2230 

2 x 1720 
2 x 2220 

3612 
0815 

3 x 1115 
8 x 1115 
4 x 1415 

2220 
2 x 1720 
2 x 2020 

3612 

Water Treatment 
Water Treatment 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Water Treatment 
Water Treatment 
Water Treatment 
Potable Water 
Potable Water 
Water Treatment 
Water Treatment 
Potable Water 
Water Treatment 
Water Treatment 
Water Treatment 
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CLIENT SITE MODEL DUTY 

    

Al Zamil 
Rabban Contractors 
Brown & Root 
 
PCI 
 
 
Ministry Electricity & Water 
Jenssen Baumschulen 
Ernst Becker 
Liquepur SA 
OTV Quest 
Degremont 
Wangner 
Liquepur SA 

Al Khoba, Saudi Arabia 
Qatar 
Bahrain 
 
Nigeria 
 
 
Um Al Quaim, UAE 
Römmerberg, Germany 
Nörten Hardenberg, Germany 
La Bergene, France 
St Mar La Jaille, France 
Chateau Landon, France 
Mauelon, France 
France 

3 x 3015 
1710 
1120 
1420 

4 x 3320 
4 x 2017 
2 x 7310 
11217 
2820 
3015 
1410 
1110 
1415 
0810 
1710 
2815 

Potable Water 
Potable Water 
Potable Water 
Potable Water 
Water Treatment 
Water Treatment 
Water Treatment 
Potable Water 
Potable Water 
Potable Water 
Water Treatment 
Water Treatment 
Water Treatment 
Water Treatment 
Water Treatment 
Water Treatment 

    
    

Preussag AG 
Berkefeld Filter AG 
 
Niersverbond 
Bollman Filter 
 
 
Lurgi GmbH 
Akheed Bros 
Canar Trading 
Ghazali Trading 
 
Kwara State Water Board 
 
 
Ionics 
Klöckner Baudedaf 
Dircen 
 
South Tipperary Co-operative 
Guiness & Co 

Iraq 
Iraq 
 
Viersen, Germany 
Canada 
Nigeria 
 
Frankfurt, Germany 
Saudi Arabia 
Kuwait 
Sharjah, UAE 
 
Kwara, Nigeria 
 
 
Libya 
Germany 
French, Polynesia 
 
Cahir, Eire 
Dublin, Eire 

1720 
2 x 2520 

2015 
2520 
3025 
2515 
1415 
2020 
3615 
1725 
1117 
2830 

4 x 0810 
2 x 4720 
4 x 2020 

5320 
2 x 4225 

4520 
3 x 2220 

7815 
1725 
2835 
0810 

Potable Water 
Potable Water 
Potable Water 
Filter 
Water Treatment 
Water Treatment 
Water Treatment 
Water Treatment 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Water Treatment 
Water Treatment 
Water Treatment 
Water Treatment 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 

    
    

Ionics 
Ionics 
 
Ionics 
 
Al Abdullah Kanme 
EMCO 
Hydrobechnik (NOPWSAD) 
Middle East Transport 
Canar Trading 
7 UP 
Kanoo 
PCI 
 
Biwater 
 
Ionics 
Koters Ltd 

Saudi Arabia 
Libya 
 
Libya 
 
Saudi Arabia 
Saudi Arabia 
Egypt 
Bahrain 
Kuwait 
Kuwait 
Dubai, UAE 
Douala, Camerouns 
 
Malaysia 
 
Tanzania 
Liverpool, UK 

2820 
2215 

2 x 2210 
3315 
1410 
5915 
4225 

150 x 2220 
5915 
1730 

2 x 1770 
3025 
1417 
1710 
2820 

3 x 1115 
2 x 5320 

2515 

Potable Water 
Water Treatment 
Water Treatment 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Filters 
Filters 
Potable Water 
Potable Water 
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CLIENT SITE MODEL DUTY 
    

York Water Co  
Beecham Pharmaceutical 
Cambridge Water Co 
Cambridge Water Co 
Cambridge Water Co 
 
Dacorum District Council 
Bollman Filters GmbH 
 
Berkefeld Filters GmbH 
Berkefeld Filters GmbH 

York, UK  
Irvine, Scotland  
Cambridge, UK 
Weston Colville, UK 
Lowerfield, UK 
 
Hemel Hempstead, UK 
Yemen 
 
Libya 
Iraq 

2215 
1720 
2515 
3015 
2515 
2520 

2 x 2810 
2015 
1115 

2 x 1415 
2 x 2520 

2015 

Potable Water  
Potable Water  
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Water Treatment 
Water Treatment 
Water Treatment 
Water Treatment 
Water Treatment 

    
    

Lurgi GmbH 
Crown Agents 
 
Biwater 
 
 
 
 
 
 
 
Shell Petroleum 
 
YWA 
Highland Regional Council 
 
Buxtead Poultry 
McGeorge Ltd 
Marshalls Chickens 
Marshalls Chickens 
Aspall Cider 
Camber Sands Holiday Park 
TWA 
SWWA 
Life Sciences 
PCI 
 
CGEE Alsthom 
DTS Dircen 
Braden Mara 
Irish Snack Foods 
H Denny Ltd 

Frankfurt, Germany 
Port Stanley, Falklands 
 
Dent Peninsula, Sarawak 
 
 
 
 
 
 
 
Oman 
 
Cowling UK 
Dingwall, Scotland 
 
Sutton Benger, UK 
Dumfries, Scotland 
Coatbridge, Scotland 
Couper Angus, Scotland 
Stowmarket, UK 
Camber, UK 
Magden, UK 
Crownhill, UK 
Eye, UK 
Nigeria 
 
France 
French Polynesia 
Eire 
Eire 
Tralec, Eire 

2020 
2017 

2 x 0815 
8 x 2510/60 

2 x 2015 
3015 

3 x 1715 
2 x 8615 
2 x 2515 
2 x 3915 
1 x 7315 

4230 
4530 

2 x 4510 
1415/30  
Hi Store 

3915 
2015 

2 x 4725 
2 x 1710 

3925 
1712½ 

2 x 2510 
3312 

2 x 1712 
2 x 0815 

2017 
2 x 1415 
6 x 4727 

1415 
3325 
2830 

Water Treatment 
Water Treatment 
Water Treatment 
Water Treatment 
Water Treatment 
Water Treatment 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Water Treatment 
Water Treatment 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 

    
    

Benue State Water Board 
 
 
 
 
Ministry of Defence 
YWA 
AWA 

Benue, Nigeria 
 
 
 
 
Colerne, UK 
Hartlington, UK 
Marham, UK 

20 x 0517 
20 x 1020 
7 x 1110 
2 x 1710 
3 x 2210 

3915 
2 x 1715 
4 x 2015 
2 x 3617 

Water Treatment 
Water Treatment 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Water Treatment 
Water Treatment 
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CLIENT SITE MODEL DUTY 
    

Biwater 
 
 
 
 
 
Simpsons Malts Ltd 
PCI 
 
C Johnson 
Cambridge Water Co 
PCI 
 
Kampihl AS 
YWA 
Bollman Filters AG 
E Vac 
 
 
 
Leguma 
Indaver 

Sri Lanka 
 
 
 
 
 
Norfolk, UK 
Arungu, Nigeria 
 
Ulster 
Cambridge, UK 
Nigeria 
 
Maldives 
York, UK 
Canada 
St Maarten, Carribean 
 
 
 
Zedetgem, Holland 
Antwerp, Belgium 

6717 
2 x 4717 
4 x 1420 
2 x 2020 

3310 
2 x 2810 

3315 
2520 
1417 
2020 
3015 
1112 
2015 
6415 

2 x 4745 
2520 

1705/10 
1715/12 

2815 
1712 
2830 

2 x 3052 

Water Treatment 
Water Treatment 
Water Treatment 
Water Treatment 
Potable Water 
Potable Water 
Potable Water 
Water Treatment 
Water Treatment 
Potable Water 
Potable Water 
Water Treatment 
Water Treatment 
Potable Water 
Potable Water 
Potable Water 
Water Treatment 
Water Treatment 
Water Treatment 
Water Treatment 
Potable Water 
Potable Water 

    
    

Denderland 
Youghal Carpet Yarn Co 
Hoechst AG 
 
BP Nutrition 
Kildangan Stud 
Portumna Waterworks 
PCI 

Gijzegem, Belgium 
Cork, Eire 
Werke Kehlheim, Germany 
 
Westport, Eire 
Eire 
Eire 
Jamaica 

7820 
8620 
1712 
1415 
3320 
2810 

2 x 1410 
1112 
2015 

Potable Water 
Potable Water 
Water Treatment 
Water Treatment 
Potable Water 
Potable Water 
Potable Water 
Water Treatment 
Water Treatment 

    
    

Degremont 
 
 
 
 
 
Biwater 
 
Stortec 
St Ivel Foods 
Coca Cola 
National Medical Care 
Killeshandra Co-operative 
Moorepark Research Station 
Leibig International 
PWT 
Geneinde Börderende 
Twö GmbH 

Gabon 
 
 
 
 
 
Sri Lanka 
 
Scotland 
St Earth, UK 
Ghent, Belgium 
Eire 
Eire 
Eire 
Killorghn, Eire 
Onitsha, Nigeria 
Germany 
Chonn, Germany 

1410 
2 x 3620 

0810 
2 x 2017 

1110 
2 x 2820 

3915 
3 x 3025 

3030 
2030 

2 x 2040 
1715 
1120 
6215 
2010 

6 x 2017 
4215 
1110 

Water Treatment 
Water Treatment 
Water Treatment 
Water Treatment 
Water Treatment 
Water Treatment 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Water Treatment 
Potable Water 
Potable Water 
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CLIENT SITE MODEL DUTY 
    

Ecotechniques 
 
Buxted Poultry 
Lea Valley Water Co 
PWT 
 
 
PWT 

Polynesia 
 
Sutton Benger, UK 
Essenden, UK 
Egypt 
 
 
Venezuala 

4520 
2 x 2220 

5020 
2 x 1415 
2 x 2815 
2 x 1715 
2 x 1710 

1415 
2515 
0810 

Potable Water 
Potable Water 
Potable Water 
Water Treatment 
Water Treatment 
Water Treatment 
Water Treatment 
Water Treatment 
Water Treatment 
Water Treatment 

    
    

Ecotechniques 
Club Mediteranee 
JKR 

Bora Bora, Polynesia 
Polynesia 
Malacca, Malaysia 

2815 
2020 
5020 

Potable Water 
Potable Water 
Potable Water 

    
    

Eurostore 
 
Howard Alatpertanian 
 
Howard Alatpertania 
Howard Alatpertania 

Dubai, UAE 
 
Malaysia 
 
Putau Ubih, Malaysia 
Penang 

2 x 7020 
1 x 1420 

4515 
3315 
3010 
3015 
2015 

Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 

 
 

The above is only a partial list, it does not include the following:- 
 
1. Malaysian Rural Water Supply Scheme 1987 - 1990, 400 tanks, filters, claripiers, floculators, 

aerators and reservoirs. 
2. Man Made River Project, Libya 1992 - 1993, over 150 tanks and reservoirs. 
3. Fire Sprinkler Tanks - all to Potable Water Standard - approximately 1,500 since 1972. 
4. Agricultural Water Stores. 



Googong Integrated Water Cycle 
Stage C - Network West 

 

 
 

Appendix  O Googong Potable and Recycled Water 
Flow Schematic 
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WILL REQUIRE SUBSTANTIAL TREE SURGERY
IF INCLUDED IN DEVELOPED AREA. MATURE
SPECIMEN, GOOD APPEARANCE AND
STRUCTURE. LITTLE TO NO EPICORMIC
SHOOTS.

MEDIUM VALUE TREE. REMOVAL LIKELY WITH
RETENTION POSSIBLE IN APPROPRIATE
LOCATION. WILL REQUIRE CONSIDERABLE TREE
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EXPENDITURE TO RETAIN. MATURE SPECIMEN.
EVIDENCE OF LIMB FALL. EPICORMIC GROWTH
MAY BE COMMON. DIEBACK COMMON.
RECOMMENDED TO BE REMOVED.

DEAD TREE RECOMMENDED TO BE REMOVED.

SURVEY DATA

ASSESSMENT DATA

76 Epo

SPECIES KEY 
Eme - Eucalyptus melliodora 
Epo - Eucalyptus polyanthemos 
Emf - Eucalyptus mannifera 
Eno - Eucalyptus nortonii 

THESE DRAWINGS ARE TO BE READ IN CONJUNCTION WITH
GOOGONG NH2 HILL TREE SURVEY AND ASSESSMENT -
TREE ASSESSMENT REPORT AND APPENDIX C - TREE
ASSESSMENT DATA SHEETS

NOTES
THE LOCATION OF TREES IS BASED ON AERIAL IMAGERY AND
ARBORIST MARKUP OF LOCATION. LOCATIONS SHOWN ARE
APPROXIMATE. CONFIRM EXACT LOCATION ON SITE WITH TAGS
LOCATED ON ASSESSED TREES.

5M CONTOUR INTERVALS SHOWN FOR CONTEXT.
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Agency consultation















Wednesday,)23)September)2015)2:37:24)pm)Australian)Eastern)Standard)Time

Page)1)of)2

Subject: Re:$Googong$Stage$C$Network$West$Project$Consulta8on

Date: Tuesday,$11$August$2015$10:05:24$am$Australian$Eastern$Standard$Time

From: Jillian$Reynolds

To: Lyndall.Thornhill@rpsgroup.com.au

Hi$Lyndall,

Thank$your$for$the$opportunity$to$comment$on$the$REF$requirements$for$Stage$C$of$the$IWC$project$for$the

Googong$Township.$$The$key$issues$iden8fied$for$assessment$in$Enclosure$2$will$cover$DPI$Fisheries

requirements.

We$look$forward$to$receiving$the$REF.

Regards,

Jillian

Jillian$Reynolds$|$Regional$Assessment$Officer

NSW$Department$of$Primary$Industries$|$Aqua8c$Ecosystems

4$Woollamia$Road$$|$$$PO$Box$97$|$$$Huskisson$NSW$$2540$

T:$02$4428$3406$$|$$M:$0429$918$575$|$$F:$02$4441$8961$$|$$E:$jillian.reynolds@dpi.nsw.gov.au$

W:$www.dpi.nsw.gov.au/fisheries

Conserve, Share, Provide

On$30$July$2015$at$09:44,$Trevor$Daly$<trevor.daly@dpi.nsw.gov.au>$wrote:

Hi$Jill$and$Allan

One$for$you$guys.

Thanks

Trevor

Dr Trevor Daly | Senior Conservation Manager, Threatened Species
Fisheries NSW  | NSW Department of Primary Industries
Level 1 | Cnr Beach Road, Orient Street | PO Box 17 | Batemans Bay NSW 2536 
T:  +61 02 4478 9103 | F:  +61 02 4472 7542 | M:  0408 487 083
E:   trevor.daly@dpi.nsw.gov.au | W:  www.dpi.nsw.gov.au 

Conserve, Share, Provide

bbbbbbbbbb$Forwarded$message$bbbbbbbbbb

From:$Lyndall)Thornhill$<Lyndall.Thornhill@rpsgroup.com.au>

Date:$29$July$2015$at$18:45

Subject:$Googong$Stage$C$Network$West$Project$Consulta8on

To:$"trevor.daly@dpi.nsw.gov.au"$<trevor.daly@dpi.nsw.gov.au>

Dear$Trevor$Daly,$

$

Googong$Township$Proprietary$Limited$(GTPL)$is$invi8ng$key$State$and$Federal$agencies$to$provide

mailto:jillian.reynolds@dpi.nsw.gov.au
http://../Local%20Settings/Temp/notes97BD29/www.dpi.nsw.gov.au
mailto:trevor.daly@dpi.nsw.gov.au
tel:%2B61%2002%204472%207542
mailto:trevor.daly@dpi.nsw.gov.au
http://www.dpi.nsw.gov.au/
mailto:Lyndall.Thornhill@rpsgroup.com.au
mailto:trevor.daly@dpi.nsw.gov.au
mailto:trevor.daly@dpi.nsw.gov.au
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comments$on$the$next$component$of$work$(referred$to$as$Stage$C)$of$the$Googong$Township

Integrated$Water$Cycle$(IWC)$project.$Under$the$Concept$Approval$for$the$project$granted$under$Part
3A$of$the$Environmental$Planning$and$Assessment$Act$(EP&A)Act),$GTPL$is$required$to$consult$with
specific$agencies$and$stakeholders$and$consider$any$issues$raised$as$part$of$the$further

environmental$assessment$for$the$proposal.$We$are$currently$preparing$the$environmental

assessment$for$Stage$C$Network$West$for$submission$to$Queanbeyan$City$Council,$the$determining

authority$under$Part$5$of$the$EP&A$Act.

$

Ajached$is$a$formal$lejer$of$consulta8on$regarding$Stage$C$Network$West.$If$you$would$like$to

provide$any$comments$on$the$proposed$works,$please$submit$your$comments$by$14$August

2015.$Once$complete$the$environmental$assessment$will$be$placed$on$public$display$for$comment

and$you$will$be$invited$again$to$provide$comments$on$the$proposal.$

Regards

Lyndall

Lyndall Thornhill
Senior Consultant - Environment
RPS Australia Asia Pacific
Level 9, 17 York Street, Sydney, NSW, Australia, 2000
Tel:        +61 2 9248 9800
Fax:       +61 2 9248 9810
Email:    Lyndall.Thornhill@rpsgroup.com.au
www:     http://rpsgroup.com.au
 

This e-mail message and any attached file is the property of the sender and is sent in confidence
to the addressee only.

Internet communications are not secure and RPS is not responsible for their abuse by third parties,
any alteration or corruption in transmission or for any loss or damage caused by a virus or by any
other means.

This message is intended for the addressee named and may contain confidential information. If you are not the intended recipient, please delete it and
notify the sender. Views expressed in this message are those of the individual sender, and are not necessarily the views of their organisation.

This message is intended for the addressee named and may contain confidential information. If you are not the intended recipient, please delete it and notify
the sender. Views expressed in this message are those of the individual sender, and are not necessarily the views of their organisation.

tel:%2B61%202%209248%209800
tel:%2B61%202%209248%209810
mailto:Lyndall.Thornhill@rpsgroup.com.au
http://rpsgroup.com.au/
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Conserve, Share, Provide
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Conserve, Share, Provide
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www.water.nsw.gov.au  |  DPI Water 

209 Cobra St, Dubbo  |  PO Box 717 Dubbo NSW 2830  |  t 02 6884 2560  |  f 02  6884 0096 

 Contact Tim Baker 

Phone 02 6841 7403 

Mobile 0428 162 097 

Fax 02 6884 0096 

Email Tim.Baker@dpi.nsw.gov.au  

 

Our ref ER20439 

 

 

Lyndall Thornhill 
RPS Australia Asia Pacific 
Level 9, 17 York St 
SYDNEY NSW 2000 

 

Dear Lyndall 
 

GOOGONG STAGE C NETWORK WEST PROJECT CONSULTATION 
 
I refer to your email dated 29th July 2015 providing DPI Water (formerly NSW Office of Water) an 
opportunity to provide input into preparation of Stage C of the Googong Township Integrated Water 
Cycle Project.  DPI Water has reviewed the relevant information and recommends the following be 
considered in preparing the project. 

• Project prepared consistently with Condition 2.1 of Schedule 2 of the Googong Township 
Water Cycle Project Part 3A Concept Approval (MP08_0236).  

• An assessment be completed of the potential for groundwater to be intercepted during 
excavations and associated impacts in accordance with the NSW Aquifer Interference 
Policy. This is to also include the potential volumes, disposal requirements, management 
measures and licensing requirements as necessary. 

• The pipeline proposed between the interim and the permanent reservoirs will cross a 
watercourse. It is recommended this be carried out in accordance with the Guidelines for 
Controlled Activities on Waterfront Land. These can be accessed at the following link: 
http://www.water.nsw.gov.au/water-licensing/approvals/controlled-activity  

• It is recommended erosion and sediment control is carried out in accordance with the 
guideline, Managing Urban Stormwater: Soils and Construction (Landcom 2004). 

• The proponent is continuing discussions with the Urban Water Unit of DPI Water in relation 
to the Section 60 approval under the Local Government Act 1993 to construct and operate 
water and waste water facilities. This is recommended to continue. 

Should you have any further queries in relation to this submission please do not hesitate to contact 
Tim Baker on (02) 6841 7403. 
 
Yours sincerely 

 
Mitchell Isaacs 
Manager Strategic Stakeholder Liaison 
10 August 2015 



 

 
 
 PO Box 622, Queanbeyan NSW 2620 

11 Farrer Place, Queanbeyan NSW 
Tel: (02) 6229 7002   Fax: (02) 6229 7006 

ABN 43 6922 85758 
www.epa.nsw.gov.au 

 
 
 

 
   
Our reference:  DOC15/307102-01 ; EF13/3959 
Contact:  Sharon Peters  (62297002) 
 
 
 
 
 
 
 
 
 
 

 
 
 

14 August 2015 
 
 Dear Mr Harris 
 

RE: Googong Township Integrated Water Cycle Project – Stage C Network West 
Review of Environmental Factors 

 
I refer to your letter dated 28 July 2015, seeking comment from the Environment Protection Authority (‘EPA’) 
in relation to the preparation of a Review of Environmental Factors (‘REF’) for the Googong Township 
Integrated Water Cycle Project – Stage C Network West. 
 
The EPA notes the REF will address works associated with the construction of new potable and recycled 
water reservoirs and decommissioning of the interim reservoir site, and will be prepared in accordance with 
the Concept Approval requirements (as provided at Enclosure 2 of your letter). In addition to this, the EPA 
has identified the information that it requires to assess the proposal in Attachment A to this letter.  
 
The EPA understands the project involves the construction of one recycled water reservoir tank and one 
potable water reservoir tank on the top of Hill 800. The site will supply the future township, receiving both 
potable water from the bulk water pumping station and recycled water from the water recycling plant. There 
will be a discharge pipe provided from both tanks that will be directed from the site to the environment through 
natural drainage lines and will ultimately discharge to Googong Creek through the stormwater management 
system and Beltana Pond. 
 
GTPL holds Environment  Protection  Licence   (‘EPL’)  No.   20188  under   the  Protection of the Environment 
Operations Act 1997 in relation to the operation of the Water Recycling Plant and associated sewage 
reticulation infrastructure. Based on the information provided the proposal will require a variation to the 
existing EPL to change the location of EPL discharge and monitoring Point 1. EPA advises there is no 
requirement to monitor any discharge from the potable reservoir however, systems will need to be put in 
place to guard against any potential pollution of waters from any discharge of water from the potable reservoir 
(eg. de-chlorination). 
 
The EPA emphasises that all construction activities must be carried out with due diligence, duty of care, and 
with accordance with best environmental management practices, and considers that particular care and 
attention should be placed in the design and construction of controls as the receiving waters form part of a 
drinking water catchment. Accordingly, all personnel involved should be aware of the details of the works 

Mr Craig Harris 
Assistant Project Director 
Googong Township Pty Ltd 
PO Box 1000 
CIVIC SQUARE ACT 2608 
 
Attention: Ms Lyndall Thornhill – RPS Australia 
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plans, legislation and associated pollution controls and the environmental sensitivity of the receiving waters 
before any works commence. We would recommend that site specific adaptive controls be developed and 
managed, as the project has the potential to increase sediment load to waters. 
 
Finally   the  EPA   requests   that   one   electronic   and  one  hard   copy   of   the  REF  are   provided   to   the  EPA’s  
Queanbeyan Office (PO Box 622) for review.   
 
Should you wish to discuss the matter further please contact me or Sharon Peters of this office on 6229 7002. 
 
Yours sincerely 

 
JULIAN THOMPSON 
Unit Head – South East Region 
Environment Protection Authority  
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ATTACHMENT A – Environmental Assessment Guidance 

 
Environmental impacts of the project 
The following environmental impacts of the project should be assessed, quantified and reported on in the 
REF document:  

x Control of water pollution 
x Waste management 
x Noise management 
x Dust management  

 
Details on the location of the proposed development, including the affected environment, to place the 
proposal in its local and regional environmental context including surrounding land uses, planning zonings 
and potential sensitive receptors should be provided. 
 
Describe mitigation and management options that will be used to prevent, control, abate or mitigate identified 
environmental impacts associated with the project and to reduce risks to human health and prevent the 
degradation of the environment. This should include an assessment of the effectiveness and reliability of the 
measures and any residual impacts after these measures are implemented. 
 
WATER 
The REF should provide details of the project that are essential for predicting and assessing impacts to 
waters including the quantity and physio-chemical properties of all potential water pollutants and the risks 
posed to the environment and human health, including the risks they pose to Water Quality Objectives in the 
ambient waters using technical criteria derived from the Australian and New Zealand Guidelines for Fresh 
and Marine Water Quality, ANZECC 2000).  
 
Control of water pollution 
Appropriate controls should be put in place in to ensure that the proposed construction works, are undertaken 
in manner that does not contravene section 120 of the POEO Act (prohibition of the pollution of waters). 
 
Sediment and Erosion Control 
The EPA considers that particular care and attention should be placed in the design and construction of the 
proposal. The installation and appropriate use and maintenance of sediment and erosion control measures 
must be considered in the REF.  You should consider clean water diversion around the construction site in 
order to reduce the volume of sediment laden water to be controlled. Any activity at the site must be carried 
out to ensure that any discharge from the premises complies with Section 120 of POEO Act. The REF should 
present all of the sediment and erosion control measures to be employed at the site, any operational 
procedures that will be required to prevent the pollution of waters, and must also demonstrate that the 
measures are consistent with the document “Managing Urban Stormwater – Soils and Construction”  
(Landcom, 2004). 
 
WASTE 
All wastes generated during the project must be managed in a manner that prevents the pollution of waters 
and air. Waste must be classified in accordance with the POEO Act and Waste Classification Guidelines 
(DECCW, 2010). All waste materials must be taken to a place which can lawfully receive them in accordance 
with the requirements of the POEO Act. 
 
NOISE 
Noise generated during the construction phase of the project must be managed in a manner consistent with 
the objectives and provisions of the Interim Construction Noise Guideline (DECCW, 2009) prior to 
commencement of construction. This includes implementing all reasonable feasible measures to minimise 
noise arising from the activities, in particularly from plant and equipment.  This can include selection of 
appropriate times for the operation of noisy equipment so as not to cause a noise nuisance to the surrounding 
community. The amenity of residents adjacent to the site must be considered by the REF. 
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DUST 
The management of dust around the construction site is required to reduce the potential for the pollution of 
air and waters and to minimise the impact on the amenity of the surrounding community. 
 
The REF should describe mitigation and management options that will be used to prevent, control, abate or 
mitigate identified environmental impacts associated with the project and to reduce risks to human health 
and prevent the degradation of the environment. This should include an assessment of the effectiveness and 
reliability of the measures and any residual impacts after these measures are implemented. 
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Subject: FW:$Integrated$Water$Cycle$Project,$Stage$C$Network$West
Date: Thursday,$13$August$2015$9:16:59$am$Australian$Eastern$Standard$Time

From: Fredericks,$Jane
To: 'Lyndall.Thornhill@rpsgroup.com.au'

Sorry$Lyndall,
$
I$have$a$message$from$my$mail$server$that$you$did$not$receive$this$message.$$
$
Hence$reQsending$it$to$you.
$
Regards,
Jane)Fredericks
$
From: Fredericks, Jane 
Sent: Thursday, 13 August 2015 9:13 AM
To: 'Lyndall Thornhill '
Cc: Brake, Tim; Clune, Kieran; 'Craig Harris'
Subject: Integrated Water Cycle Project, Stage C Network West
$

Good$Morning$Lyndall,

I$have$been$assigned$as$the$Icon$Water$Environmental$RepresentaVve$to$the$Googong$Township$Stage
C$Network$East,$in$a$similar$role$filled$by$John$Hyam$for$Stage$B.$John$will$conVnue$to$work$on$Stage$B
unVl$all$elements$of$that$stage$are$completed.

Thank$you$for$your$leYer$to$Tim$Brake$inviVng$Icon$Water$to$comment$on$the$Googong$Township
Integrated$Water$Cycle$Project$$Stage$C$Network$West.

On$behalf$of$Icon$Water,$I$can$advise$there$are$no$comments$from$Icon$Water$on$the$leYer$of
consultaVon$(28$July$2015)$for$the$Integrated$Water$Cycle$Project,$Stage$C$Network$West.

I$assume$that$Icon$Water$will$be$invited$to$comment$on$the$Stage$C$Network$East?

Could$you$provide$me$the$informaVon$on$the$scheduling$(Vming)$relaVng$to$Stage$C$Network$East.

$
Regards,
Jane)Fredericks)
Environment$and$Sustainability

GPO$Box$366$Canberra$ACT$2601
T$02$6248$3234$$$
iconwater.com.au$|$TwiYer$|$YouTube

Please$consider$our$environment$before$prinVng$this$email
$
******************************************************************$*PLEASE$NOTE*$This$email
and$any$aYachments$may$be$confidenVal.$If$received$in$error,$please$delete$all$copies$and$advise$the$sender.
The$reproducVon$or$disseminaVon$of$this$email$or$its$aYachments$is$prohibited$without$the$consent$of$the
sender.$WARNING$RE$VIRUSES:$Our$computer$systems$sweep$outgoing$email$to$guard$against$viruses,$but$no

applewebdata://115E5781-669C-4E4D-A959-08567536A6A7/f_parbery/AppData/Local/Temp/Temp1_IconWater.zip/Icon%20Water/emailsig.html
tel:02%206270%207419
http://iconwater.com.au/
http://www.twitter.com/iconwater
http://www.youtube.com/channel/UCo99WPBiCQGDEBMl1eDs-OQ
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warranty$is$given$that$this$email$or$its$aYachments$are$virus$free.$Before$opening$or$using$aYachments,$please
check$for$viruses.$Our$liability$is$limited$to$the$reQsupply$of$any$affected$aYachments.$Any$views$expressed$in
this$message$are$those$of$the$individual$sender,$except$where$the$sender$expressly,$and$with$authority,$states
them$to$be$the$views$of$the$organisaVon.
******************************************************************
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Subject: Googong%Township%Integrated%Water%Cycle%Project%9%Stage%C%Network%West:%Invita?on%to
comment

Date: Friday,%7%August%2015%10:53:40%am%Australian%Eastern%Standard%Time

From: SATTOUF%Hala
To: Lyndall.thornhill@rpsgroup.com.au

Attention: Lyndall Thornhill 
%
Dear Madam,
%
Reference is made to the letter dated 28 July 2015 regarding the subject development application forwarded to Roads and Maritime
Services (RMS) for consideration.
%
RMS has reviewed the information provided and considers that the following information should be addressed in the Environmental
Assessment (EA):
%
It is noted from the information provided that the proposed water main runs along the alignment of Old Cooma Road.
%
As a condition of the DA378/2014 for the subdivision of land at Googong, the developer (CIC), is required to widening Old Cooma
Road and upgrade the intersection of Old Cooma Road and Googong Dam Road.
RMS recommends the proponent of the Googong township water cycle project liaise with Council and CIC to ensure the water main
does not compromise future widening and intersection upgrade. 
The EA should identify the likely impacts of Stage C of the project on the current and future road reserve of Old Cooma Road. 
The EA should identify and how the impacts on Old Cooma Road will be managed.
%
It is unclear from the information provided whether direct access to/from Old Cooma Road to the water reservoir is proposed. 
The EA should clarify what the existing and proposed access arrangements are and how the impacts on Old Cooma Road will be
managed.
%
RMS would appreciate the opportunity to comment on the EA upon its completion. 
%
If you have any questions, please feel free to give me a call. 
%
Kind Regards, 
Hala Sattouf
Development Assessment Officer
Network NSW | Journey Management
T 02 4221 2769 M 0429 505 979
www.rms.nsw.gov.au
Every journey matters
 
Roads and Maritime Services
Level 4 90 Crown Street Wollongong NSW 2500

Logo

Before printing, please consider the environment

IMPORTANT NOTICE: This email and any attachment to it are intended only to be read or used by the named addressee. It is confidential and may contain
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Appendix J
Community consultation
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Appendix K
Hazards Assessment





6 Jul 2015

ABN 19 056 353 112
MWH Global
Level 21
141 Walker Street
North Sydney NSW 2055

Attention: Mr Ari Shammay
Project Manager,
Googong Project

Dear Mr Shammay,

Re: proposed chemical storage for Googong Stage C Reservoir

As requested, I have examined the proposed design of the Googong Stage C
Reservoir in respect of the chemical storage tanks and any associated fire
protection requirements.

General description
Three tanks are proposed, in adjacent locations on the south side of the
reservoirs. The three chemicals are listed below. It is noted that there is a
Stage D which is proposed to include a diesel generator with an associated
storage tank, but this is outside the scope of Stage C and not addressed in
this letter.

Chemical Comments Classified as “dangerous
goods”

Sodium hypochlorite Aqueous solution
12.5 to 15%

Class 8 corrosive liquid,
packing group III

Sulphuric acid Aqueous solution
98.5%

Class 8 corrosive liquid,
packing group II

Sodium metabisulphite Aqueous solution,
Either 30% or 38%

Not a dangerous good*

These are all aqueous solutions of chemicals, two of which are classified as
“dangerous goods” under transport legislation harmonised throughout the
Commonwealth (e.g. NSW Dangerous goods (Road and Rail Transport)
Regulation 2009) or as “schedule 11 hazardous chemicals” under NSW Work
Health and Safety Regulation 2011 because they are “corrosive liquids”.

* The third, sodium metabisulphite solution, is not classified as “dangerous
goods” or as “schedule 11 hazardous chemicals” in concentrations around
30% as frequently used, but at higher concentrations (e.g. 40%) may be
classified as a Class 8 corrosive liquid, packing group III.

None of these three chemicals is flammable or combustible.

Whamcorp Pty Ltd

42 Shirley Road
Roseville NSW 2069
Phone: +61 2 9416 2194
Fax: +61 2 9924 2804
e-mail: wvph@optusnet.com.au
web: www.whamcorp.com.au



Australian Standard requirements
The relevant Australian Standard for the storage Class 8 dangerous goods,
including fire protection requirements, is AS 3780:2008 “The storage and
handling of corrosive substances”

As all three are not flammable or combustible, there are no prescribed fire
protection equipment requirements for any of them under any of the
applicable legislation or AS 3780.

I note that WorkCover NSW guidance “Storage and Handling of Dangerous
Goods” (Publication No 1354 issued 2005, originally issued as a code of
practice, now retained as guidance) states that the Building Code of Australia
“does not cover the risks involving dangerous goods and does not deal with
matters such as tanks or open air storage.”

There are no requirements for hydrants, hose reels or sprinklers for the
proposed chemical storage.

NSW Department of Planning & Environment requirements
The requirements are established by a process involving a screening test as
set out in NSW Planning “Hazardous and Offensive Development Application
Guidelines; Applying SEPP 33” published January 2011, to determine if the
proposal is for “potentially hazardous industry”.

The relevant quantity thresholds are in Table 3 and are shown below, along
with the proposed quantities.
Class Screening

Threshold
Description Proposed quantity

8 25 tonne packing group II 1.8 tonne (1 kL sulphuric acid)
50 tonne packing group III 7.7 tonne (6.4 kL hypochlorite)

As previously noted, it is possible that the final selection of sodium
metabisulphite may be 38%, which the supplier may classify as Class 8,
packing group III, which would bring the proposed total quantity of Class 8
packing group III to about 9 tonnes (by including 1 kL of metabisulphite).
These quantities are well below the quantity screening threshold.

There is also a transport movements threshold in Table 2, which for Class 8 is
bulk loads of over 2 tonnes exceeding 500 per year or 30 in a peak week.
This proposal will fall well below those figures.

Accordingly, a preliminary hazard analysis (PHA) is not required.

Yours faithfully,

W.V.Peter Hunt
B.E., Grad Dip Ops Mgt, M.Bus,
F.I.E.Aust, F.I.Chem E, C.P.Eng, R.P.E.Q, M.A.I.D.G.C
Director and Principal Consultant
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Risk Assessment
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Explanation and notes

1 Concept design development 
1.1 Concept design is not sufficiently developed to 

confidently establish a sufficient environmental 
footprint

Delay to REF and construction etc; Additional 
design and environmental costs

L H M N N N N

1.2 Changes to design will impact REF Delay to REF and construction etc; additional 
design costs due to maintaining existing 
footprint

L H M N N N N

1.3 Gap/overlap in design between MWH and 
Calibre 

Delay to REF and changes to design L H M N N N N

1.4 Need to consider adjacent development and 
Subdivision Master Plan 

Proposal not compatible with Subdivision 
Master Plan for township, requiring changes to 
design, delay to REF and additional costs. 

L H M N N N N

1.5 Concept design not compatable with airspace 
requirements.

Delay due to redesign and approval. M H H N N N N

Council requirements undermine proposal 
feasibility

Program delay
Legal action

M E

2 Planning approvals 
2.1 Proposal not approved by determining authority Delays to program and construction 

Additional costs for designs and environmental 
assessments

M H H L H M N

2.2 Obtaining EPL for proposed works 
(Construction and operation) due to proposed 
relocation of excess recycled water discharge 
point

Delay to construction pending approvals H H E M M M Y

2.3 Identification of Aborginal heritage Changes to the proposal design may be 
required to avoid impacts, which may cause 
time delays

M H H N N N Y

Original rating Residual 
rating

Responsible 
parties Timetable
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Explanation and notes

Original rating Residual 
rating

Responsible 
parties Timetable

2.4 Identification of Aborginal heritage Impacts to timeframes to follow Aboriginal 
cultural assessment and consutlation 
processes

M H H N N N Y

2.5 AHIP is not received prior to construction Construction delayed L H M N N N Y

2.4 Response timeframes from authorities
RMS

Delay to proposal N N N N N N Y

Complex multi-jurisdictional planning pathway Unable to get approval

3 Site establishment and construction 
3.1 Construction traffic movements Noise and vibration impacts to local sensitive 

receivers
M M M N N N N

3.2 M M M N N N N

3.3 Traffic and access Community impacts to access to property L M L N N N N

3.4 Traffic and access Impacts to traffic flow and movement during 
construction of access point faciltiies on Old 
Cooma Road

H H E
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Explanation and notes

Original rating Residual 
rating

Responsible 
parties Timetable

3.5 Noise Resident or community complaints L M L

3.6 Vibration Damage to property / heritage items L M L N N N N

Blasting H H

3.7 Air pollution Emissions from construction machinery H L M

3.8 Dust emission Impacts to air quality through generation of 
dust from construction activities

H L M N N N N

3.9 Energy use Creation of greenouse gas emissions H L M

3.10 Waste disposal Disposal of contaminated land including 
asbestos 

L M L

3.11 Soils Pollution of soils and receiving waters via 
discharge of contaminated water 

M H H N N N N

3.12 Soils Increase soil erosion and potential for soil 
erosion due to disturbance of topsoil and loss 
of vegetation 

H H E N N N N
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Explanation and notes

Original rating Residual 
rating

Responsible 
parties Timetable

3.13 Spill vs fill ratio Excess spoil would need to be disposed of off 
site 

M M M N N N N

3.14 Contaminated soils Pollution of soils and receiving waters via 
discharge of contaminated water 

L M L N N N N

3.15 Machinery refuelling and construction chemicals Pollution  of soils and receiving waters via 
spills

M H H N N N N

3.16 Erosion and sedimentation Pollution of receiving waters - waterways via 
transport of sediment

H H E N N N N

3.17 M H H N N N N

3.18 Impacts to drainage flows Changes to drainage patterns, creating 
physical barriers affecting groundwater, 
increased flooding potential or groundwater 
mounding

L H M N N N N

3.19 Impacts to groundwater quality Pollution of groundwater sources as a result of 
drilling, excavations or discharge 

L H M N N N N

3.20 Water usage Impacts to available water supplies during 
construction 

L M L N N N N
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Explanation and notes

Original rating Residual 
rating

Responsible 
parties Timetable

3.21 M H H N N N N

3.22 Aboriginal heritage Impacts to cultural heritage items M E E N N N N

3.23 Aborginal heritage Impacts to unforeseen sites of cultural heritage 
significance may result in destruction of 
cultural heritage and/or delays to construciton 
schedule

L E H N N N N

3.24 Non-Aboriginal heritage Impacts to non-Aborginal heritage items L H M N N N N

3.25 Impacts to native fauna Native fauna injured or trapped by construction 
activities removing habitat

L M L N N N N

3.26 Weeds Encourgae the spread of weeds through the 
construction area

L M L N N N N

3.27 Visual amenity Impacts to residents visual amenity due to 
construction activities 

H L M N N N N

3.28 Fire risk from machinery exhaust, welding or 
smoking 

Fire impacts may result in destruction of 
property or native vegetation 

M H H N N N N
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Explanation and notes

Original rating Residual 
rating

Responsible 
parties Timetable

3.29 Use on non-renewable resources Depletion of non-renewable resources M L L N N N N

3.30 Use of cranes Crane impinges on control airspace H H E N N N N

3.31 N N N N N N N

4 Employee relations 
4.1 General attitude to environmental management Construciton activities not complying with 

environmental legislation requirements
L E H N H L N

4.2 Lack of knowledge of environmental issues Non-compliance with environmental 
requirements and breaches of legal 
requirements

M E E N N N Y

4.3 N N N L H M N

5 Operation
5.1 Need to comply with all environmental and legal 

requirements
Breaches of approvals with potential for fines 
or reporting to appropriate agencies

M E E L M L N

5.2 Energy use Creation of green-house gases through the 
operation of pumps etc

M L L N M N N

5.3 Water quality Release of water that doesn't adhere to 
license requirements

M H H L H M N
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Explanation and notes

Original rating Residual 
rating

Responsible 
parties Timetable

5.4 Water quality Reduced water quality in receiving waters due 
to discharges from the reserviors

M H H L M L N

5.5 Water quality Failure in treatment system leading to 
discharge of poor quality recycled water and 
consequent reduced recvieing water quality - 
MOVE TO CONCEPT DESIGN

L H M L M L N

5.6 Water quality Spills of pollutants used and/or stored for 
operation causing pollution of receiving waters

L H M L H M Y

5.7 Hydrology Changes in flows in receiving waters due to 
discharges of recycled water and stormwater 
flows

H H E N M N Y

5.8 M H H N N N N

5.8 Aborginal heritage Impacts to items or places of cultural heritage 
within the easement of the proposal during 
maintenance

L H M N H L N

5.9 M H H H L M N

5.10 Air quality Odour emissions from reservoirs or operation 
activities may impact on air quality 

N M N N N N Y

5.11 Biodiversity Impacts on downstream ecology due to 
changes in hydrology in creeks and water 
quality

H H E H L M N

5.12 Traffic and access Changes to access arrangements on the 
regional road network

M N N N N N Y

Traffic and access Changes to access arrangements on the local 
road network

M L

5.13 Visual amenity Impacts to visual amenity due to visability of 
permanent structures at an elevated 
landscape.

H H E N N N Y

5.14 Noise and vibration Noise and vibration impacts during operation L M L N N N Y
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Explanation and notes

Original rating Residual 
rating

Responsible 
parties Timetable

5.15 Positive socio-economic Promotes growth and demonstrates recycled 
water reuse

M H H N N N Y

5.16 Hazards and risk Contamination of land or soils due to chemical 
spills

L M L N N N Y

5.17 Hazards and risk Risk to human health via pathways or 
exposure to chemical spills

L M L N N N Y

Use of cranes Crane impinges on control airspace L H

N N N N N N Y

N N N N M N N

N N N L M L N

N N N L H M Y

N N N N N N Y

N N N N N N Y

N N N N N N Y


