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Executive Summary 
The Water Corporation proposes to construct a pump station and 12 kilometre 
pressure sewer main to service the Ellenbrook development located in the north 
eastern corridor of the metropolitan area, about 20 km from central Perth. 

The pressure main is to be a 500 mm diameter mild steel pipe with cement 
internal lining and polyethylene external lining, constructed by the joining of 12 m 
sections by means of rubber ring joints. The pipeline will run underground at 
depths between 1 and about 3 m. At high points, air valves will be located to 
release collected gases through biological filters. At low points fully lined scour 
pits will be installed containing scour valves for pipeline closure and drainage. 

The pump station is to be located at the corner of Lord Street and Gnangara Road, 
in the Shire of Swan, and the pressure main will run from the pump station, west 
along Gnangara Road to Hartman Drive, then north up Hartman Drive to 
discharge into the proposed Gnangara branch sewer. The pump station at Lord 
Street will be of conventional design, with two pumps located in a dry well for 
easy access and maintenance. An above-ground building over the well will house 
switch gear and other equipment. 

The Ellenbrook development is largely residential, with an ultimate capacity of 
about 30,000 dwellings covering a sewered area of about 2,340 hectares. Some 
550 houses are currently occupied and wastewater is being collected and tankered 
daily from the area as a temporary measure. 

Statutory Planning Context 

Development of the north eastern corridor, including the Ellenbrook development, 
has been identified as part of the Government's planning strategy for housing 
Perth's increasing population into the future. The Structure Plan for the area 
nominates the proposed works as providing necessary services as urbanisation 
increases. The location of the proposed pump station is also part of a planned 
development of that section of Whiteman Park to be excised by the proposed 
Perth Darwin National Highway for us by service utilities and transport 
infrastructure. 

Environmental Protection Authority Guidelines 

EPA Guidelines for the PER nominate the potable groundwater reserve as the key 
- 	- 	----• - 	environmental factor to be-addressed. —The impact of the proposed works on, 

groundwater have been assessed on the basis of the risk they pose to groundwater 
quality and human health. The acceptability of the works is justified on the 
grounds that the risk posed to groundwater is as low as reasonably practical. 

Further environmental factors were identified as follows: 

construction impacts; 

surface water/wetland protection; and 

local community concerns. 
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Options Analysis 

In arriving at the preferred pipeline and pump station option, a range of other 
options were canvassed and evaluated. Broadly, the options were categorised and 
filtered according to the following hierarchy: 

pipeline versus no pipeline; 

route options for pipeline; 

options for location of the pipeline within a given route reserve; 

options for pipeline configuration, namely above or below ground, single or 
double pipe, wastewater conveyance or sludge conveyance, etc. 

The analysis process consisted of filtering the options by moving down the 
hierarchy, considering each category in turn. Within each category options were 
evaluated before arriving at the preferred option. The preferred option was then 
taken on for further consideration under the next category. 

As part of the options analysis and risk assessment process, risk evaluation 
workshops were conducted with personnel from the Water Corporation and key 
government agencies. Full details of the outcomes of these workshops are 
included in a separate risk assessment report prepared by risk managers Det 
Norske Veritas (DNV) and should be read in conjunction with this report. 

Pipeline versus No Pipeline 

The 'no pipeline' option was discounted because it requires local treatment and 
disposal. This requires large areas of land that are not available in the area. In 
addition, the Water Corporation's Wastewater 2040 Strategy commits the 
Corporation to continue with regional facilities and ocean disposal for the short 
term whilst other options are more fully explored. The Strategy also indicated that 
local treatment and disposal, even if environmentally feasible, is currently more 
expensive than ocean disposal. 

Alternative Routes 

The alternative route around the south of the Gnangara Groundwater Mound, was 
discounted primarily on the basis of the significant additional cost of the longer 
pipeline, $1 Om as opposed to $7m for the preferred option. Other factors 
weighing against this alternative are likely odour control problems arising from 
such a long pressure main, the potential for increased leak frequency with 
increased pipe length, and the potential for impact of leaks on the headwaters of 
Saint Leonards and Bennett Creeks. 

A proposed route through Whiteman Park the Telstra's OTC was ruled out on the 
basis of the significant disruption and dislocation to these users this would cause 
for a marginal benefit to be gained from the route. 

Pipeline Configuration 

The following pipeline configurations options were considered: 

pressure main versus other transport modes; 

above ground versus below ground pipe; 
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jointed versus fully welded pipe, and various pipe materials; 

single versus double containment. 

Summary 

All the options were evaluated during the risk workshops and compared on the 
basis of relative risk to the (groundwater) environment, cost and timing to 
implement. The following table summarises the outcomes of this ranking process. 
Each pair or group of options within double horizontal lines in the table has been 
ranked relative to the others in the pair/group. The level of risk to the 
environment has not been quantified in the table. 

OPTIONS RISK TO 
ENVIRONMENT 

COST TIMING 

Pipeline low low low 

On Site Treatment and 
Disposal 

moderate to high moderate to high high 

Pipeline across UWPCA 
(Road Reserve) 

high low low 

Pipeline around UWPCA low high moderate 

Pipeline across UWPCA 
(Whiteman Park) 

moderate moderate high 

Tankering high high low 

Conveyor low? high high 

Dried or semi-dried low high high 

Pressure Main moderate low low 

Pipeline Above Ground low high high 

Pipeline Below Ground high low low 

Fully Welded Pipe low high low 

Rubber Ring Joint high 	....
4  low ,' 	low 

Plastic Pipe high low low 

Cement Lined Pipe low 	,'. moderate' , 	low 

Polyethylene Lined Pipe moderate high low 

Single Pipe high 	' low 	' 	' low 

Double Pipe low high high 

Other Secondary 
Containment 

moderate moderate moderate 

The preferred option was chosen on the basis of lowest cost and lead time required 
for implementation, and of measures being available to minimise risk to the 
environment. 
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Existing Environment 

A flora and fauna survey indicated the study area was dominated by Banksia 
woodland, with Melaleuca-dominated swamp woodland on lower lying soils. The 
vegetation of Whiteman Park is of particular significance as it contains Banksia 
woodland of longer burning cycle than elsewhere in the area and therefore is one 
of the last places on the Swan Coastal Plain to contain a near-complete fauna. The 
Gnangara Road reserve, within which a pipeline would be located, has little 
remaining native vegetation, although the route passes in the vicinity of an area of 
better quality vegetation immediately west of Alexander Drive. Also in the 
vicinity of the pipeline route is the southern portion of the Wanneroo Wetlands 
(System Six area M8), the damplands at the northern end of Whiteman Park and 
sumpland at the north-east corner of the park. 

Soils in the area are the sandy soils associated with the Spearwood Dune system 
(west of Alexander Drive) and the Bassendean Dune System (east of Alexander 
Drive). 

The hydrogeology of the area is characterised by the Superficial formations and 
the occurrence of the unconfined groundwater aquifer within them, the Superficial 
aquifer or Gnangara Groundwater Mound. For the first 8 km of its length the 
pipeline passes through the Priority 1 protection area of the declared Mirrabooka 
Underground Water Pollution Control Area. Six Water Corporation groundwater 
production wells are located just south of Gnangara Road. Depth to groundwater 
across the Mound varies from 2 m to 5 m or more around production wells. 

A study of Aboriginal archaeological and ethnographic sites was carried out over 
the study area. No sites were identified as likely to be impacted on by the 
preferred pipeline route. 

Information was distributed to a number of local conservation groups, and 
invitations for comment made. Two groups responded expressing opposition to 
the preferred route. 

Environmental Risk Assessment 

The environmental risk assessment carried out for this PER examined risk in 
terms of: 

primary risk - the risk of a pipeline leak; 

secondary risk - the risk of a leak reaching the water table; 

tertiary risk - the risk of groundwater quality being degraded as a result of the 
leak; and 

quaternary risk - the risk of medium to long term degradation of the 
groundwater or surface waters as a result of a leak. 

Risk was determined for an acute leak event, such as a major pipe rupture, and a 
cumulative event such as a leak that went undetected for a prolonged period. 
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Primary Risk 

Using generic leak frequency data from the process and power industry, an overall 
leak frequency of once in every 18 years was estimated for an acute event over the 
8 km of pipeline crossing the Mound, and once in 6 years was estimated for a 
cumulative event. These estimates were based on data gained from leaks from 
flanged joints rather than rubber ring joints and therefore have limited 
applicability. 

Secondary Risk 

Whilst not all leaks from the pipeline would be expected to enter the groundwater, 
it was assumed that for the majority of leak scenarios, the groundwater will be 
impacted. 

Tertiary Risk 

The impact of a pipeline leak on groundwater quality was assessed by modelling 
the time taken for a defined acute and cumulative leak event to reach a production 
well screen, and the degree to which it would be diluted during its progress 
through the aquifer. The modelling determined that, for an acute event 
(conservatively defined as the contents of 8 km of pipeline), contaminants would 
take between 112 and 142 days to reach the well screen, with peak concentrations 
about 5% of the original concentration. Contaminants would unlikely be detected 
after about 170 days. For a cumulative event (defined as the largest small leak 
that could go undetected for an extended period of time, about 86 kilolitres per 
day) the contaminants would reach the screen between 80 and 130 days, with peak 
concentrations about 10% of original. The groundwater study also identified a 
number of soil and aquifer characteristics that would attenuate the passage of 
wastewater contaminants, and determined that the major wastewater contaminants 
likely to affect groundwater quality were nitrogen compounds (ammonia and 
nitrate). 

By using water quality data for domestic wastewater and groundwater, and 
calculating the overall effects of dilution and attenuation on the passage of 
contaminants through the aquifer, it was concluded that risk that a leak posed to 
groundwater quality degradation and public health from the continued use of the 
resource as a drinking water supply was negligible. 

Quaternary Risk 

The groundwater modelling study showed that for an acute event, background 

	

groundwater quality levels will be achieved at an affected bore after about 6 	- - 
months. The only potential for medium to long term degradation of ground or 
surface water quality from a pipeline leak is where a small leak goes undetected 
for long periods. Even under this scenario, the modelling shows that for the 
maximum size undetected leak there is probably sufficient attenuation and 
dilution in the aquifer for the downstream uses of the groundwater to be 
unaffected by any reduction in water quality. 
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Environmental Impact Assessment and Management 

The environmental impacts and potential impacts of the proposed works have 
been addressed for the design phase, construction phase and operational phase. 
The Water Corporation has made 19 commitments for ensuring measures are 
taken to mitigate the identified impacts and reduce the risk of potential impacts as 
low as reasonably practical. These measures include leak prevention through the 
use of appropriate materials and construction techniques, and post-construction 
testing and monitoring. Extensive leak detection monitoring is to be employed, 
using both continuous monitoring of flows and periodic pressure testing and 
acoustic leak detection survey. An emergency response plan is to be prepared that 
details procedures to be followed in the event of pipeline failure, so that 
environmental impacts are minimised. 

The following table summarises the characteristics of the proposal, nominated 
environmental management objectives, the existing environment, the potential 
environmental impacts of the proposal, environmental management responses and 
commitments and the likely impact of the management responses. 
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TABLE 1 - Summary of Proposal Characteristics, Potential Impacts and Management Commitments 

CHARACTERISITICS. 
OF PROPOSAL 

ENVIRONMENTAL 
MANAGEMENT 
OBJECTIVES 

EXISTING 
ENVIRONMENT 

POTENTIAL 
ENVIRONMENTAL 
IMPACTS 

ENVfflONMENTAL 
MANAGEMENT 
COMMITMENTS 

'.OUTCOME 

Construction Impacts Ensure that impacts from Mostly cleared land with Dust. Pipeline easement Impacts minimised to 
the construction of the some small stands of revegetated after acceptable level. 
proposed works on the remnant vegetation construction. 
environment, and within road reserve. A dust management plan 
residents in the project to be prepared prior to 
area are minimised. excavation work 

undertaken in areas with 
peaty soils. 

Dieback Disease spread Dieback hygiene to be 
followed during the 
construction phase 

Dewatering management 
Disposal of dewater. plan to be prepared prior 

to construction. 

Fuel and hazardous Construction 

materials spills. contractor(s) to prepare a 
hazardous materials 
storage, handling and 
contingency prior to the 
commencement of 
works. 

Noise. All works to be carried 
out between 6:00 am and 
6:00 pm, Monday to 
Sunday. All plant 
operating on site to 
comply with noise 
emission requirements. 



TABLE 1 - Summary of Proposal Characteristics, Potential Impacts and Management Commitments 

CHARACTERISITICS ENVIRONMENTAL EXISTING POTENTIAL ENVIRONMENTAL OUTCOME 
OF PROPOSAL MANAGEMENT ENVIRONMENT ENVIRONMENTAL MANAGEMENT 

OBJECTIVES IMPACTS COMMITMENTS 

Access restrictions. Access arrangements to 
be negotiated with all 
affected landholders. 

Proximity to Wetlands Ensure minimum impact A number of wetlands Contamination of ground Emergency Response No significant impact. 
to wetlands located close by, including and surface waters Plan with priority given 
adjacent to the proposal System Six Areas M8 flowing to wetlands, to avoiding impacts on 
area during then (Wanneroo Wetlands sensitive areas 
operation and Eastern Chain) and Ml 3 
maintenance of the (Whiteman Park). 
proposed works. 

Groundwater Quality Maintain or improve Route passes across Contamination of Design phase - use of No significant impact. 
groundwater quality Priority 1 and 2 groundwater aquifer. world's best practice 
consistent with the UWPCA, within 60 in of materials and structures 
NHMRC/ARMCANZ 6 drinking water to minimise risk of 
Australian Drinking abstraction bores. leakage; quality control 
Water Guidelines - Unconfined shallow reviews 
National Water Quality groundwater aquifer Construction phase - use 
Management Strategy. within Bassendean Sand. of approved methods; 

minimise disruption to 
sub-surface; high 
standard of quality 
control 

Operational phase - range 
of leak prevention, 
detection and 
remediation techniques 

Contingency planning 
and emergency response  



TABLE 1 - Summary of Proposal Characteristics, Potential Impacts and Management Commitments 

CHARACTERISITICS 
OF PROPOSAL 

ENVIRONMENTAL 
MANAGEMENT 
OBJECTIVES 

EXISTING 
ENVIRONMENT 

POTENTIAL 	: 

ENVIRONMENTAL 
IMPACTS 

ENVIRONMENTAL, 
MANAGEMENT 
COMMITMENTS 

OUTCOME 

measures 

Monitoring and review 

Aboriginal and To avoid adverse impacts No known No known impacts. No adverse impact. 
Heritage Sites on Aboriginal or heritage archaeological, heritage 

sites or ethnographic sites 
along the proposed 
pipeline route. 
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1. 	Introduction 

1.1 	The Proponent 

The proponent for this project is the Water Corporation. The Water Corporation 
was established on 1 January 1996 following a major restructure of the Western 
Australian water industry. The Corporation is a business enterprise operating the 
utility functions previously the responsibility of the Water Authority of Western 
Australia. The Corporation operates under the Water Corporation Act, 1995, and 
holds a five-year Operating Licence from the Office of Water Regulation. 

The Corporation operates throughout Western Australia, having over $8 billion in 
assets and an annual revenue of over $600 million, making it the largest business 
enterprise in the State. 

1.2 	The Project 

The proposed works that are the subject of this Public Environmental Review 
(PER) are the following: 

a pump station to be constructed on land at the south-west corner of the 
intersection of Lord Street and Gnangara Road, Shire of Swan, to receive 
wastewater from the Ellenbrook residential development to the north east; and 

a 500 mm diameter rising (pressurised) main sewer to convey the wastewater 
west along Gnangara Road for about 12 kilometres (passing from the Shire of 
Swan into the City of Wanneroo), then north up Hartman Drive for about 350 
in to discharge into the proposed Gnangara Branch Sewer. 

Figure 1 shows the locality of the proposed works, and Figure 2 shows the 
preferred and alternative routes for the pipeline. 

It is anticipated that the provision of further capacity will be required some 15-20 
years after commissioning of this pipeline. It is planned to meet this increased 
capacity by upgrading the pumping capacity at the Lord Street pump station, and 
duplication of the pipeline with an additional 600 mm diameter pressure main 
along the same route. It is recognised however that by the time the increased 
capacity is required, alternative wastewater management strategies other than 
pipeline conveyance may have become viable. These could include local 
treatment and disposal, or the development of improved or as yet unknown 
technologies for managing wastewater. This PER therefore concentrates on the 
proposed single pipeline in recognition of the likelihood that another formal 
review will be required for any proposed duplication of the pipeline in the future. 

The rising main and pump station are described in detail in Section 4.2 
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1.3 	The Location 

The area to be serviced by the proposed works is a major residential development 
encompassing the Ellenbrook Estate, The Vines, the Egerton Estate and several 
smaller developments. The area is referred to here collectively as the Ellenbrook 
development. 

The Ellenbrook development has been identified as one of a number of areas 
suitable for housing Perth's increasing population into the future (DPUD, 1994). 
Ellenbrook is located in the north-east of the Metropolitan Area, about 20 km 
from central Perth (Figure 1). It comprises about 3,240 ha of land, of which some 
2,340 ha will be provided with deep sewerage. 	The development will be 
designed to accommodate in excess of 30,000 households over the next 45 years. 

Construction at the Ellenbrook development commenced in 1994 and to date some 
1,400 residences have been built, of which 550 are currently occupied. Deep 
sewerage has been provided to these homes, and currently wastewater drains to a 
collection point from where it is loaded into tanker trucks and transported west 
across Gnangara Road to a sewer discharge point in Wangara. 
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2. 	Background 

2.1 	Statutory Planning Context 

In 1990 the Department of Planning and Urban Development released Metroplan: 
A Planning Strategy for the Perth Metropolitan Region (DPUD, 1990). Building 
on previous planning studies, Metroplan provided a strategic framework for 'the 
planned growth of the city to the year 2021 to accommodate the expected 
doubling of the population over the plans 30 year time frame. In relation to new 
housing development where up to 80% of new dwellings would be constructed in 
new urban areas, Metroplan affirmed the corridor development pattern established 
in previous studies, and identified the north-east corridor as one of four corridor 
developments that would be required to cater for Perth's housing needs into the 
future. It is in this context that the Ellenbrook development has come about, as 
part of the planned urban expansion program for Perth. 

From the broad strategic framework provided by Metroplan, a range of measures 
has been developed for its implementation. These include the preparation of 
strategic planning policy statements to explain the implications of the various 
components of land development, and structure plans to detail the major land uses 
and transport networks in the growth corridors (DPUD, 1990) 

The North East Corridor Structure Plan, released in 1994, recommended that 
reticulated sewerage be provided to all new urban areas (DPUD, 1994). It also 
recommended that, due to the isolation of Ellenbrook from the sewerage network 
that existed at the time, a local 'package' wastewater treatment plant (WWTP) 
service the area as an interim measure. As the level of urbanisation increased, the 
installation of a major pump station and pressure main along Gnangara Road 
would be warranted. The plan states that "ultimately it is intended that 
wastewater from the North-East Corridor will be treated at the Alkimos Sewerage 
Treatment Works and be disposed of via an ocean outlet to the Indian Ocean." 
The option of the interim package plant has since been considered in detail by the 
Water Corporation, as is described in Section 4.1 of this report. 

The Structure Plan also identified the requirement for a number of key 
infrastructure facilities to be located in an area of land at Lord Street on the north-
eastern corner of Whiteman Park that was to be alienated from the Park by the 
future Perth-Darwin National Highway (Figure 2). The facilities, to service the 
long term development of the corridor, included: 

a major wastewater pump station on approximately 1.3 ha of land to service 
the entire corridor and pump effluent via a pressure main along Gnangara 
Road into the North-West Corridor; 

a 132 kV substation and associated transmission lines on approximately 1.3 
ha; 

a railway station, on 3 ha of land; 

a council depot on approximately 0.5 ha; and 
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other related uses. 

At its 1 9th  February 1997 meeting, the Infrastructure Co-ordinating Comm ittee, a 
statutory sub-comm itteé of the WAPC, supported the use of the Lord Street site as 
a strategic decision to co-locate all the utilities subject to environmental 
approvals. The Whiteman Park Board supports the alienation of this area of land 
from the Park. Whilst the land is designated as a Priority 2 groundwater 
protection area (see Section 2.3 - The Gnangara Groundwater Mound), such areas 
have been approved for public utility use elsewhere by the Department of 
Environmental Protection (DEP) and the Water and Rivers Commission (WRC) 
(S. Darby, Ministry for Planning, pers. comm.). 

2.2 	Wastewater 2040 

The Water Corporation's 'Wastewater 2040' Project commenced in the early 
1990s and took 3 years to complete. It arose out of two studies undertaken by the 
then Water Authority of Western Australia (now the Water Corporation) as part of 
the Environmental Protection Authority (EPA) approval process for the second 
ocean outlet of the Beenyup WWTP. These were the Perth Coastal Waters Study 
(PCWS) and the Study of Alternative Effluent Disposal Options (SAEDO). 
During the Project, and as a basis for developing the Wastewater 2040 Strategy, 
the Water Corporation carried out an extensive Community Involvement Program 
in which the community's attitudes and expectations were canvassed. 

The Wastewater 2040 Strategy examined wastewater treatment and effluent 
disposal/reuse for the urban centres stretching from south of Alkimos along the 
coast to Mandurah (WAWA, 1995). 

The major findings of the PCWS were that existing ocean disposal systems, 
whereby treated effluent from the Corporation's 3 major and I minor WWTPs is 
discharged into the Indian Ocean through ocean outlets, are performing well and 
are not endangering the ecological processes of the marine environment. 
However, to ensure that increased discharges in the future could be similarly 
sustained, on-going monitoring was recommended as the best means of providing 
early warning of any unacceptable environmental changes. 

The SAEDO identified for further examination the following opportunities for 
land application and reuse of treated effluent: 

industrial reuse; 

groundwater recharge using borehole injection; 

irrigation of woodlots; 

irrigation of golf courses, urban parklands, etc.; and 

irrigation of horticultural crops. 

Any specific option was found to provide only partial utilisation of the total flow 
at any one time, and a combination of options may need to be considered. Further 
research and development is required to establish the economic feasibility and 
public health acceptability of these methods, and this is already underway. 

Sewer Pressure Main along Gnangara Road between El lenbrook and wangara 	 4 
Public Environmental Review 

Gutteridge 1-taskins & Davey Ply Ltd 



Options not considered appropriate were: 

potable water reuse; 

dual water supplies; 

irrigation or groundwater recharge in areas set aside for the protection of 
groundwater resources for drinking water supply; 

disposal to wetlands or water courses; and 

pumping effluent to the east of the Darling Escarpment for irrigation purposes. 

However, developments in these areas are to be monitored and periodically 
reviewed. 

Following these studies and the concurrent community involvement program, a 
strategy was developed in which detailed actions to be carried out over the next 5 
years were nominated. These included continuation of ocean disposal with 
ongoing monitoring, and more detailed investigation of the land based effluent 
reuse options identified by the SAEDO. For the medium term (5 to 10 years), the 
Strategy will depend on the outcomes of the monitoring and additional 
investigations now being undertaken. Beyond the 10 year horizon, the Strategy 
provided only a general direction. 

	

2.3 	The Gnangara Groundwater Mound 

Groundwater contributes about 40% of Perth's water needs. To protect 
groundwater resources, 6 locations within the metropolitan area have been 
designated as Underground Water Pollution Control Areas (UWPCAs). The 
Gnangara Groundwater Mound, Perth's largest groundwater reserve, is covered by 
the Gnangara, Wanneroo and Mirrabooka UWPCAs. The UWPCAs are areas 
where bores have been or will be located to pump out groundwater for treatment 
and reticulation to households, businesses and other users. 3 levels of protection 
have been applied to UWPCAs; Priority 1 is the highest level of protection, and 
only low intensity and low risk land uses are acceptable in these areas. Priority 2 
areas may include private rural land with few buildings, and some other restricted 
development is acceptable. Priority 3 areas are where water-supply needs co-exist 
with other land uses such as housing, commercial sites and light industry. 
Management controls rather than land use restrictions are applied in these areas. 

The boundaries of the UWPCAs have recently been revised to more accurately 
reflect current groundwater abstraction zones. The area to which this PER applies 
encompasses the Mirrabooka and southern part of the Wanneroo UWPCAs, at the 
southern tip of the Gnangara Groundwater Mound. 

	

2.4 	Parliamentary Select Committee Report 

In November 1993 a Parliamentary Select Committee was established to inquire 
into and report on groundwater supplies in the Perth Metropolitan Region, with 
specific reference to the extent and manner development should be permitted on 
and around the groundwater areas (Gnangara, Perth coastal, Gwelup and 
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Jandakot). The Committee took submissions from the public, went on local and 
international tours, and presented its report to Parliament in December 1994 (The 
Select Committee on Metropolitan Development and Groundwater Supplies, 
1994). 

The Select Committee's report provides a comprehensive overview of the 
importance of groundwater to Perth, and deals with the issue in the context of land 
use planning and urban development, groundwater pollution and its control, and 
groundwater protection. The report examines groundwater uses in the protection 
areas and makes a series of recommendations. The report is written in a non-
technical style and provides the lay person with a detailed overview of the issues. 

Whilst many of the 28 recommendations made in the Select Committee's report 
refer to land development in the groundwater protection areas, recommendation 
22 refers specifically to leakage from sewers. The recommendation calls for an 
investigation into sewer leakage and the possible impact on groundwater, and 
expresses concern at the appropriateness of locating sewer lines across Priority 1 
areas. It was pointed out in the preamble to the recommendation in relation to 
leakage into and out of a gravity sewer (not pressurised) that "The Water Authority 
did not believe leakage from new plastic pipe systems was a serious problem and 
pointed out that if a sewer was constructed across a Priority 1 area, it would be a 
pressure main, which if it leaked, the leakage would be immediately noticeable". 
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3. 	Decision-making Authorities and Involved 
Agencies 

3.1 	Environmental Protection Authority (EPA) 

The objective of the EPA, through the offices of the DEP, is to assist the 
proponent to improve the proposal such that the environment is protected in the 
best possible manner. The DEP co-ordinates relevant government agencies and 
the public in providing advice about environmental matters during the assessment 
of the PER. 

The EPA/DEP's guidelines for this PER (attached at Appendix A) nominate a 
number of government policies, guidelines and legislation governing the 
protection of the Gnangara Groundwater Mound, in particular: 

Gnangara Mound Crown Land Groundwater Policy (EPA, 1992); 

Statement of Planning Policy No. 3 - Gnangara Mound Crown Land (WAPC, 
1995); 

Australian Drinking Water Guidelines (NHMRC/ARMCANZ, 1996), 
published by the National Health and Medical Research Council and the 
Agriculture and Resource Management Council of Australia and New 
Zealand; and 

Draft guidelines developed by the Water and Rivers Commission (WRC). 

3.1.1 Gnangara Mound Crown Land Groundwater Policy 

The Environmental Protection Act, 1986, provides for the establishment of 
Environmental Protection Policies (EPPs) to protect any portion of the 
environment or control pollution. This policy was prepared by the EPA to protect 
the level and quality of groundwater under crown land over the Gnangara Mound, 
and native vegetation and wetlands within the policy area. The policy area 
includes crown land generally within the Priority 1 protection area. 

The policy specifies quality objectives for a range of contaminants. A 
contaminant is defined as any substance that causes a change in the characteristics 
of the groundwater to reduce its suitability for human consumption. 

The policy also indicates how those objectives are to be attained, chiefly through 
the application of planning policies, specific management strategies, and the 
control of activities that might jeopardise groundwater quality or adversely impact 
on native vegetation and wetlands. Specific controls prohibit unauthorised 
discharge of contaminants, excavation and mining, groundwater abstraction, the 
filling of wetlands and clearing of native vegetation, for which penalties are 
provided for contravention of these controls. A complementary EPP has been 
prepared for private land within the same policy area, and is currently in draft 
form (EPA, 1993). In the context of this study, the provisions of this policy are 
effectively the same as the Crown Land policy. 
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3.2 	Ministry for Planni 

The role of the Ministry for Planning is to provide professional and technical 
advice to the Western Australian Planning Commission (WAPC). The WAPC in 
turn has statewide responsibilities for land-use planning and land development 
matters, and advises the Minister for Planning on planning matters. The WAPC is 
empowered to prepare planning policies, which serve as guides to the planning 
process. Statement of Planning Policy No.3 - Gnangara Mound Crown Land, was 
first gazetted in 1992, and later revised in 1995. 

3.2.1 Statement of Planning Policy No. 3- Gnangara Mound Crown Land 
This policy was prepared in tandem with the EPA's policy and establishes broad 
land use planning principles and guidance on the future use and management of 
crown land over the mound. Its objectives are fourfold: 

protection of the groundwater resource for public water supply; 

promotion of sustainable use of the resource; 

encouragement of recharge of the resource; and 

protection of wetlands and natural vegetation. 

The policy also makes provision for a range of specified land uses within the 
policy area, and other uses having regard to the policy objectives, degree of net 
public benefit, and the provisions of any current Environmental Protection Policy 
in relation to the area. 

The area covered by the policy is that within the pre-1997 boundaries of the 
UWPCAs, and includes the locations of the pump station and the eastern-most 
approximately 8 km of the 12 km pressure sewer main which is the subject of this 
PER. The policy area is likely to be revised shortly to reflect the recently revised 
UWPCA boundaries. 

	

3.3 	Water and Rivers Commission (WRC) 

The WRC was formed on 1 January 1996 following the restructure of the State's 
water industry. The role of the WRC is to ensure that the State's water resources 
are managed to support sustainable development and conservation of the 
environment for the long term benefit of the community. Water resources 
includes all underground water. The WRC is responsible for allocating water 
resources between competing uses, protecting water quality, and investigating the 
health and extent of groundwater resources. The WRC has developed draft 
guidelines which contain water quality objectives for the protection of 
underground water resources within water catchment reservations. The guidelines 
refer to National Health and Medical Research Council (NI-IMRC) limits, which 
are the same as those contained in the Australian Drinking Water Guidelines 
(NHMRC/ARMCANZ, 1996; see Appendix B for an overview of these 
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guidelines). The following specific objectives for allowable contamination of the 
recharge water' apply: 

UWPCA OBJECT WE 

Priority 1 Pesticides: the NHMRC limit of determination or 10% of the health 
limit, whichever is the lesser. 

Other Parameters: an increasea  of 1% of the NHMRC limit from 
the average natural concentration in the recharge water. 

Priority 2 Pesticides: the NHMRC limit of determination. 

Carcinogens: 10% of the NHMRC limit. 

Other Parameters: an increase8  of 25% of the NHMRC limit" from 
the average natural concentration in groundwater recharge. 

Nitrogen Fertilisers: a maximum loading of 25kg Nitrogen/ha/yr is 
accepted. 	If a higher loading is required, the proponent must 
demonstrate the nitrate concentration in groundwater recharge over 
the property will not exceed 25% of the NHMRC limit. 

Table 3.1 - WRC Draft Objectives for Allowable Contamination 

Notes: 

5 lncrease in concentration of contaminant above natural levels in the recharge water as a result 
of activity or development of or on the property. 
b  Refer to either health or aesthetic limits, whichever is the smaller. 

The guidelines therefore specify limits on the increase in the levels of 
contaminants in the recharge water for a particular property, and are intended to 
be applied to land development in priority areas. 

The WRC has advised that where natural levels of contaminants in the recharge 
water cannot be readily determined, levels in the receiving groundwater may be 
used. For the purpose of determining the potential impacts of a pipeline leak on 
the recharge water, the 'property' has been taken to be the road reserve in which 
the pipeline is situated. 

3.4 	Aboriginal Affairs Department 

The Aboriginal Affairs Department is responsible for administering the Aboriginal 
Heritage Act, 1972. The Act makes provision for the preservation on behalf of the 
community of places and objects customarily used by, or traditional to, the 
original inhabitants of Australia or their descendants. The Aboriginal Cultural 
Material Committee (ACMC), an advisory body set up under the Act, is 
responsible for providing advice to the relevant Minister where a landowner 
wishes to use land in a manner which may disturb an Aboriginal site. The Act 
makes it an offence to damage or interfere with an Aboriginal site unless 
Ministerial or ACMC consent has first been granted. 

Whilst many sites have been identified and recorded on the Register of Aboriginal 
Sites maintained by the Department, this is a small fraction of the total number of 

The recharge water is that fraction of the rainfall that infiltrates through the soil to the water table. 
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places to which this Act might apply. It is the responsibility of a landowner to 
determine whether there are any Aboriginal sites on his/her land, and this may 
require a study by experts in ethnography and archaeology. Where sites are 
found, the Act specifies the process by which application to the ACMC is made 
and consent to disturb a site is granted. 
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4. 	The Project 

Currently wastewater from the Ellenbrook development drains to a collection 
point at Bronzewing Avenue from where it is loaded into road tankers, carted west 
along Gnangara Road and discharged into a pump station in Wangara. This is 
considered to be a short term temporary measure only. 

The DEP has given approval for a 200 mm diameter pipeline to be constructed 
from the Bronzewing Avenue collection point to a new tankering point to be 
constructed on the north side of Gnangara Road opposite Lord Street. The new 
tankering point will be able to utilise the storage capacity provided by a section of 
the 900 mm diameter north-south gravity main now under construction along the 
alignment of the proposed Perth-Darwin Highway. 

At present wastewater flows, 17 tanker loads are required per day to service the 
development. 

	

4.1 	Options Analysis 

In arriving at the preferred option for the management of wastewater from the 
Ellenbrook development (as detailed in Section 4.2), a range of options were 
canvassed and evaluated. Broadly, the options were categorised and filtered 
according to the following hierarchy: 

pipeline versus no pipeline; 

route options for pipeline; 

options for location of the pipeline within a given route reserve; 

options for pipeline configuration, namely above or below ground, single or 
double pipe, wastewater conveyance or sludge conveyance, etc. 

The analysis process consisted of filtering the options by moving down the 
hierarchy, considering each category in turn. Within each category options were 
evaluated before arriving at the preferred option. The preferred option was then 
taken on for further consideration under the next category. 

Reference is made in the following sections to issues raised during risk evaluation 
workshops. Full details of the outcomes of these workshops are included in a 
separate risk assessment report prepared by risk managers Det Norske Veritas 
(DNV, 1997), and should be read in conjunction with this report. 

4.1.1 Pipeline versus No Pipeline 
The 'no-pipeline' option involves the treatment and disposal of effluent at source, 
ie. at the Ellenbrook development. 

The treatment and disposal of wastewater at Ellenbrook was considered during the 
development of the headworks agreement with the developers Homeswest, Sanwa 
Vines Pty Ltd and Mt Lawley Pty Ltd. 
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On-site treatment and disposal requires sufficient suitable land available for the 
application of treated effluent by irrigation during dry months, and storage of 
effluent during rain periods when irrigation cannot occur. It is estimated that 
some 400 ha of land would be required for irrigation and effluent storage at 
Ellenbrook. In addition, the buffer zone required around a local treatment plant to 
adequately protect residences from any off-site impacts from the wastewater 
treatment process would be at least 400 in wide, resulting in a further land 
requirement of some 50 ha. 

The Vines Golf Complex to the north of Ellenbrook has a WWTP on-site, which 
disposes of treated effluent to the golf links. The plant is currently near to its 
capacity and under the operating arrangement with the DEP there is limited 
opportunity for augmentation. Further, it is understood that more stringent 
effluent quality standards are to be imposed. When capacity is reached by about 
mid-1998 it is therefore intended to connect the Vines to the Ellenbrook system. 
A plant to treat Ellenbrook's wastewater over the next 17 years would require a 
capacity 50 times that of The Vines plant. In view of the limited capacity for on-
site treatment and disposal at The Vines, it is doubtful that a much larger WWTP 
in the area would be environmentally acceptable. 

In any event, on site treatment and disposal is not compatible with the Water 
Corporation's Wastewater 2040 Strategy, in which the Corporation is committed 
to continuing with its regional facilities for the treatment of wastewater and to 
continue in the short term with disposal of treated effluent to the ocean. As 
discussed in the previous section, the Wastewater 2040 Strategy also concluded 
that irrigation to groundwater protection areas was inappropriate at this time, as 
was pumping to the east of the Darling Escarpment and discharge to wetlands or 
water courses. In reaching this conclusion, factors such as land availability and 
suitability, public health, environmental impacts and relative costs were examined 
(WAWA, 1995). 

On the basis of land availability alone, it is therefore clear that the on-site 
treatment and disposal of effluent at Ellenbrook is not a feasible option in the 
short term. In addition, the considerable time needed for this alternative to 
proceed through the design, approval, land acquisition and construction phases 
would further preclude it from consideration for this project. On site treatment 
and disposal has therefore not been considered further in this study. 

4.1.2 Pipeline Route Options 

4.1.2.1 Around the Mound 
This option involves laying the pipeline around the eastern, southern and western 
perimeters of the Priority 1 area (Figure 2). The route traverses Priority 2 and 3 
areas and would also cross environmentally sensitive Bennett Brook on the 
southern perimeter of Whiteman Park. The pressure main would initially connect 
to the existing pressure main at the corner of Alexander Drive and Australis 
Avenue, Mirrabooka. It is anticipated that it could discharge at this point for 9 
years by which time the capacity of this receiving sewer would be reached. The 
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pressure main would then be extended northwards along Alexander Drive and 
westwards along Gnangara Road to discharge into the Gnangara branch sewer. 

The Water Corporation compared the economics of this route with the preferred 
route, for a period of 17 years. Additional pressure mains or other methods of 
disposal will be required after this period, however the cost of these works will be 
added to each option and will not affect their relative merit. 

The results of the analysis were: 

Around the Mound Across the Mound 

Present Value after tax 	 $9.98m 	 $6.90m 

The higher total cost of this route (adjusted to net present value) reflects the longer 
length of pressure main needed for the later connection to the Gnangara branch 
sewer (an extra 13 km in total), and additional power costs incurred for extra 
pumping. 

In addition to the capital costs, there are other factors that weigh against this route: 

the technically difficult and costly control of odours in such a long pressure 
main (16 km going to 25 km); 

the increased potential for pipe leaks, as data show that leak frequency 
increases with pipe length; and 

the potential for pipe leaks to have adverse environmental impacts on the 
headwaters of Saint Leonards and Bennett Creeks; 

This option has therefore been ruled out, chiefly on the basis of the considerable 

I

extra costs involved in laying and managing the extra pipeline. 

4.1.2.2 Through Whiteman Park 
This route was suggested during the risk assessment workshops as a means of 
reducing the impact of a leak from the pressure main on Water Corporation 
groundwater production bores. A route midway between the line of bores along 
Gnangara Road and the next line of bores going through Whiteman Park was 
envisaged. 

A pipeline through Whiteman Park and Telstra's Overseas Telecommunication 
Centre would require the creation and fencing off of an easement to ensure 24 
hour a day access by Water Corporation personnel. This could result in 
significant disruption and dislocation of activities, services and cabling on the 
properties traversed by the pipeline. The only advantage of this proposal is the 
increased dilution of leaked contaminants afforded by the longer travel times from 
a leak to well screen. However, the groundwater modelling report (attached at 
Appendix E and summarised in Section 7.4) shows that travel times to well screen 
are sufficient to ensure adequate dilution of any leaks from a pipeline running 
adjacent to Gnangara Road. For the added costs and dislocation that will result, 
this route alternative provides marginal benefits in terms of reduced groundwater 
risk when compared to the preferred route option. 

This option has therefore been discounted for further consideration. 
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4. 13 Alignment within Road Rese,ve 	 - 
Consideration was given in the risk workshop to the relative merits of a pipeline 
running along the north, south or middle of the Gnangara Road reserve. It was 
agreed that, where the opportunity existed, the pipeline should be located as far as 
possible from Water Corporation production bore heads. 

Gnangara Road is recognised in the Metropolitan Region Scheme2as an Important 
Regional Road. A recent traffic modelling study demonstrated the need for six 
lanes on Gnangara Road west of Pinaster Parade, at Ellenbrook (Syrnonds, 
Travers, Morgan, 1996). A planning study currently being undertaken by GFID 
for the Ministry for Planning is examining how this future upgrading of Gnangara 
Road might be accomplished. 

It has become clear during the planning study that the most favourable alignment 
for the sewer pipeline is along the northern boundary of the road reserve from 
Lord Street to Alexander Drive since options for pipeline location elsewhere 
within the road reserve are constrained by the location of other services and 
proposed future new road pavements. Since this alignment maximises the 
distance between the pipeline and the groundwater bore heads, it is therefore 
considered to be the preferred alignment. 

4.1.4 Pipeline Configuration 
The following pipeline configuration options were considered: 

pressure main versus other transport modes; 

above ground versus below ground pipe; 

jointed versus fully welded pipe, of various pipe materials; and 

single versus double containment pipe. 

For most of the above options, a pumping station is required prior to pumping. 
The consideration of options for pump station configuration and location is 
detailed separately in Section 4.1.5. 

4.1.4.1 Pressure Main versus Others Transport Modes 
The risk assessment workshop considered the following transport modes as part of 
a 'What-if analysis (see Appendix 1 of DNV, 1997, for further details): 

tanker truck; 

conveyor; 

dried sewage (sludge); 

semi-dried sewage (paste); 

pressure main. 

Vacuum systems were screened out as not being feasible due to the scale of 
conveyance required and distances to be covered. 

2  Perth's principal statutory land use planning tool. 
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Tanker trucking, involving the daily movement of up to several hundred trucks, 
was discounted on the basis of public acceptability, practicality, cost, and hazard 
to safety and groundwater. Transport by conveyor was not considered practical or 
feasible, and would in any case require extensive drying of treated wastewater 
prior to transport. Drying or semi-drying sewage first requires the establishment 
of an on site treatment plant and sludge handling facilities. The issue of on site 
treatment at Ellenbrook has been previously considered by the Water Corporation 
and, as summarised in a preceding section, has been discounted. 

The Relative Ranking strategy (see Appendix 3, DNV, 1997) used during the risk 
evaluation workshop to compare transport by truck, conveyor and pipeline across 
the Gnangara Mound confirmed pipeline transport as a lower risk mode than 
conveyor transport. Whilst truck transport was rated lower than pipeline, this 
mode is discounted for the reasons cited above. 

It was concluded that the pressure main option is the most feasible, practical and 
cost-effective, and for transport across the Gnangara Mound, the most acceptable 
mode of wastewater transport. 

4.1.4.2 Above Ground versus Below Ground Pipeline 
A pressure main needs to be graded to high points to ensure collection and release 
of gases, and to low points to facilitate pipe draining. An above ground pipeline 
would therefore vary from ground level to 3 or 4 in in height. 

During the risk workshop a number of consequences were identified for the above 
ground option. The list is not exhaustive, but indicates some of the difficulties 
that would be experienced in adopting this technology. Support infrastructure 
would be required to support the pipe, and enable access for maintenance 
personnel. Apart from its visual intrusion, such a pipeline would be a physical 
barrier to owners accessing properties along the route, could be subject to damage 
through traffic impact, and would be subject to significant temperature 
fluctuations that might accelerate material corrosion or fatigue. Specialised 
construction methods would be required to meet these and other factors. A major 
leak or rupture would have similar consequences to those from an underground 
pipe, with the possible added hazard of pressurised wastewater being projected 
directly into a line of flowing traffic. Only in the case of a small leak would an 
above ground pipe have the advantage over a below ground pipe of early detection 
by visual inspection. 

In analysing these two options using the Relative Ranking strategy (Appendix 3 of 
DNV, 1997), the workshop determined that, based on relative leak potential, cost 
to implement, and leak remediation costs, an above ground pipeline represented a 
greater risk than a below ground pipeline. 

The above ground pipeline option has been discounted on the basis of it posing a 
potential traffic hazard, creating access problems for land users, being visually 
intrusive and unacceptable, and having the potential for high cost engineering and 
materials requirements. In addition, the flow monitoring and leak detection 
measures proposed for use with the below ground pipeline are considered to 
adequately mitigate the greater risk of undetected leaks posed by that option. 
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4.1.4.3 Joints and Materials 
In 1996 the Water Corporation commissioned GHD to carry out a project 
definition study for the pressure main. The purpose of the study was to determine 
the appropriate size, staging and cost of the project (GHD, 1996). As part of this 
study an environmental risk assessment was carried out which included a 
workshop to examine pipe configuration and materials and their relative merits. 
The risk workshop (see Appendix 2 of DNV, 1997) examined three rubber ring 
and one welded joint for a range of risks and failure frequencies. A fully welded 
steel pipeline was considered, overall, to have the lowest risk of leakage of the 
four types. However, this was due largely to factors relating to installation of the 
rubber ring joint. Similarly, the perceived overall lower leak risk for polyethylene 
lined steel pipe with rubber ring joints when compared to concrete lined pipe with 
the same joints was based on factors relating to excavation damage and damage 
during transport to site. Plastic rubber ring jointed pipe was considered to have 
the highest potential for failure and was discounted for this project. 

The use of fully welded joints, or of polyethylene lined pipe sections with rubber 
ring joints, would impose a significant extra cost to the project. In addition, 
polyethylene lined pipe sections are half the length of cement lined sections, 
thereby potentially doubling the risk of joint leakage. Further, for a full pipe 
polyethylene lining confers no greater corrosion resistance on the pipe than a 
cement lining, so the use of polyethylene pipe sections for the whole pipe is not 
justified. 

Laboratory pressure testing to destruction of rubber ring joints has resulted in the 
pipe sections failing before the joint ruptures. To date, leaks in pipelines with 
these joints have only been known to occur where the sections have been 
assembled incorrectly. The excavation of 100 year old 3 in gravity sewers in 
London revealed that the natural rubber rings in the joints of pipe sections had 
been little affected by the corrosive and erosive environment to which they had 
been subjected for a century or more (Smee, 1963). The same natural rubber is 
used in pressure main rubber ring joints today, although the joint assembly 
technology has improved considerably. 

By ensuring that strict quality assurance and quality control procedures are 
implemented during the manufacture, transport, installation and commissioning of 
the pipeline, it is considered that the risks associated with these factors for a 
cement lined rubber ring jointed pipe can be reduced to as low as reasonably 
practical. Measures to minimise the risk of pipeline damage due to inadvertent 
excavation will also be taken. 

On this basis, concrete lined mild steel pipe sections joined by rubber ring joints 
was selected as the preferred configuration, with polyethylene lined sections to be 
used at air valves where the accumulation of gases increases the risk of pipe 
corrosion. All bends in the pipeline will be achieved using fully welded joints. 

4.1.4.4 Single versus Double Containment 
The concept of containing the pipeline within another pipe was examined at 
length during the risk workshops for this PER. Advantages with such a system 
include; 

Sewer Pressure Main along Gnangara Road between Ellenbrook and Wangara 
Public Environmental Review 

Gutteridge Haskins & Davey Pty Ltd 



(el ; i 

containment of a leak, with the potential for leaked wastewater to be detected 
in the outer containment sleeve; and 

short term continued use of leaking pipeline without loss of leaked wastewater 
to the environment. 

The following disadvantages have also been identified: 

a possible doubling of the cost of the pipeline, depending on the nature of the 
outer containment; 

no known pre-fabricated pipe of this type for the length and diameter required, 
therefore extra cost and time delay expected in developing the technology; and 

locating and repairing a small leak in the inner pipe may be significantly more 
difficult than for a single pipe system. 

This option has been discounted on the basis of: 

cost; 

time required to develop the technology for this application; 

uncertain ability to locate a leak once it is detected; and 

groundwater modelling outcomes and risk assessment indicating that the risk 
of installing a single pipeline can be made as low as reasonably practical 
provided risk mitigation measures are adopted. 

Secondary containment in the form of polyethylene lining of the pipeline trench 
was considered and rejected on the basis of: 

cost; 

impracticality of installing the material undamaged, and repairing it when 
required; and 

unworkable, as sections below groundwater table will likely not contain 
leaked material, or convey it to a scour pit for sampling. 

In view of the leak free industry experience with rubber ring jointed pressure 
mains over the last 10 or more years (R Pillage, Tubemakers Ltd, pers. comm.), 
the preferred pipeline configuration is considered to be the best practical and 
available system for this project. 

Secondary containment, or double integrity, is however to be adopted at scour 
pits, parts of the pipeline considered to have higher risk of failure than elsewhere. 
All valves, flanges, etc. will be contained within a fully-lined pit equipped with 
level alarm and lockable covers for added security. Any slow leaks occurring at 
these points will be fully contained within the pit for later pump-out and removal 
by tanker truck. 
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4.1.5 Pump Station 

4.1.5.1 Type 
Two options of pump station type were considered, conventional and submersible. 
Conventional pump stations have the pumps located in a dry well, submersible 
pump stations have the pumps immersed in the wastewater in a wet well. 

For larger capacity pump stations (over 150 L/s), submersible pumps are 
considered less reliable and prone to more severe failure than conventional pumps. 
Failure results from corrosion, wear during installation and removal, seal leakage 
and vibration. Submersible pumps are less easy to inspect, requiring total 
removal, so failures are more often catastrophic than for dry well pumps. In 
addition, dry well pumps are more suited to having continuous monitoring and 
protection equipment built in. Conventional pumps are easier and quicker to 
service, with rapid parts change-over minimising down time. 

Conventional pumps are slightly cheaper to run, drawing less power, and Water 
Corporation experience shows they have a significantly longer useful life. A 
conventional dry well pump station has therefore been chosen for location at Lord 
Street. 

4.1.5.2 Location 
As stated in Section 2.1, the Lord Street site has been identified and approved by 
the WAPC as suitable for the co-location of a range of service utilities. An 
approximately 1.3 ha site immediately south of Gnangara Road has been set aside 
for the pump station. The site is currently within a Priority 2 area of the 
Mirrabooka UWPCA. 

The location of the pump station is justified on the following grounds: 

it complies with the future planning arrangements for this land; 

there is adequate separation between the pump station and nearest residences; 

it does not pose a significant risk to groundwater; and 

there is no technically feasible and cost-effective alternative. 

The pump station is expected to have an above-ground building some 5-6 m high 
(2 storeys). A separation distance of at least 60m from the pump station to the 
nearest residence is necessary to mitigate noise impacts and disturbance from 
night maintenance crews, etc. Relocating the pump station to an alternative site 
such as within the .Ellenbrook estate (Priority 3 area) would incur significant land 
acquisition costs and is likely to be unacceptable to nearby residents on the basis 
of disturbed amenity and depressed land values. 

Relocation to the east, out of the UWPCA, would require existing gravity mains to 
be graded to that location, with the pressure main doubling back along the same 
rout. The wet well would also need to be deeper to accommodate the flow, 
creating additional costs. 

In addition, the pollution plume from the former industrial waste dump to the 
north has compromised the quality of groundwater in the vicinity of the Lord 
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Street site, and is likely to restrict the beneficial uses of the groundwater by down-
gradient users. The risk posed by the pump station at the Lord Street site is 
considered very low in relation to the current and future condition of groundwater 
at that location and its beneficial uses. 

In any event, the mitigation measures proposed for the pump station, as detailed in 
Section 8, will ensure that the risk of wastewater overflow from the pump station 
storage areas into the environment is minimised, and that any flow that does occur 
can be contained within the stormwater system and removed before it can have 
any significant environmental impact. The Lord Street location of the pump 
station is therefore considered appropriate. 

4.1.6 Summaiy 
Table 4.1 summarises the filtering process used in the options analysis. The 
qualitative values given for each option under each of the third, fourth and fifth 
column headings are relative to the others within each options hierarchy category 
or sub-category. The preferred option for each category or sub-category is 
shaded. 

In some categories the preferred options showed higher risk to the environment 
relative to the other options. The preferred options are consistently lowest in cost 
and time required to implement. Where the preferred options show higher 
environmental risk, this has been addressed by risk mitigation measures as 
outlined in Section 8. The measures will ensure that the overall preferred option 
will reduce risks to the environment to as low as reasonably practical. 
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CATEGORY OPTIONS RISK TO 
ENVIRONMENT 

COST TIMING 

Pipeline low low low 

On Site Treatment and 
Disposal 

moderate to high moderate to 
high 

high 

2 

Pipeline across UWPCA 
(Road Reserve) 

high lov:. low 

Pipeline around UWPCA low high moderate 

Pipeline across UWPCA 
(Whiteman Park) 

moderate moderate high 

Tankering high high low 

Conveyor low? high high 

Dried or semi-dried low high high 

Pressure Main moderate !ow low 

Pipeline Above Ground low high high 

4 

Pipeline Below Ground high low'-  low 

Fully Welded Pipe low high low 

Rubber Ring Joint high low low 

Plastic Pipe high low low 

Cement Lined low moderate low• 

Polyethylene Lined moderate high low 

Single Pipe high low low 

Double Pipe low high high 

Other Secondary 
Containment 

moderate moderate moderate 

Table 4.1- Options Analysis Summary Table 

4.2 	Preferred Option 

4.2.1 Pump Station 
The pump station will comprise a below-ground 'wet well' into which incoming 
wastewater flows for temporary storage. A 'dry well' within the wet well will 
house two pumps, one for pumping, the other for taking over if the first pump 
fails. 

Wastewater is fed from the wet well to the pumps by pipework, and then pumped 
into the pipeline. The pumps are switched on and off according to the level of 
wastewater in the wet well. The wells are constructed on-site of steel-reinforced 
concrete, and are about 8 in deep. A building over the top of the wells will house 
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the electrical switch gear required for pump operation. The pump station site will 
be fenced and vegetated, and have locked gates for security. 

The pump set chosen for initial operations will deliver a duty of 40 litres per 
second (L/s). As the flows increase with the development of the Ellenbrook area 
and higher pump rates are required, the pumps will be replaced by larger ones. 
The planned ultimate pumping capacity for this pump station is 200 LIs. 

The pump station will be equipped with storage for up to 4.5 hours of wastewater 
flow in the event that both pumps fail to operate3. Storage will be achieved by 
means of tanks and large diameter in-ground sewer pipes with closed ends. In the 
event that storage capacity is exceeded wastewater will drain to the stormwater 
system. 

An emergency diesel powered generator will be maintained and housed on site to 
power the pumps in the event of a mains power failure. 

4.2.2 Pipeline 

The pipeline is to be constructed from 12 m long sections of mild steel internal 
cement-lined sewer pipe of 500 mm internal diameter. The outer steel surface is 
polyethylene-coated during manufacture to prevent corrosion. The sections will 
be joined together by rubber ring joints, as shown in cross-section in Figure 3. 

The pipeline will be buried underground, and will run at depths of between 1 and 
about 3 metres. Pressure mains cannot be run horizontally as gas pockets may 
build up over time causing corrosion and pumping problems. The pipeline is 
therefore sloped or graded to high and low points. At the high points, air valves 
are installed to release the small amounts of gas that collect there. Gases are 
passed through biological filters and no odours are released to the atmosphere. 
The pipe sections 50 m each side of the air valves will have polyethylene internal 
lining. 

At the low points, scour valves are installed. These are also contained in sealed 
pits which have manhole access. Scour valves enable the pipeline to be drained 
should this be required for maintenance or other purposes. Wastewater is pumped 
from the pits and removed from site using tanker trucks. 

The precise location of the air valves and scour pits is determined during the 
detailed design stage of the pipeline (still in progress) , and depends on a number 
of factors such as topography, geology and operational considerations. It is 
expected that there will be about 5 air valves and 5 scour pits, with 3 of each 
occurring within the Priority 1 and 2 groundwater areas. In any event, the location 
of these fixtures will be determined to maximise their distance from groundwater 
production bores as far as practicable. 

Where the pipeline goes through a bend of more than about 20, the joint will be 
welded on site and a concrete anchor block placed behind the bend to ensure no 
movement during pipeline pressurisation. The cement mortar lining at the joint 
will be rendered by hand as 500 mm diameter pipe is the minimum size that can 
be entered by construction personnel. If a welded joint is a closing hole and entry 

As measured at peak flow periods; longer storage times will be achieved during low flow periods. 
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into the pipe is not possible, a hand hole will be cut into the pipe to facilitate joint 
rendering. Reinstatement of the hole will be carried out under strict quality 
control conditions. The welded joint on the outside of the pipe will be wrapped in 
corrosion-proof materials as is standard practice. As far as possible, hand holes 
will be located within the fully lined scour pits for added containment. 

Valves will be installed at the scour pit locations to completely cut off the pipeline 
flow. These will be used for isolating sections of the pipeline to conduct periodic 
pressure testing to determine the presence and location of any leaks. A 
description of the measures to be employed for leak detection is described in 
Section 8.4. 

4.2.3 Pipeline Alignment 

From Lord Street to Sydney Street (about a kilometre east of Alexander Drive), 
the pipeline will be located about 30 in north of the edge of the existing 
carriageway, and at least 50 in from any drinking water extraction bore. From 
Sydney Street to Alexander Drive, the pipeline will be located about 8 in north of 
the existing carriageway, and still approximately 50 in from extraction bores. The 
pipeline will run in a straight line across the Priority I area except at Sydney 
Street where it will change direction twice to adjust alignment. 

The pipeline will continue on the north side of Gnangara Road until it reaches the 
intersection with Alexander Drive, where it will be routed under Gnangara Road 
and continue along the south side of the road reserve to Hartman Drive. Laying 
the pipeline on the north side of the road reserve along this section is precluded by 
the presence of other water and power services. 

The pipeline will cross Gnangara Road and continue up Hartman Drive to 
discharge into the proposed Gnangara Branch sewer. 

4.2.4 Wastewater Characteristics 

The proposed pump station and pressure main will handle domestic wastewater. 
A small number of commercial premises will be located throughout the areas 
being serviced, however these will be confined to shops, offices and other local 
businesses. No industrial zoned land will be serviced by the proposed works. The 
Water Corporation enforces strict controls over the discharge of wastes into the 
sewer from commercial premises, and requires that appropriate pre-treatment 
systems are in place to meet discharge standards4. 

A detailed discussion of the quality of domestic wastewater is provided in Section 
7.6. 

4.3 	Justification for Project 

The 'do-nothing' option is considered to be untenable. As wastewater flows from 
the Ellenbrook development increase with progressive subdivision and occupancy, 
an increasing number of tankers will be required to remove the wastewater. Even 

The Corporation's discharge standards are based on National Guidelines (ARMCANZ/ANZECC, 
1994), and are enforced by a team of 'Trade Waste' inspectors. 
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if more tankering points were installed, the occupational health and safety and 
public health risks associated with a very large number of tankers transporting 
wastewater across Gnangara Road are unacceptable to the Corporation. 

The Corporation has contracted to receive and treat wastewater from the 
development as part of the 'Headworks Agreement' with the developers. Under 
this contract agreed charges for the provision of services for the removal of the 
wastewater are fixed. The Water Corporation would therefore be in breach of this 
contract if it did not provide these services, a situation that is also unacceptable to 
the Corporation. 

A number of alternatives to the preferred option have been canvassed, both during 
the course of this PER study and as part of previous studies undertaken by the 
Water Corporation, particularly Wastewater 2040. 	These have been 
systematically screened and, on the basis of this analysis, the preferred option is 
considered to be the most feasible and practical, is significantly less expensive 
than other options, and any potential risks posed to groundwater quality will be 
mitigated through a range of management measures as detailed in Section 8. 
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5. 	Existing Environment 

A survey of the study area by independent flora and fauna consultant Muir 
Environmental was conducted in September, 1997. The survey included both the 
preferred and alternative route alignments. The survey identified the following 
features requiring examination: 

climate 

physiography and soils; 

drainage; 

geology and hydrogeology; 

wetlands; and 

vegetation, flora and fauna. 

A separate survey of the study area, undertaken by consultant archaeologists 
Quartermaine Consultants, determined the existence and significance of any 
Aboriginal and non-Aboriginal archaeological or heritage sites. 

The following sections summarise the findings of the surveys. A full report of 
each survey is included in Appendices C and D respectively. 

5.1 	Climate 

The climate of the study area is 'Mediterranean', with hot dry summers and mild 
wet winters. The study are receives slightly less rainfall than Perth and has higher 
maximum temperatures. The area does not always receive the cooling sea breezes 
in summer which characterise coastal areas, and has a greater incidence of easterly 
land breezes. 

The annual average rainfall for the area is 870 mm, with 90 % of the rainfall 
falling between April and October. Mean monthly temperatures range from 120  
in July to 260  in February. 

5.2 	Physiography & Soils 

The topography of the study area is characterised by low hills with gentle slopes 
and broad flat depressions. The study area west of Alexander Drive is principally 
within the Karrakatta-Yellow Phase Sands of the Spearwood Dune System, with 
soil consisting of grey-brown surface sand passing into bright yellow sand with 
underlying limestone within 2 m of the surface. East of Alexander Drive, soils are 
derived from the Bassendean Dune System consisting of siliceous dunes and 
sandy-peat swamps and grey sandy soils. 

Seasonal swamps occur in the study area, such as Snake Swamp located on the 
south side of Gnangara Road just west of Gnangara Lake, and are characterised by 
shallow water levels during winter and dry during summer months. These include 
peaty substrate soils. Permanent lakes such as Gnangara Lake have developed in 
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depressions where the water table has surface expression which remains all year 
round. The substrate is again characterised by peat often mixed with diatomite. 

5.3 	Drainage 

Broad shallow channels carry surface water from the Mound to adjacent streams 
during winter months. Soils in the channels are often peaty with humus podzols at 
the fringe. The headwaters and associated wetlands of Bennett Brook are located 
in Whiteman Park and are considered of particularly high conservation value as 
there are no other reserves on the Swan Coastal Plain containing the origins of 
streams or where associated vegetation is in reasonable condition. 

East of the Perth-Darwin National Highway route are the headwaters of Henley 
Brook, and to the south-east Saint Leonards Creek. These both feed ultimately 
into the Swan River. 

5.4 	Geology & Hydrogeology 

The proposed sewer main is located on the Swan Coastal Plain. The sediments 
comprising the Plain are of Pliocene-Quaternary age and about 50-60 m thick. 
These sediments, the Superficial formations, unconformably overlie Cretaceous 
sedimentary rocks of the Perth (Sedimentary) Basin. 

The combination of relatively high rainfall, sandy soils and flat topography has 
resulted in the occurrence of large renewable groundwater resources in the 
Superficial formations, known as the Superficial aquifer. Lakes and wetlands are 
connected to the unconfined aquifer within the Bassendean Sands. These sands 
occur to depths in excess of 40 in. 

The area over which two thirds of the proposed pipeline (çreferred route) passes, 
and in which the proposed pump station is to be located, is the declared 
Mirrabooka UWPCA comprising chiefly of Priority I with small areas of Priority 
2 at Lord Street and Alexander Drive (see Figure 2). 

The depth to groundwater varies across the study area according to location, and 
to time of year. Prior to commissioning of the Mirrabooka wellfield the depth to 
water table varied from about 2-10 m below surface depending on the topography. 
Generally the depth was shallowest on the crest of the mound and deepened 
towards the west. Water table levels have since been lowered by groundwater 
abstraction by 3 to 4.5 m, probably slightly more around production bores. 

5.5 Vegetation 

The vegetation of the study area is Banksia-dominated woodland on the Jandakot 
and Gavin sands, Banksia woodlands with emergent Eucalyptus marginata on the 
Karrakatta-Yellow Phase sands, and Melaleuca-dominated swamp woodland or 
swamp heath on the lower lying soils. 

The vegetation of Whiteman Park is of particular significance in this context as it 
contains a representative area of Banksia-dominated woodland with a two to three 
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times longer burning cycle (12-20 years) than is usual for similar bushland on the 
Swan Coastal Plain (Feilman Planning Consultants, 1996). 	As a likely 
consequence, and also as a result of the fox control program in place, the Park is 
one of the last places on the Swan Coastal Plain to contain a near-complete fauna. 

Preferred Route Option - Across the Mound 

The field survey showed that this route option has little remaining native 
vegetation, and a search of the Declared Rare Flora (DRF) register showed no 
DRF. An area of better quality remnant vegetation (Banksia Low Woodland) was 
identified on Gnangara Road immediately west of Alexander Drive. This has 
arisen possibly as a result of a large cut which was formed to create Gnangara 
Road and has protected the vegetation from weed infestation, Dieback Disease 
and public access. Figures 2 and 3 of the consultant's report (Appendix C) 
describe the survey sites along this route. 

Alternative Route Option - Around the Mound 

This route alignment is also mainly cleared of remnant vegetation, however 
significant areas remain along Alexander Drive, in particular the Koondoola 
Conservation Park on the west side. 

5.5.1 Dieback Disease 
The presence of the Dieback Disease fungus Phytophthora cinnamomi could not 
be determined from the field survey due to the degraded nature of the roadside 
vegetation. However, the presence of some Dieback Disease sensitive species 
indicates that at least some areas of roadside may be substantially free from the 
disease. Laboratory testing of specimens taken from the site was not carried out 
for this study. 

5.5.2 Wetlands 

A number of wetlands and associated land systems have been identified as being 
in the vicinity of the two route options within the study area (after Hill et a!, 
1996): 

Preferred Route Option - Across the Mound 

the southern portion of the System Six Area (M8)5  - Wanneroo Wetlands; 

damplands at the northern end of Whiteman Park, south of Gnangara Road; 

sumpland at the north-eastern corner of Whiteman Park. 

Alternative Route Option - Around the Mound 

damplands within the OTC property, east of Alexander Drive; 

Emu Swamp and associated wetlands, north-east of the corner of Marshall 
Road and Alexander Drive; 

System Six Areas are areas of high state and regional conservation value, as recommended by the 
Environmental Protection Authority and described in a publication by the then Department of 
Conservation and Environment in 1983 (DCE, 1983) 
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Bennett Brook floodplain and associated damplands within the southern 
potion of Whiteman Park, north of Marshall Road; and 

floodplains and sumplands, both within Whiteman Park on the west side of 
Lord Street and on the east side. 

The preferred route option contains fewer wetlands of significance than the 
alternative route option, which passes through the headwaters of Bennett Brook 
and adjacent to those of Henley Brook. In addition, lesser wetlands not recorded 
by Hill et al and including channels such as rivers and creeks, are more highly 
represented along the alternative route option in association with the Bennett and 
Henley Brook catchments. 

In view of the importance that groundwater quality has on the surface water of a 
wetland, wetlands have associated with them groundwater capture zones around 
their periphery. These have been set at 50 m (critical influence) and 200 m 
(secondary influence)(Hill et a!, 1996) and have implications for management of 
activities within these areas that may adversely impact on the wetlands. Whilst 
both route options pass through zones of secondary influence, the alternative route 
option has a greater proportion of its length within these areas than the preferred 
route option. 

5.5.3 Fauna 
As noted at the beginning of this section, Whiteman Park is considered to be one 
of the last places on the Swan Coastal Plain to have a near-complete complement 
of fauna. Previous fauna studies of the area (WAWA, 1986, MRWA, 1994) have 
confirmed the presence of native terrestrial and aquatic fauna representative of the 
vegetation associations and soil types found in the area. Significant fauna in the 
area are likely to be the Honey Possum (Tarsipes rostratus) and the Southern 
Brown Bandicoot (Isoodon obesulus). Lakes to the north of the Swan River do 
not provide the conditions suitable for being a major habitat to wading birds. 
However other birdlife is present in these lakes, and the System Six 
recommendations for the wetlands around Gnangara Lake include incorporation 
of these lakes into a parkland for recreation and as a refuge for water birds. 

5.6 	Aboriginal and Heritage Sites 

The preliminary investigation of Aboriginal and non-Aboriginal cultural or 
heritage sites was undertaken in September, 1997. The investigation entailed 
reviewing previous research and conducting a search of relevant registers, records 
and documents held by the Aboriginal Affairs Department, the Australian 
Heritage Commission, the Western Australian Heritage Council and Shire Council 
Heritage Lists. The report of the investigation is attached at Appendix D. 

The investigation found that of the Aboriginal archaeological sites listed as being 
in the study area, none was within the road reserve of either route option. There 
were however a greater number of sites in close proximity to the reserve along the 
alternative route than the preferred route. No significant non-Aboriginal sites 
were identified within the study area. 
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6. 	Stakeholder Consultation 

6.1 Program 

A program of consultation with key interest groups was carried out in which major 
issues of concern were canvassed, in particular conservation and Aboriginal 
heritage issues. This was done to ensure that these could be adequately addressed 
during the course of this study. Advice was sought from the Shire of Swan and 
the Swan River Trust in identifying the relevant conservation groups, and from the 
Aboriginal Affairs Department in identifying relevant Aboriginal groups and 
informants in the area. 

The following groups were identified for consultation: 

Ellenbrook Conservation Group; 

Lord Street Group; 

Bassendean Preservation Group; 

Bayswater Integrated Catchment Management Group; 

Bennett Brook Catchment Group; 

Henley Brook Locality Group; 

Conservation Council (WA) Inc.; 

Whiteman Park; 

Success Hill Action Group; 

Swan Valley Nyungar Circle of Elders (Mr R Bropho); 

Nyoongar Community Inc. (Mr K Colbung); 

Ballaruk Aboriginal Corporation (Mr C Bodney); 

Rev. C Jacobs; 

Perth Metropolitan Council of Elders (Mr N Harris). 

Groups were contacted by letter advising them of the proposal. Initial contact 
referred to the alternative route option only (Lord St/Marshall Road), however 
subsequent letters provided updated information on the current preferred route 
option. Representatives were invited to communicate issues of concern to the 
study team verbally or in writing, and to attend on site to indicate specific features 
along the route. 

6.2 Outcomes 

6.2.1 Conservation Groups 
Two representative of the Bassendean Preservation Group were met on site for 
discussions on Monday 28th  July. The discussions centred mainly on the 
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alternative route as the initial phase of this study concentrated on this route. 
Concerns were expressed in regard to the potential for impacts on surface drainage 
during the construction and operation of the pipeline. Particular areas identified 
were at Lord Street where the headwaters of Saint Leonards Creek extend into 
Whiteman Park draining a local sumpland, drainage lines that cross Lord Street 
and feed into Bennett Brook, and the Bennett Brook crossing of Marshall Road, 
on the south perimeter of Whiteman Park. 

The Ellenbrook Conservation Group responded by letter commending the 
(alternative) route on the basis that it avoided the Gnangara Mound and would 
provide the opportunity for 'the possible deep sewering of existing residential 
areas along the route'6. The Group indicated that it was not able to provide more 
detailed comment on the basis of the limited information provided, and further 
maps and information was sought. These were provided at a later meeting with a 
representative of the group and the Conservation Council of WA (Inc), at which 
the proposed works were discussed in detail. 

The Whiteman Park Management responded by letter expressing no objection to 
the proposed works as they did not encroach onto Park land. 

"6.2.2 Aboriginal Groups 

Consultation with identified Aboriginal groups and individuals resulted in no sites 
of cultural (ethnographic) significance being identified along the preferred 
pipeline route alignment. Bennett Brook, which runs across the alignment of the 
alternative route, was identified as a site of significance to Aboriginal people and 
a Section 18 application to the Aboriginal Affairs Department for permission to 
disturb this site would be required if the alternative route were contemplated for 
the pipeline. 

Details of the consultations are set out in aseparatereport accompanying this PER 
report." 

6  In fact the pressure main will not provide any opportunity for connections to be made to it from 
properties along its route. 
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7. 	Environmental Risk Assessment 

7.1 Background 

Risk assessment involves a systematic analysis of what can go wrong for a given 
project. It can have both quantitative and qualitative components. In 'classical' 
quantitative risk assessment, an estimate of the frequency of a mishap event is 
derived from available data on failure rates, accidents, etc. The consequences of 
each event are then modelled, and a risk calculation is derived from the products 
of the frequency and consequence of each of the events. An overall calculated 
risk level is obtained, and is compared to risk acceptance criteria established by a 
regulatory agency or control body. This comparison assists in making a decision 
on the acceptability or otherwise of the project. 

The success of quantitative risk assessment relies on the availability of relevant 
accident or failure data; if no data is available, or the data that is available is 
unreliable or applies to different equipment or processes, the calculated risk level 
will be flawed. Equally, in the absence of any risk acceptance criteria with which 
to compare the calculated risk level, any decision that may be made as to the 
acceptability or otherwise of the calculated risk will be limited in its value. 

In the earlier environmental risk assessment carried out on the sewer pressure 
main for GHD by DNV (DNV, 1996), attempts at quantifying the risk were not 
successful as appropriate data were not available. A qualitative risk assessment 
was therefore undertaken by identifying consequences and causes based on 
information obtained from a workshop of experienced engineers and maintenance 
crews. The outcome of the assessment was the selection of pipeline components 
and materials judged to be the least prone to failure. The groundwater 
contamination consequence assessment was confined to an analysis of the 
hydraulic conductivity of soils in the area, and determination of likely vertical 
leakage rates. 

In keeping with the DEP Guidelines for this PER, a broader-based risk assessment 
was conducted which included consideration of primary, secondary, tertiary and 
quaternary risk to groundwater associated with a below ground pipeline along 
Gnangara Road (the preferred option) for both acute and cumulative leak events. 
The methodology for undertaking this assessment was agreed with the DEP at the 
commencement of preparation of the PER, and is briefly summarised in the 
following section. 

7.2 Methodology 

7.2.1 Definitions 
The following definitions apply: 

Primary risk - the size and frequency of a leak in the pipeline, usually 
determined quantitatively from failure data obtained from other similar pipelines. 
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Secondary risk - the frequency of a leak impacting on the groundwater; 
determined through a combination of quantitative and qualitative (ie. 
judgemental) factors. 

Tertiary risk - the risk of groundwater quality being degraded as a result of the 
leak and the risk to public health from the various contaminants. As with 
secondary risk, this is determined through a combination of quantitative measure 
and qualitative 'expert' judgement. 

Quaternary risk - the risk of medium to long term degradation of groundwater 
(or nearby surface water) quality as a result of a leak. 

Section of pipe - defined as a change in pipe design (or pressure), or a variation in 
environmental characteristics (eg. proximity to groundwater, significant change in 
soil type, proximity to existing infrastructure, etc.). 

Acute event - a leak event, such as pipeline rupture, that is large enough to be 
readily detected either visually (through breaking ground surface) or electrically 
(though pump shut-down and alarm), and results in the release of a relatively large 
volume of wastewater over a short period (hours). The response is virtually 
immediate, and the system closed down for repair. A 'worst case' figure of 1,400 
kilolitres (kL) was chosen, representing the contents of that part of the pipeline 
crossing the Priority 1 area emptying into the soil7. 

Cumulative event - a leak event, such as a pipeline rupture, that is small enough 
to go undetected (either by visual inspection or electronic monitoring) over a 
relatively long period of time (months) until located and remedied. The rate of 
wastewater release is smaller than in an acute event, but the cumulative release is 
larger over time. A figure of 86 kL per day (kL/d) was chosen, representing an 
undetected leak rate of 1% of the maximum rated flow through the pipeline of 200 
litres per second (LIs), assuming pumping occurs for a maximum of 12 hours per 
day8. 

7.2.2 Risk Acceptance Criteria 
No numerical risk acceptance criterion has been developed for this project by the 
decision making authorities, rather the criterion applied is the 'as low as 
reasonably practical' (ALARP) principle. While it is recognised as desirable to 
achieve 'lowest possible risk' this is not always practicable and implies 
continuous improvement through utilisation of current best technology (as that 
technology improves). In addition, lowest possible risk does not consider the 
cost-benefit of any proposed strategy, merely the risk reduction attained. 
Internationally accepted standards and criteria to establish risk ALARP have 
therefore been used. 

This figure is probably an over-estimate. Even if a rupture occurred at the lowest point in the pipeline 
then, subsequent to shut-off of the pump due to the rapid pressure loss, wastewater would only drain from 
the pipe until levels within the pipe equalised at about the level of ground surface at the rupture point. 
This would result in a maximum of 300-400 kL of wastewater being released. 

A continuous leak detection system will be in place during pumping. This system will monitor the flow 
going in and the flow coming out of the pipeline to ensure that they are the same. The accuracy of the 
flow meters is ± 0.5%, therefore the overall accuracy of the system is 1%. Leak detection is discussed in 
greater detail in Section 8 of the PER. 
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7.2.3 Tasks 
The diagram below outlines the methodology applied to risk assessment for this 
PER. A semi-quantitative approach was taken, particularly in the determination of 
event frequencies. Quantification of the primary and secondary risks was carried 
out, with a more qualitative/descriptive assessment of the tertiary/quaternary risks. 

Qualitative Workshop to 
Identify & Rank Options 

Hazard Analysis associated 
with Preferred Option(s) 

Semi-Quantitative 
	 Qualitative! Descriptive 

Frequency Analysis 
	 Consequence Analysis 

Risk Analysis 

Definition of acceptance I  
criteria. 	 Risk Assessment _____________________ 

2nd Workshop to 
Identi%  Risk eduction 

Prepare Report 

Two workshops were conducted during the course of this assessment. The first 
workshop was held with personnel from DNV, GHD, Water Corporation, DEP, 
Water & Rivers Commission, Shire of Swan, City of Wanneroo and the Ministry for 
Planning. The intent of this workshop was to: 

Overview previous findings of risk assessment studies to ensure a common 
understanding and inclusion of unresolved issues in the current assessment; 

Specify all relevant sewage transportation alternatives i.e. pipe materials & 
configuration, route options, location above ground or below etc.; 

Confirm acceptable risk criteria against which to evaluate the selected 
alternatives; 

Identify scenarios which could lead to pollution of the water resource or other 
land areas along the sewage transport route; 

Do an initial coarse screening of the options to define the best option or 
options (eg. divert entirely around the mound, move the pipeline from 5 
metres upstream of the bores to downstream, put pipeline above ground, put 
pipe in a secondary pipe, use a vacuum system to transport the sewerage, etc.). 

The outcomes of the options analysis and screening process were discussed in 
Section 4.1. Only the preferred option was selected for further risk analysis. 
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The workshop prepared the grounds for the analysis of the statistical data on 
pipeline failures (frequency analysis) using best industry pipeline data currently 
available to quantify the risk. The data used was generic failure data derived from 
a wide variety of process and power industry plants as data specific to sewer 
pipelines was not available. Failure rates were modified through input by the 
second workshop attendees to reflect specific conditions relating to the proposed 
Ellenbrook pressure main. Account was also taken of a range of specific hazards 
(or potential causes of pipeline failure) that had been identified in the previous 
risk study (DNV, 1996). The frequency analysis process is detailed in Appendix 5 
of the risk assessment report (DNV, 1997). 

Classical risk assessment, as described in Section 7.1, was utilised to quantify the 
primary risk associated with the preferred option. Consequence analysis was 
conducted in a simplified manner, focusing on evaluating spill size. The resulting 
impact of a potential spill on the water reserve, and migration of pollutants within 
the reserve, was then assessed semi-quantitatively using groundwater modelling 
techniques. 

The risk was calculated as the chance of occurrence and size of spills into 
surrounding ground and this was linked to the consequence/dispersion 
groundwater modelling. 

On conclusion of the risk quantification exercises outlined above, the initial 
workshop team was reconvened to review risk reduction options as well as tertiary 
and quaternary risk. The objectives of the second workshop were to: 

Identify particularly sensitive parts of sewage transport routes in terms of 
environmental sensitivity and also identify factors which could influence the 
chance of pollution (e.g. external factors and weather etc.); 

Identify possible strategies of risk management and risk reduction with due 
regard for estimates of the likely extent of contamination (if any) and 
monitoring procedures to detect leaks. 

Inputs from the second workshop were used to define the scope and content of the 
risk mitigation, or impact management, measures to be taken for this project. 
These are discussed in detail in Section 8. 

The following sub-sections summarise the outcomes of the risk assessment, as 
well as the groundwater modelling undertaken by sub-consultant hydrogeologists 
Rockwater Pty Ltd. The report by Rockwater is attached at Appendix E. 

7.3 	Primary Risk 

Generic leak frequency data for welded piping, expressed as a ratio of pipe length 
(L) to diameter (D), were obtained and are set out in Table 7.1. The data were 
derived from a wide variety of process and power industry plant, and are not 
specific to sewer pressure mains. As such, their application to this project is 
therefore limited. DNV was not able to obtain specific sewer pressure main 
failure data as these are typically either not kept by the utilities or if they are, are 
not kept in a readily available format. 
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TYPE PERCENTAGE OF CROSS 
SECTIONAL AREA 

FREQUENCY 
(x104  per year) 

Small leaks <1 28 L/D 

Big leaks 5 12 L/D 

Catastrophic leaks 20 5.0 L/D 

Rupture 100 2.2 L/D 

Total 47 L/D 

Table 7.1 - Historical Pipe Leak Frequencies 

Modifications made by the second workshop attendees to a wide range of failure 
causal factors that make up the overall failure frequencies led to a reduction of the 
total generic frequency by about 79%. The resulting generic and modified leak 
frequencies for a 1 m length of pipe and a range of pipe diameters are shown in 
Table 7.2: 

PIPE 
DIAMETER 

MEAN FAILURE RATE 

(x10 7  per metre/year) 

(mm) GENERIC MODIFIED 

400 12 9.5 

500 9.3 7.3 

900 5.2 4.1 

1200 1 	 3.9 1 	 3.1 

Table 7.2 - Failure Rates for Process Piping 

For a 500 mm diameter pipe, the failure frequency over 8 km is once in 171 years, 
and over 12 km, once in 114 years. 

To obtain the percentage of failures that occur over a hole size range, the hole size 
distribution for pressure vessels was used. In the absence of any available data on 
the failure frequencies of rubber ring joints, it was assumed that failure 
frequencies would be similar to those of flanges. By modelling these data, the 
following annual failure frequencies for acute and cumulative leaks were 
calculated, and are shown in Table 7.3: 

500MM PIPELINE RUBBER TOTAL 
DIAMETER (x10 3) RING JOINTS (x10 2) 

(x10 2) 
More than 86 5.9 6.36 6.96 
kLlday (acute)  
Less than 86 kLlday 1.5 20.33 20.49 
(cumulative)  

TOTAL 7.4 26 27.44 
MODIFIED 5.8 20.54 21.69 

Table 7.3 - Annual Failure Frequencies (8 km) 
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Table 7.3 predicts the overall frequency of acute events over 8 km of pipeline as 
once every 18 years, and cumulative events once every 6 years. The joint figures 
dominate the failure frequency data with rates of once in 20 years for acute events 
and once in 6 years for cumulative events, while predicted rates for pipeline 
events are once in 214 years (acute) and once in 843 years (cumulative). 

In summary, whilst the failure frequency data predict a small leak will occur on 
average once every 6 years, the figures should be treated with caution. As pointed 
out in the preceding section, the data are derived from other industry sources. In 
particular, the failure frequencies are dominated by flange joint failure. Industry 
experience with rubber ring jointed sewer pressure mains has shown that over a 
period of about 20 years since these joints have been in use, leakage rates have 
been very low, and those leaks that have been found were caused by incorrect 
installation of the joint rather than wear or failure of the ring. 

7.4 	Groundwater Study 

The major findings arising from the study by Rockwater Pty Ltd are set out below. 
The groundwater report is attached at Appendix E. 

7.4.1 Superficial Formations 

The variable nature of the sediments comprising the Superficial formations 
provide some level of protection against contaminating materials migrating from 
the surface to the groundwater reserve. Included in these is: 

the 'coffee rock' layer, which may adsorb nutrients and metal ions, provide an 
environment favourable to bacterial destruction, and significantly impede 
downward infiltration; 

the existence of Tamala limestone at the western end of the pipeline route with 
a capstone and pinnacles on its upper surface. The formation can retard 
infiltration and adsorbphosphorus and heavy metals. 

the presence of various thin layers of clay, increasing in thickness and 
frequency towards the eastern end of the route, would provide some local 
protection around production wells where they occur. 

retardation of infiltration provided by the bedding features of the sands 
forming the Superficial formations. 

7.4.2 Flow Path Characteristics 

Flow path characteristics within the wellfield tend to favour dilution of 
contaminants entering the groundwater reserve. 

7.4.3 Capture Zone 

Contamination occurring on a well capture zone in an unconfined aquifer may 
reach the production well. 
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7.4.4 Modelling results 
The results of modelling the impact on well M320 (the well with the least depth to 
screen) of an acute and cumulative eventwere: 

For an acute event, leaked wastewater would reach the screen in between 112 
and 142 days, with peak concentrations of about 5% of the original 
concentration. It is unlikely that any constituents of the wastewater would be 
detected in water pumped from the bore after about 170 days. 

For cumulative events, leaked wastewater would reach the screen in between 
80 and 130 days, with a peak concentration of about 10% of the original 
concentration. 

Zero adsorption and dispersion were assumed in the modelling. 

7.4.5 Attenuation Factors 
A range of contaminant infiltration attenuation factors were identified in the study 
and are summarised below. 

7.4.5.1 Wastewater Composition 
The composition of domestic wastewater, which contains relatively low, levels of 
contaminants, mitigates the impact of any leaks on groundwater quality (this 
aspect is dealt with in greater detail in Section 7.6). 

7.4.5.2 Attenuation Properties of Bassendean Sands 
The predicted travel time for phosphorus from a leak to a well screen was 95 
years. Further retardation would occur through the 'coffee rock'. 

The well aerated nature of the Bassendean Sand is likely to lead to rapid oxidation 
of ammonia in leaked wastewater to nitrate. Conditions in this soil are very 
favourable for denitrification of nitrate (conversion of nitrate to gaseous nitrogen 
by bacteria), and this process is supported by recent studies suggesting nitrate 
undergoes intense denitrification in groundwater. This process depends on 
wastewater being released into the unsaturated zone, above the water table. It 
was concluded that a large short term leak (acute event) would contaminate the 
groundwater with ammonia but a small long-term leak (cumulative event) would 
probably not cause contamination exceeding the drinking water guideline limits 

7.4.5.3 Bacteria and Viruses 
The survival of bacteria depends on the rate of groundwater flow and 
environmental conditions such as temperature, food source, competition from soil 
microflora, moisture content, pH and the initial concentration of bacteria. 
Bacterial movement through the soil is effectively limited by filtering that occurs 
at the soil-water interface. Studies of septic tank bacterial survival in Bassendean 
Sand have shown that in most cases numbers decline rapidly within a relatively 
short depth (less than 1 m). Where water table levels are close to the saturated 
zone of the septic system, faecal bacteria may migrate into the groundwater. 
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Virus migration through the soil is retarded by adsorption to soil particles. In 
addition, viruses typically have limited survival times, with 90% removal 
occurring from 9 to 20 days. 

7.4.5.4 Heavy Metals 
Whilst very weakly adsorbed by Bassendean Sand, heavy metals are highly 
dispersed leading to rapid dilution. Lead is preferentially adsorbed whereas 
cadmium is the least adsorbed. Studies have shown levels of heavy metals in 
groundwater in the metropolitan area are significantly lower than expected from 
consideration of the inputs, leading to the suggestion that the adsorptive capacity 
of Perth's sandy soils may have been underestimated. 	These results 
notwithstanding, the low level of heavy metals in domestic wastewater is the 
primary factor for minimising the risk of these contaminants entering the 
groundwater from a leak. 

7.4.5.5 Gnangara Liquid Waste Disposal Site 
A contamination plume emanates from the now disused liquid waste disposal site 
situated about 550 in north of Gnangara Road and immediately up-gradient of 
proposed production bore M370. The site received septic tank waste, animal 
offal, industrial and other wastes for a period of 12 years in the 1 970-80s. 

Despite the diverse range of materials disposed at this site over a long period, the 
plume is mainly enriched in ammonia, with raised arsenic, iron and lead levels, 
and some bacteria have also been detected. No pesticides, phenols, hydrocarbons, 
or chlorinated solvents have been detected. 

7.4.6 Overall Conclusions 
The study concluded that the contamination risk posed by wastewater from the 
pipeline is not as severe as would be expected from industrial sources. 
Furthermore, the groundwater system has various processes which, if not 
overloaded, can attenuate or remove most of any contaminants that would be 
released. Further protection is afforded by dispersal and dilution within the 
aquifer and by the design of the production bores. 

7.5 	Secondary Risk 

Secondary risk is the risk of a leak from the pipeline or its associated structures 
reaching the groundwater reserve. 

From the foregoing summary of the hydrogeological study it is clear that 
mechanisms exist to prevent leaks from entering the groundwater, such as uptake 
of water by plants and filtration and attenuation of contaminant transport by soils. 
These are most likely to be effective for small scale leaks and spillages. Therefore 
whilst not all leaks would result in wastewater entering the groundwater, large 
volume leaks, leaks that occur over time and leaks occurring at points where the 
pipeline or associated structures are below the water table are likely to enter the 
groundwater. For the purposes of this study, we have assumed that for the 
majority of leak scenarios, wastewater will enter the groundwater. 

Sewer Pressure Main along Gnangara Road between Ellenbrook and Wangara 
Public Environmental Review 

Gutteridge Flaskins & Davey Pty Ltd 



7.6 	Tertiary Risk 

The risk of groundwater quality being degraded as a result of a leak entering the 
water table, and the risk to public health from any contaminants entering water 
abstracted from the Mound, has been assessed by first examining the composition 
of domestic wastewater and the quality of the groundwater impacted by any leak. 

7.6.1 Wastewater Composition 
Domestic wastewater can contain a number of contaminants. Table 7.4 lists the 
main contaminant categories and the reason for their importance. 

CONTAMINANTS REASON FOR IMPORTANCE 

Suspended solids Suspended solids can lead to the development of sludge deposits and 
anaerobic conditions when untreated wastewater is discharged in the 
aquatic environment. 

Biodegradable Composed 	principally 	of 	proteins, 	carbohydrates, 	and 	fats, 
organics biodegradable organics are measured most commonly in terms of 

BOD (biochemical oxygen demand) and COD (chemical oxygen 
demand). 	If discharged 	untreated 	to 	the 	environment, 	their 
biological stabilisation can lead to the depletion of natural oxygen 
resources and to the development of septic conditions. 

Pathogens Communicable diseases can be transmitted by the pathogenic 
organisms in wastewater. 

Nutrients Both nitrogen and phosphorus, along with carbon, are essential 
nutrients for growth. When discharged to the aquatic environment, 
these nutrients can lead to the growth of undesirable aquatic life. 
When discharged in excessive amounts on land, they can also lead to 
the pollution of groundwater. 

Priority pollutants Organic and inorganic compounds selected on the basis of their 
known or suspected carcinogenicity, mutagencity, teratogenicity, or 
high acute toxicity. 	Many of these compounds are found in 
wastewater, particularly of industrial origin. 

Refractory organics These organics tend to resist conventional methods of wastewater 
treatment. 	Typical examples include surfactants, phenols, and 
agricultural pesticides. 

Heavy metals Heavy metals are usually added to wastewater from commercial and 
industrial activities, although some metals such as copper may have 
elevated levels due to dissolution of water supply pipework and 
fittings. 

Dissolvedinorganics Inorganic constituents such as calcium, sodium, and sulfate are 
added to the original domestic water supply as a result of water use. 

(adapted from Metcalf and Eddy, 1991) 

Table 7.4 - Contaminants in Domestic Wastewater 

There are however limited quality data available on purely domestic wastewater. 
The Water Corporation carries out analysis on wastewater entering its treatment 
plants from time to time. However, this wastewater usually has some component 
of industrial and/or commercial waste and does not therefore accurately represent 
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domestic wastewater composition. A recent study examined a wide range of 
components in domestic wastewater from a range of Melbourne suburbs (Wilkie, 
et a!, 1996). During the course of this study, ethers, chlorinated aromatic 
hydrocarbons and polynuclear aromatic hydrocarbons were deleted from the list of 
components for analysis because their presence had consistently not been 
detected. Table 7.5 summarises wastewater composition data from Perth and 
Melbourne. Beenyup WWTP has the lowest industrial inputs of Perth's three 
major metropolitan treatment plants. 

COMPONENT BEENYUP 
WWTP 
INFLUENT 

MELBOURNE 
STUDY (Wilkie 
eta!, 1996) 

AUSTRALIAN 
DRINKING WATER 
GUIDELINES 

(all levels are in mg/L) 
Heavy Metals: 

Arsenic 0.002 0.002 0.007 
Barium nIt 0.004 0.7 
Boron nIt 0.263 0.3 
Cadmium <0.02 <0.005 0.002 
Chromium <0.02 0.003 0.05 
Cobalt nIt 0.001 n/g 
Copper 0.25 0.062 2 
Lead <0.1 0.013 0.01 
Manganese 0.04 0.05 0.5 
Mercury 0.002 <0.0005 0.001 
Nickel <0.02 0.004 0.02 
Silver <0.020 0.001 0.1 
Tin alt 0.005 n/g 
Zinc 0.16 0.169 n/g 

Ammonia 45 36 0.5 
Nitrate alt alt 50 
Organic Nitrogen 20 alt n/g 
Total Nitrogen 65 57 n/g 
Phosphorus 11.5 7.3 n/g 
Alkalinity as CaCO3 315 alt 200* 
Sulphate as S042-  65 46.4 500 
BOD5 nIt 203 n/g 
Suspended Solids alt 266 n/g 
Total Dissolved Solids 740 375 500* 
Phthalates: 

Bis(2-ethylhexyl) alt 0.025 0.01 
Butylbenzyl alt 0.002 n/g 
Dibutyl alt 0.003 n/g 
Diethyl alt 0.020 n/g 
Dimethyl alt <0.001 n/g 
Dioctyl alt <0.001 n/g 

Chloroform <0.0005 0.007 0.25 
Benzene <0.00005 alt 0.001 
Benzo-a-pyrene <0.00005 <0.001 	1 0.00001 

- aestnetic value; n/t - not tested; n/g - no guidelIne 

Table 7.5 - Levels of Components in Wastewater 

The Water Corporation also periodically carries out a more comprehensive suite 
of analyses on its treatment plant influents. This includes organochiorines 
(pesticides and other chlorinated organics), organophosphorus pesticides, and 
other toxic organics such as benzene and benzo-(a)-pyrene (a carcinogen). From 
the available data it was found that all components were below detection limits 
except Dieldrin (0.00007 mg/L) and Chlordane (0.00007 mg/L). The Drinking 
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Water Guidelines health value for these pesticides is 0.0003 mg/L and 0.001 mg/L 
respectively. 

7.6.2 Groundwater Quality 

The Water Corporation carries out groundwater quality monitoring by analysis for 
major components (inorganic ions), organochiorine pesticides, nutrients and 
sulphide annually, and a comprehensive suite of components every three years. 
The comprehensive suite includes pesticides, heavy metals and bacteria. 

Table 7.6 sets out the results obtained from 4 annual and 2 three year analysis 
reports dating back to 1991, based on the same component list as Table 7.5. The 
data are average levels of samples obtained from production wells M300 to M350, 
along Gnangara Road. 

COMPONENT GNANGARA ROAD 
PRODUCTION 
WELLS 

AUSTRALIAN 
DRINKING WATER 
GUIDELINES 

(all levels are in mg/L) 
Heavy Metals: 

Arsenic <0.002 0.007 
Barium n/t 0.7 
Boron <0.1 0.3 
Cadmium 0.0003 0.002 
Chromium 0.002 0.05 
Cobalt n/t nig 
Copper n/t 2 
Lead 0.001 0.01 
Manganese n/t 0.5 
Mercury 0.0005 0.001 
Nickel n/t 0.02 
Silver n/t 0.1 
Tin n/t nig 
Zinc n/t nig 

Ammonia 0.3 0.5 
Nitrate 0.14 50 
Organic Nitrogen 0.24 nlg 
Total Nitrogen 0.67 nlg 
Phosphorus 0.023 nig 
Alkalinity as CaCO3 39 200* 
Sulphate as S042  55 500 
BOD5 n/t nig 
Suspended Solids n/t nig 
Total Dissolved Solids 306 500* 
Phthalates: 

Bis(2-ethylhexyl) n/t 0.01 
Butylbenzyl n/t nig 
Dibutyl n/t nig 
Diethyl n/t nig 
Dimethyl n/t nig 
Dioctyl n/t nig 

Chloroform <0.00 1 0.25 
Benzene <0.0000 1 0.001 
Benzo-a-pyrene n/t 0.00001 
aestnetic value; n/t - not tested; n/g - no guideline 

Table 7.6 - Levels of Components in Groundwater 
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Dieldrin was the only pesticide detected in the groundwater, at a maximum level 
of 0.000002 mg/L (2 nanograms/L). 

7.6.3 Groundwater Impact from Acute and Cumulative Events 

Groundwater modelling has shown that a 'worst case' acute event leak reaches a 
well screen at 5% of its original concentration. We have shown however that the 
actual worst case acute event is likely to involve a release of wastewater some 
25% of that used for modelling purposes. On this basis alone, Tables 7.5 and 7.6 
show that for the wastewater components listed, all are likely to be diluted to, or 
close to, background levels by the time they reach the well screen, with the 
possible exception of nitrogen. In view of the attenuating mechanisms operating 
within the unsaturated zone and the groundwater aquifer, it is likely that nitrogen 
will also be diluted to background levels by the time it reaches the well screen. 

Groundwater modelling for a cumulative event showed that leaked wastewater 
components reach a well screen at about 10% of their original concentration. 
Such a dilution rate would alone reduce most of the contaminants in the 
wastewater to, or close to, background levels. However, with the operation of the 
attenuation factors outlined in Section 7.4.5, nitrogen levels from a cumulative 
event would also be expected to be reduced to background levels prior to reaching 
the well screen. 

7.6.4 Public Health Risk 

A public health risk arises where contaminants in the drinking water exceed levels 
recommended in the Drinking Water Guidelines. The Drinking Water Guidelines 
apply to water quality 'at the consumer's tap'. Groundwater abstracted from the 
Mirrabooka wellfield is pumped to the Mirrabooka Water Treatment Plant where 
it is filtered, treated with coagulating agents, chlorinated and then piped to 
consumers. The water treatment plant has an average total nitrogen removal 
efficiency of about 50%. 

Even in a 'worst case' cumulative event where there is a ten-fold increase in 
nitrogen levels at a single productior well, this contaminant would be further 
diluted by the water being taken from the other 30 shallow and 6 artesian bores in 
the wellfield. The current water yield from the Mirrabooka wellfield is 
approximately 120,000 kL/d (Water Corporation production figures). Abstraction 
rates vary from bore to bore but any contamination reaching the highest yielding 
Gnangara Road bore would be subject to at least an approximate 25-fold dilution 
prior to water treatment. 

A minimum overall 500 fold reduction (dilution and removal by treatment) of the 
original concentration of a nitrogenous contaminant (ignoring soil and aquifer 
attenuation factors) would occur between a leak and the consumers tap. This 
would result in the level at the tap increasing by a maximum of about 20%. Such 
an increase would not result in a breach of the Drinking Water Guidelines limits, 
and would not pose a risk to public health. 

All other contaminants considered above, including Dieldrin, would be 
sufficiently attenuated and/or diluted by passage through the soil and aquifer, and 
dilution at the treatment plant and in the water distribution system, to ensure that 
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neither an acute nor a cumulative event would increase constituent levels above 
those recommended in the Drinking Water Guidelines. The public health risk 
posed by the modelled 'worst case' leak scenarios is therefore considered 
negligible. 

7. 65 Private Bores 

A number of private groundwater bores are in use in the area, mainly at Henley 
Brook east of Whiteman Park (within and outside of Priority 2 and 3 areas), and 
along Gnangara Road east of Alexander Drive (within the Priority 1 area). Their 
combined abstraction rate represents about 2% of the Water Corporation's 
production rate. The Henley Brook area is immediately down-gradient of the 
former liquid waste disposal site contamination plume. As a result, groundwater 
users in the area could experience a deterioration in groundwater quality that may 
preclude the use of that water for any other than irrigation purposes. The 
magnitude of any further deterioration of groundwater quality as a result of an 
acute or cumulative leak from the pipeline in that area would be relatively small 
by comparison (as indicated in the groundwater report, Appendix E). 

Available groundwater quality data show that bores M300 and M3 10 (opposite the 
Gnangara Road private groundwater users) have total nitrogen levels some 17% 
and 106% respectively above average for the wellfield. This is believed to result 
from land use practices on the properties in this area, primarily the application of 
fertilisers for horticulture. It is likely therefore that the groundwater being drawn 
at these properties is already significantly contaminated. The risk of further 
contamination from a pipeline leak or rupture will depend on the proximity of the 
private bore to the leak. However, the groundwater report indicates that the time 
taken for a leak to move through the aquifer is sufficiently long for there to be 
minimal risk of microbiological contamination. Other contaminants in a 
wastewater leak are not considered to pose a significant public health risk given 
the likely travel time and distances involved, and the non-potable uses of the 
groundwater. 

7.6.6 Conclusion 
If it is assumed that groundwater recharge represents 20% of the volume of 
rainfall over a given area, then for a 'worst case' point source acute or cumulative 
pipeline event, the Water and Rivers Commission's guidelines for allowable 
contamination (an increase in contaminant concentration in the recharge water of 
1% of the Drinking Water guideline) are likely to be exceeded. 

However, consideration of water quality data, aquifer attenuation characteristics, 
hydrogeological modelling predictions and downstream dilution and water 
treatment indicate that any increase in contaminant levels in drinking water from 
such events will be so small as to pose a negligible risk to public health. 

7.7 	Quaternary Risk 

The groundwater modelling study showed that for an acute event, background 
groundwater quality levels will be achieved at an affected bore after about 6 
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months. This is the likely period of time that a production well would be closed 
down after an acute event, and from the risk calculations outlined in Section 7.3 
could be expected to occur no more often than once every 6 years, and in view of 
the limitations of the failure frequency data, probably much less often. 

The only potential for medium to long term degradation of ground or surface 
water quality from a pipeline leak is where a small leak goes undetected for long 
periods. Even under this scenario, the modelling shows that for the maximum size 
undetected leak there is probably sufficient attenuation and dilution in the aquifer 
for the downstream uses of the groundwater to be unaffected by any reduction in 
water quality. 

Nonetheless, as part of its on-going operations and maintenance program and 
contingency planning for the proposed works, the Water Corporation will 
implement a number of measures to detect, locate and rectify any wastewater 
leaks that may occur from the pipeline and pump station. These will ensure that 
long term risk to groundwater quality is minimised. The measures are discussed 
in detail in the next section. 
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8. 	Environmental Impact Assessment and 
Management 

This section examines the environmental impacts and potential impacts of the 
preferred project and route option, and details the measures to be taken to avoid, 
mitigate and manage those impacts. 

The impacts of alternative pipeline route options, and alternatives to the pumping 
and pipeline conveyance of untreated wastewater were discussed in the Section 
4.1. 

8.1 	Water Corporation Environmental Policy 

In August 1997 the Water Corporation formally published its Environmental 
Policy. A copy of the Policy is attached at Appendix F. 

The Policy commits the Corporation to minimising adverse impacts on the 
environment in the delivery of its services to its customers. The Corporation is 
committed also to the development of an environmental management system to 
international standards which will provide the framework for proactive 
management of its environmental performance. The Policy is endorsed by the 
Managing Director and is supported at the highest level of management within the 
Corporation. 

8.2 	Design Phase 

The potential for significant impacts on the ground and surface water 
environments in the area from either major acute or cumulative leaks from the 
pipeline and pump station was examined in detail in the previous section on risk 
assessment. In recognition of these potential impacts, a number of measures have 
been included in the design of the pipeline and pump station to minimise or avoid 
the risk of their occurrence. 

8.2.1 Pipeline 
An exhaustive process for materials selection for the pipeline was undertaken, 
involving workshops by experts in the field. The outcomes are described in detail 
in the risk assessment report (DNV, 1997) and are summarised below in a series 
of proponent commitments. 

Commitment 1 - the following pipeline design measures will be adopted: 

cement-lined mild steel pipe sections with polyethylene exterior coating 
for maximum corrosion protection, connected by rubber ring joints; 

polyethylene interior lining of pipe sections near air valves to protect 
against accumulated corrosive gases; 
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valve pits to be sealed and located the maximum distance possible from 
drinking water bore heads; air and scour pits to be sealed from 
infiltration and exfiltration; 

level detectors to be located in all pits; 

pipeline to be layed with a minimum of bends along route; where bends 
are required, they are to be fully welded joints made on-site; 

stop valves for isolation and testing will be installed at scour locations; 

a valved branch will be provided either side of stop valves to assist 
draining. 

8.2.2 Pump Station 

Commitment 2 - the following pump station design measures will be adopted: 

3 hours storage (based on design peak flow) to be provided within buried 
sealed pipes and tanks; 

continuous monitoring of alarm conditions at central office; 

emergency diesel powered generator to be located on-site as power back-
up; 

pumps to be designed to turn off in response to a sudden loss of head, as 
would occur for a major leak; 

pumps to be located in dry well rather than submersible to assist in 
monitoring and maintenance. 

8.2.3 Other Design and Pre-construction Issues 

Commitment 3 - a formal HAZOP/HAZAN (Hazard and Operability, Hazard 
Analysis) Study will be carried out on the design of the proposed works prior 
to finalisation. This study will involve a comprehensive 'What-if' analysis for 
all potential hazard and operations scenarios, involving extensive workshop 
analysis by relevant Water Corporation and design team personnel. 

Commitment 4 - the design team will undertake a world-wide investigation to 
determine current practice for the design and construction of sewer pressure 
mains through environmentally sensitive areas, to ensure that the proposed 
works match or better current world's best practice. 

Commitment 5 - a detailed geotechnical investigation of the pipeline route 
will be carried out to determine the location of sub-surface contaminant 
attenuation features (eg. 'coffee rock') so that pipe grading can be adjusted to 
minimise disruption of those features. 
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Commitment 6 - pipeline will be designed to minimise sub-surface depth and 
therefore the extent of dewatering required. 

Commitment 7 - the selection of manufacturers and suppliers of pipeline 
materials will be based on their ability to demonstrate they have adequate 
quality assurance and quality control procedures in place and operating. 

8.3 	Construction Phase 

8.3.1 Remnant Vegetation 

The pipeline route will be along the northern side of the Gnangara Road reserve to 
Alexander Drive, and then along the southern side of the reserve. It will therefore 
not result in the clearing of any significant areas of remnant vegetation. 

Commitment 8 - once constructed, the pipeline easement will be revegetated 
with shrubs to ensure against dust and erosion. 

The area at the corner of Lord Street and Gnangara Road where the pump station 
is to be located is virtually completely cleared of trees, and comprises principally 
grass and weeds. In the absence of remnant vegetation in this area, the 
construction of the pump station will not have any significant impact. 

8.3.2 Dieback Disease 

The Dieback status of the project area is uncertain at this time. 

Commitment 9 - standard Dieback hygiene procedures, as outlined in 
Department of Conservation and Land Management's Dieback Disease 
Hygiene Manual, will be followed during the construction phase of the 
proposed works. 

8.3.3 Wetlands 

The pipeline route does not impact directly upon any wetlands within the study 
area although is does pass through the secondary influence zones of damplands at 
the north of Whiteman Park, and wetlands on either side of Gnangara Road east of 
Alexander Drive. Construction activities with the potential to adversely affect 
these areas are dewatering and the storage of fuels. 

Commitment 10 - prior to construction of the proposed works a dewatering 
management plan will be prepared in accordance with the Water 
Corporation's Draft Dewatering Guidelines and submitted to the DEP and 
WRC for approval. The plan will fully assess the impacts of the disposal of 
the dewater on adjacent wetlands and outline disposal methods for 
minimising the impacts. 

Commitment 11 - it will be a condition of contract that the contractor(s) 
carrying out pipeline and pump station construction prepare a hazardous 

Sewer Pressure Main along Gnangara Road between Ellenbrook and Wangara 
Public Environmental Review 

Gutteridge Haskins & Davey Pty Ltd 



materials storage, handling and contingency plan and submit this to the DEP 
for approval prior to the commencement of works. 

8.3.4 Dust 

The existence of peaty soils along some sections of the route gives rise to the 
potential for dust nuisance as these soils are black and adhere readily to surfaces. 
In addition, there is a potential health hazard from peat dust containing bacterial 
and fungal spores. 

Commitment 12 - a dust management plan will be prepared prior to any 
excavation work being undertaken in areas with peaty soils. The plan will 
specify measures to be taken to minimise dust both during and after 
completion of the excavation works. 

8.3.5 Noise 

There is a potential for construction noise to impact on residential dwellings in the 
study area, although setbacks from the road reserve are fairly large and the 
impacts are expected to be minimal. 

Commitment 13 - all works will be carried out between the hours of 6:00 am 
and 6:00 pm, Monday to Sunday. The Water Corporation will ensure that all 
plant operating on site complies with the relevant noise emission 
requirements, and all relevant by-laws will be complied with. 

8.3.6 Access 

During construction of the pipeline between Sydney Street and Alexander Drive, 
residents of properties fronting Gnangara Road could have their access disrupted. 

Commitment 14 - mutually satisfactory access arrangements will be 
negotiated individually with all landholders affected by the construction of 
the proposed works. Where possible these will be in place prior to the works 
impacting on the landholder. 

8.4 	Ground and Surface Water 

8.4.1 Potential Impacts 

The potential impacts of acute and cumulative leak events on groundwater were 
examined in detail in the groundwater report (Appendix E) and are summarised in 
Section 7. The leak prevention and detection measures outlined below will ensure 
that the extent of impact of the modelled scenarios will be largely confined to a 
single groundwater production well. The modelling demonstrates that there is 
effectively no contamination plume expected beyond the well of primary impact. 
Any contaminating material escaping capture by the primary well would take a 
number of years to migrate to the next down-gradient well, by which time its 
concentration would be expected to be undetectable above background levels. 
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The impacts of leaks on surface water bodies are difficult to quantify. Where 
small leaks occur, wastewater constituents are likely to remain within the soil and 
groundwater aquifer. Large acute events could result in some wastewater 
discharging to drainage lines although much of this would be expected to be 
absorbed into the soil and diluted by the receiving water body. Wastewater 
arriving at a surface water body through infiltration and seepage through the soil 
would have many of its components removed or significantly reduced in 
concentration. Where an acute spill impacts on a water body, it will by its nature 
be over a relatively short period of time. Experience elsewhere has shown that, 
whilst undesirable, acute spills of wastewater into the environment have a 
relatively short term impact, and normal environmental conditions are restored 
fairly quickly afterwards. 

8.4.2 Risk Mitigation Measures 

A number of measures will be taken during the construction, operation and 
maintenance of the pipeline and pump station to minimise or avoid the risks of 
potential adverse environmental impacts. 

8.4.2.1 Leak Prevention 

Commitment 15 - a quality assurance plan for the construction of the 
proposed works will be prepared, and will include (but not necessarily be 
limited to): 

selection only of appropriately trained and quality accredited 
construction contractors to assemble pipe sections for the pipeline; 

auditing of pipelaying activities by the pipe supplier; 

inspection program for all work completed; 

bedding and backfill compaction monitoring; 

clear surface marking of the pipeline route to minimise the potential for 
damage during excavation by others at a later date; 

commissioning procedures including full pressure testing, calibration of 
sensors, checking of alarms, etc. 

Commitment 16 - an operations and maintenance plan will be prepared for 
the pipeline and pump station, which will include (but not necessarily be 
limited to): 

preparation and issue of as-constructed plansets to other utilities, and 
copy to be located at pump station; 

program for the monitoring, testing, calibration and maintenance of all 
sensors and alarms, including identification of parties responsible for 
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carrying out inspections, repairs, calibrations, testing, data review, 
recording and reporting, and management/audit of the program; 

plan for an annual simulation drill to include testing of sensors, alarms, 
detection and response capability. 

8.4.2.2 Leak Detection 
Five separate leak detection systems will be employed during the operation of the 
pipeline: 

pumps will be fitted with sensors that turn the pumps off when they detect 
rapid changes in pressure such as would be expected where a major leak 
occurs; 

the pipeline will be fitted with two electromagnetic flow meters to monitor 
wastewater flows at the beginning and end of the pipeline. A difference in the 
recorded flows will indicate a leak occurring in the pipeline; 

at regular intervals, the pipeline will be subject to pressure testing. During 
this test, selected sections of pipe are closed off, the pumps 'pressurise' the 
line for a period of time, and any leakage is measured as the amount of extra 
wastewater required to achieve the initial test pressure; 

at regular intervals, the entire pipeline length will be surveyed using acoustic 
leak detection equipment. Acoustic leak detection systems are used routinely 
for detecting and locating very small leaks from water mains; 

the pipeline route will be periodically inspected by maintenance crews to 
provide a visual check for signs of leakage. 

Commitment 17 - five leak detection systems will be employed for operating 
the pipeline. 

8.4.2.3 Contingency Planning and Emergency Response 
The risk assessments carried out for the proposed works have identified that the 
leak scenario likely to have the greatest impact on groundwater quality is a 
cumulative event. It is emphasised that this is based on the use of failure 
frequency data for flanged pipe joints, not the rubber ring joints proposed for this 
pipeline. 

Nonetheless, procedures and electrical and mechanical systems will be put in 
place to ensure that, in the event of a cumulative leak occurring, it will not 
continue indefinitely without being detected and remedial action taken 
(Commitments 15 to 17). 

If a leak in the pipeline is indicated from examination of monitoring data, or by 
other methods, the location of the leak will be determined using acoustic detection 
equipment. The pipeline will be excavated at that point and the extent of the 
problem assessed. If required, pumping will be discontinued, with a minimum 
non- pumping time available of about 4.5 hours, considered adequate to repair and 
return the pipeline to operation. The leaking section will be isolated by closing 
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manually operated pipeline valves up and down stream of the leak. Wastewater 
that has escaped from the pipe will, as far as practicable, be contained by 
temporary bunding and then pumped into tankers for disposal elsewhere in the 
sewer system. Where wastewater is to be drained from isolated sections of 
pipeline, this will be done directly into tankers and removed from the area. 
Options for repairing will depend on the size and nature of the damage, but will 
include: 

immediate permanent repair at site; 

immediate temporary repair with permanent repair scheduled for a later date; 

immediate replacement of damage pipe section. 

Clean up of a leak will include removal of all ponded wastewater and solid 
material. The management of activities in the area (barriers, signs, notification of 
residents, etc) will be as appropriate for the extent and nature of the incident. 

To facilitate a rapid response by the Water Corporation to a pipeline leak or 
failure a number of measures will be taken as part of an overall Emergency 

Response Plan. 
Commitment 18 - an Emergency Response Plan will be prepared and will 
include (but not necessarily be limited to) the following: 

nominated persons responsible for all aspects of en emergency response 
(chain-of-command); 

procedures for the immediate call-out of emergency and maintenance 
crews; 

methods to be employed to affect pipeline repair; 

procedures for rapidly isolating a leak through the use of manually 
operated valves, to reduce drainage from pipeline; 

list of items to be permanently maintained at the Lord Street pump 
station for use in emergency repairs, incident management, etc. 

procedures for ensuring operators are adequately trained to respond to 
emergencies; 

provision for notification of leak incidents to regulatory and other 
relevant agencies and persons; 

procedures for containment and clean up of wastewater spills, with 
priority given to avoiding impacts on sensitive areas; 

procedures for reporting incidents and reviewing outcomes. 
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8.4.3 Long Term Impacts and Management 
It is Water Corporation policy to stop pumping from a production well where 
there is any risk of contamination from bacterial or other microbiological sources. 
This occurs even where the real risks are very small in recognition of the likely 
adverse public perception of not doing so (J Watson, Water Corporation, pers. 
comm.). Where other types of contaminants are involved, the Corporation 
determines action to be taken on a case by case basis. Sometimes well closure 
action is not considered warranted, as is the case with well M3 10 which has a two-
fold elevated level of nitrogen over other bores in the area. 

The groundwater modelling indicated that travel times of contaminants to a well 
screen are around 100 days or more. Any elevated contaminant levels at the 
production wells would be picked up in the program of 3 monthly monitoring 
conducted across the wellfield. The extent of any wastewater contamination 
would be readily identified by monitoring nitrogen levels. Where increased levels 
are detected, more extensive analysis and monitoring can then be carried out to 
determine the nature and extent of the contamination. At that point, a decision 
would be made as to the appropriate course of action. 

If warranted, production will cease at a well until monitoring determines that 
contamination is no longer a problem. With the specified leak detection measures 
in place close down periods for a well would be limited (possibly up to 6 months 
for an acute event, with longer for a cumulative event), and may not be required at 
all. Under the current licensing regime there is limited capacity within the 
Mirrabooka wellfield for adjusting production rates between wells to compensate 
for a well close down. Where supplies cannot be made up from other sources, 
another production well may be installed elsewhere in the wellfield. The cost of 
installing a production well is up to about $200,000. 

The hydrogeological study showed that the proximity of the pipeline to production 
bores and its location underground make it unlikely that, in the event of a leak, 
any contaminants other than nitrogen will reach a well screen in significant 
concentration. Since treatment and dilution of the contaminant reduces it to levels 
at which it poses no significant risk to public health, there would be no reason for 
a production well to be closed down in the event of even a 'worst case' leak as 
modelled for this study. 

It is therefore concluded that, in the medium to long term, groundwater quality 
would recover from an acute or cumulative event by dilution of residual 
contamination, with no impact to drinking water production. 

It is important that long term trends in groundwater quality be monitored and 
reviewed as part of the surveillance measures for pipeline integrity. 

Commitment 19 - as a leak detection and surveillance measure for the 
pipeline, data from the groundwater quality monitoring program will be 
regularly reviewed for long term trends. 
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9. 	Summary of Environmental Commitments 

Table 10.1 summarises the environmental commitments, when and by whom they 
are to be carried out, and the measure(s) by which they are to be audited for 
compliance. 
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Table 10.1- Summary of Proponent's Commitments 

COMMITMENT OBJECTIVE ACTION TIMING WHOSE ADVICE MEASUREMENT! 
(what) (why) (how/where) (when) (to whom) COMPLIANCE 

CRITERIk 
DESIGN PHASE  

Pipeline design measures Minimise leaks and Detailed design Prior to construction *prep ation  Letter from DEP 
equipment failure -Water Corp 

*Approval 
-DEP 

Pump station design as above as above as above as above as above 
measures 

Identify all possible To ensure all possible HAZOP/HAZAN Study as above as above as above 
hazards associated with the failure scenarios are 
proposed works adequately addressed 

Ensure adopted To minimise risk of International review of as above as above as above 
technology is the best leakage similar technologies 
currently available  

Fully characterise sub- To ensure minimum Detailed Geotechnical as above as above as above 
surface features disruption to Study. 

contaminant attenuating 
geological features 

Minimise amount of To minimise the risk of Design pipeline to as above as above as above 
dewatering required adverse impact of minimum sub-surface 

dewater on the depth 
environment 

Maximise quality of Minimise risk of Select only Quality as above Water Corp N/A 
materials defective materials and Assured Manufacturers! 

components Suppliers 

CONSTRUCTION 
PHASE  

Revegetating easement Preserve environmental Planting of appropriate During and after Shire Council Letter from Shire 
amenity grass and shrub species construction 

Minimise spread of Restrict the spread of Comply with Dieback as above *preparation  & Letter from CALM 



COMMITMENT OBJECTIVE ACTION TIMING WHOSE ADVICE MEASUREMENT/ 
(what) (why) (how/where) (when) (to whom) COMPLIANCE 

CRITERIA 
Dieback Dieback Disease Disease Hygiene Implementation 

Procedures -Water Corp 
*Approval 
-CALM 

Minimise impact of To ensure potentially Prepare and implement a During construction *preparat ion Approval from DEP 
dewatering on the contaminated Dewatering -Water Corp 
environment groundwater is not Management Plan. *Approval 

released to sensitive -DEP 
surface water 
environments 

Ensure hazardous To prevent spills or Prepare and implement a As above *preparation  Letter from DME 
materials are appropriately leaks entering sensitive Hazardous Materials -Water Corp 
managed receiving environments Storage Plan. *Approval 

-DME 
Minimise dust nuisance . Retain visual amenity Prepare a Dust as above *preparation  Letter from DEP 

from peaty soils and prevent nuisance Management Plan -Water Corp 
dust pollution *Approval 

-DEP 
Ensure work occurs Retain reasonable Enforce hours of work, as above Shire Council All complaints resolved 

within normal construction amenity for local and control plant and 
hours and plant and residents machinery noise through 
machinery are fitted with prior inspection 
appropriate noise control 
equipment 

Ensuring local residents Retain reasonable Negotiate access as above Water Corp No complaints 
experience minimum amenity for local arrangements with 
disruption of access to residents individual residents 
property  

Specify procedures for 	I To minimise the risk of 	I Prepare a Construction 	I During and after Water Corp and N/A 



COMMITMENT OBJECTIVE ACTION TIMING WHOSE ADVICE MEASUREMENT! 
(what) (why) (how/where) (when) (to whom) COMPLIANCE 

CRITERIA 
assembly and inspection of defective workmanship Quality Plan, construction Pipe supplier 
pipeline  

OPERATIONAL PHASE  
Provide operational To ensure that all Prepare and implement After construction * Preparation Approval from DEP/WRC 

details to relevant equipment is kept in a an Operations and -Water Corp 
personnel, assign state of optimum Maintenance Plan. *Approval 
responsibilities operability  -DEP/WRC 

Detect and locate leaks To minimise the extent Operate a series of Leak as above as above as above 
within the pipeline and impact of any leak Detection Systems 

event 
Specify procedures for as above Prepare and implement as above as above as above 

responding to leak events an Emergency Response 
quickly and efficiently  Plan. 

Determine the existence as above Groundwater quality annually as above as above 
of long term groundwater monitoring data review 
contamination trends 



10. References 

ARMCANZ/ANZECC, 1994. 'Guidelines for Sewerage Systems: Acceptance of 
Trade Waste (Industrial Waste)', prepared under the National Water Quality 
Management Strategy and published by the Agriculture and Resource 
Management Council of Australia and New Zealand and the Australian and New 
Zealand Environment and Conservation Council, November, 1994. 

CALM, 1996. '1995/1996 Annual Report', Department of Conservation and Land 
Management', August, 1996. 

DCE, 1983. 'The Darling System - System 6; Part II: recommendations for 
Specific Localities', Conservation Reserves for Western Australia as 
recommended by the Environmental Protection Authority, October, 1983 

DPUD, 1990. 'METROPLAN: A Planning Strategy for the Perth Metropolitan 
Region', Department of Planning and Urban Development, December, 1990. 

DPUD, 1994. 'North-east Corridor Structure Plan', Department of Planning and 
Urban Development, March, 1994. 

DNV, 1996. 'Environmental Risk Assessment of Ellenbrook Interim Pressure 
Main', prepared for GHD by Det Norske Veritas, October, 1996 (this report is 
reproduced in full as an appendix to DNV's report 'Ellenbrook Sewer Pressure 
Main: Environmental Risk Assessment' prepared as part of this PER). 

DNV, 1997. 'Ellenbrook Sewer Pressure Main: Environmental Risk Assessment', 
report prepared for GHD by Det Norske Veritas, October, 1997. 

EPA, 1992. Environmental Protection (Gnangara Mound Crown Land 
Groundwater) Policy, Environmental Protection Authority, 1992; 

EPA, 1993. Draft Environmental Protection (Gnangara Mound Private Land 
Groundwater) Policy, Environmental Protection Authority, 1993; 

Feilman Planning Consultants, 1996. 'Master Plan: Heritage Park at Whiteman' 
prepared for Whiteman Park Board by Feilman Planning Consultants in 
association with GB Hill and Partners, Muir Environmental, and Collier Jardine, 
July, 1996. 

GHD, 1996. 'Ellenbrook Pressure Main - Project Definition', report to the Water 
Corporation by Gutteridge Haskins and Davey Pty Ltd, November, 1996. 

Hill, A.L., Semeniuk, C.A., Semeniuk, V., and Del Marco, A., 1996. 'Wetlands of 
the Swan Coastal Plain, Vol 2b', Water Authority of WA and Department of 
Environmental Protection, 1996. 

Metcalf and Eddy, 1991. 'Wastewater Engineering: Treatment, Disposal, Reuse', 
3rd Ed., revised by Tchobanoglous, G. and Burton, F.L., McGraw Hill Inc., 1991. 

MRWA, 1994. 'Proposed Perth Darwin National Highway from Reid Highway to 
Muchea - Public Environmental Review', prepared by Dames and Moore in 
association with Bowman Bishaw Gorham, for Main Roads WA and Ellenbrook 
Management Pty Ltd, March, 1994. 

Sewer Pressure Main along Gnangara Road between Ellenbrook and Wangara 
Public Environmental Review 56 

Guttendge Haskins & Davey Ply Ltd 



NHMRC/ARMCANZ, 1996. Australian Drinking Water Guidelines, published by 
the National Health and Medical Research Council and the Agriculture and 
Resource Management Council of Australia and New Zealand, 1996; 

Select Committee on Metropolitan Development and Groundwater Supplies, 
1994. Report to the Western Australia Legislative Assembly, published by State 
Law Publisher, December, 1994. 

Smee, A.R., 1963. 'Century Old Rubber Joint Rings Exposed at West Ham', 
Rubber Developments, 16, No. 4, 115-118. 

Symonds Travers Morgan, 1996. 'North East Corridor Traffic Assessment Study', 
Symonds Travers Morgan, 1996. 	 - 

Tweeddale, H.M., 1992. 'Balancing Quantitative and Non-quantitative Risk 
Assessment' in Process Safety and Environmental Protection, Transactions of the 
Institute of Chemical Engineers, Part B, Vol. 70, No. B2, May 1992. 

WAPC, 1995. Statement of Planning Policy No. 3 - Gnangara Mound Crown 
Land, Western Australian Planning Commission, September 1995. 

WAWA, 1986. 'Gnangara Mound Groundwater Resources - Environmental 
Review and Management Programme', prepared by Dames and Moore for the 
Water Authority of WA, November, 1986. 

WAWA, 1995. 'Wastewater 2040 Strategy for the Perth Region', Water 
Authority of Western Australia, Edition 2, July 1995. 

Wilkie, P.J., Hatzimihalis, G., Koutoufides, P. and Connor, M.A., 1996. 'The 
Contribution of Domestic Sources to Levels of Key Organic and Inorganic 
Pollutants in Sewage: the Case of Melbourne, Australia', Water Sci. Tech., 34, 63-
70. 

Sewer Pressure Main along Gnangara Road between Ellenbrook and Wangara 
Public Environmental Review 

Gutteridge Haskins & Davey Ply Ltd 

57 



Figures 

Sewer Pressure Main along Gnangara Road between Ellenbrook and Wangara 
Public Environmental Review 

Gutteridge Haskins & Davey Pty Ltd 



(:7 

1,•) 
(1) 

LU x Ln Cl 
U: < Q 2< 
z z I— -J 

(1) < < )Uj - 
-j -J < Q OC LD 

—Q 
U 
0 

-J 
cr 

0-1 
I— 

U: 
*— 

z 
J 

U:0 
LLJ-' xuJ w < _< 

ujZ L) JL_ 





flFTMI 

£ 

PIPE JOINT 

ri EDrr rtr 

LINING 

DETAIL 

S.L / J.O 7/10/97 
	 RUBBER RING JOINT 

51+17-15-00 DRG. 5417-15-F31 
CAD. FIG3-1 
	

FIGURE 3 

P 

L 



Appendix A 

EPA Guidelines for Preparation of PER 

Sewer Pressure Main along Gnangara Road betweeh Ellenbrook and Wangara 
Public Environmental Review 

Gutteridge Haskins & Davey Pty Ltd 



Environmental Protection Authority 

SEWER PRESSURE MAIN ALONG GNANGARA ROAD BETWEEN 
ELLENBROOK AND WANGARA (1115) 

PUBLIC ENVIRONMENTAL REVIEW GUIDELINES 

1. Overview 

The Water Corporation intends to construct a Pressure Main (Wastewater) to service the 
requirements of the Ellenbrook development. The Pressure Main (Wastewater) is expected to 
be built within the road reserve of Gnangara Road between Pinaster Parade to the east and 
Sydney Road to the west. 

The proposed route of the Pressure Main (Wastewater) takes it across the Gnangara Water 
Mound, encompassing and into well head protection zones of 6 current, and 4 proposed, 
ground water extraction bores adjacent to Gnangara Road. These ground water extraction bores 
are part of the water supply for metropolitan Perth. The Environmental Protection Authority 
(EPA) has required a Public Environmental Review (PER) be prepared to identify and manage 
the potential environmental impacts from this proposal. 

All environmental reviews have the objective of protecting the environment, and environmental 
impact assessment is deliberately a public process in order to obtain broad ranging advice. The 
review requires the proponent to describe the proposal, receiving environment, potential 
environmental impacts and the management of the issues arising from the environmental 
impacts, so that the environment is protected to an acceptable level. 

Throughout the assessment process it is the objective of the EPA to assist the proponent to 
improve the proposal such that the environment is protected in the best manner possible. The 
DEP will co-ordinate, on behalf of the EPA, relevant government agencies and the public in 
providing advice about environmental matters during the assessment of the PER for this 
proposal. 

The primary purpose of the PER is to provide information on the proposal to the EPA within 
the regional framework. The aim of this document is to emphasise those relevant environmental 
factors which have the potential to impact on the physical and biological environment. 
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Objectives of the PER 

The objectives of the PER are to: 

adequately describe all components of the proposal, so that the Minister for the 
Environment can consider approval of a well-defined project; 

provide the basis of the proponents environmental management programme, which 
shows that the environmental issues resulting from the proposal can be acceptably 
managed; and 

communicate clearly with the public (including government agencies), so that the EPA 
can obtain informed public comment to assist in providing advice to government. 

Contents of the PER 

The fundamental contents of the PER should include: 

a brief introduction of the proponent, the project and location. A map/plan, which both 
clearly indicates the nature and extent of the initial project and the works proposed. A 
map/plan that also identifies the proposal within a local and regional setting should be 
included; 

a summary table which clearly presents the characteristics of the proposal; 

details of the roles decision making authorities and involved agencies; 

reference to the description of the receiving environment which may be impacted; 

discussion of the relevant environmental factors; 

discussion of the management of the factors raised including commitments to 
appropriate action; 

a description of and summary of an environmental management programme, including 
the key commitments, monitoring work and the auditing of the programme which will 
provide the basis for the operation of the site in an acceptable manner. 

The language used in the body of the PER should be kept simple and concise, considering the 
audience includes non-technical people, and any extensive, technical detail should either be 
referenced or appended to the PER. The PER will form the legal basis of the Minister for the 
Environment's approval of the proposal and, hence, should include a description of all the main 
and ancillary components of the proposal, including options if necessary. 

4. Environmental Management 

The EPA considers that the proponent should approach environmental management of the 
proposal in terms of best practise. Best practice environmental management includes: 

development of an environmental policy; 

agreed environmental objectives; 

management of environmental objectives; 

involving the public as appropriate; 

audit performance against agreed environmental indicators; 
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regular reporting to the EPA (or nominated agency); and 

commitment to the implementation of environmental system documentation including an 
environmental management programme in accordance with recognised environmental 
management principles such as those in Australian Standards AS/NZS ISO 14 000. 

Factors can be determined from a consideration, called scoping, of the potential impacts from 
the various components of the proposal on a receiving environment, including people. Relevant 
environmental factors are those which have the potential to have significant environmental 
impacts and accordingly may require the EPA to report on to the Minister for the Environment. 
The PER should focus on these relevant factors for the proposal, as have been identified in 
consultation with the EPA and relevant public and government agencies. 

A description of the project component and the receiving environment should be referenced to 
the discussion of the factor. The technical basis for measuring the impact and any objectives or 
standards for assessing and managing each factor should be provided. 

The EPA considers that the proponent should provide, within the body of the document, a table 
which describes the potential environmental impacts, with regards to the relevant environmental 
factors (those upon which the EPA is likely to report on to the Minister for the Environment). 
The following elements should be addressed in the table: 

identification of the characteristics of the proposal; 

nominated environmental management objectives(s) for those aspects which require 
management; 

description of the existing environment; 

potential impacts of the proposal on the environment; 

environmental management response or commitment to manage impacts to meet the 
above objective(s); and 

likely impact of application of this response. 

The factors from which the key environmental factors are derived (and their corresponding 
objectives) at this stage should be set out under the following category 

Biophysical; 

The factor identified and the EPAs management objectives for this factor has been listed in 
Attachment 1. The following is the key preliminary environmental factor that the EPA have 
identified in this assessment: 

Groundwater 

Further key environmental factors may be identified during the preparation of the PER, and on-
going consultation with the EPA and relevant agencies is recommended. Minor issues which 
can be readily managed as part of normal operations for similar projects may be briefly 
described. Information used to reach conclusions should be properly referenced, including 
personal communications. Assessments of the significance of an impact should be soundly 
based and the assessment should lead to a discussion of the management of the issue. 

5. Specific Issues 

In discussing the preliminary environmental factors, the PER should cover, but not be limited to 
the specific issues listed below. The PER should demonstrate how the issues will be managed 
to meet the relevant EPA objectives listed in Attachment 1. 
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5.1 Groundwater 

procedures and design features to minimise the risk of groundwater contamination during 
commissioning and operation of the proposed facility; 

for each section of pipe, as defined by a change in pipe design (or pressure), or a variation 
in environmental characteristics (eg: proximity to groundwater, significant change of soil 
type, proximity to existing infrastructure, etc) determine the risk associated with both acute 
and cumulative events; 

Primary Risk - frequency and size of leakage; 

Secondary Risk - frequency of the leak impacting on the groundwater; 

Tertiary Risk - risk of the groundwater quality being degraded as a result the leak 
and the risk to public health from the various contaminants; 

Quaternary Risk - risk of medium to long term degradation of groundwater (or 
nearby surface water) quality as a result of a leak; 

detail monitoring procedures to detect leaks and/or contamination and the proposed action 
should a leak be detected or suspected; 

provide estimates of the likely extent of contamination and details of contingency plans to 
deal with the most probable scenarios: 

justify the acceptability of the above risks by demonstrating that the risk of not complying 
with: 

Water and Rivers Commission objectives for protection of groundwater protection 
areas, 

NFIMRC/ARMCANZ Australian Drinking Water Guidelines 1996, 

Environmental Protection (Gnangara Mound Crown Land) Policy 1992, 

Gnangara Mound Crown Land - WAPC Statement of Planning Policy 3 (as varied), 
or the 

Select Committee on Metropolitan Development and Groundwater Supplies Report 
1994, 

is so low that it may be considered negligible. 

5.2 Other 

detail the effluent quality to be carried by the sewer 

detail consideration of alternate routes and transport options; 

provide justification for selecting the proposed transport option and route; 

detail consideration and justification of pipeline design and installation; 

risk assessment is an emerging factor for the EPA and the proponent is strongly advised to 
maintain constant contact with the EPAJ'DEP to ensure the requirements are met; 
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Public Consultation 

A description should be provided of the public participation and consultation activities 
undertaken by the proponent in preparing the PER. It should describe the activities undertaken, 
the dates, the groups/individuals involved and the objectives of the activities. Cross reference 
should be made with the description of environmental management of the issues which should 
clearly indicate how community concerns have been addressed. Those concerns which are dealt 
with outside the EPA process can be noted and referenced. 

Environmental Management Commitments 

The final stage of the Environmental Impact Assessment (ETA) process is reached when the 
Minister for the Environment issues the Ministerial Statement for the project, which is a set of 
legally enforceable conditions for the implementation of the project. The conditions usually 
contain a set of standard ones which do not vary from one project to another. One of the 
standard conditions is a requirement for the proponent to implement the commitments which 
have been made (by the proponent) during the ETA process. It is accepted practice for the 
consolidated list of proponent's commitments to be attached to the Minister's statement. 

It is important for the consolidated list of commitments to be numbered correctly for easy 
reference in the audit table. These should be sequentially numbered 1, 2, 3, ... without use of 
subgroups such as 1. 1, 1.2 or 2(i) or 2(a), 2(b). 

Commitments which address key environmental factors will be audited by the DEP, along with 
the environmental conditions. Unless the commitments are framed in a standard format, it may 
become difficult in practice to implement or audit these. By applying the principles of quality 
management, a standard format for the commitments has been arrived at. The format ensures 
that a chain of responsibility is established to facilitate compliance, where redundant, 
overlapping or non-enforceable commitments may be avoided. 

The required standard format for the commitments is as follows: 

The proponent (who) will prepare a plan or take action (what) to meet an environmental 
objective (why) by doing something (how/where), to a time frame (when), and to whose 
requirements or advice (to whom), if not the DEP, the action/plan will be prepared (eg. 
CALM, DOME, Shire Council). 

Two examples follow: 

EXAMPLES 

1. A first attempt at framing a commitment could be as follows: 

The proponent will minimise dust generation 

When applying the standard format the writer is forced to think of how this commitment may be 
satisfactorily implemented and audited: 

The proponent will prepare and implement a Dust Control Program which will minimise dust 
generation on-site and prevent dust emission from the site in order to protect the amenity of 
nearby land users. The Program will be prepared during the design (project planning )phase 
and will meet EPA dust control criteria (EPA, 1996), to the satisfaction of the DEP. The 
approved Program will be implemented during the construction phase to the requirements of the 
Shire of Widgiemooltha. 
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In applying the standard format a confusing or clumsy sentence structure could result which 
may be difficult to comprehend for auditing purposes. Consequently, it is often easier to 
tabulate the commitment using the elements of the required format as column headings. The 
tabular format ensures that no part of the commitment is left out. 

This commitment could be written in tabular form as follows: 

Commitment Objective Action Timing Whose advice Measurement! 

(What) (Why) (How/Where) (When) (to Whom) Compliance criteria 

1. Minimise To maintain the By preparing and Before the start Preparation Letter from Shire 
dust generation amenity of implementing a of the - DEP submitted with 

nearby land Dust Control construction Performance and 
users Program which phase Implement Compliance 

meets EPA dust - Shire Report 
control criteria I  

Note that the tabular form permits the inclusion of additional clauses or more precise wording of 
clauses which would be very difficult in a sentence structure. 

Alternatively, as a third way of presenting the commitment, the column headings may be used 
to break the commitment into a structured format which is repeated for each commitment. 

Commitment]. 

Minimise dust generation 

Objective 

To maintain the amenity of nearby land users 

Action 

By preparing and implementing a Dust Control Program which meets EPA dust control criteria 
(EPA, 1996). 

Timing 

Before the start of the construction phase 

Whose advice 

Preparation - DEP Pollution Prevention Division 

Implementation - Shire of Widgimooltha 

Measurement/Compliance criteria 

Letter from Shire Environmental/Health Officer appended to annual Performance and 
Compliance Report 
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2. A second example follows where a first attempt is compared with the tabulated format: 

Use of tri-butyl tin (TBT) antifouling paints will be prohibited within the marina. 

Commitment 

(What) 

Objective 

(Why) 

Action 

(How/Where) 

Timing 

(When) 

Whose advice 

(to whom) 

Measurementl 

Compliance criteria 

2. Use of TBT Protect marine All marina lease Operational Waterways Letter from 
antifouling paints fauna from agreements to phase of the Management Waterways 
will be prohibited TBT include a clause, project Authority Management 
in the Marina contamination with a penalty (to approve Authority or 

provision, wording of delegated officer. 
prohibiting the lease 
use of TBT agreement) 
antifouling 
paints. I 
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Attachment 1 

SEWER PRESSURE MAIN ALONG GNANGARA ROAD BETWEEN 
ELLENBROOK AND WANGARA (1115) 

DRAFT PUBLIC ENVIRONMENTAL REVIEW GUIDELINES 

Preliminary Preliminary Environmental Objectives 
Environmental 
Factors  

Groundwater quality Maintain or improve groundwater quality in a manner which is 
consistent with the draft Western Australia Water Quality Guidelines 
for Fresh and Marine Waters and the NHMRC/ARMCANZ Australian 
Drinking Water Guidelines - National Water Quality Management 
Strategy. 
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Australian Drinking Water Guidelines 
The current drinking water guidelines produced under the National Water Quality 
Management Strategy are a revised version of the NHMRC/AWRC Guidelines for 
Drinking Water Quality, 1987. The guidelines relate to the quality of water at 
point of use, and provide guideline values for both health and aesthetics (eg. taste, 
odour, colour) based. The guidelines are based primarily on the World Health 
Organisation (WHO) guidelines. Guideline values are grouped into 
microbiological, physical, chemical and radiological quality parameters. 

For most of the listed microorganisms, the guidelines specify that action is 
required where any organisms are detected. There is no guidelines for some 
organisms due to insufficient information. 

Guidelines for physical characteristics such as taste, odour and colour are set 
according to aesthetic considerations of what is deemed acceptable by most 
people. 

Guidelines for chemicals and radiological characteristics are set according to an 
assessment of the risk to human health. In determining the risk for a given 
chemical or agent, both epidemiological (human population health survey) and 
animal toxicological (laboratory experiment) data have been used. In recognition 
of the limitations of these data, setting of guideline levels is done conservatively, 
with appropriate safety factors built in. 

The Guidelines also recommend monitoring frequencies within a distribution 
system for a range of chemicals and characteristics. 
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EXECUTIVE SUMMARY: 
Environmental Evaluation 
Sewer Pressure Main - Ellen brook to Wangara 
For Water Corporation and GHD Iy  Ltd 
ME97-063-001 

EXECUTIVE SUMMARY 

ENVIRONMENTAL EVALUATION: 

TWO ROUTE OPTIONS FOR SEWER PRESSURE MAIN 
BETWEEN ELLENBROOK AND WANGARA 

The Water Corporation intends to construct a Pressure Main (Wastewater) to service the 

requirements of the Ellenbrook development. The Pressure Main is expected to be built by 

September 1998 or shortly thereafter. Current planning by the Water Corporation suggests 

that a route along the northern boundary of Gnangara Road will be the most practical. This 

route is referred to as Option 1 in this report. However, concerns over groundwater 

protection issues, and the location of a significant portion of Gnangara Road in a Groundwater 

Priority Source Protection Area One, has necessitated the evaluation of an additional route 

known as Option 2. Option 2 goes south along Lord Street, west along Marshall Road, then 

north along Alexander Drive. 

The Environmental Protection Authority has chosen to assess the proposed Project at Public 

Environmental Review (PER) level and guidelines for preparation of the PER have been 

issued. The PER is being prepared by Gutteridge Haskins and Davey (GFID) Pty Ltd, who 

commissioned Muir Environmental to undertake an eqvironmental evaluation of the two 

pressure main alignment options in order to identify biological constraints. This report 

contains the results of the evaluation. 

A comparison of Option 1 and Option 2 routes for the pipe alignments suggests that neither 

alignment is likely to have a significant impact on flora, vegetation or fauna. In summary, 

findings were that: 

the north side of Gnangara Road rather than the south side is the preferred route 

for Option 1; 
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Option 2 route is more likely to affect the headwaters of Bennett Brook, Henley 

Brook and associated floodplains. Therefore, in terms of protection of these 

surface water systems, Option 1 is preferred; 

Option 1 constitutes a greater risk of groundwater contamination. Thus, in terms 

of groundwater protection, Option 2 is preferred because the groundwater 

gradient for Option 2 slopes away from the GSP Priority One Area towards areas 

of urban and industrial development; 

Option 1 route causes the minimum of overall environmental disturbance; 

Option 2 route environmental impacts could be greatly reduced by placing the 

sewer pipeline in the median strip in Alexander Drive, then continuing on the east 

side of the road from the north end of the median strip to Kingsway, then crossing 

to the west side of the road from Kingsway north to Gnangara Road. 

in addition to these general principles, several specific recommendations were made 

(recommendation numbers are the same as in the main text). 

Recommendation 1 

Adequate management will be necessary to prevent excessive generation of dust during 

earthworks and following completion of the pipeline until adequate vegetation cover is 

re-established. Management should include measures such as damping down of exposed 

sands, reducing the amount of vegetation to be cleared to a minimum, and coinciding 

rehabilitation with late winter/early spring to maximise regrnwth potential. Hydro-muiching 

should also be considered for dust control. 

Recommendation 2 

The Option 1 route should only be chosen if the Water Corporation can demonstrate that there 

is no significant potential for groundwater contamination to occur. 
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Recommendation 3 

The headwaters of Bennett and Henley Brooks must be protected from the impacts of 

contamination through pipeline leakage. Construction should be designed to ensure that no 

significant alteration in drainage flow patterns occurs and that siltation is controlled (e.g. 

through use of sediment traps). 

Recommendation 4 

Those wetlands classified in the "Conservation" category should, where possible, be protected 

to the greatest possible extent from impacts associated with the pipeline. Management of 

wetlands and run-off should consider the zone of influence of that wetland, i.e. the buffer zone 

necessary to protect the quality of a surface water body in the long term. 

Recommendation 5 

If the Option 2 route is chosen, a ulill survey for Declared Rare Flora and other significant 

flora species should be undertaken. A fauna habitat survey would also be necessary to 

determine whether habitats likely to contain rare or restricted fauna occur along the route. 

Recommendation 6 

If the Option 1 route is chosen, wherever possible, pipeline installation should be carried out 

on the side of Gnangara Road where the road verge is most degraded and where fewer native 

species of flora remain. In most cases, this is the north side of the road where pine plantation 

has been established. This recommendation is of particular importance near Whiteman Park. 

Recommendation 7 

If the Option 2 route is chosen, the pipeline should follow the path recommended on the 

Figures presented herein. The suggested alignment avoids better quality remnant vegetation. 
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Recommendation 8 

The standard Dieback hygiene procedures of Main Roads Western Australia should be 

followed as outlined in their Environmental Management Manual (1992). 

Recommendation 9 

The location of the pipeline north of Gnangara Road would help to protect remnant Banksia 

woodland immediately west of Alexander Drive. 
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ENVIRONMENTAL EVALUATION: 

TWO ROUTE OPTIONS FOR SEWER PRESSURE MAIN 
BETWEEN ELLENBROOK AND WANGARA 

1.0 INTRODUCTION 

The Water Corporation intends to construct a Pressure Main (Wastewater) to service the 

requirements of the Ellenbrook development. The Pressure Main is expected to be built by 

September 1998 or shortly thereafter. Current planning by the Water Corporation suggests 

that a route along the northern boundary of Gnangara Road will be the most practical. This 

route is referred to as Option 1 in this report (Figure 1). However, concerns over ground-

water protection issues, and the location of a significant portion of Gnangara Road in a 

Groundwater Priority Source Protection Area One, has necessitated the evaluation of an 

additional route option (Option 2) (Figure 1). 

The Environmental Protection Authority has chosen to assess the proposed Project at Public 

Environmental Review (PER) level and guidelines for preparation of the PER have been 

issued. The PER is being prepared by Gutteridge Haskins and Davey (GHD) Pty Ltd, who 

commissioned Muir Environmental to undertake an environmental evaluation of the two 

pressure main alignment options in order to identify biological constraints. This report 

contains the results of the evaluation. 

2.0 SCOPE OF THE STUDY 

The features of the alignments which were identified as requiring examination were: 
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local climate; 

physiography and soils; 

drainage and hydrogeology; 

wetlands; and 

vegetation, flora and fauna. 

3.0 METHODOLOGY 

3.1 	LOCAL CLIMATE 

Meteorological data from the Bureau of Meteorology's stations at Upper Swan (Station No. 

09067), Perth Regional (Station No. 09034), Pearce (Station No. 09053) and Wanneroo 

(Station No. 09186) were reviewed and summarised. 

3.2 	PHYSIOGRAPHY AND SOILS 

Data on physiography and soils were compiled from available literature and supplemented by 

site inspection. 

3.3 	DRAINAGE, HYDROGEOLOGY AND WETLANDS 

Muir Environmental personnel inspected the Study Area on 14 August 1997 to examine local 

drainage and wetland features. Supplementary information was obtained from records, maps 

and reports. 

11 
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3.4 	VEGETATiON, FLORA AND FAUNA 

The Project site was surveyed by Muir Environmental personnel on 14 August 1997 for native 

vegetation, for rare, restricted and poorly known species of flora, and for habitats for these 

species. Lists of Priority flora provided by the Department of Conservation and Land Man-

agement, along with an explanation of the conservation codes, are presented in Appendix A. 

Sites considered most likely to support rare or endangered plant species were more intensively 

surveyed. 

Muir Environmental personnel evaluated fauna habitats while undertaking the botanical 

studies. 

4.0 RESULTS 

4.1 CLIMATE 

The climate of the Study Area is described as Mediterranean, with hot dry summers and mild 

wet winters. The Study Area receives slightly less rainfall than Perth and has higher maximum 

temperatures. The area does not always receive the cooling sea breezes in summer which 

characterise coastal areas, and has a greater incidence of easterly land breezes. 

4.2 	PHYS1OGRAPHY AND SOILS 

The western extremity of the Study Area lies near the boundary of the Spearwood Dune 

System and Bassendean Dune System. The Study Area west of Alexander Drive lies within 
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the Karrakatta-Yellow Phase Sands of the Spearwood Dune System. This is a landscape of 

low hills with gentle slopes and includes some broad shallow depressions. The soil consists of 

grey-brown surface sand which passes into bright yellow sand with limestone generally within 

2 in of the surface. The soil tends to be shallow on the tops of rises, becoming deeper in the 

hollows. 

The Bassendean Dune System, within which the majority of the Study Area lies, is part of the 

Southern River Unit of siliceous dunes and sandy-peaty swamps (Hordacre 1986), and the 

grey sandy soils (with occasional swamps) of the Bassendean Unit. The topography is 

charactensed by gentle slopes. 

The Study Area has been mapped in McArthur and Mattiske (1985) drawing upon previous 

work (e.g. Churchward and McArthur 1980; McArthur (unpublished data)), and on field 

surveys carried out during a study of the Gnangara Mound water resources (Dames and 

Moore 1986). These observations have been expanded by fUrther field work carried out for 

the current study. Soils and landforms of the Study Area can be summarised as discussed 

below. 

On higher elevations (around 10-15 in AHD), Jandakot and Gavin Sands are found. 

Jandakot Sands are found on low hills and ridges of more than 5 in relief. Soils are iron 

podzols with a grey surface and almost white subsurface and a yellow subsoil at 1-2 m. 

Gavin Sands are found in a landscape of low relief (generally less than 5 m) which is either 

flat or gently undulating. The soil is an iron-humus podzol with a dark grey surface, a grey 

subsurface, and a dark brown, sometimes indurated subsoil; and there may also be iron 

concretions. These soils are moist in winter but extremely dry in summer. 

On lower elevations, Joel and Yanga Soils occur on poorly drained depressions which 

are waterlogged or near-waterlogged in winter, and dry in summer with the water table 
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dropping to 3-6 m below the surface. Joel soil is a humus podzol with a very dark surface, 

a grey subsurface and a dark brown often indurated subsoil at 1-2 m. Yanga soils include 

shallow sand over limestone or ferruginous hardpan, deep leached sand and saline soils. 

Seasonal swamps occur as small separate depressed areas and usually have shallow water 

during winter, in late summer, as the water table declines, the surface dries completely or 

perhaps only the lowest sites remain moist. The substrate may vary and include peat, 

organic stained soil and diatomite. The soils around the margins of the depressions are 

usually humus podzols. Within the Study Area, Snake Swamp is an example of a seasonal 

swamp of this type. 

Permanent lakes and swamps are developed in depressions where the water table comes 

above the surface and, though the area of water may be reduced during the summer, the 

water table remains near the surface. The substrate is peaty but often has an admixture of 

diatomite. In the zone of water fluctuation around the fringes, the soils are humus podzols 

grading to iron-humus podzols on the slopes. Gnangara Lake is a permanent swamp with 

these characteristics. 

Drainage lines occur in broad shallow channels which carry surface water from the (mnangara 

Water Mound during winter months. The channels often begin as connected swamps but 

eventually form a continuous feature which drains to adjacent streams. The central part of 

the channel is often peaty and, though the surface flow is seasonal, the water table 

maintains moist conditions through much of the summer. Humus podzols occur along the 

fringes. Within the Study Area is the significant feature of the headwaters and associated 

wetlands of Bennett Brook. These headwaters, especially within Whiteman Park, are 

considered of high conservation value as there are no other reserves on the Swan Coastal 

Plain containing the origins of streams, or where the associated vegetation is in reasonable 

condition. 
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An erosion evaluation has been made for Whiteman Park based on the method of Muir 

Environmental (1994). This evaluation suggests that Jandakot and Gavin Sands are quite 

stable when undisturbed. However, once they are exposed to disturbance they become prone 

to wind erosion although they are not greatly affected by water erosion. In contrast, 

Joel and Yanga peaty sands and Drainage Lines are prone to water erosion rather than wind 

erosion. Dust from peat has a nuisance factor because it is black and adheres readily 

to surfaces and, as does all wind-blown dust (Muir Environmental 1993), it may pose 

a health risk, in addition, peat, being from a moist soil, may contain Legionelia bacteria, 

fungal spores and other respiratory irritants. Management of dust would be necessary during 

earthworks. 

4.3 	DRAINAGE, HYDROGEOLOGY AND WETLANDS 

4.3.1 Drainage 

The major drainage system within the Study Area is the headwaters of Bennett Brook. This 

has been recognised as a specific ecological unit of high value (Feilman Planning 1996). The 

most important part of the system of drainage lines and connected wetlands lies within the 

southern part of Whiteman Park (Figure 5). As no other headwaters of a drainage system or 

the Swan Coastal Plain are protected within a reserve, and because of the reasonable condition 

of the vegetation associated with the headwaters, there should be a high priority given to the 

protection of this part of the drainage system. 	 V  

The Whiteman Park portion of the Bennett Brook headwaters is further enhanced in 

conservation value in that most of the headwaters outside the Park are degraded or otherwise 

affected by development (Figures 6 and 7). 
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To the east of the proposed Perth-Darwin National Highway route are the headwaters of 

Henley Brook (Figure 4). Henley Brook feeds into Saint Leonards Creek and eventually 

enters the Swan River in West Swan. Thus, any contamination of Henley Brook would 

eventually reach the Swan River, probably much more rapidly than would contamination in 

Bennett Brook. 

4.3.2 Hvdro2eolo 

Lakes and wetlands are connected to the unconfined aquifer contained within the Bassendean 

Sands. Bassendean Sands have been logged in the area as consisting of a variable sequence of 

sands with occasional limestone at depths of more than 40 m (Geological Survey of Western 

Australia Environmental Geology Series, 1:50,000 Perth Sheet). The Study Area overlies part 

of the Gnangara Water Mound, a major water resource for Perth. 

The water table in the Study Area falls generally from RL 42 m Al-ID in the north-west to 

RL 18 m AHD in the north-east. Regional groundwater flow is towards the south-west, 

although some movement is believed to take place towards wetlands such as Lake Gnangara 

from beneath the high ground following extremely heavy rainfall (Dames and Moore 1992; 

Townley etal. 1993). 

The Option 1 route is located within the Groundwater Source Protection (GSP) Priority One 

Area. Option 2 is located mostly near the boundary of GSP Area Priority One, with a GSP 

Area Priority Two to the east, and GSP Priority Three to the south and west (Figure 1). 

Priority One areas are the most important for public water supply (Water Authority of 

Western Australia 1992). Water resource protection is considered to have the highest priority 

in land planning and management. The stated objective of Priority One source protection 
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areas is non-degradation and this is achieved through limitations on land uses permitted in the 

area. Any activity or development which may result in adverse change in water quality is 

considered by the Water and Rivers Commission to be incompatible in a Priority One source 

protection area. In Priority Two source protection areas, water production has high priority 

but is not necessarily the primary consideration in land planning. Priority Three source 

protection areas apply where other land use values predominate over water protection in land 

planning and management. 

A sewer pressure main pipeline along Gnangara Road over the Priority One source protection 

area could create potential social and environmental risks. These risks would need to be 

reduced by appropriate leak prevention and management provisions. An accidental leakage 

from a sewer pipeline over Priority Two and Three source protection areas could be of lesser 

risk to public water supply, but the environmental risks could be as great. 

4.3.3 Wedands 

There are several wetlands of significance within the Study Area as identified by Hill et al. 

(1996) on their Map Sheets 2034 II NE (Perth north-east) and 2034 11 NW (Perth 

north-west), and surveyed during the current study. Option 1 contains fewer wetlands of 

significance than Option 2. Option 2 is largely located in the headwaters of Bennett Brook, an 

ecologically significant ecosystem, and Henley Brook which leads more directly into the Swan 

River. 

Appendix B shows classification of wetlands in the Study Area after Hill et al. (ibid.). On the 

basis of the classification of Hill et al., it is believed that wetlands in the "C" classification 

should, where possible, be protected from impacts associated with the installation of the sewer 

pipeline; those in the "R" category could be enhanced for landscape protection purposes; 
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whilst those in the "M" category may be useful in managing runoff and nutrients. The 

exceptions to this recommendation are Henley and Bennett Brooks. These should both be 

treated as "C" classification in terms of management, given their recognised conservation 

significance despite their less than pristine condition. The main wetlands and drainage 

complexes along the routes are shown on Figures 3 to 9. 

In addition to these individually assessed wetlands, there are several wetlands identified by Hill 

et at. but not individually recorded. Many of these lesser wetlands were located during the 

Hill field surveys. Those wetlands numbered by Hill et al. from 300 to 600 (e.g. 301, 306) in 

the Hill survey are rock pools or dams. These are not common within the Study Area. Those 

wetland numbers greater than 600 are channel wetlands (e.g. rivers, creeks, etc.), and within 

the Study Area include many floodplains and channels associated with Bennett Brook and 

Henley Brook. it was noted that several of the wetlands classified by Hill et al. had been 

destroyed, presumably since their survey in 1996. 

The water quality status of a lake or wetland depends on the quality of the groundwater and 

surface water entering the lake, and chemical and biological processes taking place within the 

lake (Townley et al. 1993). The concept of a "groundwater capture zone" has implications for 

management, and defines the largest buffer zone necessary to protect the quality of a surface 

water body in the long-term. 

Townley et al. (1993) consider that some activities are not desirable within the capture zone 

of a wetland. Inappropriate activities (e.g. those which generate high nutrient input) 

would be determined by the risk of contamination of recharge to groundwater, and on the 

nature of particular contaminants. Although groundwater flows generally towards rivers or 

the ocean, capture zones are not restricted to the up-gradient side of the lakes (Townley et al. 

ibid.). 
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Hill et al. (1996) have ftirther developed the concept of a groundwater capture zone by 

mapping zones of influence - a zone of critical influence at the 50 m boundary, and a zone of 

secondary influence at the 200 m boundary of the wetland. These have been considered in this 

study as being of management significance in determining potential impacts to wetlands within 

the Study Area. 

4.4 	VEGETATION AND FLORA 

The distribution of vegetation within the Study Area is determined by underlying landforms, 

soil, depth to water table, and climatic conditions. In addition, past land use practices have 

significantly influenced current vegetation distribution through clearing, the introduction of 

weeds, and Phytophthora Dieback Disease. Vegetation in the Study Area has been described 

by McArthur and Mattiske (1985), and Mattiske (1992), and can be broadly summarised as 

Banksia-dominated woodland on the Jandakot and Gavin Sands, Banksia woodlands with 

emergent Eucalyptus marginata on Karrakatta-Yellow Phase Sands, and Melaleuca-

dominated swamp woodland or swamp heaths on the lower-lying soils. 

Of particular interest in the Project area is Whiteman Park, which occupies a significant area 

between the north-west and north-east urban corridors. Whiteman Park has a representative 

area of Banksia-dominated woodland which is of special interest because of the longer than 

usual burning cycle (12 to 20 years, some two to three times longer than most similar bushiand 

on the Swan Coastal Plain) (Feilman Planning Consultants 1996). The conservation value of 

the substantial areas of Banksia woodland within the core of the park is high and considered 

regionally significant. As noted in Section 4.3.1 above, the Park also contains the headwaters 

and associated wetlands of Bennett Brook. 
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in addition, the limited data available suggest that Whiteman Park is one of the last places on 

the Swan Coastal Plain to contain a near-complete fauna, probably, in part, a consequence of 

the longer than usual burn cycle, and an intensive fox control programme which has been in 

place since 1990. 

Field surveys of the Study Area show that the majority of the Option 1 alignment has little 

remaining native vegetation. Figures 2 and 3 show orthophoto maps of the Option 1 

alignment with vegetation type locations and other data noted on the maps. The survey did 

not reveal the presence of any Declared Rare Flora (Appendix A). Details of vegetation sites 

are given opposite Figures 2 and 3. 

An area of better quality Banksia Low Woodland of particular interest is Vegetation Site 13. 

Located immediately west of Alexander Road, this site is in good condition, apparently as a 

result of the large cut which was formed to create Gnangara Road and which appears to 

protect the remnant from major weed incursions, Phytophthora Dieback Disease, and public 

access likely to degrade the vegetation. It would be desirable for this cut to remain, although 

it would not be affected by the proposed sewer pipeline which will be on the north side of 

Gnangara Road. 

The Option 2 route is also mainly cleared (Figures 4 to 9). Resource limitations precluded 

detailed surveys of the Option 2 route. Extensive urbanisation and light industrial develop-

ment is taking place along Marshall Road on the southern boundary of the route (Figures 6 

and 7). The most significant areas of remnant vegetation are along Alexander Drive (Figures 

8 and 9). An area of particular interest is Koondoola Conservation Park (Figure 8), an area of 

good quality Banksia Low Woodland (Dames and Moore 1988). It is recommended that 

should the Option 2 route be chosen, the pipe could be located in the centre of Alexander 

Drive where there is a wide median strip, then cross to the east side of Alexander Drive north 

until Kingsway, then to the west side from Kingsway north to Gnangara Road. Figures 8 and 

9 show the recommended pipe alignment for Option 2 in this area. 

a:\06300  1 RP.sam bg&jhm&sjm 	 Muir Environmentaf 



Environmental Evaluation 
Sewer Pressure Main - Ellen brook to Wangara 
For Water Corporation and GHD Pty Ltd 
ME97-063-001 	 Page 12 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 	GENERAL PRINCIPLES 

A comparison of Option 1 and Option 2 routes for the pipe alignments suggests that neither 

alignment is likely to have a significant impact on flora, vegetation or fauna. 

in summary, findings were that: 

the north side of Gnangara Road rather than the south side is the preferred 

route for Option 1; 

Option 2 route is more likely to affect the headwaters of Bennett Brook, 

Henley Brook and associated floodplains. Therefore, in terms of protection 

of these surface water systems, Option 1 is preferred; 

Option I constitutes a greater risk of groundwater contamination. Thus, in 

terms of groundwater protection, Option 2 is preferred because the ground-

water gradient for Option 2 slopes away from the GSP Priority One Area 

towards areas of urban and industrial development; 

Option I route causes the minimum of overall environmental disturbance; 

Option 2 route environmental impacts could be greatly reduced by placing 

the sewer pipeline in the median strip in Alexander Drive, then continuing on 

the east side of the road from the north end of the median strip to Kingsway, 

then crossing to the west side of the road from Kingsway north to Gnangara 

Road. 

In addition to these general principles, a specific set of recommendations follows. 
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5.2 	CLIMATE AND SOiLS 

Because of the nature of the soil, the dry climate and the incidence of easterly winds, there is a 

potential for dust generated from earthworks to be a nuisance. in wetland areas, black dust 

from peat has both a nuisance factor and the potential to pose a health risk if respiratory 

irritants such as fungal spores or Legionella bacteria are present. 

Recommendation 1 

Adequate management will be necessary to prevent excessive generation of dust dunng 

earthworks and following completion of the pipeline until adequate.:..v.cgctat'ion: coyer  :is 

re-established. Management should include, measures such .as 'damping.:down of exposed 

sands, reducing the amount of vegetation to be cleared to a mimmum., and coincidmg 

rehabilitation with late winter/early spring to maximise regrowth potential Hydro-muiching 

should also be considered for dust control 

5.3 	DRAINAGE AND HYDROGEOLOGY 

The ecologically significant headwaters of Bennett Brook and Henley Brook are located 

within the Option 2 alignment. These watercourses must be protected against leakage from 

the sewer. The Option 1 route lies within GSP Priority One Area which has the highest level 

of groundwater protection as it used for public water supplies. Water resource protection is 

considered to have the highest priority in land planning and management. 

The installation of a sewer pipeline over the Priority One source protection area could create a 

potential for detrimental environmental impacts on groundwater quality should leaks or 

rupture occur. A sewer pipeline along this route would require emergency shut-off features 

and other provisions to safeguard the quality of the public water supply. 
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Recommendation 2 

The Option I route should only be chosen if the Water Corporation can demonstrate that 

there is no significant potential for groundwater contamination to occur. 

commendation 3 

e headwaters of Bennett and Henley Brooks must be protected from the impacts of 

ntamination throughpipeline leakage Construction should be designed to ensure that no 

;nificant alteration in drainage flow patterns occurs and that .siltation is: controlled (e.g. 

Dugh use of sediment traps). 

5.4 WETLANDS 

Hill et al. (1996) have mapped and classified the wetlands of the Swan Coastal Plain. Their 

classification suggests that past land-use practices have resulted in the degradation and/or 

destruction of many of the wetlands within the Study Area. Nevertheless, some wetland areas 

do remain and, because of their comparative scarcity, must be considered of value, it should 

be noted that because of the direction of groundwater flow, wetlands both upslope and well 

downslope of the pipeline may be potentially impacted upon should leakage occur. 

Recommendation 4 

Those wetlands classified by Hill et al. (1996) in the "Conservation" category should, where 

possible, be protected to the greatest possible extent from impacts associated with the pipe-

line. Management of wetlands and run-off should consider the zone of influence of that 

wetland, i.e. the buffer zone necessary to protect the quality of a surface water body in the 

long term. 
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5.5 	VEGETATION, FLORA AND FAUNA 

Most of the vegetation within the Study Area is very degraded. Weed invasion, clearing, and 

Phytophthora Dieback Disease have devastated the local flora and are likely to have had a 

severe impact on fauna through loss and fragmentation of habitat. Current surveys did not 

locate any Declared Rare Flora. To minimise impacts on vegetation and fauna the recomm-

endations discussed below are made. 

Recommendation 5 

If the Option 2 route is chosen, a full survey for Declared Rare Flora and other significant 

flora species should be undertaken. A fauna habitat survey would also be necessary to 

determine whether habitats likely to contain rare or restricted fauna occur along the route. 

Recommendation 6 

If the Option I route is chosen, wherever possible, pipeline installation should be camed out 

on the side of Unangara Road where the road verge is most degraded and where fewer native 

species of flora remain. in most cases, this is the north..side of the road where pine plantation 

has been established. This recommendation is of particular importance .near Whiteman Park.. 

Recommendation 7 

If the Option 2 route is chosen, the pipeline should follow the path recommended on Figures 

4 to 9. The suggested alignment avoids better quality remnant vegetation. 

Because of the degraded nature of the roadside vegetation, it is not possible to interpret the 

Study Area for the presence of Phytophihora Dieback Disease. However, the presence of 

Muir Environmental 
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some Dieback-sensitive species indicates that at least some areas of roadside may be 

substantially free of the Disease. 

A large cut located on Gnangara Road immediately west of Alexander Drive appears to 

protect a good quality Banksia woodland remnant from major weed incursions, Phytophthora 

Dieback Disease, and public access likely to degrade the vegetation. 

Recommendation 9 

It would be desirable for this cut to remain The location of the pipeline north of Gnangara 

Road in this area would help to protect the remnant Banksia woodland 
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ATTACHMENT TO FIGURE 2 

DESCRIPTION OF VEGETATION SITES 

Near roundabout at corner of Lord Street and Gnangara Road. Planted verge. 

Between 1. and tower on south side of road; 
Heavily grazed pasture with emergent Xanthorrhoea preissi, Eucalyptus marginata, 
Melaleuca preissiana, A iocasuarinafraseriana, Eucalyptus todtiana and Banksia 
iiicfolia. Vegetation becomes poorer closer to Gnangara Road. North side of road has 
been totally cleared, and the native vegetation replaced by pine plantation. 

Grazed/previously cleared Banksia Low Open Woodland between 3. and the Equestrian 
Centre. Scattered Banksia menziesii, B. attènutata, Nuytsiafloribunda, Eucalyptus 
todt/ana. Verge heavily infested with weeds including Veldt Grass and African Love 
Grass. 

Largely cleared road verge with occasional emergent Adenanthos cygnorum, Banksia 
menziesii and B. attenuata. Heavy weed infestation. 

Largely cleared road verge with occasional emergent Adenanthos cygnorum, Banksia 
menziesii and B. attenuata. Heavy weed infestation. 

Previously cleared verge with remnant native species and heavy weed infestation 
including African Love Grass and Veldt Grass. Native species include Xanthorrhoea 
preissii, Adenanthos cygnorum, Conostylis sp., Allocasuarina humilis, Astroloma 
pallidum, Acacia pulchella, Stirling/a latfolia, Leucopogon polymorphus. 

Degraded area of palusplain corresponding to Joel Unit of Bassendean Dune System. 
Native species include Hibbertia hypericoides, H. vaginata, Adenanthos cygnorum, 
Xanthorrhoea preissli, Juncus sp., Leucopogon polymorphus, Stirling/a lat4folia, 
Asiroloma pallidum, Allocasuarina hum/i/s with some emergent Eucalyptus calophylla 
and Melaleuca rhaphiophylla. 

No remnant native vegetation of any significance. Totally invaded by weed species. 

Dampland. Several specimens of the exoticspecies Leptospermum laevigatum. Native 
species include Melaleuca rhaphiophylla, Acacia pukhella, Lomandra purpurea, 
Paterson/a occidentalis, Borya scirpo/dea, Verticordia plumosa, Gastrolob/um 
calyc/nus, Eriostemon spicatus, Hypocalymma angustfolia. 

Species-depauperate remnant of Acacia saligna, Adenanthos cygnorum with significant 
weed invasion. May be some regeneration following previous clearing. 

Weeds (mainly grasses such as African Love Grass and Veldt Grass). Occasional 
specimens of Adenanthos cygnorum, Melaleuca rhaphiophylla. 
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ATTACHMENT TO FIGURE 2: 
Environmental Evaluation 
Sewer Pressure Main - Ellen brook to Wangara 
For Water Corporation and GH1) Fty Ltd 
ME97-063-001 

ATTACHMENT TO FIGURE 3 

DESCRIPTION OF VEGETATiON SiTES 

12. 	Verge almost entirely weeds with occasional emergent Banksia menziesii. 

Good quality Banksia Low Open Woodland both sides of road with high cut away for 
road construction, especially on south side. Overstorey species in vicinity of road 
include Banksia menziesii, B. attenuata. Understorey species include Conospermum 
stoechadis, Leucopogon polymorphus, Hypocalymma angustifolia, Adenanthos 
cygnorum, Stirlingia latfolia, Synaphaea pinnata, Conostylis aculeata, Hibbertia 
hypericoides, Hybanthusfioribundum, Eriostemon spicalus, Burtonia scabra, 

onostephium pendulum, Anigozanthos humilis, Allocasuarina humilis, Lomandra 
purpurea, Borya scirpoides. 
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FIGURE 6 
OPTION 2 ROUTE DETAIL 
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APPENDIX A 

DEPARTMENT OF CONSERVATION AND LAND MANAGEMENT 
RARE AND SIGNIFICANT FLORA LIST; AND 

CONSERVATION CODES FOR WESTERN AUSTRALIAN FLORA 



11/05/97 	DEPARTMENT OF CONSERVATION AND LAND MANAGEMENT 	
Page 1 

DECLARED RARE AND PRIORITY FLORA LIST 

SPECIES/TAXON 
CONS 
CODE 

CALM 
Region 

DISTRIBUTION 
FLOWER 
PERIOD 

Chamaescilla sp. Ellen Brook (GJ 3 SW,CF Ellen Brook, Yule Brook, Mogumber, 

Keighery 12501) Muchea, Drakesbrook, Capel, Brunswick 
Jun 

Conostephium minus 4 MW,SW Cataby, Gingin, Bullsbrook, Gnangara, Jul-Sep 
Guildford, Belmont, Newburn, Upper 
SwBn 

Cyathochaeta teretifoIa 3 SW,SF Whiteman Park, Lake Gnangara, Dec 
Ellenbrook, Muchea, Denbarker 

Eleocharis keigheryl ms 3 SW,MW, Kenwick, Lesueur, Cataby, Wannamal, - 
CF Ellen Brook, Boyanup 

Myriocephalus appendiculatus 3 MWSW, Eneabba, Midland, Mt Ragged, Ellen Sep-Dec 

SC Brook 



11-AUG-97 
	 Summary of Threatened Flora Data 

TExon Name 
	 Cons. Pop ID 

Acacia benthami4. 
Anthotium junciorme 
Ciladenia huegeJii 
Ci.ladenia huege4ii 
Caladenia huege ii 
Caladenia huege ii 
Conostephium mius 
Conostephium mi us 
Conostephium mi us 
Conostephium mi us 
Conostephium mi us 
Conostephium mi us 
Conostephium mirus 
Conostephium mirtus 
Cyathochaeta .teifetifolia 
Cyathochaeta teifetifolia 
Cyathochaeta te etifolia 
Drosera occiden alis 
])rosera occiden alis 
)piblema grandi lorum var. cyanea ms 
:ryngium pinnatfidum subsp. palustre ms 
Grevillea curviloba subsp. curviloba 
)iaemodorum loratlum 
Haloragis tenuiflolia 
Jacksonia serica 
Jacksonia sericda 
Jacksonia sericea 
Jacksoñia sericea 
Jacksonia sericea 

a Jacksoni serice 
Jacksonia serice 
Jacksonia serice 
Jacksonia serice 
Jacksonia serice 
Jacksonia serice 
Jacksonia serice 
Jacksonia serice 
Jacksonia serice 

2 	2 
4 	6 
T 	22 
T 	25 
T 	34 
T 	35 
4 	3A 
4 	3B 
4 	SA 
4 	SB 
4 	SC 
4 	17A 
4 	17B 
4 	19 
3 	1 
3 	3. 
3 	5 
4 	2 
4 	3 
T 	1 
2 	10 
1 	1 
3. 	2 
1 	4 
3 	1 
3 	2 
3 	4A 
3 	4B 
3 	4C 
3 	5A 
3 	5B 
3 	5C 
3 	5D 
3 	SE 
3 	SF 
3 	7A 
3 	7B 
3 	9A 



Jacksonia sercea 3 9B 

Jacksonia sercea 3 10 

Jacksonia sercea 3 12A 

Jacksonia sercea 3 12B 

Stachystemon qxillaris 4 9 

Stylidium ion itubum 3 4 

A total of 	I 44 records were I?:inted. 



THE DEPARTMENT OF CONSERVATION AND LAND MANAGEMENT 

CONSERVATION CODES FOR WESTERN AUSTRALIAN FLORA 

[Western Australian Herbarium (1996). Nuytsia 10(3): p471] 

R: 	Declared Rare Flora - Extant Taxa (= Threatened Flora = Endangered = Vulnerable) 

Taxa which have been adequately searched for, and are deemed to be in the wild either rare, 
in danger of extinction, or otherwise in need of special protection, and have been gazetted as 
such, following approval by the Minister for the Environment, after recommendation by the 
State's Endangered Flora Consultative Committee. 

X: 	Declared Rare Flora - Presumed Extinct Taxa 

Taxa which have not been collected, or otherwise verified, over the past 50 years despite 
thorough searching, or of which all known wild populations have been destroyed more 
recently, and have been gazetted as such, following approval by the Minister for the 
Environment, after recommendation by the State's Endangered Flora Consultative 
Committee. 

Priority One - Poorly Known Taxa 

Taxa which are known from one or a few (generally <5) populations which are under threat, 
either due to small population size, or being on lands under immediate threat, e.g. road 
verges, urban areas, farmland, active mineral leases, etc., or the plants are under threat, e.g. 
from disease, grazing by feral animals, etc. May include taxa with threatened populations on 
protected lands. Such taxa are under consideration for declaration as 'rare flora', but are in 
urgent need of further survey. 

Priority Two - Poorly Known Taxa 

Taxa which are known from one or a few (generally <5) populations, at least some of which 

under consideration for declaration as 'rare flora', but are in urgent need of further survey. 

Priority Three - Poorly Known Taxa 

Taxa which are known from several populations, at least some of which are not believed 
to be immediate threat (i.e. not currently endangered). Such taxa are under consideration for 
declaration as 'rare flora', but are in need of further survey. 

Priority Four - Rare Taxa 

Taxa which are considered to have been adequately surveyed and which, whilst being rare (in 
Australia), are not currently threatened by any identifiable factors. These taxa require 
monitoring every 5-10 years. 
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APPENDIX B 

CLASSIFICATION OF W 
	

S IN VICINITY OF PROPOSED SEWER PRESSURE MAIN ROUTES 
(based on Hill et al. 1996) 

IDENTIFICATION/NAME1  AREA (la) 
WETLAND 

TYPE2  
VEGETATION 

FORM3  
% RANK 

NATURALNESS4  
% RANK 

VEGETATION5  
CATEGORY 

EXPLANATION6  

39136648157 (17) 2034 IINW 17.8 Sumpland 18 14 Cl* 

39131648097 (21) 2034 IINW 2.8 - Sumpland Paniform 38 24 Cl* 

39202648165 (30) 2034 ii NW 1.7 - Sumpland Maculiform 64 55 C2 

Snake Swamp (35) 2034 II NW 14.7 - Dampland Maculiform 24 29 Cl 

Gnangara Lake (36) 2034 II NW 117.3 - Lake Bacataform 94 63 C 

39295648025 (41) 2034 [1 NW 0.6 - Dampland Latiform 83 100 C 

39312648077 (42) 2034 [1 NW 2.7 - Dampland Maculiform 35 48 R 

39360647560 (2) 2034 Ii NE 0.9 - Sumpland NA 30 R 

39420647850 (3) 2034 II NE 42.8 - Dampland Maculiform 41 34 M 

Ernu Swamp (4) 2034 II NE 12.8 - Art. Lake 90 88 Cl* 

39392647602 (5) 2034 11 NE 12.8 - Art. Lake 48 100 C2* 

OTC Dampland (7) 2034 II NE 29.2 - Dampland Maculiform L 	86 81 

39427647681 (11)203411NE 0.7 Art Lake 30 88 M 

39451647684 (13) 2034 lINE 1.8 Art. Lake 30 88 M 

39457647640 (14) 2034 lINE 1.6 Art. Lake 30 88 M 

39467647500 (15) 2034,11 NE 16.7 
_ - Sumpland 37 30 M 

39475648207 (16) 2034 II NE 3.3 - Dampland 5 5 M 
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APPENDICES: 
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APPENDIX B (ae 2) 

IDENTIFICATION/NAME' AREA (1 a) 
WETLAND 

TYPE2  
VEGETATION 

FORM3  
% RANK 

NATURALNESS4  
% RANK 

VEGETATION5  
CATEGORY 

EXPLANATION6  

39498647462 (18) 2034 lINE 3.8 - Sumpaland 35 30 M 

39509648242 (22) 2034 II NE 1.6 - Dampland 5 5 M* 

39520648225 (23) 2034 ii NE 2.3 - Dampland Latiform 5 8 R4* 

39530647449 (25) 2034 II NE 3.6 - Dampland Maculiform 14 72 R2 

39536647550 (26) 2034.11 NE 2.3 - Dampland Maculiform 19 41 R4* 

39561647466 (29) 2034 lINE 1.1 - Dampland Maculiform 31 99 C2* 

39579647482 (32) 2034 II NE 1.2 - Dampland Maculiform 48 75 R2* 

39625647478 (39) 2034 11 NE 4.3 - Dampland Latiform 41 86 C2* 

39782647525 (52) 2034 II NE 300.3 Palusplain 64 NA R 

Vegetated section (52-V) 2034 II NE 0.6 - Palusplain NA 100 C2* 

39959648127(56) 2034 [INE 13.2 Dampland 41 NA Cl* 

39890648124 (56-Vi) 2034 II NE 6.2 - Dampland NA 100 C2* 

39966648121 (56-V2) 2034 II NE 65.6 Dampland NA 100 C2* 

40097647873 (74) 2034 II NE 12.4 
_ - Sumpland 74 NA Cl* 

40213648001 (77) 2034 lINE 760.4 - Palusplain NA NA M* 

40106647841 (78)2034 lINE 14.2 - Dampland 25 NA C1* 

Horse Swamp (79) 2034 II NE 18.7 Sumpland NA NA Cl* 

40141647744 (80) 2034 11 NE 7.6 - Floodplain 33 NA M 
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APPENDIX B (Dage 3) 

IDENTifICATION/NAME' AREA (I ia) 
WETLAND 

TYPE2  
VEGETATION 

FORM3  
% RANK 

NATURALNESS4  
% RANK 

VEGETATION5  
CATEGORY 

EXPLANATION6  

40171647744 (90) 2034 lINE 2.3 - Sumpland 48 NA R 

40203648567 (91) 2034 11 NE 15.5 Palusplain 79 NA R 

39321647574 (43) 2034 11W 2 Sumpland Maculiform 15 40 R3 

39350647574 (44) 2034 [I NW 2.3 Sumpland Maculiform 37 95 C2 

Notes: 
I. Identification Name - either the name (where recognised name exists) or a wetland identification number consisting of the first five digits of the wetland's 

easting and the first six digits of its northing. iThe map reference is also given. 
Wetland Type - geomorphic classification of Hill et al. (1996) as follows: Lake - permanently inundated basin; Sumpland - seasonally inundated basin; 
Dampland - seasonally waterlogged basin; Pal isplain - seasonally waterlogged flat; River - permanently inundated channel; Creek - season- ally inundated 

channel. 
Vegetation Form - vegetation organisation bas d on Senieniuk et al. (1990). 
% Rank Naturalness - percentile rank of natun 1 attributes score obtained from the application of EPA Bulletin 374. A score of 100 indicates the wetland 
received the highest natural attributes score of li wetlands in that suite. 
% Rank Vegetation - percentile rank of the are of each wetland which is undisturbed or vegetated. A score of 80 indicates the wetland is in the top 20% of 

wetlands in that suite. 
Category Explanation - for new preliminary in, nagement category. H - EPA Bulletin High Conservation Wetland; H* - first tier recognised wetland => 95% 
undisturbed; C - EPA Bulletin Conservation A etland; Cl* - first tier recognised wetland < 95% undisturbed; C2* Wetland => 95% undisturbed; C3* > 50% 

undisturbed and recognised in top 5% of wetla Lds in suite-type group. 0: EPA Bulletin Open Space Wetlands. R*:  EPA Bulletin Resource Enhancement 

Wetlands; R1* 75% => wetland < 90% undist rhed; R2*  50% => wetland < 74% undisturbed; R3*  25% => wetland < 491%) undisturbed; R4* 10% => wetland 
<24% undisturbed. M: EPA Multiple Use wetlnd; M* Wetland < 10% undisturbed. NA: wetland not assessed. 

a:\appendb.sarn 	 I 	
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REPORT ON A PRELIMINARY INVESTIGATION OF 

ABORIGINAL AND HERITAGE SITES 

ELLENBROOK PRESSURE MAIN 

Prepared for Gutteridge Haskins & Davey Pty Ltd 

By Gary Quartermaine 

August 1997 

ABSTRACT 

This preliminary investigation was undertaken to 
research Aboriginal and heritage sites for Ellenbook 
Pressure Main. 

The study involved an investigation of previous 
research in the area. 

As a result of the investigation, no registered 
archaeological sites were located within the Gnangara 
Road Reserve. Several sites are near the Marshall Road 
Deviation and the former is the preferred alignment to 
minimise archaeological problems. 
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1.0 	INTRODUCTION 

	

1.1 	Background to Survey 

A preliminary investigation for Aboriginal and heritage sites of 
the Ellenbrook Pressure Main Corridor was commissioned by 
Gutteridge Haskins & Davey Pty Ltd and executed in August, 1997. 
Gary Quartermaine conducted the archaeological and historical 
investigation, with research by Sally McGann and Caroline Heine, 
and Rory O'Connor conducted the ethnographic investigation which 
is reported upon separately. 

The objectives of the investigation were the assembly of data 
from previous work in the region, including information from the 
Aboriginal Affairs Department (AAD) Aboriginal site files, 
Aistralian Heritage Commission and Western Australian Heritage 
Council site lists, Shire Council Heritage Lists, previous survey 
reports, maps and environmental information. This aimed to 
facilitate planning of the pipeline construction. 

1.2 Location 

The proposed development involves a section of Gnangara Road in 
the Northern Metropolitan Area. It covers a total of 
approximately 14 kilometres of corridor between Woollybush Road 
in Ellenbrook to Hartman Drive in Wangara. The investigation 
corridor was taken as 100 metres on each side of Gnangara Road. 
The actual road reserve is 52 metres wide. An alternative route 
which follows Lord Street, Marshall Road and Alexander Drive was 
considered as a possible alternative route. This involves an 18 
kilometre deviation from Gnangara Road (see Figures 1 and 2 for 
location). 

	

1.3 	Envi ronment 

The climate of the project area is dry Mediterranean 
characterised by winter rainfall and a dry summer s  The average 
annual rainfall in Perth is 883 mm (Beard, 1979:25). Mean monthly 
temperatures range from 13 degrees Celsius in June to 26 degrees 
Celsius in February (Beard, 1979:26). 

The project --a-r-ea -------i-s--pa-rt -of the Per-hi Bdsin yeDlogical unit. 
This is a deep trough filled with Phanerozoic sedimentary rocks 
with a surface mantle of Quaternary deposits (Playford, et al, 
1975). 

The area lies on the Bassendean Dune landform. The Bassendean 
Dunes are character-ised by highly leached siliceous sands and 
interdunal swamps. They are of middle to late Pleistocene age and 
have been completely leached of calcium carbonate. They are 
represented by subdued hummocks of quartz sand with intervening 
swamps (Beard, 1979; and Seddon, 1972). 

The vegetation was originally Banksia and Sheoak low woodland 
with scattered jarrah and tuart. Relic vegetation includes 
Euca7yptus marginata, E. gomphocepha7a, Melaleuca rhaphiophylla, 
M. preissiana and Casuarina obesa (Beard, 1979). 

Gnangara Road Archaeological Investigation 	 1 



2.0 ARCHAEOLOGY 

	

2.1 	Obligations under the Act 

The Western Australian Aboriginal Heritage Act, 1972, makes 
provision for the recording and preservation of places  and 
objects customarily used by, or traditional to, the original 
settlers of Australia. The Act defines the obligations of the 
community relating to sites (Sections 15-18, see Appendices 1 and 
2). Other legislation provides for the listing of historically 
significant non-Aboriginal sites. 

Background research - this involved familiarisation with 
Aboriginal site files, heritage lists, survey reports, plus maps 
and environmental information for the area to be surveyed. 
Previously recorded Aboriginal sites, registered with the Culture 
and Heritage Division, Aboriginal Affairs Department, are listed 
in Table 1. 

	

2.2 	Site Definitions 

Aboriginal material culture is based, to a large extent, on non-
durable materials, such as wood, bark, fibre and skins, that have 
a limited life in the archaeological record. Stone tools, 
conversely, remain as often the only evidence of prehistoric 
activity. Bone, either as a tool, as refuse, or as a burial, 
falls somewhere between these extremes. Lofgren (1975:7) 
describes spears, spear-throwers and clubs for men, and digging 
sticks, wooden carrying dishes and grindstones for women, as the 
basic implements of Aboriginal life. 

Therefore, stone artefact sites reflect only one aspect of 
Aboriginal material culture which utilised a wide range of 
materials from the natural environment. 

For the purpose of this investigation, an archaeological site is 
defined as "any place containing traces of past human activity" 
(Fagan, 1980:7). This is manifested in a number of different site 
components which may occur singularly or with one or more of the 
others to form an archaeological site. The most common of these 
are surface artefact scatters, quarries, art sites, stone 
arrangements, rockshelters with evidence of occupation, grinding 
patches, shell middens, burials and marked trees. 

An artefact scatter is presently recorded as a site if it 
contains a concentration of artefacts in contextual association, 
three or more with a density of at least 1/100m2 . Areas of 
solitary artefacts, called Isolated Finds, are presently recorded 
but not registered as Aboriginal sites. This was not always the 
case in the past and some previously registered sites contain 
only a solitary artefact. 

The above definition of archaeological sites is a scientific 
definition. However, registered Aboriginal sites may not meet the 
scientific criteria on all occasions. The assessment as to 
whether such sites are covered by the provisions of the W.A. 
Aboriginal Heritage Act, 1972, Section 5, is made for the 
Minister for Aboriginal Affairs by the Aboriginal Cultural 
Material Committee. Such assessment is undertaken as part of a 
Section 18 application for site disturbance. 

Gnangara Road Archaeological Investigation 	 2 



2.3 	Previous Archaeological Research 

The earliest evidence for prehistoric occupation of the South-
West of Australia is dated at 38,000 years ago, for a stratified 
site at Upper Swan, located 25km northeast of Perth (Pearce and 
Barbetti, 1981). Another,  alluvial terrace site on the Helena 
River, 10 kilometres south of the Upper Swan site, has a date of 
29,400 years ago from the basal artefact level (Schwede, 1983). 
As well, a number of Holocne sequences have yielded data on 
possible cultural/environmental changes during, and after, the 
recent transgression of the sea, for the metropolitan region (see 
Clarke and Dortch, 1977; Hallam, 1974; and Pearce, 1978). 

As part of a regional survey of the Metropolitan area, Hallam 
(1986:5) concludes that the majority of sites lie around the 
lakes and swamps of the Swan Coastal Plain, and that site numbers 
double in the last few hundred years. Four phases of occupation 
are suggested for the Coastal Plain. These are: 

Early - low number of sites centred towards the coast. 
Artefacts include steep scrapers on flakes and scrapers made from 
an Eocene fossiliferous chert. This phase was up to 5000 years 
ago. 

Middle - from 5000 - 500 years ago. Showed a contraction of 
occupation to sites near permanent water. Artefacts were made on 
quartz and green chert and included backed blades, adzes, 
scrapers and flakes. 

C. Late - from 500 years ago. Concentration of sites on the 
Coastal Plain. Fabricators (bipolar cores) were introduced and a 
large percentage of assemblages were made up of quartz flakes, 
chips and debitage (Hallam, 1973, 1974 and 1986). 

d. A recent historic phase, which was characterised by the use of 
European introduced material, such as glass and pottery, for the 
manufacture of artefacts, encompasses the last 150 years. 

The results show that the majority of recorded archaeological 
sites are located in the Bassendean Dunes and Pinjarra Plain 
landforms, around the rivers, lakes and swamps. There is little 
evidence of usage of coastal areas, only starting in the eastern 
part of the Spearwood Dunes zone (Hallam, 1987:20-23). 

Prehistoric stone tool industries in the South-West have been 
classified into earlier and later phases (Dortch, 1977). The 
early phase industries have only been documented from a few well 
dated sites. They include small thick flake scrapers, bipolar 
cores, notched-denticulated pieces, flakes from discoidal cores, 
and single and multi-platform cores. These artefacts have been 
manufactured from a range of lithic materials, including a 
distinctive Eocene fossiliferous chert. It appears that access to 
this chert was lost after the last marine transgression (Dortch, 
1977; Glover, 1975). However, some of this chert may have been 
subject to curation over a period of time and loss of access to 
the source does not necessarily indicate a complete halt in its 
use in archaeological assemblages. 

Gnangara Road Archaeological Investigation 	 3 



Later phase stone industries, generally found in archaeological 
contexts dating from 4000 years ago, include the addition of 
geometric microliths, backed blades, and a variety of adze 
flakes, which are part of the Australian "small tool tradition" 
(Dortch, 1977; Mulvaney, 1975). 

Anderson (1984) has proposed a land-use model for prehistoric 
exploitation of the Swan Coastal Plain, and its hinterland, based 
on regional research into the relative proportions of variously 
sized surface artefact scatters and their associated artefact 
densities. 

This model suggests that, due to the variation in resources 
available in the three different environmental zones 
investigated, there was more intensive use of the coastal plain 
than either the adjacent forest or open woodland plateau. 

2.5 	Historical Background 

The historical information obtained for this area is reproduced 
in Appendix Four. No sites of significance have been listed 
within the road reserve. 
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3.0 	RESULTS 

As a result of previous surveys and independent research, twelve 
Aboriginal archaeological sites have been recorded and registered 
with the AAD within one kilometre of the designated section of 
Gnangara Road, Lord Street, Marshall Road and Alexander Drive 
(Hallam, 1986; O'Connor, Bodney and Little, 1985; O'Connor and 
Quartermaine, 1987a&b; O'Connor, Quartermaine and Bodney, 1989; 
Harris, 1990; Quartermaine, 1990)  1995, 1997). 

Eleven of these are artefact scatters and one is a scarred tree. 
Two of the artefact scatters (S0724 and S0725) have the 
designation "Not a Site" which is presumed to mean they are no 
longer extant. Two of the sites near Gnangara Lake (S0163 and 
S0695) have been destroyed by development, according to previous 
survey work (Harris, 1990). 

Of the remaining sites, S2828 is 120 metres south of Gnangara 
Road and 50 metres east of Alexander Drive, while S2880 is on the 
southwest margin of Gnangara Lake. S1343 is to the east of 
Alexander Drive between Landsdale Road and Hepburn Avenue. 

The other sites are in the vicinity of Beechboro Road and 
Marshall Road. S0706 is on each side of Marshall Road immediately 
west of Beechboro Road, while S2435 is south of Marshall Road and 
100 metres east of Della Road. 51285, S2356 and S2357 are 
adjacent to Beechboro Road to the north of Marshall Road. The 
sites are listed in Table 1 (see also Appendix 3). 

Survey work has previously covered an 8.1 kilometre section of 
Gnangara Road for proposed roadworks. No sites were located in 
this section between Alexander Drive and Lord Street 
(Quartermaine, 1997). 

No historically significant sites are listed within the survey 
area corridor. 

----------------------------------------------------------------- 
TABLE 1 : Archaeological Sites in the Vicinity of Gnangara Road 
-----------------------------------------------------------------
SH 50-14 1:250,000 Mapsheet 

AAD 	Grid Ref. Site type 	Site name 
Site No. 

S0163 392.482 Artefacts Gnangara Lake SW 
Si 343 393.478 Artefacts Landsdale 
S0695 393.481 Artefacts Gnangara Lake SE 
S2828 393.481 Scarred tree Gnangara Scarred Tree 
S2880 393.483 Artefacts Gnangara Lake SW 1 
S1285 397.475 Artefacts Beechboro Road 
S0706 397.475 Artefacts Marshall, Beechboro 
S2435 397.475 Artefacts Marshall/Della Road 
S2356 397.476 Artefacts Whitemans Cutting 
S2357 398.476 Artefacts Whitemans Quarry 
S0724 * 403.481 Artefacts Gnangara Road South 
S0725 * 403.481 Artefacts Gnangara Road North 

* Listed as "Not a Site" 
----------------------------------------------------------------- 

Gnangara Road Archaeological Investigation 	 5 



The following conclusions are based on the pr'eceding information. 

Small, low density, surface stone artefact scatters are the  
most numerous archaeological site type. 

Larger sites are most likely to occur near bodies of permanent 
water. 

Quartz is the dominant lithic material used for the 
manufacture of artefacts. 

Flakes and chips form the major class of artefact types in the 
recorded artefact assemblages. 

River, lake and swamp margins, and areas of devegetated sand 
are the main areas where sites have been recorded. 

Gnangara Road Archaeological Investigation 



	

4.0 	CONCLUSIONS 

	

4.1 	Discussion 

A preliminary investigation for Aboriginal and heritage sites of 
the Ellenbrook Pressure Main Corridor was commissioned by 
Gutteridge Haskins & Davey Pty Ltd. This report details the 
archaeological and historical investigation. 

The proposed development involves a section of Gnangara Road in 
the Northern Metropolitan Area. It covers a total of 
approximately 14 kilometres of corridor between Woollybush Road 
in Ellenbrook to Hartman Drive in Wangara. The investigation 
corridor was taken as 100 metres on each side of Gnangara Road. 
The actual road reserve is 52 metres wide. An alternative route 
which follows Lord Street, Marshall Road and Alexander Drive was 
considered as a possible alternative route. This involves an 18 
kilometre deviation from Gnangara Road. 

The preliminary archaeological investigation for Aboriginal and 
heritage significance involved the assembly of data from previous 
work in the region, including information from the Heritage and 
Culture Division, Aboriginal Affairs Department, Aboriginal site 
files, Australian Heritage Commission and Western Australian 
Heritage Council site lists, Shire Council Heritage Lists, 
previous survey reports, maps and environmental information. 

A total of twelve Aboriginal archaeological sites have been 
recorded in the region within a radius of one kilometre of the 
designated section of Gnangara Road. No historically significant 
sites are listed within the survey area corridor. 

Eleven of these are artefact scatters and one is a scarred tree. 
Two of the artefact scatters (S0724 and S0725) have the 
designation "Not a Site" which is presumed to mean they are no 
longer extant. Two of the sites near Gnangara Lake (S0163 and 
S0695) have been destroyed by development, according to previous 
survey work (Harris, 1990). 

Of the remaining sites, S2828 is 120 metres south of Gnangara 
Road and 50 metres east of Alexander Drive, while S2880 is on the 
sou t hwe s-t--ma-rg±n---o-f Gn-ata-ra La-ke. S 1-3-4-3—fs—to--t-he—east--o-f 
Alexander Drive between Landsdale Road and Hepburn Avenue. 

The other sites are in the vicinity of Beechboro Road and 
Marshall Road. S0706 is on each side of Marshall Road immediately 
west of Beechboro Road, while S2435 is south of marshall Road and 
100 metres east of Della Road. S1285, S2356 and S2357 are 
adjacent to Beechboro Road to the north of Marshall Road. 

Based on previous research, the size of the project area and the 
local environment, Aboriginal site potential is considered to be 
low. The Gnangara Road Option is considered less likely to impact 
known archaeological sites than the Marshall Road Deviation. 
Recent survey work for the Gnangara Road reserve upgrade found no 
archaeological sites in the road reserve between Alexander Drive 
and Lord Street. 

Gnangara Road Archaeological Investigation 	 7 



4.2 	Recommendations 

The recommendations which follow are based on investigations of 
previously recorded sites in the area. 

In the light of the present investigation, given the results 
of the research, size and the nature of the project area, it is 
considered that no further archaeological survey work is 
warranted. 

The Gnangara Road Option is considered less likely to impact 
known archaeological sites than the Marshall Road Deviation and 
is recommended as the best option from an archaeological point of 
view. 

It is pointed out that human interference to Aboriginal sites 
is an offence unless authorised under the Act, as outlined in 
Section 17 of the W.A. Aboriginal Heritage Act, 1972. Therefore, 
it is recommended that the Proponents take adequate measures to 
inform any project personnel of this requirement. Any Aboriginal 
or historical cultural material discovered in the project area 
should be reported to the W.A. Museum. 

I 
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APPENDIX ONE 

OBLIGATIONS RELATING TO SITES UNDER THE 
ABORIGINAL HERITAGE ACT, 1972 

Report of Findings 

Any person who has knowledge of the existance of any thing 
in the nature of Aboriginal burial grounds, symbols or objects of 
sacred, ritual of ceremonial significance, cave or rock paintings 
or engravings, stone structures or arranged stones, carved trees, 
or of any other place or thing to which this Act applies or to 
which this Act might reasonably be suspected to apply shall 
report its existence to the Registrar, or to a police officer, 
unless he has reasonable cause to believe the existence of the 
thing or place in question to be already known to the Registrar." 

Excavation of Aboriginal Sites 

(1) Subject to Section 18, the right to excavate or to 
remove any thing from an Aboriginal site is reserved to the 
Registrar. 

(2) 	The Registrar, on the advice of the Committee, may 
authorise the entry upon and excavation of an Aboriginal site and 
the examination or r'emoval of any thing on or under the site in 
such manner and subject to such conditions as the Committee may 
advi se." 

Offences Relating to Aboriginal Sites 

A person who- 

Excavates, destroys, damages, conceals or in any way 
alters any Aboriginal site; or 

In any way alters, damages, removes, destroys, conceals, 
or who deals  with in a manner not sanctioned by relevant custom, 
or assumes the possession, custody or control of, any object on 
or under an Aboriginal site, 

commi t saii.....o.Lfenc.e u.n 1 e ss he—i-s_4-ng--w-i-t-h--  the —a-u-t*o-r±s-a-t-j-c,n—c-f--------  
the Registrar under section 16 or the consent of the Minister 
under section 18." 

Consent to Certain Uses 

1118. (1) For the purposes of this section, the expression "the 
owner of any land" includes a lessee from the Crown, and the 
holder of any mining tenement or mining privilege, or of any 
right or privilege under the Petroleum Act, 1967, in relation to 
the land. 



(2) 	Where the owner of any land gives to the Committee 
notice in writing that he requires to use the land for a purpose 
which, unless the Minister gives his consent under this section, 
would be likely to result in a breach of section 17 in respect of 
any Aboriginal site that might be on the land, the Committee 
shall, as soon as it is reasonably able, form an opinion as to 
whether there is any Aboriginal site on the land, evaluate the 
importance and significance of any such site, and submit the 
notice to the Minister together with its recommendation in 
writing as to whether or not the Minister should consent to the 
use of the land for that purpose, and, where applicable, the 
extent to which and the conditions upon which his consent should 
be given. 

Where the Committee submits a notice to the Minister 
under subsection (2) of this section he shall consider their 
recommendation and having regard to the general interest of the 
community shall either - 

(a) 	consent to the use of the land the subject of the 
notice, or a specified part of the land, for the purpose 
required, subject to such conditions, if any, as he may specify; 

or 

(b) 	wholly decline to consent to the use of the land the 
subject of the notice for the purpose required, 

and shall forthwith inform the owner in writing of his decision. 

Where the owner of any land has given to the committee 
notice pursuant to the subsection (2) of this section and the 
Committee has not submitted it with its recommendation to the 
Minister in accordance with that subsection the Minister may 
require the Committee to do so within a specified time, or may 
require the Committee to take such other action as the Minister 
considers necessary in order to expedite the matter, and the 
Committee shall comply with any such requirement. 

Where the owner of any land is aggrieved by a decision 
of the Minister made under subsection (3) of this section he may, 
within the time and in the mannerpj-e.s.cri.b..ed by  the rules of 
court, appeal from the decision of the Minister to the Supreme 
Court which may hear and determine an appeal. 

In determining an appeal under subsection (5) of this 
section the Judge hearing the appeal may confirm or vary the 
decision of the Minister against which the appeal has been made 
or quash the decision and substitute his own decision which shall 
have effect as if it were the decision of the Minister, and may 
make such order as to the costs of the appeal as he sees fit. 

Where the owner of the any land gives notice to the 
Committee under subsection (2), the Committee may if it is 
satisfied that it is practicable to dp so, direct the removal of 
any object to which this Act applies from the land to a place of 
safe custody. 

Where consent has been given under this section to a 
person to use any land for a particular purpose nothing dane by 
or on behalf of that person pursuant to, and in accordance with 
any conditions attached to, the consent constitute an offence 
against the Act." 



APPENDIX TWO 

Notes on the Recognition of Aboriginal Sites 

There are various types of Aboriginal Sites, and these notes have 
been prepared as a guide to the recognition of those types likely 
to be located in the survey area. 

An Aboriginal Site is defined in the Aboriginal Heritage Act, 
1972, in Section 5 as: 

"(a) Any place of importance and significance where persons 
of Aboriginal descent have, or appear to have, left any object, 
natural or artificial, used for, or made for or adapted for use 
for, any purpose connected with the traditional cultural life of 
the Aboriginal people, past or present; 

(b) 	Any sacred, ritual or ceremonial site, which is of 
importance and special significance to persons of Aboriginal 
descent; 

(c) 	Any place which, in the opinion of the Committee, is or 
was associated with the Aboriginal people and which is of 
historical, anthropological, archaeological or ethnographical 
interest and should be preserved because of its importance and 
significance to the cultural heritage of the State; 

(d) 	Any place where objects to this Act applies are 
traditionally stored, or to which, under the provisions of this 
Act, such objects have been taken or removed." 

Habitation Sites 

These are commonly found throughout Western Australia and usually 
contain evidence of tool-making, seed grinding and other food 
processing, cooking, paihting, engraving or numerois other 
activities. The archaeological evidence for some of these 
activities is discussed in details under the appropriate heading 
below. 

Habitation sites are usually found near an existing or former 

They are generally in the open, but they sometimes occur in 
shallow rock shelters or caves. It is particularly important that 
none of these sites be disturbed as the stratified deposits which 
may be found at such sites can yield valuable information about 
theJnhabitants when_exca.tated_by archaeoi-ogsts-.------ 	 -- 	- 

Seed Grinding 

Polished or smoothed areas are sometimes noticed on/near 
horizontal rock surfaces. The smooth areas are usually 25cm wide 
and 40 or 50cm long. They are the result of seed grinding by the 
Aboriginal women and indicate aspects of past economy. 

Habitation Structures 

Aboriginal people sheltered in simple ephemeral structures, 
generally made of branches and sometimes of grass. These sites 
are rarely preserved fOr more than one occupation period. 
Occasionally rocks were pushed aside or used to stabilise other 
building materials. When these roOks patterns are located they 
provide evidence for former habitation sites. 



Mi ddens 

When a localised source of shellfish and other foods has been 
exploited from a favoured camping place, the accumulated ashes, 
hearth stones)  shells, bones and other refuse can form mounds at 
times several metres high and many metres in diameter. 
Occasionally these refuse mounds or middens contain stone, shell 
or bone tools. These are most common near the coast, but examples 
on inland lake and river banks are not unknown. 

Stone Artefact Factory Sites 

Pieces of rock from which artefacts could be made were often 
carried to camp sites or other places for final production. Such 
sites are usually easily recognisable because the manufacturing 
process produces quantities of flakes and waste material which 
are clearly out of context when compared with the surrounding 
rocks. All rocks found on the sandy coastal plain, for example, 
must have been transported by human agencies. These sites are 
widely distributed throughout the State. 

Quarries 

When outcrops of rock suitable for the manufacture of Stone tools 
were quarried by the Aborigines, evidence of the flaking and 
chipping of the source material can usually be seen in situ and 
nearby. Ochre and other mineral pigments used in painting rock 
surfaces, artefacts and in body decoration are mined from 
naturally occurring seams, bands and other deposits This 
activity can sometimes be recognised by the presence of wooden 
digging sticks or the marks made by these implements. 

Marked Trees 

Occasionally trees are located that have designs in the bark 
which have been incised t)y Aborigines. Toeholds, to assist the 
climber, were sometimes cut into the bark and sapwood of trees in 
the hollow limbs of which possums and other arboreal animals 
sheltered. Some tree trunks bear scars where Section of bark or 
wood have been removed and which would have been used to make 
dishes, shield, spearthrowers and other wooden artefacts. In some 
parts of the state woodeh olaif 	sere_built in trees tp 
accommodate a corpse during complex rituals following death. 

Burials 

In the north of the state it was formerly the custom to-place-.the 
bones of the dead on a ledge in a cave after certain rituals were 
completed. The bones were wrapped in sheets of bark and the skull 
placed beside this. In other parts of Western Australia the dead 
were burled, the burial position varying according to the customs 
of the particular area and time. Natural erosion, or mechanical 
earthmoving equipment occasionally exposes these burial sites. 

Stone Structures 

If one or more stone are found partly buried or wedged into a 
position which is not likely to be the result of natural forces, 
then it is probable that the place is an Aboriginal site and that 
possibly there are other important sites nearby. There are 
several different types of stone arrangements ranging simple 
cairns or piles of stones to more elaborate designs. Low we-irs 
which detain fish when tides fall are found in coastal areas. 



Some rivers contain similar structures that trap fish against the 
current. It seems likely that low stone slab structures in the 
south west jarrah forests were built to provide suitable 
envfronments in which to trap some small animals. Low walls or 
pits were sometimes made to provide a hide or shelter for a 
hunter. 

Elongated rock fragments are occasionally erected as a sign or 
warning that a special area is being approached. Heaps or 
alignments of stones may be naturalistic or symbolic 
representations of animals, people or mythological figures. 

Paintings 

These usually occur In rock shelters, caves or other sheltered 
situations which offer a certain degree of protection from the 
weather. The best known examples in Western Australia occur in 
the Kimberley region but paintings are also found through most of 
th.e states. One of several coloured ochres as well as other 
coloured pigments may have been used at a site. Stencilling was a 
common painting technique used throughout the state. The negative 
image of an object was created by spraying pigment over the 
object which was held against the wall. 

Engravings 

This term described designs which have been carved, peqked or 
pounded into a rock surface. They form the predominant art form 
of the Pilbara region but are known to occur in the Kimberleys in 
the north to about Toodyay in the south. Most engravings occur in 
the open, but some are situated in rock shelters. 

Caches 

It was the custom to hide ceremonial objects in niches and other 
secluded places. The removal of objects from these places, or 
photography of the places or objects or any other interferetice 
with these places is not permitted. 

Ceremonial Grounds 

At some sites the ground has been modifi_eiaone_ay_by the 
removal of surface pebbles, or the modeling of the soil, or the 
digging of pits and trenches. In other places there is not 
noticeable alteration of the ground surface and Aborigines 
familiar with the site must be consulted concerning its location. 

Mythological sites 

Most sites already described have a place in Aboriginal 
mythology. In addition there are many Aboriginal sites with no 
man-made features which enable them to be recognised. They are 
often natural features in the landscape linked to the Aboriginal 
Account of the formation of the world during the creative 
"Dreaming" period in the distant past. Many such sites are 
located at focal points in the creative journeys of mythological 
spirit beings of the Dreaming. Such sites can only be identified 
by the Aboriginal people who are familiar with the associated 
traditions. 
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Report on a preliminary investigation for Historic Sites, Gnangara 

Road, Wanneroo and Swan Shires. 

In order to establish if any historical sites would be affected by the proposed 

development the relevant Municipal Inventories and suitable secondary sources provided 

by the Heritage Council Library were consulted. Texts housed at the Heritage Council 

furnished a general history of the area outlined below. 

Municipal Inventories held at the relevant shires revealed no Historic Sites within the 

survey area. However, these inventories are based on historic sources and public 

nominations and are not likely to be a complete representation of archaeological material. 

No systematic field surveys for historic significance have yet commenced. In the future 

G.Nayton (M.Ross pers.comm.1997) may produce a predictive report on areas of 

historical potential . This will not be site specific and will instead concentrate on zones of 

greatest archaeological interest. In accordance with this strategy it is thus useful to 

concentrate on areas of potential rather than seeking documented sites. 

History of the Gnangara Road Area 

In 1844 Lake Goollelal, at the junction of Wanneroo and Gnangara Roads, was the site 

of a native farm started by a Wesleyan missionary, the Rev. John Smithies(Chambers 

1991 :6). The establishment lasted until 1852 when it moved to York because of the poor 

nature of the Wanneroo soil (Cockman etal. 1979:5). The intention of the project was to 

instill the fundamental principles of farming into the Aborigwes. Six hectires of Ind 

were cleared for the purpose of growing vegetables, raisin grapes and olive trees. 

Stockyards, sheds, fences and a homestead were erected. 

Gnangara Lake served as a course for horse race meetings in the early days of the colony 

as it was situated close to colonial recreational hunting grounds (Gilks 1977:13). Brief 

forays such as these were common practise in the Wanneroo area because as the soil was 

poor the region was used for cattle pasture rather than settlement (Gilks 1977:13). It is 

therefore probable that there would be a limited material record, particularly structural, of 

the early European settlers, until after the advent of the Wanneroo Roads Board. 



In 1887 Gnangara Lake was gazetted as a Aboriginal Reserve. The Acting Commissioner 

for Crown Lands stated: 

I think that a suitable place for this reserve will be near Lake Gnangara, there are 

a series of lakes in the vicinity which will afford permanent water.(Cockman etal. 

1979:19) 

2000 acres were marked for the reserve. 

Lakes in the area were known as Aboriginal gathering points and would have constituted 

a rich resource in terms of water, vegetation and game (Brittain 1987:40). Yellagonga of 

the Swan River area and his tribe withdrew to the lakes and Wanneroo ('Place of the 

Womens' Digging Sticks" Gijks 1977:8) or the 'outer' territory, in response to the 

European intrusion. His nephew Yagan reputedly took refuge at Gnangara Lake until his 

murder in 1834. 

The reserve existed for only fourteen years and in 1901 the reserve was cancelled so that 

the land could be released for conditional purchase and free homestead farms (Cockman 

etal. 1979:20). It would appear that this is the first instance of substantial European use 

of the Gnangara Lake area. The advent of fertilisers made market gardening in Wanneroo 

soil a viable economic venture but the distance to Perth restricted growth in the region 

until the area was gazetted as a roads district in 1902. After this market gardens centred 

around the cheap land on lake margins for the same features that attracted the Aboriginal 

inhabitants earlier. The area is significant to the history of the Chinese and post world 

-walianinnark-gardenis. 

Recommendations 	 - - --------- 

In conclusion, no Historic Sites, for the area within 50 metres either side of Gnangara 

Road between Wanneroo Road and West Swan Road, have been listed with either the 

Wanneroo or Swan Shires or with the Heritage Council. Historical sources suggest that 

any archaeological material present in the survey area would be relevant to twentieth 

century market garden history or would come under the protection of the WA Aboriginal 

Heritage Act, 1972 and amendments 1980 and 1995. 



It is therefore recommended that if any significant historical material relating to this 

period of agriculture is observed, the proponent contact the relevant Shire Councils. For 

the area of Gnangara Road west of Sydney Street the relevant heritage authority is Mr 

Bob Ruscoe of the Wanneroo City CounciL For the eastern portion of Gnangara Road, 

Mr Michael Ross, of Asset Planning Services at the Swan Shire Council, is compiling the 

Swan Municipal Inventory. 

REFERENCES: 

Brittain,R.K. 1987 'Perry's Paddock' Historical Village City of Wanneroo. Kidd and 
Povey, Architects, Report for the Historical Sites Advisory Committee of the City of 
Wanneroo. 

Chambers,A. 1991 The Pioneers, A Story of Wanneroo. City of Wanneroo, Western 
Australia. 

Cockman,M.&G.Daniel 1979 Wanneroo. Published by the Shire of Wanneroo to mark 
the Western Australia 1 50th  Anniversary of colonisation. 

Gilks,L.A. 1977 Wanneroo Development of a District. Unpublished Teachers Higher 
Certificate Thesis, Education Department of Western Australia. 



Appendix E 

Groundwater Modelling Report 

Sewer Pressure Main along Gnangara Road between Ellenbrook and Wangara 
Public Environmental Review 

Gutteridge Haskiris & Davey Pty Ltd 



Rockwater 
PRDPR I ETRY LIMITED 

94 IROKEBY ROAD, SUBIACO, WESTERN AUSTRALIA 6008. 
P.O. BOX 237, SUBIACO, WESTERN AUSTRALIA 6008. 

TELEPHONE (09) 382 4922 
INTERNATIONAL: 619 382 4922 

FACSIMILE: (09) 381 3264 

GUTERTDGE HASK1NS AND DAVEY PTY LTD 
WATER CORPORATION 

HYDROGEOLOGIAL CONDITIONS ALONG GNANGARA ROAD 
AND POSSIBLE IMPACTS OF ACCIDENTAL LEAKAGE FROM 

PROPOSED ELLENBROOK SEWER MAIN 

OCTOBER 1997 

99.9/97/1 



TABLE OF CONTENTS 

PAGE 
No. 

1. INTRODUCTION 1 

2. LOCATION 2 

3. SEITING 2 

3.1 	HYDROGEOLOGY 2 

3.2 	MIRRABOOKA WELLFIELD 3 

4. REVIEW OF RELEVANT REPORTS 3 

5. HYDROGEOLOGICAL CROSS SECTION 4 

5.1 	GENERAL 4 

5.2 	GEOLOGY 4 

5.3 	GROUNDWATER CONDITIONS 5 

5.3.1 	Depth to Water Table 5 
5.3.2 	Groundwater Flow 6 
5.3.3 	Groundwater Quality 6 
5.3.4 	Downward Heads 7 

5.4 	'COFFEE ROCK' 7 

5.5 	CONTAMINATION PLUME 7 

5.6 	PRODUCTION WELL SCREEN INTERVALS 8 

6. GROUNDWATER PROTECTION FROM CONTAMINATION 8 

6.1 	EFFECT OF 'COFFEE ROCK' 8 

6.2 	LIMESTONE UNITS 8 

6.3 	CLAY 9 

6.4 	BEDDING AND SORTING 9 

6.5 	FLOW PATHS 9 

7 WELLHEAD PROTECTION ZONES 	 - 9 

8. NUMERICAL MODELLING OF LEAKS 10 

8.1 	METHOD 10 

8.2 	RESULTS 10 

8.2.1 	Large, Short-Term Leak 11 

8.2.2 	Small, Long-Term Leak 12 

8.2.3 	Discussion of Modelling Results 12 

9. REVIEW OF FACTORS ATTENUATING CONTAMINATION 12 

9.1 	COMPOSITION OF SEWAGE 12 

9.2 	ATTENUATION PROPERTIES OF THE BASSENDEAN SAND 13 



TABLE OF CONTENTS 
(CONT' 

PAGE 
No. 

9.3 PHOSPHORUS 	 14 

9.4 NITROGEN 	 15 

9.5 	BACTERIA AND VIRUSES 	 16 

9.5.1 Removal of Bacteria 16 
9.5.2 Mobility of Bacteria 17 
9.5.3 	Survival of Bacteria 17 
9.5.4 	Removal of Bacteria by Bassendean Sand 17 

9.6 	VIRUSES 17 

9.6.1 	Removal Mechanisms 17 

9.7 	HEAVY METALS 18 

9.8 	BIOCHEMICAL OXYGEN DEMAND 19 

9.9 	TOTAL SUSPENDED SOLIDS 19 

10. GNANGARA LIQUID WASTE DISPOSAL SITE 19 

10.1 	BACKGROUND 19 

10.2 	CONTAMINATION FROM SITE 20 

10.3 	IMPLICATION FOR PROPOSED PIPELINE 20 

11. CONCLUSIONS 20 

TABLES 

1 SELECTED PRODUCTION WELL DATA 3 

2 STRATIGRAPHIC SEQUENCE ALONG GNANGARA ROAD 5 

3 WATER ANALYSES WELLS M3 10, M320, M330 AND M340 

4 CHANGES IN MODEL-CALCULATED CONCENTRATIONS 
FOR LARGE LEAK (1,400 m3) 11 

5 ANALYSES OF COMPOSITE RAW INFLUENT SAMPLES 
FROM BEENYUP WASTEWATER TREATMENT PLANT 13 

6 	CHEMICAL AND PHYSICAL CHARACTERISTICS OF THE BASSNEDEAN SAND 14 

REFERENCES 	 22 

FIGURES 

1 	LOCATION OF PIPELINE 
2 	GNANGARA MOUND 
3 	HYDROGEOLOGIAL CROSS SECTION ALONG GNANGARA ROAD 
4 	GN2 WATER TABLE HYDROGRAPH 
5 	SOLUTE TRANSPORT MODEL CALCULATED VARIATIONS IN 

PERCENTAGE CONCENTRATIONS AT WELL M320 



A= 
Rockwater 

PROPRIETARY LIMITED 

94 ROKEBY ROAD, SUBIACO, WESTERN AUSTRALIA 6008. 
PO BOX 237, SUBIACO, WESTERN AUSTRALIA 6008. 

TELEPHONE: (09) 382 4922 
INTERNATIONAL7 619 382 4922 

FACSIMILE: (09) 381 3264 

GUTI'ERIDGE HASKINS AND DAVEY PTY LTD 
WATER CORPORATION 

HYDROGEOLOGIAL CONDITIONS ALONG GNANGARA ROAD 
AND POSSIBLE IMPACTS OF ACCIDENTAL LEAKAGE FROM 

PROPOSED ELLENBROOK SEWER MAIN 

1-1 

The proposed Ellenbrook sewer main is to be located along Gnangara Road, across the 
southward extension of the Gnangara Mound. It will pass across a Priority 1 groundwater 
protection area and for a small distance across a Priority 2 protection area. In addition the main 
will be located along the northern boundary of the Water Corporation Mirrabooka Weilfield and 
will pass across six existing welihead protection zones, around production wells. 

A hydrogeological cross-section along Gnangara Road shows that the Superficial aquifer is 
about 45 m thick and consists predominantly of sand, except for a layer of ferruginised sand 
('coffee rock') at about the level of the former water table; some minor beds of clay; and 
limestone at depth, and to the west. The section also shows that the water table has been 
lowered by 2 - 4 m from pre-pumping levels, and that an ammonia-enriched contamination 
plume from a former liquid waste disposal site occurs near the eastern end of the pipeline. 

Numerical modelling indicates that in the event of a large short-term leak (1,400 m) near a 
production well, contamination would take 112-142 days to reach the screened interval of the 
well and would be diluted to about 5% of its original concentration. The numerical modelling 
of a small long-term (continuous) leak (86 m3/d) near a production well indicated that 
contamination would reach the screened interval in 80 to 130 days and that the contamination 
would be about 10% of the original concentration. 

A review of published data indicates that the Bassendean Sand is generally considered to have 
limited potential for retention of contaminants. Nevertheless a number of attenuation processes 
have been identified that can minimise contamination and provide a measure of protection 
provided they are not overloaded. These mechanisms include filtration of suspended solids and 
bacteria; adsorption of phosphorus and heavy metals by 'coffee rock' and limestone; and 
denitrification processes. 

(i) 
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A contamination plume about 1,000 m long and 600 m wide moving at 40 rn/yr extends främ 
the former liquid disposal site. The plume is mainly of ammonia-enriched groundwater and 
comparisons between the disposal site and any leakage from the pipeline are not particularly 
helpful given the nature, size and method of disposal at the site. However, it shows that any 
contamination from sewage is likely to be mainly nitrogenous componds and that other 
contaminants such as heavy metals, phosphorus, and bacteria are likely to be adsorbed, 
attenuated, or diluted within the aquifer. 

It is concluded that the contamination posed by sewage is not particularly severe, and that 
attenuation processes, together with well design, and dispersal and dilution within the aquifer 
would limit the severity of any contamination arising from leakage of the proposed sewer main. 
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The Water Corporation is planning to provide a sewerage outlet for the Ellenbrook subdivision. 
To meet this objective a high pressure sewer main is proposed from a pumping station at Lord 
Street, along Gnangara Road to Hartman Drive, to connect with existing mains to the Beenyup 
Sewage Treatment Plant. 

The proposed sewer main along Gnangara Road (Fig. 1) passes for most of its length across a 
Priority 1 groundwater protection area and in the extreme west for a small distance across a 
Priority 2 protection area. Furthermore, the proposed sewer main will pass through six current 
and four proposed wellhead protection zones of wells in the Mirrabooka Wellfield operated by 
the Water Corporation. 

There is concern about the possibility of leaks from the sewer main causing contamination of 
the groundwater resources, and affecting the use of production wells in the wellfield. 
Giitteridge 14askins anitDavey (CMDha&been.contractecLby the Water _Corporation to...prepc're 
a Public Environmental Review (PER) for submission to the Department of Environmental 
Protection. GHD has sub-contracted Rockwater to provide hydrogeological input into the PER. 

This report is intended to provide data for the risk assessment and also 	 into 
PER. Specifically it provides the following information: 

an overview of the hydrogeology; 

a hydrogeological cross-section along Gnangara Road; 

results of computer modelling providing estimates of rate of movement, and dilution of 
leakage from the pipeline within the welihead protection zones; 
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a review of likely filtering, dilution, and adsorption mechanism for reduction of bacteria, 
viruses, nitrate, phosphorus, heavy metals and organic compounds found in domestic 
sewage; 

data from a case-study of known effects of septage disposal from a closed-down liquid 
waste disposal site near Gnangara Road; 

relevant text, maps and diagrams which can be used in the PER. 

LOCATION 

The proposed Ellenbrook sewer main is to be located within the road reserve along the south 
side of Gnangara Road, about 18 km north of Perth (Fig. 1). Gnangara Road is a major road 
which provides a link between Wanneroo Road and Great Northern Highway. The part of the 
pipeline route being reviewed extends along Gnangara Road between the Lord Street 
intersection in the east and the Hartman Drive intersection in the west. 

The land surface along Gnangara Road is relatively flat except for two minor dunes located in 
the east and mid part of the road, and a series of low dunes and intervening swales along the 
western quarter of the road. The surface elevation ranges from 45-5 5 m AND and is mainly 

about 45 m AHD. The dunes rise 5 - 10 in above the general surface. 

Along the eastern two thirds of the road the Gnangara pine plantation (State Forest 65) is 
located immediately to the north; and to the south is an extensive area of pastoral land. Along 
the western third of the road various farms, market gardens and light industrial sites are located 
along both sides of the road. 

SETTING 

3.1 HYDROGEOLOGY 

Bassendean Dunes a relatively flat sand sheet which in the west is overlain by the Spearwood 
Dunes of sand and limestone. 

The sediments comprising the Swan Coastal Plain are of Pliocene - Quaternary age and about 
50 - 60 m thick. These sediments, referred to as the Superficial formations, unconformably 
overlie Cretaceous sedimentary rocks of the Perth (sedimentary) Basin. 

The combination of a relatively high annual rainfall (average 869 mm) received mainly in the 
winter, surface sediments consisting predominantly of sand, and relatively flat topography has 
resulted in the occurrence of large renewable groundwater resources in the Superficial 
formations which collectively are referred to as the Superficial aquifer (Davidson 1995). The 
groundwater in the Superficial aquifer is unconfined, with a regional water table ranging from 
the surface (in wetlands) to about 15 in below surface, depending on topography. The water 
table fluctuates seasonally by 1 - 2 in generally being highest at the end of winter in 
September/October and lowest in March/April. On a regional scale the water table has a 
mound-like shape, and is referred to as the Gnangara Mound (Fig. 2). 
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Groundwater flows radially from the crest of the mound toward the Swan River and the coast 
(Fig. 2). Some groundwater in the Superficial aquifer discharges into wetlands and some into 
the underlying Cretaceous, Mirrabooka and Leederville aquifers. The salinity of the 
groundwater is 250-500 mg/L TDS. Depending on the thickness and nature of the sands 
comprising the Superficial aquifer, appropriately designed wells can yield up to 3,000 m3/d. 

3.2 	MIRRABOOKA WELLFIELD 

The Mirrabooka Weilfield was commissioned in 1970. It is owned and operated by the Water 
Corporation and extends to about 5.5 km south of Gnangara Road over an area of about 55 km2. 
It comprises four east-west lines of wells about 1.5 km apart with production wells spaced at 
about 1 km intervals. There are 26 production wells of which six are located along the southern 
side of Gnangara Road. Total pumpage from the weilfield has increased from about 11 x 
106m3/yr in 1975 to about 16 x 106m3/yr at present, from wells in the Superficial aquifer and 
deeper wells in the Mirrabooka, Leederville and Yarragadee aquifers. 

The production wells in the Superficial aquifer along Gnangara Road each produce volumes of 
groundwater ranging from about 300,000 - 970,000 m3/yr (Table 1). The yield from the wells is 
determined by individual well capacity and by pumping quotas set by the Water Corporation. 

TABLE 1 

SELECTED PRODUCTION WELL DATA 

WELL COLLAR 
LEVEL 

(in Al-ID) 

SCREENED 
iNTERVAL 

iF! OW SURFACE 
rn bs) 

SWL 	- 
(m :\HD) 
5, lU7 

(approx)  

ANNI AL 
PUMP.\Gi: 

M300 45.37 31.53-48.29 44.2 441,050 
M310 46.09 22.05 - 53.29 45.2 490,955 

M320G 46.75 21.03 - 48.46 45.1 535,372 

M330G 47.78 21.76-52.55 44.7 973,739 

M340G 47.04 20.74 - 45.43 44.6 767,277 
M350 45.89 31.00-46.00 44.2 298,585 

+ 	From Bestow (1971). 

4. 	REVIEW OF RELEVANT REPORTS 

There are numerous reports relating to the exploratory drilling and testing of the area, 
groundwater recharge, groundwater contamination, groundwater chemistry, properties of 
aquifers, and groundwater management for the area in the vicinity of the pipeline. As 
background to the present investigation the known major reports are briefly reviewed here and 
cited in the report if appropriate. 

The results of exploration drilling and testing programmes leading up to the establishment of the 
Mirrabooka Wellfield are given by Morgan (1964), Sanders (1965), Balleau (1972) and Allen 
(1977). Results of pumping tests, estimates of available groundwater resources and an analyses 
of aquifer responses prior to constructing the borefield are given by Bestow (1971) and Balleau 
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(1972). Descriptions of the regional hydrogeology pertaining to the area are given by Allen 
(1976 and 1981), Cargeeg. et. al. (1987), and the most recent and definitive report by Davidson 
(1995). A monitoring review of the weilfield yield and performance is given in a series of 
scheme reviews, by consultants to the Water Authority (e.g. Water Authority 1987). 

Rainfall recharge to the Mirrabooka welifield has been estimated by Bestow (1972) and 
Davidson (1995). Other relevant experimental determinations of recharge on the Gnangara 
Mound using tritium in rainfall have been made by Thorpe (1985). 

The hydrochemistry of groundwater from some of the production wells has been described by 
Martin and Harris (1982). The transformation of groundwater quality in the direction of 
groundwater flow from near the crest of the Gnangara Mound through the Mirrabooka Weilfield 
to the Swan River and coast has been described by Bawden (1987). 

Groundwater contamination from liquid waste disposal in the Perth region, including the site 
adjacent to Gnangara road was described by Hirschberg (1986). This and other actual or 
potential sites of groundwater contamination were subsequently mapped and listed by 
Hirschberg (1991). The vulnerability of the Mirrabooka Wellfield to groundwater 
contamination has been mapped by Appleyard (1993). He has also described the degree and 
extent of the contamination plume extending from the former liquid waste disposal site 
adjacent to the weilfield (Appleyard 1996). 

The effects of pumpage from the Mirrabooka Weilfield, causing stress on the pine plantations 
and native vegetation have been described by Havel (1975) and by the Water Authority (1992), 
respectively. 

Regional groundwater modelling including the welifield has been described by Pollett et. al. 
(1979) and in the Perth Urban Water Balance (Cargeeg et. al., 1987). 

Various recommendations for management of the area are given in an environmental review 
and management programme developed for the Water Authority (Dames and Moore 1986); in 
the report by the Research Group on groundwater management (AWRC, 1989); and in the 
report of the Select Committee on Metropolitan Development and Groundwater Supplies 
(Board, 1994). Dames and Moore (1996) havc rcvicwcd the extent of the -groundwater 
protection area boundaries on the Gnangara Mound, and capture zones of production wells 
including the Mirrabooka Weilfield. 

5. 	HYDROGEOLOGICAL CROSS SECTION 

5.1 GENERAL 

A hydrogeological section along Gnangara Road, based on available data is given in Figure 3. 
The section shows the topography and hydrogeology using an exaggerated vertical scale so that 
relationships can be readily seen. 

5.2 GEOLOGY 

The geology is based on available logs from various exploratory and production wells which 
have been drilled along Gnangara Road. The logs are of variable reliability and some of the 
data are incomplete and inconsistent. 
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The cross-section (Fig. 3) shows the Superficial formations resting unconformably on the older 
Cretaceous sedimentary rocks of the Perth Basin. The Superficial formations vary from east to 
west and with depth. In the east they consist predominantly of sand interbedded with clay 
which thickens toward the east. The sands overlie an irregular eroded layer of limestone and 
calcareous sand at depth about midway along Gnangara Road, and are overlain in the west by 
dunes of younger limestone and associated sand. A layer of ferruginised sand (coffee rock) 
occurs in the zone of water table fluctuation. 

The stratigraphic sequence in the area is given in Table 2 together with a brief lithological 
description. 

TABLE 2 

STRATIGRAPHIC SEQUENCE ALONG GNANGARA ROAD 

Age Formation Minimum Description 
Thickness 

(m)  
Quaternary Tamala Limestone! 50 Fawn, dune bedded, sandy limestone, overlain 

Sand  and interbedded with yellow slightly silty sand 
Bassendean Sand ?10 Grey, fine-medium, moderately sorted quartz 

sand with some heavy minerals; 'coffee rock' 
developed at water table 

Gnangara Sand ?40 Grey, medium to very coarse poorly to 
moderately sorted feispathic sand with local beds 
of clay. Interfingers eastward with the Guildford 
Clay 

Guildford Clay 5 Yellow-brown to green-grey. Sandy clay with 
local beds of sand 

Tertiary Ascot Limestone 20 Grey to light brown, sandy fossiliferous 
limestone with heavy minerals and phosphatic 
layers, interbedded with coarse calcareous sands 
and occasional layers of clay and silt. 

Cretaceous Poison Hill 60 Grey-green, silty glauconite, fine to medium 
(ireensand sandstone 
Osborne Formation 140 Green - black siltstone and shale with interbeds 

of glauconitic sandstone. 

5.3 	GROUNDWATER CONDITIONS 

The proposed pipeline route is east-west across the Gnangara Mound, about midway between 
the crest of the mound and the Swan River in the south (Fig. 2). The aquifer is mainly 
unconfmed but local confined conditions occur beneath the Guildford clay and thin clay 
interbeds in the Gnangara Sand. 

5.3.1 Depth to Water Table 

The original water table level prior to commissioning the welifield (October 1980) from Bestow 
(1971), and the water table level in March 1996, are shown on Figure 3. Prior to 
commissioning the Mirrabooka Scheme the depth to the water table varied from about 2 - 10 m 
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below surface depending on the topography. In general the depth to the water table was 
shallowest on the crest of the mound and deepened toward the west. 

The water table levels for March 1996 are based on monitoring bores along Gnangara Road. 
They show that water table levels have been lowered 3 to 4.5 m (probably with slightly more 
lowering around the production bores) since the commissioning of the welifield. Water levels 
in the extreme east and west are probably not affected. A hydrograph from GN2 on Gnangara 
Road (Fig. 4) shows that seasonal variation in water table levels are now more extreme than 
prior to commissioning of the scheme. The hydrograph reflects the effects of pumpage and 
increased annual recharge infilling some of the storage created by the pumpage. 

'5.3.2 Groundwater Flow 

Regional groundwater flow is southwards with some radial flow to the east and west (Fig. 2). 
Data have not been analysed but it is inferred that the Mirrabooka weilfield has created a large 
irregular area of lowered water table levels (with local cones of depression around the 
production bores) which captures a large proportion of the groundwater flow from the Gnangara 
Mound. This has resulted in diversion of groundwater flow toward the welifield from a wide 
area. 

5.3.3 Groundwater Quality 

The groundwater varies slightly in salinity spatially and with depth depending on the 
contribution of groundwater from the Ascot Limestone, and recharge conditions. Since 
commissioning the welifield there appear to have been some changes in water quality as can be 
seen from the analyses given in Table 3. There has been a decrease in pH; slight increase in 
salinity; decrease in bicarbonate; slight increases in chloride and large increase in sulphate. 

TABLE 3 

WATER ANALYSES WELLS M310, M320, M330 AND M340 

Bore: M310 \'132() M330 M340 
Date:--- - -l-93/-7F-j-1-°2 f'flO/7-i -F-F99 i-970flf 

p'1 6.5 6.1 6.8 6.2 6.4 6.1 6.0 5.4 
ECmS/m@24°C - 51  52  40  40 

TDS-0O2  270 371 280 325 220 240 260 270 
Ca 27 38 43 34 20 26 19 12 

Mg 5 11 4 10 4 6 6 9 
Na 49 56 40 49 47 40 46 54 

K 3 6 3 4 3 3 3 3 
CO3 - <0.6 - <0.6 - <0.6 - <0.6 
HCO3  92 70 143 81 64 70 61 14 
Cl 86 96 69 80 79 72 85 95 
SO4  1 70 <1 54 8 22 5 53 

NO3  <1 0.05 <1 <0.02 <1 <0.02 <1 <0.02 

Fe 1.1 4.00 0.8 4.90 1.5 1.14 0.3 4.00 

* From Davidson (1995) 
+ Analysis at end of pumping test, by Government Chemical Laboratories 
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5.3.4 Downward Heads 

Exploratory drilling for the eastward extension of the Mirrabooka Weilfield discovered an 
aquifer then referred to as the Channel Sand (Fig. 3) and now referred to as the Mirrabooka 
aquifer in the vicinity of M370 (Allen 1977). Between the water table and the underlying 
Mirrabooka aquifer there were downward heads of 5 in. The downward heads appeared to 
occur over a limited area which was inferred to be an intake area to the Mirrabooka aquifer. 

The liquid waste disposal site is situated over part of the area where downward heads were 
identified. However, monitoring of the contamination from the liquid waste site (discussed in 
Section 10) does not appear to indicate downward movement of contaminants into the 
underlying Mirrabooka aquifer as might be expected. It is possible that bedding in the 
Gnangara Sand or thin layers of clay may be retarding downward infiltration. 

These results indicate that any leaks from the proposed pipeline probably would not affect the 
Mirrabooka aquifer. 

	

5.4 	'COFFEE ROCK' 

The section shows the presence of 'coffee rock' noted in some of the bore logs along Gnangara 
Road. The 'coffee rock' varies from about 1.5 to 3 in depth from the surface, and is 1 to 5 in in 
thickness. It is likely to be continuous from about M300 to M390 (Fig. 3). 

The 'coffee rock' ranges from an unconsolidated limonite-stained sand to a dense dark brown 
cemented sand with a peat-like appearance. It occurs within the zone of water table fluctuation 
and is believed to result from precipitation of dissolved iron, by iron bacteria in the presence of 
oxygenated groundwater containing colloidal organic material. The variability in thickness and 
density of the 'coffee rock' may be controlled by local recharge and shallow groundwater flow 
systems. 

The 'coffee rock' is known to affect recharge to the groundwater system. Dense 'coffee rock' 
impedes groundwater infiltration, and downward head differences of over a metre have been 
observed in the Jandakot area between the water table and the saturated sanbeneath the 'coffee 
rock'. Rates of recharge on the Gnangara Mound determined by Thorpe (1989) appear to 
confirm that the 'coffee rock' impedes infiltration of recharge. 

There_isanecdotal_eiidence_thatthe 'coffee rock' may form a perched water table. However, 
there are no known descriptions of perched groundwater on 'coffee rock' with unsaturated sand 
beneath. It is considered that the apparent perching, results from the impedance of downward 
infiltration, in fully saturated sediments. 

	

5.5 	CONTAMINATION PLUME 

The approximate location of an ammonia enriched contamination plume extending from a 
former liquid waste disposal site occurs in the vicinity of M370. The section qualitatively 
indicates that about 5% of the throughflow is affected by the contamination plume. 

-- 
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5.6 	PRODUCTION WELL SCREEN INTERVALS 

The screened intervals of the production wells along Gnangara Road are shown in Figure 3. It 
can be seen that the top of the screened intervals range from about RL 25 m to RL 14 in, about 
20 to 30 in below surface or 15 to 25 in below the present water table level. Also, it can be seen 
that with the exception of M350, proportions of the screened intervals are within the Ascot 
Limestone. 

	

6. 	GROUNDWATER PROTECTION FROM CONTAMINATION 

It is generally considered because of the predominantly sandy nature of the Superficial 
formations that they afford minimal protection from contamination for the groundwater which 
they contain. However, this is not strictly true because the variable nature of the sediments 
comprising the Superficial formations and the groundwater flow system can provide some level 
of protection. 

	

6.1 	EFFECT OF 'COFFEE ROCK' 

If laterally extensive, or of significant thickness at a site where a leak occurs the 'coffee rock' 
may provide a degree of protection, by impeding infiltration and removal of some biological 
and chemical contaminants. 

Thorpe (1989) showed that near the crest of the Gnangara Mound, recharge under natural 
conditions had moved down about 17 in in 28 years (i.e. 1.6 mlyr). This resulted from seasonal 
pulses of recharge and impedance of vertical infiltration by the 'coffee rock' layer which was 
present. This suggests that the 'coffee rock' may significantly impede downward infiltration. 

The iron present in the 'coffee rock' may fix phosphorus and some metals but no detailed 
research is known. It is also inferred, but not supported by research, that the iron bacteria living 
in the 'coffee rock' may kill-off any introduced bacteria. The low permeability of the 'coffee 
rock' would also filter out bacteria and viruses. 

Tf the wateUab1eJas been lowered to below the 'coffee rock' true perching of infiltration may 
occur and provide some additional protection, by enabling vegetation to utilise any 
contaminated water, and assisting oxidation. 

	

6.2 	LIMESTONE UNITS 

There are two limestone units present along the pipeline route. These are the Ascot Limestone 
at the base of M300, M310, M320, M330 and M340 along the mid section of the proposed 
pipeline, and the Tamala Limestone and associated yellow sand in the west (Fig. 3). 

The Ascot Limestone is locally highly permeable and it is possible that the largest volumes of 
groundwater are contributed from this unit. If so, the capture zone of the production wells may 
extend for a considerable distance upstream toward the crest of the Gnangara Mound and would 
significantly dilute any surface infiltration of contaminants. Also, the limestone could fix 
phosphorus and heavy metals. 
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The Tamala Limestone in the west is of uncertain thickness and consists of yellow sand up to 
20 m thick overlying limestone with a capstone and pinnacles on its upper surface. The yellow 
sand is slightly silty and is know to retain phosphorus (Sharma et. al. 1989). If present the 
capstone can retard infiltration and the underlying limestone would adsorb phosphorus and 
heavy metals. 

6.3 CLAY 

Various thin layers of clay were noted in the area during the drilling programmes (Fig. 3). They 
are discontinuous and increase in thickness and frequency toward the east (Allen 1977). 

Along the proposed pipeline route a bed of clay 4 m thick was encountered in the pilot bore 
drilled at M3 90, but in the west where they are present they are generally less than 1 in thick. 

The clays occur mainly in the lower half of the Superficial aquifer in the Gnangara Sand. At 
site M390 they would provide substantial protection if the screens of the production well are 
located beneath the clay. Elsewhere the beds of clay generally occur within the screened 
intervals and because of their limited areal extent probably provide only local protection. 

	

6.4 	BEDDING AND SORTING 

Data are not available, but other bedding features such as beds with different grain sizes and 
sorting may also provide some retardation. 

	

6.5 	FLOW PATHS 

The depth to the screen intervals and the inhomogeneity of the Superficial aquifer may affect 
the rate and amount of downward movement of groundwater. The principal direction of 
groundwater movement is probably horizontal toward the screens with downward movement of 
water occurring over a wide area. If so, this is likely to dilute any contamination. 

	

7. 	WELLHEAD PROTECTION ZONES 

The production wells in an unconfmed aquifer can divert groundwater flow from a wide area 
toward the well. The capture zones providing the groundwater are of variable shape and extent 
depending on the hydraulic properties of the aquifer and the effects of recharge and other 
pumping wells. Any contamination occurring on a capture zone in an unconfined aquifer may 
reach the production well. 

It is usually not practicable to protect the entire extent of a capture zone; and so to afford some 
protection, wellhead protection zones are defined. Along the western and central part of 
Gnangara Road the wells have circular 500 rn-radius wellhead protection zones (approx. 
785,000 rn2) (Fig. 1). However, the proposed wells in the deeper Mirrabooka aquifer, at the 
eastern end of the road, have smaller wellhead protection zones of 300 m radius. The protection 
zones around M300 is a discrete area but between wells M310, M320, M330, M340, and M350 
overlap and form a continuous protection zone along Gnangara Road. 
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8. 	NUMERICAL MODELLING OF LEAKS 

A numerical groundwater model was constructed to determine the worst-case effects of pipeline 
ruptures adjacent to a water supply well. Two cases were tested: a major leak of 1,400 m3  of 
wastewater occurring over a period of less than one day, and a minor (undetected) leak of 
86 m3/d occurring over an extended period. 

8.1 METHOD 

The numerical model utilises a recent version of MODFLOW, the industry-standard fmite-
difference groundwater flow model (McDonald and Harbaugh, 1988). It consists of 34 rows, 37 
columns and five layers covering an area of 10.4 km east-west by 10.6 km north-south. A 
variable grid was used with a minimum cell size of 33 m by 33 m at the site of the leak. 

Initial heads were taken to be the static levels given in Bestow (1971). The boundaries of the 
model were maintained at constant heads to represent recharge into and discharge from the 
modelled area. 

Parameters assumed for the superficial aquifer developed by the water supply wells are: 

Horizontal hydraulic conductivity 	14 m/d 
Vertical hydraulic conductivity 	 1.4 m/d 
Specific yield 	 0.25 
Effective porosity (for velocity calculations) 0.2 
Top of aquifer 	 43.5 m AHD 
Bottom of aquifer 	 -5 mAHD 

The aquifer was arbitrarily divided into five layers to enable the vertical movement of water 
from a leak to be simulated. Layer 5 includes the screened interval of Well M320 and aquifer 
below the screened interval. 

The model was first run for 25 years with eight wellspumping, to simulate pumpage from this 
part of the Mirrabooka Welifield. A leak of 1,400 m3  over one day in Layer 1 of the cell 
containing Well M320 was then simulated in the model, which was run for a further 232 days to 
trace the leak to the well screens. Finally, the model was run for 480 days (after the initial 25 
years) to trace a continuous leak of 86 m3/d to the same cell. 

For each case, a solute transport post-processor to the model, MT3D, was used to determine 
changes in concentration of conservative species (such as chloride) in a contamination plume 
arising from the leak. 

8.2 RESULTS 

After 25 years of pumping from the six wells, drawdowns of up to 2.6 m were indicated. These 
drawdowns are of the right order, although a little low because all the Mirrabooka Wells are not 
included in the model. 
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8.2.1 Large. Short-Term Leak 

The model results indicate vertical flow velocities from the leak to the well screens would 
increase from 0.11 m/d in Layer ito 0.12 mId in Layer 2, 0.23 mId in Layer 3 and 1.65 mId in 
Layer 4, and an overall travel time from the leak to the screens of about 96 days. 

A flow budget indicates that about 92% of the flow to Well M320 would be from model 
Layer 5, and only 8% from overlying layers. 

Results of the solute transport modelling (which assumes zero adsorption and dispersion) are 
given as percentage concentrations of conservative ions in the leaking wastewater relative to the 
original concentrations, in Table 4. 

CHANGES IN MODEL-CALCULATED CONCENTRATIONS 
FOR LARGE LEAK (1,400 m) 

DAYS PERCENTAGE OF ORIGINAL CONCENTRATIONS  
SINCE 
LEAK 

LAYER I 
(43.5-36 m AHD) 

LAYER 2 
(36-32 it A}-ID) 

LAYER 3 

(3 2-28 m AHD) 
LAYER 4 

(28-24 rnAHD) 
LAYER 5* 

(24--5 rnAHD) 

0 0 0 0 0 0 

1 67 0 0 0 0 

2 67 0 0 0 0 

7 67 0 0 0 0 

22 67 0 0 0 0 

52 16 32 0 0 0 

82 0 44 0 0 0 

112 0 15 34 0 0 

142 0 8 29 23 5 

172 0 0 23 21 0.8 

202 0 0 ___________ 17 OX 

232 0 0 0 0 0.8 

* screened interval well M320 approx. 5 - 25 m Al-ID 

These results suggest that the leaked wastewater would reach the screens in Well M320 after 
between 112 and 142 days, with peak concentrations of about 5% of the original concentrations. 
It is unlikely that any constituents of the wastewater would be detected in water pumped from 
the bore after about 170 days. 
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8.2.2 Small. Long-Term Leak 

With a continuous leak of 86 m3/d alongside Well M320, the solute-transport modelling results 
(Fig. 5) indicate that the wastewater concentrations would stabilise at about 98% of original 
concentrations in Layer 1, 95% in Layer 2, 70-80% in Layer 3, 40-60% in Layer 4, and 10% in 
Layer 5. The variability in the calculated concentrations is caused by mathematical instability 
in the modelling. 

The results also suggest that the wastewater would be detected in water pumped from Well 
M320 between 80 and 130 days after the leak commenced. 

8.2.3 Discussion of Modelling Results 

The modelling results suggest that in the event of a pipeline leak alongside a well such as Well 
M320, wastewater would reach the well screens after between 112 and 142 days, although there 
are a number of uncertainties, particularly in the solute transport modelling. For example, if the 
vertical permeability was higher than assumed, the arrival time at the bore screens would be 
proportionately earlier. 

Peak concentrations of conservative ions reaching the bore could be about 5 - 10 % of original 
concentrations in the wastewater, for both the small and large leaks. 

	

9. 	REVIEW OF FACTORS AYJ'ENUATING CONTAMINATION 

	

9.1 	COMPOSITION OF SEWAGE 

The sewage pumped through the proposed pipeline will be from a residential area. Domestic 
sewage tends to be elevated in total suspended solids (TSS), total dissolved solids (TDS), 
biochemical oxygen demand (BOD), bacteria, ammonium, nitrate and phosphorous. Heavy 
metals such as copper, cadmium, zinc and aluminium as well as viruses and trace organic 
carbons are also potential contaminants. 

-ft-fromBeenymerrt-pIant-the-comon-of 
the raw sewage is likely to approximate the analyses given in Table 5. 

The analyses show that heavy metals are generally less than NHMRC/ARMCANZ (1996) 
guidelines for potable water supplies. However, the total nitrogen exceeds the potable water 
guidelines, and the total nitrogen and phosphorus exceed limits for release into the environment. 
The analyses do not include a wide variety of possible organic contaminants which may exceed 
guideline levels. 
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TABLE 5 

ANALYSES OF COMPOSITE RAW INFLUENT SAMPLES 
FROM BEENYUP WASTEWATER TREATMENT PLANT (mgfL) 

•.:Datë 17 48/9/95 ii7i:8/1:2195 5-6/3/97 . 17-18/6/97 RNGE LIMITS * 
Zn 0.14 0.16 0.15 0.20 0.14-0.20 - 
Cu 0.20 0.30 0.25 0.26 0.20 - 0.30 2 
Cd <0.02 <0.02 <0.02 <0.02 <0.02 0.002 
Cr <0.05 <0.05 <0.05 <0.02 <0.02 - <0.05 0.05 
Ni <0.05 <0.05 <0.05 <0.02 <0.02 - <0.05 0.02 
Pb <0.1 <0.1 <0.1 <0.1 <0.1 0.01 
Hg <0.0005 0.0005 0.0008 0.0060 <0.0005 - 0.0060 0.001 
Ag <0.02 <0.02 <0.02 <0.02 <0.02 0.1 
As <0.002 0.002 0.004 0.002 <0.002 - 0.004 0.007 
Ca 50 90 85 80 50-90  
Mg ND ND 10 ND 10  
Mn <0.04 0.05 0.05 0.04 <0.04 - 0.05 0.5 
Alk.asCaCO3  310 310 250 ND 250-310 
Sulphate as SO4  ND ND 65 ND 65 
TDS ND ND 740 ND 740 
COD ND ND 830 830 830  
SCOD ND ND ND ND ND 
K 63 68 61 57 57-68  
NH3-N 43 44 47 44 43 - 47 0.5+ 
Org-N 20 24 14 23 14-24  
NO2-N ND ND ND ND ND 3 
NO3-N ND ND ND ND ND 50 
TotaiN 63 68 61 57 57-68 
TotaiP 10 13 11.1 11.9 10-11.9 - 
MBAS ND ND 5.5 ND 5.5  
Grease ND ND 50 ND 50 

* NHMRC/ARMCANZ (1996) Guidelines for Potable Water 
+ as NH3  (aesthetic limit) 
ND = Not Determined 

9.2 	ATTENUATION PROPERTIES OF THE BASSENDEAN SAND 

Perth's sandy soils are generally considered to have a very poor ability to retain contaminants. 
The Bassendean Sand (Table 6), composed almost entirely of silica, with a low pH, minimal 
adsorptive capacity and fast infiltration rates, is generally considered to be the most inefficient 
of the Perth sands in the attenuation of contaminants (Newman and Marks, 1979, Whelan et al, 
1979, La Brooy, 1981, Whelan and Parker, 1981, Hirschberg, 1989). Some recent studies, 
however, have found that the Superficial aquifer (including Bassendean Sand) has a higher 
capacity for retention of some pollutants than previously expected (Gerritse et al, 1990, 
Appleyard, 1994). The following sections review the likely filtering, dilution, adsorption and 
attenuation mechanisms for the expected maj or contaminants likely to affect groundwater in the 
Superficial aquifer. 

- 	 13 
99.9/97/ 1 



TABLE 6 

CHEMICAL AND PHYSICAL CHARACTERISTICS OF THE BASSENDEAN SAND 

Chemical and P•hysicalParameters Value 

pH (soil moisture) 4.5 - 7.02  

Particle size distribution: 	medium and coarse sand (0.2 - 2 mm) 99.1 % 
Fine sand (0.02 - 0.2 mm) <0.1 % 
Silt (2 - 20 	m) 0.8 % 
Clay (<2J1m) 0.1% 

<0.01 
Surface area (m2.9 1) 
Organic matter content (ignition loss %) 

0.102 / 0.i53  

Cation exchange capacity (meq/lOOg) 
0.6 / Ø•54 

Calcium carbonate (% CaCO3) 

1  Newman and Marks (1979) unless other wise indicated 
2  Gerittse et. al. (1990) 

Martin and Harris (1982) 
Martin and Harris (1982) 

9.3 PHOSPHORUS 

High concentrations of phosphorus in groundwater can lead to the eutrophication of lakes and 
estuaries, when groundwater discharge occurs into these environments. Eutrophication results 
in the production of toxic algal blooms and a subsequent reduction in dissolved oxygen 
resulting in the death of fish, crustaceans and insects. Toxin-producing algae (blue-gren and 
others) start appearing in excessive numbers at phosphorus concentrations above about 
002 mg/I. (Gerritse1996).  Phospbonisin..water.i&notconsidered hrmfu1 to humpn he1th 

Adsorption of phosphate to iron and aluminium oxides is the main mechanism for the 
immobilisation of phosphorus. Sandy soils with low pH and a low cation exchange capacity 
have a low capacity for immobilising phosphate. The Bassendean Sand is wealc1ycidic, low in 
organic material, and has had the iron and aluminium oxides removed from most of the soil 
profile, therefore it is generally considered to have a very limited phosphate adsorption capacity 
(Whelan et a!, 1979, Whelan and Parker, 1981, Gerritse and Scholfield, 1989). A study by 
Whelan et al. (1979) found that the amount of phosphate stored in a large part of the soil profile 
under a septic tank in the Bassendean Sand was less than 40 mg/kg. There are, however, layers 
within the Bassendean Sand that are high in organic matter (generally near the surface) and iron 
and aluminium oxides (the 'coffee rock' layer). These have been shown to have a much greater 
capacity for the adsorption of phosphate (Gerritse, 1996). 
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Adsorption of phosphorus in soils can be described by the following empirical equation, and a 
mass balance (Gerritse, 1993): 

iCs =A(ECm)bItb2 

and pLCs + OLCm = Pt 

where LCs = increase in phosphate adsorbed by soil at time t after adding Pt to the soil 
LCm = proportional increase in dissolved phosphate at time t 

A 	= an increase in adsorbed phosphate after one day, and for LCm = 1 
b 1 ,b2 = experimentally derived coefficients 
p 	= soil bulk density 
0 	= soil moisture content 

The Bassendean Sand which overlies the screened interval in bore 320 is likely to have the 
following values for the coefficients in the above formulae (from Gerritse, 1996): 

A =18 

I 	 b1  = 0.35 
R 	 b2  =0.30 

p =1.66 
0 =0.43 

The Gerritse model utilises a recharge rate of water containing a particular concentration of 
phosphorus. For groundwater moving through an aquifer, this recharge rate is equivalent to the 
advective flow velocity (hydraulic gradient times hydraulic conductivity). A vertical hydraulic 
conductivity of 1.4 mId and an average hydraulic gradient from the modelling results of 0.062 
gives a velocity "recharge rate" of 0.087 m/d = 31.7 rn/year. 

Using the above parameters and an assumed phosphorus concentration of 10 mg/L in the 
wastewater, the Gerritse model predicts a phosphorus travel time (leak to well screen) of 95 
years. Phosphorus would be further retarded by iron-rich 'coffee rock' that occurs locally in the 
Bassendean Sand. 

9.4 NITROGEN 

Contamination of groundwater with increased nitrogen concentrations could pose a threat to 
potable water supplies in the region. Increased nitrogen concentrations may also contribute to 
eutrophication in local wetlands, that the groundwater passes through. 

The nitrogen concentration in domestic effluent is about 100 mg/L as ammonium according to 
Whelan et al (1979) and Whelan and Titamnis (1982). However, the analyses in Table 5 
indicate somewhat lower concentrations. Any ammonium, introduced into well aerated soils, is 
generally oxidised to nitrate in the unsaturated zone. The Bassendean Sand is very well aerated 
and ammonium from septic effluent is oxidised to nitrate within a depth of about one metre 
(Whelan et al, 1979), except where the aquifer is overloaded or the effluent is introduced at the 
water table. 

Early studies investigating nitrate contamination from septic tanks in the Bassendean Sand, 
concluded nitrogen, as nitrate, would move readily through the soil and reach the groundwater 
at the same concentration as in the effluent, irrespective of the depth to the water table, resulting 
in nitrate contamination (Whelan et al, 1979, Whelan and Parker, 1981). More recent studies, 
however, have found that the actual concentration of nitrate in the Superficial aquifer is much 
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lower than expected from calculations of the total input of nitrogen in the urban area (Gerritse et 
a!, 1990). It was determined that the maximum concentration of nitrate-N in recharge water, in 
urban areas, would be about 40 mg/L in sewered areas and 70 mg/L in unsewered areas. The 
actual concentration of nitrate in the groundwater was about 0.7 mg/L. This discrepancy was 
attributed to intense denitrification taking place in the groundwater. 

Groundwater conditions in the Gnangara Mound are ideal for denitrification: the naturally high 
concentration of organic carbon in the groundwater (12-70 mg/L), pH range 5-7 and redox 
potentials ranging from 100 to 300 mY (SHE) provide a very favourable environment for the 
development of microbial denitrifiers. The reduction of nitrate in sandy soils may also take 
place through the oxidation of the ferrous iron in pyrite. This may lead to increased sulphate 
concentrations in some groundwaters. 

If all of the ammonium present in any effluent leakage is oxidised in the unsaturated zone then 
contamination of the groundwater with nitrogen is likely to be minimised through 
denitrification of nitrate in the groundwater. However, if the unsaturated zone becomes 
saturated with the leaking effluent and all of the oxygen in the system is consumed through 
increased BOD, then ammonium may reach the groundwater without being oxidised. The 
NHMRCIARMCANZ (1996) Drinking Water Guidelines have set the maximum level of 
ammonium as NH3  at 0.5 mg/L. 

Ammonium was found to reach the water table beneath a septic leach drain in the Bassendean 
Sand where a saturated zone had developed. This was in contrast to the complete oxidation of 
ammonium to nitrate in the areas that remained unsaturated (Whelan and Parker, 1981). 
Ammonium contamination is common in groundwater under liquid waste disposal sites, and 
already exists below the now disused Gnangara Liquid Waste Disposal Site (Appleyard, 1996). 

From the present understanding of the mechanisms controlling nitrogen in the groundwater it 
would appear that a large short-term leak would contaminate the groundwater with ammonia. 
However, small long-term leaks where there was sufficient depth of unsaturated aquifer would 
probably not cause contamination exceeding drinking water guideline limits. 

9.5 	BACTERIA AND VIRUSES 

Bacteria and viruses present in domestic effluent may pose a threat to human health through the 
transmission of waterbome disease. The organisms most often cited as being responsible for 
disease in waste water are the bacteria Salmonella, Shigella and enteropathogenic Escherichia 

.coli. Viruses generallyoLconcernJncludc_Enteroviruscs, Adenoviruses, Rotaviruses and. 	- 
Hepatitis A. These viruses have been associated with a wide variety of diseases in man, 
including paralysis, gastroenteritis and meningitis. (Crites, 1985). 

Coliform bacteria are commonly used as indicator organisms for tracing the movement and die-
off of bacteria in soil and groundwater environments. The Australian Drinking Water Quality 
Guidelines recommend that water samples should contain no coliform organisms. 

9.5.1 Removal of Bacteria 

Bacteria in waste water are effectively removed by percolation through the soil profile. 
Filtration at the soil surface and at inter-grain contacts, and death induced by environmental 
changes are the major removal mechanisms for bacteria. The removal of bacteria is most 
effective in unsaturated soils (Crites, 1985, Pavelic et al, 1996). 
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9.5.2 Mobility of Bacteria 

Pathogens introduced to sandy soils and groundwater typically travel a distance of a few metres 
to several tens of metres (Pavelic et al., 1996). Generalisations regarding travel distances for 
bacteria are difficult, but movement can be related directly to the hydraulic infiltration rate and 
inversely to the particle size of the soil and the concentration and cationic composition of the 
solution (Crites, 1985). Mobilisation of bacteria is greatest in aquifers with a coarse texture, a 
degree of secondary porosity and/or high groundwater flow velocities, where filtration 
mechanisms may not be so effective. 

9.5.3 Survival of Bacteria 

Pathogenic microorganisms are at a disadvantage in the soil and groundwater environment. 
They are generally destroyed in these environments through their inability to adjust to abrupt 
temperature changes, competition from well established indigenous bacteria and attacked both 
by predatoiy bacteria and bacterial viruses. Retention and subsequent survival of bacteria, 
therefore, depends on the rate of groundwater flow and environmental conditions such as 
temperature, availability of food (organic carbon concentrations), antagonism from soil 
microflora, moisture content, pH, and initial concentration of bacteria (Crites, 1985). 

Once immobilised through mechanical and biological straining in the soil almost complete die-
off of the pathogens may occur, although in some circumstances colliforms and other bacteria 
have been known to reach groundwater supplies (Fenner, 1979). 

9.5.4 Removal of Bacteria by Bassendean Sand 

A number of studies have shown that the Bassendean Sand efficiently removes bacteria from 
infiltrating stormwater or waste water. For example, a study investigating the infiltration of 
stormwater at a number of sites within the Bassendean Sand found that no pathogenic bacteria 
(faecal colliforms, faecal streptococci or salmonella) reached the groundwater at any of the sites, 
even though infiltration rates were very rapid (Appleyard 1994). Automatic and manual water 
level monitoring indicated that groundwater levels responded within minutes to recharge from 
the infiltration basins. 

A study of colliform bacteria in unsaturated soils, beneath septic drainage systems in Perth 
found that colliform numbers declined rapidly with depth. At five sites on the Bassendean Sand 
faecal and total colliforms counts had reached zero by 0.65 m (Whelan et a!, 1979). At one site, 
however,_colliforms_were isolatedaLa.LmJ,e1ow the soil _effi1uent_interface, and the study 
concluded that in areas of Perth where the water table is close to the saturated zone of the septic 
system, faecal bacteria may migrate into the groundwater. 

9.6 VIRUSES 

9.6.1 Removal Mechanisms 

Unlike bacteria, where filtration at the soil-water interface appears to be the major factor in 
limiting movement through the soil, adsorption is probably the predominant factor in virus 
removal by soil (Crites, 1985). However, adsorption may be reversible where the affinity for 
the adsorbent onto the surface no longer exists, such as occurs through changes in pH or ionic 
strength. Hence, adsorption may be considered to retard rather than remove viruses from waters 
(Pavelic et al. 1996). For example, Bales et al. (1995) reported, in field studies, initial sorption 
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of bacteriophage (viruses that infect bacteria and are used as viral tracers) in a sand aquifer at 
pH 5.7. The bacteriophage were subsequently desorbed at pH 6 - 8. 

Viruses tend to survive only a limited time in groundwater. Typically the time for one log 
removal (90%) of viruses is about 9 to 20 days, although exceptions to this exist. The 
exceptions are likely to be due to site specific conditions such as temperature, grain size, salinity 
and other factors. 

9.7 	HEAVY METALS 

Trace quantities of heavy metals such as lead, copper, cadmium and zinc pose a health threat if 
present in drinking water. Concentrations of heavy metals in domestic effluent are generally 
very low (Whelan and Titamnis, 1981, Dillon and Pavelic, 1995), and Table 5. 

The Bassendean Sand, being virtually pure silica with a low pH, would be expected to have 
very little ability to remove metals from solution. This was confirmed in a study by Newman 
and Marks (1979) investigating the removal of heavy metals in Perth sands. It was found that 
the Bassendean Sand was the least effective of the Perth sands in the removal of heavy metals. 
This was attributed to the low pH and the very low cation exchange capacity of these soils. The 
study also found that mixing of heavy metals with organic sludge, such as may be found in 
domestic effluent, should be avoided at waste disposal sites because of the potential for the 
formation of organic metal compounds that increase the mobility of heavy metals in the soil. 

The Bassendean Sand, however, has a high capacity for hydrodynamic dispersion (Newman and 
Marks, 1979) so heavy metals in low concentrations will probably be rapidly dispersed and 
diluted. Although adsorption was found to be minimal, results indicated that a small amount of 
heavy metals are removed over a highly dispersed area and that this was probably the result of 
specific adsorption (exchange between the metal ion and H at the soil surface). Lead appears 
to be preferentially adsorbed with cadmium being the most mobile of the heavy metals 
investigated. 

Heavy metals in septic waste are more susceptible to mobilisation as they may be chelated to 
soil organic acids and lose their surface reactivity. 

An investigation by Appleyard (1994) into the impact of stormwater infiltration basins on 
groundwater quality below the Bassendean Sand found that trace metal concentrations 
measured in the infiltration basin monitoring bores were all low, well below drinking water 
criteria. It was concluded that the sediment in the infiltration basins was effective in adsorbing 
metals, despite the sandy nature of the soil and the rapid response of groundwater to recharge by 
run-off. High concentrations of lead found in the silty sediment (containing clay minerals, iron 
oxides and a small amount of organic matter) at the base of the infiltration pit were attributed to 
strong adsorption of lead to the iron oxides and clays. 

Gerritse et al (1990) found that the concentration of toxic metals in the Perth metropolitan 
groundwater was two to three orders of magnitude less than the concentration calculated from 
the total heavy metal input in recharge waters, suggesting that heavy metals are in fact adsorbed 
in the sandy soils beneath Perth. 
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Because heavy metal concentrations are generally low in domestic effluent and they are likely to 
be rapidly dispersed within the Bassendean Sand and to some extent specifically adsorbed, there 
is probably minimal risk to the groundwater through contamination by heavy metals. Should 
heavy metal concentrations increase however, with the addition of effluent from industry, then 
the risk of contamination would also increase. Because cadmium is the most mobile of the 
heavy metals in these sands it will pose the greatest threat to the groundwater quality. 

	

9.8 	BIOCHEMICAL OXYGEN DEMAND 

Biochemical oxygen demand (BOD) needs to be minimised as high values may result in 
anaerobic and highly reducing conditions in the soil and the groundwater. This in turn may 
result in reactions detrimental to the groundwater quality such as sulphate reduction and the 
subsequent production of toxic hydrogen suiphide, methanogenesis and the mobilisation of 
metals such as iron and manganese. Raw sewage has a biochemical oxygen demand (BOD) of 
about 300 mg/L (Le Brooy, 1981). 

Soil is very efficient in removal of BOD with organic carbon being readily oxidised in the 
unsaturated zone. In sandy soil biodegradable organic material will be broken down to CO2, 
NO3, PO4, SO4  etc. Total breakdown should occur if BOD does not exceed the amount the soil 
system can handle. Given the aerated nature of the Bassendean Sand it is possible that the BOD 
from any leakage would be broken down to an acceptable level (<0.5 mg/L). Increased levels 
of BOD may be useful in promoting denitrification, provided the ammonium in the waste water 
is oxidised to nitrate in the unsaturated zone. 

	

9.9 	TOTAL SUSPENDED SOLIDS 

Suspended solids will tend to be filtered from solution as the effluent percolates through the 
soil. As the larger suspended solids are filtered a mat is formed that acts as a filter for 
successively smaller particles. This results in a decrease in hydraulic conductivity and may help 
in the attenuation of phosphate, bacteria, viruses and heavy metals by providing additional 
adsorption sites through the accumulation of clay minerals, oxides and organic matter. 

10.1 BACKGROUND 

about 550 m north of Gnangara Road, immediately upstream of proposed production bore 
M370. The site was used mainly for disposal of septage, chicken offal and brewery wastes 
together with some other undisclosed waste. The disposal site comprised primary and 
secondary receival basins; oxidation ponds; and sludge drying beds. 

Monitoring wells were established at the site in 1976 and a subsequent investigation programme 
to determine the extent and severity of contamination from the site was conducted in 1993 - 
1994. The results of the investigation programme and some background and historical data 
have been described by.Appleyard (1996). The following review is based mainly on this work. 
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10.2 CONTAMINATION FROM SITE 

According to Appleyard (1996) the site initially received about 140 m3/d of waste which 
increased to more than 350 m3/d by 1974, when about 80% of the wastewater was septage, and 
the remainder was from diverse sources. 

The investigation programme undertaken in 1993 - 1994 showed a contamination plume about 
1000 m long and 600 m wide extended toward the south-east from the site. The contamination 
plume extended to the base of the Superficial aquifer beneath the disposal site but downstream 
decreased in thickness and was present only in the upper part of the aquifer (Fig. 3). It has 
moved at an apparent rate of about 40 rn/yr under the prevailing conditions. 

The plume was mainly enriched in ammonia, but raised levels of arsenic, iron, and lead above 
NHMRC/ARMCANZ (1996) guidelines were found in some of the wells. No pesticides, 
phenols, hydrocarbons, or chlorinated solvents were detected. Colliform or faecal streptococci 
bacteria were isolated from some bores and two bores had high heterotrophic bacteria plate 
counts. 

10.3 IMPLICATION FOR PROPOSED PIPELINE 

A large short-term leak from the pipeline of 1,400 m3  is equivalent to less than 4 days disposal 
when the liquid waste site was in full operation. A small long-term leak of 86 m3/d 
(31,400 m3/yr) is equivalent to about 25% of the annual disposal at the liquid waste disposal site 
when in full operation. The volumes suggest that a small long-term leak is likely to have more 
impact than a short-term leak. However, in practice any such leakage would probably occur at 
various sites along the pipeline and because of the low rate of leakage would probably be partly 
utilised by vegetation, or if near a production well would be captured and diluted in the 
groundwater pumped from the well. 

From these considerations it would appear that comparison between the disposal site and the 
pipeline are not particularly helpful when considered in terms of source and volume of 
contamination, but it does provide some insight into the likely nature of any contamination 
which could occur from the pipeline. Accepting that the materials disposed in the liquid waste 
site were probably more diverse than can heexpecte toJeenojintred in raw sewage it 
appears that the main contaminants from any spill are likely to be nitrogenous compounds. 
Other possible contaminants such as metals, bacteria and organic compounds are likely to be at 
low concentrations. 

11. CONCLUSIONS 

From the examination of available hydrogeological data from along Gnangara Road, numerical 
modelling, and a review of conditions reducing the impact of groundwater contamination, the 
following conclusions are drawn: 
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The presence of a layer of 'coffee rock' at about the water table, minor thin layers of 
clay and the local occurrence of limestone may provide some protection from 
contamination. These units where present may impede infiltration, and remove or 
attenuate contaminants such as heavy metals, bacteria, phosphorus and nitrogenous 
compounds. 

The depth of the production bores and their screened intervals (15 - 20 in below the 
water table) affords protection by ensuring any contamination would take time to reach 
the screens during which the contaminants are likely to be adsorbed, attenuated, 
modified and diluted. 

Numerical modelling of Bore M320 showed that in the event of a large short- term leak 
of 1,400 m3/d, that it would take 112 - 142 days for contamination to reach the screens. 
Also, that the contaminant would be diluted to 5% of the original concentration, and 
would not be detectable after 170 days. 

Numerical modelling of a small long-term (continuous) leak of 86 m3/d indicated that 
with the leak at one point, contamination would be detected 80 to 130 days after the leak 
commenced and that the contamination would be diluted to about 10% of the original 
concentration. 

The Bassendean Sand is generally considered to have limited potential for the retention 
of contaminants, but research has identified various processes that may minimise 
contamination. These are: 

filtration of suspended solids; 
adsorption of phosphorus and heavy metals by 'coffee rock'; 
potential for oxidation of ammonium and denitrification of resultant nitrate in 
the unsaturated zone; 
possible reduction of BOD in the unsaturated zone; and 
filtration and die-off of bacteria and viruses over short distances. 

If the effluent fully saturates the unsaturated zone and is in direct contact with the water 
table, or if the unsaturated zone becomes anoxic, direct groundwater contamination can 
occur. 

The existing (now closed) liquid waste disposal site has an ammoniurn-enriched 
contamination plume which extends to the south-east across Gnangara Road. The 
source of the contamination may still be active and it may take several decades for the 
contamination to disperse. 

From the available data, it appears that the contamination posed by sewage effluent is 
not as severe as from industrial activities. Furthermore, the groundwater system has 
various processes which if not overloaded can attenuate or remove most of the 
contaminants found in sewage. Other protection is provided by dispersal and dilution 
within the aquifer and by the design of the production bores. 
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An environmen.  
international standards, 

Iiu$1EIilIatL 

O H C 
We will work towards: 

Ensuring environmental considerations are integrated into all asset planning, 

design, construction, operational and decommissioning processes through: 

Assessing current and planned operations and projects for 

environmental impact and, where appropriate, developing 

environmental objectives, targets and improvement plans: 

Developing and implementing procedures to avoid or manage 

incidents which may have an adverse environmental impact; and 

Incorporating environmental requirements into tender and contract 
documents. 

Developing our environmental expertise, both as a foundation for excellence 

in our environmental performance and as a source of advantage for our 
customers and our business. 

Developing environmental awareness, responsibility and skills in our 

employees, contractors and suppliers, through targeted education and 
training programs. 

Informing, consulting and cooperating with external stakeholders and the 
corn mu n ity. 

Monitoring, measuring and reporting our environmental performance to 

employees, stakeholders and the community. 

Developing and implementing, where practicable, resource efficiency, waste 
reduction and recycling programmes throughout the Corporation. 

Promoting the efficient and environmentally sound use of water by our 
customers. 

Promoting, contributing to and undertaking research and development 

targeted at improved environmental and commercial outcomes, including 
cost-effective i-euse of stormwater, effluent and biosolids. 

- - - 

J.l Gill 

MANAGING DIRECTOR 
25 August 1997 


