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Water Coqoration 
Busselton Wastewater Treatment and Disposal 

HOW TO MAKE PUBLIC SUBMISSIONS 

The Environmental Protection Authority (EPA) invites people to make a submission on this proposal 

The Water Corporation is proposing to upgrade and expand the existing wastewater treatment plant at Busselton as well as to improve the wetland 
surrounding it. It is proposed to discharge treated wastewater through the wetland to drains surrounding the site. The Water Corporation also proposes 
to introduce an Environmental Improvement Initiative to facilitate reduction in nutrient discharges from sources other than the wastewater treatment 
plant. This Consultative Environmental Review (CER) has been prepared by the Water Corporation to meet the requirements of the Western 
Australian Government. The CER describes the proposal, examines the key environmental factors and discusses the proposed environmental 
management procedures. The CER is available for comment for4 weeks commencing Saturday 21 March 1998. 

Comments from Government agencies and the public will assist the EPA to prepare an assessment report in which it will make recommendations to the 
Minister for the Environment. 

Copies of the CER may be obtained from: 

Water Corporation 
P0 Box 100 
LEEDERVILLE WA 6009 
(08) 9420 2161 
Attn: George Golowyn 

WHY WRITE A SUBMISSION? 

A submission is a way to provide information, express your opinion and put forward your suggested course of action - including any alternative 
approach. It is useful if you indicate any suggestions you have to improve the proposal. 

All submissions received by the EPA will be acknowledged. Submissions will be treated as public documents unless provided and received in 
confidence subject to the requirements of the Freedom of Information Act, and may be quoted in full or part in each report. 

WHY NOT JOIN A GROUP? 

If you prefer not to write your own comments, it may be worthwhile joining a group or other groups interested in making a submission on similar 
issues. Joint submission may help to reduce the workload for an individual or group, as well as increase the pool of ideas and information. If you form 
a small group (up to 10 people) please indicate all the names of the participants. If your group in larger, please indicate how many people your 
submission represents. 

DEVELOPING A SUBMISSION 
YOU may agree or disagree with, or comment on, the general issues discussed in the CER or the specific proposals. It helps if you give reasons for your 
conclusions, supported by relevant data. You may make an important contribution by suggesting ways to make the proposal more environmentally 
acceptable. 

WHEN MAKING COMMENTS ON SPECIFIC PROPOSALS IN THE CER 

clearly state your point of view: 

indicate the source of your information or argument if this is applicable; and 
suggest recommendations, safeguards or alternatives. 

POINTS TO KEEP IN MIND 

By keeping the following points in mind, you will make it easier for your submission to be analysed. 

Attempt to list points so that the issues raised are clear. A summary of your submission is helpful. 
Refer each point to the appropriate section, chapter or recommendation in the CER. 

If you discuss different sections of the CER, keep them distinct and separate, so there is no confusion as to which section you are considering. 
Attach any factual information you may wish to provide and give details of the source. Make sure your information is accurate. 

REMEMBER TO INCLUDE 

your name; 
address; 
date;and 

whether you want your submission to be confidential. 

More information on how to make a submission can be obtained from the free pamphlet Environmental Impact Assessment - How to Make a 
Submission available from the Library of the Department of Environmental Protection, Telephone (08) 9222 7127. 

The closing date for submissions is Saturday 18 April 1998. 

SUBMISSIONS SHOULD BE ADDRESSED TO 

Environmental Protection Authority 
Westralia Square 
141 St Georges Terrace 
PERTH WA 6000 

Attn: Wes Honvood 
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Summary 

INTRODUCTION 

The Water Corporation has commenced infihl sewerage of many unsewered areas in Busselton. 

This, in addition to the diversion of flows following the decommissioning of the Water 

Corporation's temporary package plant serving East Busselton, will increase the capacity 

required at the Busselton Wastewater Treatment Plant (WWTP) from the current 1,200 m3/d to 
4,500 m3/d by the year 2005. With the continuing growth of the population of Busselton, a 

flow of some 9,000 m3/d is expected by the year 2035. 

Currently, wastewater is treated in an existing lagoon system and released into a former 

sumpland, which is now a permanent wetland. Treated wastewater flows from the wetland into 

a drain which in turn flows into the Vasse Diversion Drain before ultimately discharging into 
Geographe Bay. 

In order to treat the increasing quantity of wastewater anticipated to be produced, the Water 

Corporation proposes to construct an advanced wastewater treatment plant and upgrade the 

existing wetland to further treat the treated wastewater before discharge to the nearby drain. 

The WWTP would be expanded in stages, with the first stage (catering for a flow of 
4,500 m3/d) to be operational by 1999, the second stage to be operational by 2005, and the third 
stage (catering for a flow of 9,000 m3/d) to be operational by 2020. The Water Corporation is 

aiming to license the WWTP and associated discharges through to the year 2020. 

In addition to upgrading the treatment plant, the Water Corporation proposes to encourage and 

assist reduction of other nutrient and bacterial sources that enter the southern parts of 

Geographe Bay. This Environmental Improvement Initiative would focus on the reduction of 

nutrient discharges from sources other than the WWTP such as dairy farms, intensive 

horticulture enterprises, broad-scale farming and urban sources including landfill areas and golf 
courses. 

The Environmental Protection Authority has required that this proposal be assessed at the level 

of a Consultative Environmental Review (CER). The purpose of this document is to describe 

the proposal, to assess its potential environmental impacts, and to describe ways of mitigating 
or managing them. 
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DESCRIPTION OF THE PROPOSAL 

A Works Approval (No. 01755) has been given by the Department of Environmental Protection 

(DEP) to allow the Water Corporation to upgrade the current WWTP plant up to a capacity of 

4,500m3/day to meet specified discharge quality. The major components of the approved 

development include the following: 

replacing the lagoons with an advanced activated sludge treatment plant known as an 

Intermittently Decanted Extended Aeration (IDEA) plant which incorporates biological 

nitrogen removal and chemical phosphorus removal; 

incorporating sand filtration and disinfecting the treated wastewater using ultraviolet 

radiation; 

upgrading the existing wetland by modif'ing the water flow path to create a longer flow 

path and reduce stagnant zones, and by planting and encouraging suitable native species. 

This would improve its wastewater treatment capability. 

The Water Corporation also has a licence (No. 5952/2) to discharge wastewater of a specified 

quality to the drain during the 'winter' months from May to October (the main period of drain 

flow) until 30 September 1998. 

The Water Corporation is now seeking approval for the following: 

increasing the plant capacity to 9,000 m3/day by 2035; 

renewal of the licence for 'winter' discharge of treated wastewater to the drain via the 

upgraded wetland; 

a licence to allow discharge of treated wastewater to the drain during the 'summer months' 

from November to April via the upgraded wetland; 

introducing an Environmental Improvement Initiative to facilitate catchment management 

and reduce nutrient loads entering the southern parts of Geographe Bay from sources other 

than the WWTP. 

The improved treatment would remove most of the nutrients and is designed to provide treated 

wastewater leaving the upgraded wetland with the following characteristics: 

biological oxygen demand-5.0--6.5 g/m3  

suspended solids-5.5-9.0 g/m3  

total nitrogen-3.0-4.5 g/m3  
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total phosphorus-0.5 g/m3  

thermotolerant (faecal) coliform bacteria-300 cfuJlOO mL. 

At the discharge rate of 9,000 m3/d which is anticipated by the year 2035, it is estimated that 
the WWTP would contribute less than 5 and 10 per cent respectively of the total annual 

nitrogen and phosphorus loads in the Vasse Diversion Drain. This represents about 2 percent 

of the total nitrogen and 3 percent of the total phosphorus discharged into the southern part of 

Geographe Bay from all sources. 

Implementation of the Environmental Improvement Initiative is intended to provide a 

mechanism for reducing catchment-based nutrient sources as an off-set for releasing small 

quantities of nutrients from the WWTP. 

EVALUATION OF ALTERNATIVES 

A number of alternative options were evaluated for wastewater disposal before the proposed 

option was selected. All options include upgrading the WWTP to improve the quality of the 

wastewater. The options considered are discussed in the following sections. 

Irrigation of woodlots with winter storage of effluent 

The disposal of treated wastewater by irrigation of a blue gum (Eucalyptus globulus) woodlot 
was examined in considerable detail. Under the option, some 800 ha of land would be required 

to irrigate the wastewater flows anticipated to the year 2035. Additionally, a storage dam some 

50 ha in area would be required to hold wastewater during the wet winter when the trees do not 

have a need for irrigation waters. 

This option was rejected because of the problems of waterlogging at many sites identified for 

potential wastewater disposal, and because suitable areas of land of sufficient size for irrigation 

and for construction of the water storage dam could not be readily identified. 

Summer irrigation of woodlots with winter discharge to drain 

This option would require development of approximately 400 ha of land for irrigation of blue 

gums during the period November to April. Treated wastewater generated between May and 

October would be discharged to nearby drains and would eventually flow into Geographe Bay 
via the Vasse Diversion Drain. 

This option was rejected because it was not possible to find a suitable, sufficiently large area of 

land available for sale. Further, many areas close to the WWTP have shallow and saline 

groundwater, and subsoil drainage would be required to sustain plant growth. Additionally, 
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through the consultation programme, concerns were expressed by the community in relation to 

isolating such a large area of land so close to Busselton and precluding it from agricultural 

usage and possibly from subsequent development. 

Irrigation ofpublic parks, gardens and Busselton Golf Course with winter discharge to drain 

Public parks, garden areas and the Busselton Golf Course could be irrigated with treated 

wastewater. However, this option would not require sufficient wastewater in its own right to 

use all the wastewater available by the year 2035. Additionally, the fragmented nature of the 

available sites would lead to very high reticulation costs in most cases. The option of irrigating 

public parks and gardens was rejected. However, the option of irrigating Busselton Golf 

Course will be further pursued, as it has potential to provide significant reductions to nutrient 

discharge to the drain in summer. 

Summer irrigation of agricultural crops with winter discharge to drain 

Treated wastewater could be piped to agricultural land in the BusseltonlWhicher Scarp area for 

irrigation of crops such as potatoes, other vegetables and grapevines. This option was rejected 

primarily because the potential variability in water use by farmers meant that regular demand 

for wastewater could not be guaranteed. As an add-on option to either a woodlot or a 

constructed wetland, the cost-effectiveness of agricultural reuse was marginal. 

Ocean discharge via pipeline 

The entire quantity of treated wastewater could be discharged to Geographe Bay via a pipeline. 

The submarine pipeline would need to be over 5 km long to reach waters of greater than 15 m 

depth and beyond dense seagrass, and would need to be buried for the first kilometre. This 

option was rejected because it is likely to have poor community acceptance. 

Constructed wetland and discharge to drain together with an Environmental Improvement 
Initiative 

The upgrading of the existing wetland would considerably improve the quality of the treated 

wastewater discharged to the drain. Even though wastewater flows would increase almost 

seven fold, the total amount of nitrogen and phosphorus released to Geographe Bay from the 

WWTP in the year 2020 would be no greater than that currently. 

Under the Environmental Improvement Initiative, the Water Corporation would institute a 

programme aimed at improving nutrient management in catchments draining to the southern 

parts of Geographe Bay. Experience gained in the Peel—Harvey system suggests that 

reductions of diffuse nitrogen and phosphorus loads of at least 10-20%, and perhaps up to 40-

50%, are achievable over a 3-5 year time-scale by implementing improved management of 

rural point sources and fertiliser management programmes based on soil nutrient testing. This 
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contrasts with the 1-2.5% nitrogen and phosphorus load reduction in the Vasse Diversion Drain 

which would be achieved through development of year-round woodlot irrigation. 

This option was therefore selected because it was seen to have the potential to yield the largest 

overall environmental gains. 

Future Options 

The Water Corporation will consider all opportunities for wastewater reuse where viable 

opportunities are presented in the future. 

CONSULTATION IN REGARD TO THE PROPOSAL 

Extensive consultation was conducted during the preparation of this CER. This included 

consultation with the wider south-west Western Australian community leading up to the 

Wastewater 2040 Strategy and local consultation to determine options for wastewater disposal 

in the vicinity of Busselton. 

Project-specific consultation has occurred since October 1996, and has included a round-table 

meeting with the Shire of Busselton and local interest groups. In addition, a value-management 

workshop was convened to assess the specific options of summer irrigation of eucalypt 

woodlots and discharge to drain during winter. The meeting was attended by representatives 

from the Shire, local farmers, the Department of Environmental Protection, local interest 

groups, the local Member of Parliament, the Health Department WA, specialist experts and 

consultants. Further consultation has involved meetings between the Water Corporation, the 

Shire of Busselton and local interest groups. 

ANTICIPATED ENVIRONMENTAL IMPACTS AND MANAGEMENT 

A summary of existing environmental conditions, relevant proposal characteristics, 

environmental management objectives and measures, and predicted impacts is presented in the 

Summary Table on the following pages. 

ENVIRONMENTAL MONITORING 

The Water Corporation would conduct ongoing environmental monitoring as an integral 

component of the project, to evaluate, and if necessary further reduce, environmental impacts 

associated with this project. Monitoring would be conducted on the following components: 

groundwater 

wetland condition and performance 
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flora and fauna monitoring of the upgraded wetland 

mosquito populations in the wetland 

water quality of discharged treated wastewater and receiving drains 

marine water quality 

activities associated with the Environmental Improvement Initiative. 
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Modifications to the wetland, including Establish a diverse, ecologically- 
construction of hunds and weirs, and sustainable wetland consisting of local 
transplanting and planting native species, native species capable of reducing 
would increase wastewater detention times nutrient concentrations in the 
and improve nutrient removal. wastewater. 

Approximately 15 ha would be disturbed and Construct an aesthetically pleasing 
reconstructed with native wetland vegetation wetland suitable for birdwatching and 
and some fringing Melaleuca trees. The area other recreational uses. 
of open water would be reduced. Fauna 
habitat would be improved through provision 
of sanctuary islands and fencing. 

As currently occurs, treated wastewater and 
biosolids will be stored on site in lagoons 
and in the wetland. These storages are 
constructed of natural earth and some 
movements of water into the groundwater is 
possible. Overall the quality of wastewater 
stored on site will improve with the 
additional treatment provided by the IDEA 
plant. 

Control seepage such that superficial 
groundwater quality and levels on the 
WWTP site are maintained or improved 

Protect the Leederville Aquifer from 
potential contamination. 

Upgrade of the WWTP and wetland would 
improve the quality of wastewater discharged 
from the site. Flows leaving the site would 
increase to 4,50() in3fd by the year 2005 and 
9,000 m3/day by the year 2035. The total 
amount of nutrients leaving the site in the 
years approaching 2035 would only 
marginally increase over 1997 levels. 

An Environmental Improvement Initiative 
would he introduced to assist other parties 
within the southern Geographe Bay 
catchment undertake nutrient reduction and 
management. 

Ensure the quality of treated wastewater 	Monitor water flow and quality at the 
produced by the Vv WTP meets DEP 	discharge from the WWTP and constructed 
licence conditions, 	 wetland as well as within receiving drains. 

No net increase in nutrient loads 	Improve monitoring of nutrient 
entering the Vasse Diversion Drain from contributions to the Vasse Diversion Drain 
the site, and an overall reduction from 	Ensure WWTP and wetland achieve 
other sources. 	 treatment performance goals. 

Offer treated wastewater to other users 
where economically rational. 

Promote, review and modify the 
Environmental Improvement Initiative as 
required. 

Maintain or improve the quality of 
surface water. 

Implement nutrient management 
systems at 10-50 of point sources in 
the catchment. 

Reduction in nutrient loads to watercourses. 

Improved or maintained quality of surface 
waters. 

Increased flows in receiving surface drains in 
summer. 

Summary table of key environmental factors, relevant proposal characteristics and anticipated environmental impacts. 
Existing environmental conditions 	 Relevant proposal characteristics 	 Environmental management 	 Proposed management measures 	 Predicted outcome/impacts 

objectives 

Flora and fauna 

The existing site contains a wetland within a salt-affected sumpland 
which is now permanently wet with treated wastewater. A large area 
of open water currently occurs within the existing wetland and this is 
used extensively by waterbirds. A flora and fauna survey of the 
wetland indicated no rare or priority species occur on the site. Exotic 
weeds are common The site also includes some open eucalypt 
woodland. 

Groundwater 

The area surrounding the WWTP has a high water-table and is 
naturally poorly drained. The superficial groundwater in the vicinity 
of the WWTP is of high to very high salinity and is used for non-
potable uses (e.g. log-wetting) at sites which are more than 300 rn from 
the WWTP. Total nitrogen levels are very high. Lateral flow of 
superficial groundwater is likely to be less than 50 rn/a. 

Groundwater from the deeper underlying Leederville Formation is an 
important source of freshwater for Busselton, but lies beneath a layer 
of relatively impermeable clay. The aquifer is under positive pressure 
and typically discharges upwards into the superficial groundwater. 

Surface water 

The existing WWTP produces treated wastewater relatively high in 
nutrients (nitrogen and phosphorus). 

Discharges from the WWTP flow via tributary drains to the Vasse 
Diversion Drain and then into Geographe Bay. Drains receiving 
treated wastewater from the WWTP are elevated in nutrients and 
thermotolerajit (faecal) coliform bacteria bacterial ,as are other drains 
not affected by the WWTP. 

The WWTP contributes approximately 4% and 12% of the total annual 
nitrogen and phosphorus load respectively of the Vasse Diversion 
Drain. Most of the load arises from other land uses within the 
catchment during winter runoff events. In summer, the WWTP 
contnhutes more than half the nutrient load in the Vasse Diversion 
Drain. 

Marine environment 

Geographe Bay is charactei-ised by low levels of nutrients—indicative 
of a relatively pristine ecosystem and low incidence of eutrophication. 
It supports a healthy seagrass population. 

An area of nutrient-enriched waters exists around the discharge point 
of most drains which discharge into Geographe Bay, including the 
Vasse Diversion Drain. This water has nutrient levels in excess of the 
guidelines for protection of marine ecosystems and periodically has 
bacterial levels in excess of the National Guideline for primary contact 
recreation (e.g. swimming). 

The contribution of the site to nutrient loads to Southern Geographe 
Bay from the Vasse—Wonnenip estuary to the Buayanup River/Drain is 
low-2% of the total nitrogen and 4% of the total phosphorus. 

Retain Melaleuca trees and other native 
vegetation during construction wherever 
possible. 

Control weed species within the wetland. 

Construct a ringlock and barbed wire fence 
around the WWTP boundary to discourage 
entry by livestock, cats, dogs and foxes. 

Construct an island habitat within the 
wetland to provide nesting sites for birds. 

Undertake quarterly monitoring of 
groundwater from five observation bores 
and nearby groundwater users including the 
Whitelands Sawmill. 

Improve the quality of treated wastewater 
stored on site 

Ensure WWTP and wetland achieve 
treatment performance goals. 

Cooperate with Water and Rivers 
Commission and Agriculture Western 
Australia to ensure water quality and 
seagrass condition monitoring is conducted. 

Undertaken investigations to determine the 
likely cause if water quality or seagrass 
within the Special Management Area 
deteriorate. 

Promote, review and modify the 
Environmental Improvement Initiative as 
required. 

Upgrade of the WWTP and wetland would 
improve the quality of wastewater discharged 
from the site. The total amount of nutrients 
entenng Geographe Bay from the WWTP in 
the years approaching 2035 would only 
marginally increase over 1997 levels. 

An Environmental Improvement Initiative 
would be introduced to assist other parties 
within the southern Geographe Bay 
catchment undertake nutrient reduction and 
management 

Ensure there is no deterioration of 
marine water quality due to the 
operation of the WWTP within a Special 
Management Area in Geographe Bay 
(up to 1000 in along the coastline from 
the discharge of the Vasse Diversion 
Drain, and up to 200m off-shore). 

Provision of an aesthetic wetland suitable as an 
educational learning resource. 

Increased number and diversity of native 
plants, and reduced weed populations within 
the wetland. 

Increased protection for waterfowl utilising the 
wetland. 

Superficial groundwater quality maintained or 
improved. 

No change in groundwater levels. 

No impact on groundwater in the Leederville 
Aquifer 

Use of groundwater resources by other users 
not compromised. 

Water quality in Geographe Bay within the 
Special Management Area (up to 1000 in along 
the coastline from the discharge point of the 
Vasse Diversion Drain, and up to 200m 
offshore) is maintained or improved. 
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Ensure risks to public health and safety 
from pathogenic bacteria are within 
reasonable levels and comply with 
acceptable standards where such 
standards exist. 

Ensure mosquito populations are below 	Discharge well-treated wastewater to the 
the threshold levels required for disease 	wetland, remove or plant vegetation, and 
transmission or nuisance. 	

periodically manage wetland levels to 
control mosquitoes. 

Introduce natural predators or apply contrcl 
agents to control mosquitoes if required. 

Discharge from the WWTP to the constructed 
wetland contains bacteria at levels lower than 
the National Guideline for primary contact 
recreation (< ISO thermotolerant coliform 
forming units/100 mL). 

Discharge from the wetland contains 
<300 cfu/I00 mL. 

Improved bacterial quality of water in 
watercourses. 

The number of mosquitoes sourced from the 
wetland are within levels considered 
acceptable. 

Disinfect treated wastewater with UV and 
monitor to maintain low levels of bacteria n 
the WWTP discharge. 

Introduce additional disinfection measures 
if required. 

Existing environmental conditions 	 Relevant proposal characteristics 	 Environmental management 	 Proposed management measures 	 Predicted outcome/impacts 
objectives 

Public health and safety 

Treated wastewater flows along more than 5 km of open drains prior to 
discharging into Geographe Bay. The median level of thermotolerant 
(faccal) coliform bacteria in these drains during summer are currently 
above the National Guideline for primary contact recreation (e.g. 
swimming) of <150 couns/l(X) mL. In winter, the drains have 
bacterial levels higher than the National Guideline for secondary 
contact (e.g. boating) of <1000 counts/I 00 mL. A number of sources 
are likely to contribute to these levels, including agriculture, urban 
runoff and animals, especially waterbirds, utilising the drains. 

Thcrmotolerant (faecal) coliform bacteria levels at the Busselton 	
Monitoring of mosquito levels at the wetland 

Beach opposite the Vasse Diversion Drain are currently frequently 	would be undertaken. 
above the National Guideline for primary contact recreation (e.g. 
swimming) in winter. 

Social impacts 

The proposed WWTP upgrade would include 
disinfection of the treated wastewater prior to 
release to the constructed wetland. The 
treatment will reduce the level of bacteria at 
the outlet of the WWTP to below the 
guideline value for primary contact 
recreation. 

Monitoring of bacterial levels at the outlet of 
the wetland would be conducted. 

The proposed WWTP and wetland upgrade Create a constructect wetland which will 
will not compromise existing social uses of provide educational and recreational 
Busselton Beach and the Vasse Diversion values to the local community. 
Drain. 

Maintain the recreational values of 
The constructed wetland will provide a waters in the Vasse Diversion Drain and 
sanctuary for waterbirds, and will be open to at Busselton Beach. 
the public for recreational and/or educational 
excursions 

Construction of the WWTP and wetland Minimal impacts on noise and dust 
would involve earthworks and the generation levels outside the WWTP property 
of noise and dust. during construction and operation. 

The mechanical nature of the new WWTP Minimal impacts on local traffic during 
would increase noise levels slightly, construction. 

Treat wastewater to maintain or improve the Quality of life is either improved or not 
quality of surface and marine waters. 	affected by the proposal 

Encourage public use of the site. 

Dust control using water sprays where 
	

No complaints from neighbouring land users 
necessary. 	 during the construction phase. 

Heavy machinery operation only to occur 
	

All installed equipment would have a sound 
during daylight hours. 	 power level not greater than 85 dB(A) 

Heavy machinery to bypass Busselton. 	measured at 1 metre. 

Noisy equipment will be constructed with 
appropriate noise attenuation facilities. 

Control wastewater oxygen status to ensurt 	Continuation of current low-level odour 
excessive odour levels do not develop, 	impacts associated with the WWTP. 

Provide a 500-rn buffer to control any urban 
encroachment around the WWTP. 

The Vasse Diversion Drain is characterised by low levels of direct 
contact recreational use: however it is used for fishing and several 
walking tracks pass along or over the drain. 

Busselton Beach is used extensively for recreational activities, 
particularly in the summer holiday period. 

The WWTP and wetland are not currently utilised by the public 

Noise and dust 

The WWTP site is currently characterised by low ambient noise levels 
associated with the low-intensity land use of and surrounding the site. 
Some noise emissions would be generated by the Whitelands Sawmill 
and the Busselton landfill, immediately to the north-east and north of 
the WWTP site. 

Odour 

The existing site includes a number of lagoons which do not typically 	The proposed WWTP is likely to have less 	No impact on odour levels outside the 
create any odour problems. The Busselton landfill site some 500 in to 	odour than the existing lagoons. Odour may 	proposed buffer zone. 
the north of the wetland is also a potential source of odour in the 	be generated if power cuts affect air 
vicinity of the site. 	 injection. 

A 500-rn buffer is proposed around the 
WWTP in the Busselton Draft Town 
Planning Scheme to minimise any odour-
related impacts. 
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I Introduction 

This section of the Consultative Environmental Review (CER) presents an overview 
of the proposal for upgrading the treatment and disposal of wastewater from the Town 
of Busselton. This section also includes an introduction to the proponent and a brief 
description of the legal framework within which the environmental consultation and 
approval process for the proposal takes place. 

1.1 	BACKGROUND 

Currently only a small proportion of Busselton is provided with reticulated sewerage, 
and septic tank systems are common. Sewage collected is currently treated in lagoons 
at the Busselton Wastewater Treatment Plant (WWTP) situated beside Queen 
Elizabeth Avenue south of Busselton (Figure 1.1). A small package plant formerly 
serviced East Busselton, but this has now been decommissioned and flows have been 
directed to the WWTP. 

The Water Corporation, as part of its Infill Sewerage Program, has commenced the 
installation of reticulated sewerage services to many unsewered areas. Construction 
of the reticulated sewerage system and the expected growth in population of 
Busselton will increase the capacity required at the WWTP from the current 1,700 
m3/d to 4,500 m3/d by the year 2005, and to 9,000 m3/d by the year 2035. 

At present, wastewater entering the lagoons is dosed with alum at the inlet to the 
lagoons to reduce the amount of phosphorus in the effluent from the WWTP. 
Wastewater treated in the lagoons is then released into a former sumpland on the site. 
The sumpland, which is now a permanent wetland due to the treated wastewater 
discharges, is considerably degraded and contains areas of open water as well as 
emergent wetland vegetation. Wastewater from the wetland overflows into drains 
which flow along the western and north-western boundaries of the WWTP site. 

1.2 	PROJECT PROPOSAL 

The Water Corporation has obtained a Works Approval (01755) from the Department 
of Environmental Protection (DEP) to construct the IDEA plant to a capacity of 
4,500 m3/day. A licence (5952/2), valid until 30 September 1998, has also been given 
by the DEP to allow the Water Corporation to discharge treated wastewater to the 
drain during the winter months from May to October, the main period of drain flow. 
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The approved components of the development include the following: 

replacing the lagoons with an advanced activated sludge treatment plant known as 
an Intermittently Decanted Extended Aeration (IDEA) plant which incorporates 
biological nitrogen removal and chemical phosphorus removal; 

upgrading the existing lagoon-based treatment scheme to store treated wastewater 
and biosolid sludge; 

incorporating sand filtration to reduce suspended solids levels; 

disinfecting the treated wastewater using ultraviolet radiation; 

upgrading the existing degraded wetland to improve its wastewater treatment 
capacity; 

installing a number of auxiliary services. 

The Water Corporation is now seeking approval for the following: 

increasing the plant capacity to 9,000m3/day by 2035; 

renewal of the licence for 'winter' discharge of treated wastewater to the drain; 

a licence to discharge treated wastewater to drain during the summer months from 
November to April via a constructed wetland; 

introducing an Environmental Improvement Initiative to facilitate catchment 
management and reduce nutrient loads entering the southern parts of Geographe 
Bay from sources other than the WWTP. 

A proposal to create a 500-m-wide buffer zone surrounding the WWTP site is a 
component of the WWTP upgrade. 

It is proposed to develop the WWTP in three phases as shown in Table 1.1. 

Table 1.1 	Phases of wastewater treatment and disposal expansion 

Capacity 	To be operational by 	Anticipated to cater for requirements to 

Phase 1 4,500 m3/day 1998 2005 

Phase 2 6,750 m3/day 2005 2020 

Phase 3 9,000 m3/day 2020 2035 

Temporary arrangements which currently allow the discharge of treated wastewater to 
drain throughout the year will continue pending approval and commissioning of the 
final wastewater proposal. 

1.3 	THE PROPONENT 

The proponent of this project is the Water Corporation. The Water Corporation 
operates water and wastewater treatment and distribution facilities in most towns and 
cities around Western Australia. 
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1.4 	PURPOSE OF THE CER 

The purpose of this Consultative Environmental Review (CER) is to assess the 
potential environmental impacts associated with the upgrading and subsequent 
operation of the Busselton Wastewater Treatment Plant (WWTP). 

In addition, the purpose of the CER is to provide sufficient information for 
Government agencies and interested parties to make informed submissions to the 
Environmental Protection Authority (EPA), and to enable the EPA to adequately 
assess the proposal and make its recommendation to Government. 

1.5 	LEGISLATIVE FRAMEWORK 

1.5.1 	Legislative requirements and decisions of statutory authorities 

Key State legislative and statutory requirements which apply to this project include 
the Acts listed below: 

Environmental Protection Act 1986 (WA) 

Town Planning and Development Act 1928 (WA) 

Under the provisions of the Environmental Protection Act 1986, a Works Approval is 
required from the Department of Environmental Protection (DEP) for the project prior 
to the commencement of construction. A Works Approval (01755) under Part V of 
the act has been given which allows the Water Corporation to: 

construct the IDEA Plant to a capacity of 4,500 m3/day to meet discharge quality 
criteria specified in the Works Approval; 

upgrade the wetland in line with the IDEA Plant capacity. 

Additionally, under Part V of the Environmental Protection Act 1986, a licence is 
required for releases of treated wastewater to the drain. A Licence (5952/2) has been 
given by the DEP for discharge of wastewater meeting certain criteria, to the drain 
during the winter months of May to October. This licence is valid until 30 September 
1998. Following an assessment by the EPA of the long term acceptability of 
discharging treated wastewater to the drain, the DEP licence will be reassessed and 
modified as necessary. 

Under the provisions of the Town Planning and Development Act 1928, the Minister 
for Planning must approve changes to the Busselton Planning Scheme before the 
scheme is gazetted. Such approval is typically granted following advice from the 
Ministry for Planning and in Busselton's case, also from the Busselton Shire Council. 

1.5.2 	The environmental impact assessment process 

The environmental impact assessment process for project proposals is shown in 
Figure 1.2. 

The process commences with a proposal for development being referred to the 
Environmental Protection Authority (EPA). The EPA determines the appropriate 
level of assessment required for the referred proposal. Once the EPA has determined 
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Figure 1.2 
ENVIRONMENTAL IMPACT ASSESSMENT PROCESS 
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the level of assessment, the proponent is advised of the decision and guidelines on the 
required documentation are issued. 

The proponent prepares the documentation required by the guidelines and submits a 
draft to the EPA. This draft must be approved as adequately addressing the final 
guidelines, before being uinalised and released for public review. The review period 
allows interested parties and Government agencies to submit written comments on the 
proposal. At the end of the review period, the EPA summarises the environmental 
issues raised in all submissions received and provides this summary to the proponent. 
The proponent then provides a formal response to each issue. 

After reviewing the proponent's responses, the EPA assesses the proposal and reports 
its findings and recommendations to the Minister for the Environment. The EPA 
report to the Minister outlines the environmental acceptability of the proposal and, 
where appropriate, makes recommendations on conditions that may apply if the 
proposal should proceed. 

Following resolutions of any appeals by the proponent, or other parties, against the 
EPA recommendations, the Minister determines if the proposal is environmentally 
acceptable. If the decision is that the proposal may proceed, the Minister may issue a 
set of legally binding environmental conditions under which it must be implemented. 

1.6 	STRUCTURE OF THE CER 

The content of the CER may be summarised as follows: 

Section 2—the need for the project and an evaluation of alternatives; 

Section 3—details of the proposed project; 

Section 4—a description of the environment around the WWTP; 

Section 5—an outline of the public consultation programme; 

Section 6—an evaluation of the potential environmental and social impacts of the 
proposal and their management; 

Section 7—an outline of the proposed environmental monitoring programme; 

Section 8—a summarised list of environmental commitments. 
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2 	Evaluation of alternatives 

This section describes options which were assessed for the disposal of treated 
wastewater from the Busselton WWTP to the year 2035. The proposed option is 
described in detail in Section 3. 

2.1 	INTRODUCTION 

In 1995, the existing WWTP produced approximately 935 m3/d (340 ML/a) of 
treated wastewater, primarily from domestic residences. The plant is now 
producing an annual average of 1,800 m3/d (660 ML/a) of wastewater, with a 
winter peak of 2,600 m3/d (950 ML/a) and a summer holiday peak of 1,700 m3/d 
(620 ML/a). As the sewerage reticulation scheme progresses, and the population of 
Busselton grows, the volume of treated wastewater produced at the WWTP will 
increase to an estimated 6,750 m3/d by 2020 (2,460 ML/a) and 9,000 m3/d 
(3,290 ML/a) by the year 2035. 

Assessment of alternative treated wastewater disposal options has occurred in two 
stages. Preliminary options were identified in 1994 by Gutteridge Haskins and 
Davey Pty Ltd (GHD 1994). Subsequent to this, favoured options were assessed by 
Kinhill. 

Appropriate disposal options for wastewater are influenced by the following 
factors: 

the anticipated volume of the treated wastewater; 

the quality of the treated wastewater and, in particular, the nutrient, bacterial, 
and salt concentrations; 

local site constraints including land availability and suitability, as well as social 
perceptions. 

The various alternative disposal options investigated are described in the following 
sections. 

2.2 	INITIAL INVESTIGATIONS 

Options for wastewater disposal in the Dunsborough, Busselton and Capel regions 
to the year 2040 were evaluated by Gutteridge Haskins and Davey Pty Ltd in 1994 
(GHD 1994). A summary of the options considered for Busselton, with an 
assessment and relevant comments, is provided in Table 2.1. 

GHD (1994) concluded that the disposal of wastewater to woodlots appeared to be 
the most suitable strategy for treated wastewater disposal or reuse at Busselton. 
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Disposal to drain via a constructed wetland was also considered to be a possible 
option. 

GHD (1994) further concluded that the selection of an appropriate disposal strategy 
would need to be determined in relation to environmental, economic, community 
and social considerations. This was considered important to allow for potential 
changes in technology, society attitudes towards wastewater treatment, options for 
reuse and changes to the Busselton area. 

Table 2.1 	Wastewater disposal/reuse options for Busselton assessed by GHD 
(1994) 

Disposal/reuse option Assessment and comment 

Woodlots Potentially appropriate, subject to land availability 

Agriculture Limited opportunity; possibly appropriate with woodlot scheme 

Horticulture Limited opportunity; possibly appropriate with woodlot scheme 

Evaporation Not appropriate as concentrated brine would require disposal 

Borehole injection Potentially appropriate; feasible with injection bores in deep aquifers 

Urban parkiand reuse Potentially appropriate and able to utilise about half the treated 
wastewater; alternative disposal/reuse options required 

Dual reticulation (80% Potentially appropriate and able to utilise about 33% of treated wastewater; 
of new connections) alternative disposal/reuse methods required; high capital and operating 

costs 

Dual reticulation (80% 	Not appropriate as able to utilise only about 60% of treated wastewater; 
of all connections) 	extremely high capital and operating costs 

Industrial reuse 	Limited opportunity as there are no local industries which require high 
volumes of low-grade water 

Potable reuse 	 Possible and technically feasible. However, a demonstration project would 
be required; concentrated brine output from reverse osmosis process would 
also require disposal 

Discharge to surface 	Potentially appropriate; however, a high level of treatment and large area 
water via constructed 	required 
wetlands 

Several of the options identified by GHD were investigated in more detail by 
Kinhill Pty Ltd. These options were as follows: 

irrigation of woodlots with winter storage of effluent; 

summer irrigation of woodlots with winter discharge to drain; 

discharge to drain through a constructed wetland together with improved 
catchment management (environmental improvement initiative); 

irrigation of public parks, gardens and Busselton Golf Course with winter 
discharge to drain; 

summer irrigation of agricultural and horticultural crops with winter discharge 
to drain; 

ocean discharge via a pipeline. 

These options are described in more detail in the following sections. 
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2.3 	IRRIGATION OF WOODLOTS WITH WINTER STORAGE OF WASTEWATER 

The disposal of treated wastewater by irrigation of a blue gum (Eucalyptus 
globulus) woodlot has been examined in considerable detail. Blue gums are 
currently grown in approximately 60,000 ha of forest by industry and the 
Department of Conservation of Land Management (CALM) throughout the South-
west. This species is also used in wastewater disposal plantations in various states 
of Australia, including by the Water Corporation in Albany in Western Australia. 
Advantages of blue gums include potentially high growth rates, the ability to be 
regrown from stumps (coppiced) and a general freedom from pest and disease 
attack. 

Kinhill Metcalf and Eddy Pty Ltd assessed the potential woodlot sites proposed by 
GHD (1994) and concluded that sites adjacent to the Bussell and Vasse highways, 
which were previously recommended for woodlot development, were unsuitable 
due to land planning constraints (Kinhill Metcalf and Eddy 1996). 

Kinhill undertook a series of studies to investigate the suitability of a number of 
additional sites for irrigation of woodlots. These studies indicated there were a 
number of difficulties for the long-term disposal of the entire treated wastewater 
stream to irrigated woodlots in the Busselton area (Kinhill 1996). These difficulties 
were: 

the excessive costs of obtaining a sufficient area of land (approximately 800 ha) 
if the irrigation of woodlots was to be the sole method of disposal of 
wastewater; 

problems of waterlogging at many sites identified for potential wastewater 
disposal; 

a lack of sites suitable for the construction of a large (approximately 50 ha) 
containment dam sufficient to store wastewater over winter when irrigation of 
woodlots would not be possible. 

These difficulties led to the conclusion that disposal of treated wastewater solely by 
irrigation of woodlots was not feasible in Busselton. 

2.4 	SUMMER IRRIGATION OF WOODLOTS AND WINTER DISCHARGE TO DRAIN 

Approximately 400 ha of land was considered necessary to adequately treat the 
wastewater flows anticipated to be generated over a six-month period each summer. 
An extensive site selection process was conducted to identify potential woodlot 
sites (see Appendix D). These areas included the following: 

an area of the Ludlow Plains known as the Cokelup clays, south of the existing 
WWTP; 

an area on the Abba Plain south of the existing WWTP. 

Preferred areas were identified and a final area was selected (Kinhill 1996b). A 
conceptual design of an irrigation scheme was also developed to enable 
assimilation by the trees of nearly all the water and most of the nitrogen in the 
wastewater. A key issue in the design was the provision of adequate subsoil 
drainage to maintain groundwater levels at a sufficient depth to permit optimal 
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plant growth. Water draining from irrigation areas may have high salinity levels, as 
plants selectively remove the water, thereby concentrating the salts. Thus, a 
potential negative impact of the woodlot development was the discharge of 
relatively saline and nutrient-enriched waters from subsoil drains to open drains. 
The need for subsoil drainage also generated some doubts as to the long-term 
sustainability and production rates that could be achieved from development of a 
woodlot at Busselton. 

It also became apparent that there would be difficulties finding 400 ha of suitable 
land in contiguous blocks available for sale. Most areas identified as potential 
woodlot sites were covered by mineral leases for the mining of titanium-rich sands. 
While this was not necessarily considered a constraint, it made the woodlot option 
more complex, requiring negotiations with the leaseholders to avoid any possible 
loss of access to the mineral resource. 

The cost of upgrading the WWTP, including a woodlot to cater for the 
requirements of wastewater treatment to the year 2035, was estimated to be 
approximately $23 million. This cost could be staged over the life of the project 
(i.e. in 1998, 2005 and 2020), but land would need to be secured at an early stage. 
Potential advantages of the woodlot option included some offsetting of the capital 
cost with returns from the sale of trees for timber and woodchipping. 

This option also included minor modifications to the existing wetland, primarily to 
ensure all treated wastewater would remain contained within the WWTP site. The 
modifications would also control the discharge point from the wetland to drain. 

A value management study involving key stakeholders was conducted in Busselton 
to discuss the woodlot option. Among the important issues raised at the meeting 
were the following: 

the possibility of community resistance to the alienation of large areas of land 
for woodlot development close to Busselton; 

the risk that the woodlot might fail to operate sustainably in the long-term; 

the apparent marginal value of developing an expensive woodlot for the 
management of the nutrient loads from the WWTP when the WWTP contributes 
only a small proportion of the total nutrient load in the Vasse Diversion Drain to 
which it currently discharges. 

Consequently, it was decided not to proceed further with this option. 

2.5 	CONSTRUCTED WETLAND AND DISCHARGE TO DRAIN TOGETHER WITH AN 
ENVIRONMENTAL IMPROVEMENT INITIATIVE 

This option is the proposed option and is described further in Section 3. 

Constructed wetland 

Constructed wetlands are capable of improving the quality of treated wastewater by 
lowering the load of organic matter, nutrients, suspended solids and coliform 
bacteria. Much of the original vegetation in the existing wetland on the WWTP site 
has disappeared, reflecting the impacts of existing discharges and the clearing of 
vegetation from much of the surrounding land. Further, many of the flora species 
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in the wetland are characteristic of brackish conditions, reflecting a degree of 
salinisation in the area. However, the wetland still supports a relatively healthy and 
diverse avifauna (Kinhill 1997b). 

Through construction of an open-surface wetland approximately 12 ha in area to 
receive discharges from an upgraded WWTP (including disinfection), it would be 
possible to significantly improve the quality of the treated wastewater prior to 
discharge to the drain. Upgrading the WWTP and wetland to treat effluent through 
to the year 2035 would require the following (Kinhill 1997c): 

construction of an intermittently decanted extended aeration (IDEA) plant to 
reduce nitrogen and phosphorus levels in wastewater to 10 g/m3  and I g/m3  
respectively; 

construction of an ultraviolet disinfection unit at the outlet of the IDEA plant to 
reduce the bacterial content of the wastewater to below guideline levels for 
primary contact recreation; 

construction of a modified wetland through the creation of a system of external 
and internal bund walls, weirs and an outlet structure to channel flow through 
the wetland; 

planting and transplanting of native wetland species and the creation or 
maintenance of waterbird habitat. 

The cost of these works through to the year 2035 is estimated to be $14.5 million. 

This upgrade would yield a number of benefits including the following: 

a high degree of nutrient reduction prior to release to the drain; 

the use of land which has few other potential uses due to its low-lying nature 
and susceptibility to waterlogging; 

the provision of a flexible option which could be readily monitored and 
upgraded when necessary in future; 

containment of the wastewater to one site where potential impacts can be 
readily identified and controlled; 

the maintenance of an area suitable for the conservation of flora and fauna. 

Negative aspects associated with discharging the wastewater to drain include 
perceived poor usage of the water as a resource. Construction of the wetland may 
disturb existing flora and fauna and potentially increase mosquito numbers. These 
aspects and their management are discussed further in Sections 6 and 7. 

The Environmental Improvement Initiative 

In addition to construction of a IDEA plant and upgrading the wetland, the Water 
Corporation propose to implement an Environmental Improvement Initiative. The 
intention of the Environmental Improvement Initiative (discussed further in Section 
3) is to provide a mechanism (and funding) for cost-effective nutrient reduction in 
the drains that enter the southern parts of Geographe Bay from sources other than 
the WWTP. 
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The Environmental Improvement Initiative option provides several advantages to 
the Water Corporation, the Department of Environmental Protection, the 
Government and the community. These are as follows: 

a greater environmental benefit would be gained than if the WWTP was 
upgraded and the treated wastewater irrigated to a woodlot alone; 

more cost-effective expenditure on nutrient reduction would be achieved. 

Experience gained from studies of the Peel—Harvey system suggests that reductions 
of diffuse nitrogen and phosphorus loads of at least 10-20%, and perhaps up to 40-
50% are achievable over a 3-5 year time-scale. This could be achieved by 
implementing improved management and monitoring of rural point sources and 
fertiliser management programmes based on soil nutrient testing. This contrasts 
with the 1-2.5% nitrogen and phosphorus load reduction in the Vasse Diversion 
Drain which would be achieved through development of year-round woodlot 
irrigation. 

2.6 	IRRIGATION OF PUBLIC PARKS, GARDENS AND BUSSELTON GOLF COURSE 

A number of public parks and gardens, and the Busselton Golf Course, are 
currently irrigated with groundwater. These areas could potentially use treated 
wastewater. However, the areas concerned are relatively small, would only use 
water during the summer, and extensive pipework would have to be installed. 
Alternative means of storage or disposal must be available for the spring, winter and 
autumn. 

Parks and gardens 

The total area available for irrigation is estimated to be 80 ha, and irrigation would 
use approximately 960,000 m3  of wastewater per annum (GilD 1994). This is 
equivalent to approximately 58 and 29 percent of the annual wastewater anticipated 
to be produced by the WWTP in the years 2005 and 2035 respectively (ie at 4,500 
and 9000 m3/d). 

Irrigation of parks and gardens, in conjunction with woodlots, would incur very 
high capital and operating costs, even greater than woodlots alone (Kinhill 1996). 
Nevertheless, the wastewater could be made available if desired. 

Busselton Golf Course 

The Busselton Golf Course is some 4 km south-east of the WWTP. The club 
currently irrigates a 37-ha golf course and a 3-ha turf farm from three bores in the 
Leederville Aquifer. The golf course's average water consumption is around 
200,000-250,000 m3/a, most of which is consumed in the 8-month period from 
September to May, with peak water consumption being 2,100-2,300 m3/d. A more 
efficient automated irrigation system will be installed within the next 15 years. 
This is expected to reduce water demand to approximately 180,000 m3/a, with a 
peak demand of about 1,540 m3/d. 

Based on current water consumption rates and expected nutrient uptake rates, 
approximately 40% of the annual nitrogen requirement and 60% of the annual 
phosphorus requirement of the golf course would be supplied by irrigating with the 
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wastewater. An advantage of using wastewater on the golf course is that it would 
reduce the draw of potable water from the Leederville Aquifer which currently 
supplies the course. 

The suitability of the golf course as an option for wastewater disposal is, however, 
limited by its water demand. Based on flow rates in 1997 (i.e. 1,700 m3/d) , the 
golf course would use about 34% of the current annual wastewater flow, or 68% of 
the wastewater generated between November and April. By the year 2005, the golf 
course would only use approximately 12% of the increased annual wastewater flow 
(28% of the summer flow) unless another golf course was built. This contribution 
would be further reduced as the automatic irrigation system is introduced. Greater 
use of wastewater by over-irrigation of the golf course would be discouraged as 
seepage of wastewater could lead to movement of treated wastewater off-site. 

The option of irrigating Busselton Golf Course will be further pursued as part of the 
Environmental Improvement Initiative, as it has potential to provide significant 
reduction of the nutrients discharged to the Vasse Diversion Drain in summer. 

2.7 	SUMMER IRRIGATION OF AGRICULTURAL CROPS WITH WINTER 

DISCHARGE TO DRAIN 

A variety of agricultural crops, such as some vegetables, grapes, lucerne and 
sorghum, could be irrigated with treated wastewater during the summer months. 
With the existing treatment, wastewater has high levels of nutrients (median total 
nitrogen and phosphorus of 30 and 9 g/m3  respectively). It also has a relatively 
high salinity (median of 900 g/m3) which restricts its irrigation use to soils with 
good drainage and to vegetation with some salt tolerance (Thomas 1991). 

The area of irrigated land required to dispose of the wastewater output up to the 
year 2005 (i.e. up to 4,500 m3/d over six months or a total of 810,000m) was 
determined by estimating crop water and nutrient demand. Table 2.2 shows the 
areas of land which would be required for the disposal by irrigation of this quantity 
of wastewater to selected crops. The land area required for disposal of wastewater 
to a bluegum woodlot over the summer period (Kinhill 1996b) is included for 
comparative purposes. 

Table 2.2 	Land area required for disposal of approximately 810,000 m3  of 
wastewater generated up to 2005 between November and April each year 

Crop 	 Area of land (ha) required * 

Potatoes 	 70 

Sorghum 	 75 

Lucerne 	 100 

Pasture 	 140 

Grapes 	 190 

Eucalypts 	 150 

Based on anticipated flow in 2005 of 4,500 m3/d 

Table 2.2 indicates that the high water use of annual fodder and vegetable crops 
translates into a relatively low irrigation area requirement. Perennial crops such as 
pasture or eucalypt plantations use less water and consequently have larger area 
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requirements. Grapevines have a particularly low demand for water and require 
over twice the land area of the annual crops for disposal of the same quantity of 
wastewater. 

Irrigation of agricultural crops would require treatment of the wastewater to ensure 
that appropriate health standards were maintained and that risks of bacterial 
contamination were minimised. For spray irrigation of unprocessed crops, 
wastewater would need to be treated to ensure thermotolerant coliform bacteria 
levels were less than 10 cfuIlOO mL. For irrigation of processed vegetables or 
application through furrow irrigation (rather than spray), a level of 100 cfuJlOO mL 
would be the required level of treatment. 

Fodder production 

It is possible that irrigation of sorghum or lucerne could be developed for feeding 
dairy cattle, beef cattle and sheep which currently graze non-irrigated pastures in 
the Busselton region. Production of sorghum or lucerne is not commonly practised 
in the area due to problems with winter waterlogging. To develop irrigated lucerne 
production would require the installation of drainage systems for winter and 
irrigation systems for summer. Both systems are prohibitively expensive and 
consequently have not been utilised on any large scale. 

The management requirements for irrigation of these enterprises would be expected 
to be higher than for woodlots. Regular grazing or harvesting would make the 
implementation of an automated drip irrigation system, as intended in the woodlot 
design, impractical. Instead a spray irrigation system would be required and this 
would require regular monitoring. 

Successful disposal of wastewater for the irrigation of fodder crops would be 
difficult. Most of the farms in the area are small landholdings and would require 
only sufficient water to irrigate a maximum of 1 0-20 ha. A minimum of four to 
seven farms would be required to provide sufficient land for disposal of the 
anticipated volumes of wastewater to the year 2005 and double this for the year 
2035. 

Vegetable production 

A range of vegetables are grown in market gardens in the Busselton region, 
including potatoes, cauliflowers, celery, pumpkins, onions, beans and capsicums. 
The most suitable soils for vegetable production in the region occur in a 
discontinuous belt just north of the Whicher Scarp, from Carbunup to Acton Park 
Road and along Kaloorup Road (Figure 1.1), 10 km south-west of the WWTP. 
These soils are well drained, have a high clay content, and high water- and nutrient- 
holding capacities, including the ability to adsorb phosphorus. 	Current 
management practices include irrigation with groundwater, regular cultivation and 
crop rotation. Most of these soils are already used for horticultural purposes, and it 
is estimated that over 1,000 ha of land would be suitable for irrigation with 
wastewater. 

The area irrigated varies from year to year, but at present, farmers in this area 
irrigate approximately 10-20% of their properties, indicating some 100-200 ha 
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would presently be available to dispose of wastewater. Typical irrigation 
requirements are 8,000-12,000 m3/ha. 

The capital cost of piping water to this area is estimated to be approximately 
$2 million. 

Vineyards 

The use of land for wine or table grape production in the Busselton region has 
increased significantly in recent years. Viticulture requires land with similar 
characteristics to that required for vegetable production, with soils prone to 
waterlogging and salinisation being unsuitable. Consequently, most areas currently 
being used for viticulture are located within the horticultural area north of Adams 
Road (Figure 1.1). Management usually incorporates drip irrigation with annual 
application rates of approximately 2,000-4,500 m3/ha. 

At the maximum application rate, some 190 ha of grapes would be required to use 
the 810 ML of wastewater expected to be generated in the November to April 
period each year by the year 2005. 

Conclusions 

It is estimated that 100-200 ha of agricultural land could be available to be irrigated 
with an average of 8,000 m3/ha of treated wastewater per annum. At this 
application rate, 800-1,600 ML of wastewater would be used. Approximately 
810 ML is anticipated to be generated annually between the months of November 
and April by the year 2005. By the year 2035, this figure would probably grow to 
1,620 ML/a. Consequently, sufficient agricultural land is available for disposal by 
this option with vegetable and vines production offering the greatest opportunities 
for the use of treated wastewater. 

Key constraints to development of irrigated agriculture, however, include the 
following: 

the piping and pumping distances involved and the need to service many (i.e. at 
least 8 in the longer term) small landholdings; 

the need to manage disposal to a diverse group of operators; 

the typically small size of landholdings leads to considerable reticulation costs; 

the need for a storage dam to cater for peak monthly flows. 

It is not expected that the landholders who could use the wastewater for irrigation 
would be prepared to pay for a substantial component of these costs. Sustained 
disposal of wastewater could not be guaranteed as vegetable production rates and 
areas under cultivation are frequently governed by fluctuating economic factors. 
Careful monitoring of the water balance of irrigated crops is unlikely to occur in 
this situation. Excessive application of treated wastewater could result in losses of 
wastewater to drain or groundwater with consequent detrimental impacts. 

This option was therefore considered to have a low reliability as a disposal/reuse 
option. 
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2.8 	OCEAN DISCHARGE VIA PIPELINE 

The use of an ocean outlet is currently a common method for disposal of treated 
wastewater for coastal communities. Providing that a number of prerequisites are 
satisfied, there are few health and environmental problems associated with this 
option. The most important of these prerequisites is that disposal is to an open, 
well-mixed and well flushed waterbody. 

Ocean disposal was the chosen disposal method for wastewater produced in the 
Perth metropolitan area. The Perth Coastal Waters Study concluded 'that presently 
there are no measurable signs of eutrophication in the vicinity of either the 
Beenyup or Swanbourne outlets' (Lord and human 1995). The study concluded 
that the loadings of the outlets could be increased, providing adequate wastewater 
treatment was ensured prior to disposal, and that environmental monitoring around 
the outlet continued. In the vicinity of the Cape Peron outlet, there are indications 
of 'some influence of wastewater discharge on local biota'. 

The Wastewater 2040 Study (WAWA 1995) identified several options for ocean 
disposal in the Busselton region. However, because of the bathymetry of 
Geographe Bay, with deeper, well-flushed water occurring only at considerable 
distances offshore, ocean outfalls would need to be over 5 km long to take 
wastewater beyond seagrass areas and into a depth of I Sm (see Section 4.6). The 
main components of an ocean discharge option would need to include the following 
(Water Authority of WA 1995): 

wastewater treatment to remove nitrogen from its current average level of 
30 g/m3  to 10 g/m3  and maintenance of total phosphorus below levels 12 g/m3  
compared to its present average level of 8 g/m3; 

construction of 4.4 km pipeline to the coast and a 5.2 km marine outlet to the 
outer limit of the seagrass beds in 15 m of deep water. 

In constructing an ocean discharge, seagrass beds would be directly affected. The 
long-term impacts of the physical presence of the pipeline could be reduced by 
burying the pipe for the first kilometre of its length. Some visual impacts when 
viewed from the air could result following construction of such a pipeline. An 
advantage of this method of treatment is that it could cope with 100% of the 
wastewater. 

Treatment of the wastewater to reduce its nitrogen content to below 10 g/m3  and 
maintenance of its phosphorus content to below 8 g/m3  would lead to an annual 
discharge of 33 t of nitrogen and 26 t of phosphorus through the outfall to 
Geographe Bay when the WWTP is delivering wastewater at a rate of 9,000 m3/d 
by the year 2035. At present, contributions from unsewered areas and the existing 
WWTP are estimated to deliver approximately 31 t of nitrogen and 11 t of 
phosphorus annually to Geographe Bay either by discharge to drain or groundwater 
seepage. 

By contrast, disposal via a constructed wetland in the year 2035 is anticipated to 
contribute some 10.5 t of nitrogen and 1.6 t of phosphorus to Geographe Bay. 
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2.9 	CONCLUSIONS AND JUSTIFICATION FOR FINAL OPTION SELECTION 

A comparison of the various options for disposal of the wastewater from the 
Busselton WV.TTP, including the proposed option of discharge to drain via a 
constructed wetland, is presented in this section and summarised in Table 2.3. A 
summary of the approximate operational and maintenance costs associated with 
each option is presented in Table 2.4. 

2.9.1 	Preferred option: Year-round discharge to drain via constructed wetland 

Disposal of treated wastewater to drain via a constructed wetland is the preferred 
option because of the following factors: 

it does not isolate large areas of land from future development options; 

it would be less expensive than the woodlot option and could represent an 
overall saving of approximately $8.5 million to the ratepayers of Busselton to 
the year 2035; 

it would provide a secure wastewater disposal option in the longer term for the 
Busselton area; 

it would reduce reliance on third parties (i.e. water-users) and thereby ensure the 
long-term security of disposal; 

it would maintain a valuable conservation area for flora and fauna; 

it would provide flexibility for future options in that the water could be used for 
other options such as drought relief or agricultural requirements. 

2.9.2 	Rejected options 

Irrigation of woodlots with winter storage of effluent 

This option was rejected because a suitable site for a 50-ha wastewater storage and 
800 ha woodlot could not be found, in addition to other factors associated with 
summer irrigation alone (see following section). 

Summer irrigation of woodlots and winter discharge to drain 

Although originally the preferred option following the initial evaluation of options, 
summer irrigation of bluegum woodlots was rejected for several reasons. These 
were as follows: 

the difficulty of finding a suitable and contiguous 400 ha of land available for 
sale; 

the high level of management required (including subsoil drainage) and some 
uncertainty as to production and growth rates and therefore as to the security of 
the scheme in waterlogged soils; 

issues of displacement of existing agricultural uses and potential alteration of 
water quality in drains in the vicinity of the irrigated woodlot areas; 
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the apparent social resistance to isolating a large area of land for woodlot 
development close to Busselton. 

Irrigation of public parks, gardens and Busselton Golf Course with winter 
discharge to drain 

This option was rejected because parks, gardens and golf courses would not utilise 
sufficient wastewater in their own right, and the fragmented nature of the available 
disposal options would lead to excessive reticulation costs. 	The option of 
irrigation of Busselton Golf Course will be further pursued. 

Summer Irrigation of agricultural crops with winter discharge to drain 

Irrigation of agricultural crops was rejected as an option primarily because the 
potential variability in the water demand meant that it did not provide adequate 
security as a long-term disposal option. As an add-on option to either a woodlot or 
a constructed wetland, the cost-effectiveness of agricultural reuse is marginal. 

Ocean discharge via pipeline 

Ocean disposal was rejected because it is likely to have poor community 
acceptance and would lead to a minor increase in nutrient discharges to Geographe 
Bay. 
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Table 2.3 	Comparison of Busselton wastewater disposal options 

OPTION: irrigation of woodlots with winter storage of effluent 

Positive aspects 	 Negative aspects 

High community acceptance Site suitable for 50 ha dam to store wastewater 
Utilises wastewater as a resource through winter not identified 
High nutrient removal and storage capacity Very expensive due to large land requirement 
Reduces need for logging of native forest Difficult to find 800 ha in contiguous area 
Potential financial return on investment available for sale 
achievable Potential seepage/runoff affecting water quality in 

drains/groundwater of larger area 
Mineral sands mining leases cover most preferred 
areas which, through disturbance of soil, may 
reduce viability and flexibility 

OPTION: Summer irrigation of woodlots and winter discharge to drain 

Positive aspects Negative aspects 

High community acceptance 
Utilises wastewater as a resource 
Security of tenure 

Conceptual site selection and design complete 
High nutrient removal and storage capacity 

Reduces need for logging of native forest 
Potential financial return on investment achievable 
Potential arrangements could be made with 
mineral sands mining operations to pre-form land 

Expensive ($23 million), primarily due to 
purchase of land. Costs could easily escalate 
further 

Difficult to find 400 ha in contiguous area 
available for sale 

Potential seepage/runoff affecting water 
quality in drains/groundwater of larger area 
Mineral sands mining leases cover most 
preferred areas which, through disturbance 
of soil, may reduce viability and flexibility 

OPTION: Constructed wetland and discharge to drain together with Environmental Improvement Initiative 

Positive aspects 	 Negative aspects 

Maximised overall environmental improvement 
Nutrient discharge to drain lowered. Effects on 
eutrophication less than at present 
Less expensive than woodlot option—total cost of 
$14.5 million plus ElI costs 
Containment of impacts associated with 
wastewater treatment to one site 

Improved quality of wastewater discharge. 
Does not isolate large areas of land from future 
development options 

Provides flexibility for future disposal options 
Maintains conservation area for wetland fauna and 
flora 

Discharge of wastewater is perceived as poor 
resource use in summer 

Potential increase in mosquitoes at the 
wetland 

Poor dilution of wastewater in Geographe 
Bay 

Minor contribution to nutrient loads to 
Vasse Diversion Drain and possibly 
Geographe Bay 

Short-term disturbance of existing flora and 
fauna in the wetland at the WWTP site 

OPTION: Summer irrigation ofpublic parks, gardens and Busselton Golf Course with winter discharge to 
drain 

Positive aspects 	 Negative aspects 

High community acceptance 
Utilises wastewater as a resource 
Existing and long-term water requirement 
Reduced draw on Leederville Aquifer from golf 
course usage 
High nutrient removal 
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Table 2.3 	Comparison of Busselton wastewater disposal options (continued) 

OPTION: Summer irrigation of agricultural crops with winter discharge to drain 

Positive aspects 	 Negative aspects 

High community acceptance 	 • Tenure cannot be guaranteed beyond 10-20 
Utilises wastewater as a resource 	 years 
Existing water requirement 	 • Water use may be unreliable 
Relatively low land requirements for certain crops • Potential seepage affecting groundwater 
High nutrient removal 	 quality 

Supports local agricultural production 	 • Health concerns related to bacterial content 

Provides alternative water supply in areas of 	• Diverse nature of individual agricultural lots 
scarcity 	 may make control of impacts difficult 
Low relative cost 

OPTION: 	Ocean discharge via pipeline 

Positive aspects Negative aspects 

Disposal of wastewater well away from shoreline Poor resource use 
Better dilution of wastewater in Geographe Bay Low anticipated community acceptance 
100% of wastewater treated Overall increase in nutrient discharge to 
No effects on fresh surface waters or groundwater Geographe Bay 

Seagrass disturbance during construction 
Possible visual impacts if pipeline not buried 

Table 2.4 	Approximate capital and maintenance costs associated with wastewater 
disposal options 

Option 	 % of flow Treated wastewater 	Approximate cost to 
quality 	 2035-2040 

TN : TP: FC 	Present Value + O&M 
Smillions 

Irrigation of woodlots with winter 	100% 150 to 	
>30 + (O&M) 

storage of wastewater 

Summ...irrigation of woodlo. 50/50% 10:1:150 to 	+(O&M. 
and winter discharge to drain 	(approx) 5 : 0.5 : 150 

Constructed wetland and discharge to 	100% 4: 0.5 : 300 to 	l'7.S+ (O&M) 
drain together with an environmental I : 0.5 : 300 
improvement initiative 

iëb1i ' in 	 - ........oo......................................................................  
and Busselton Golf Course with 	(approx) 
winter discharge to drain 

Summ..
.'"" ........ .................. 

5050% 10 . ...öiO7iö5  ................... .l4.5+(O&M. 
crops with winter discharge to drain 	(approx) 

10 .12 . ..OO,OOO 	... 

Note: All options include development of an IDEA WWTP with biological nitrogen removal. Other than ocean disposal, 
all options include a varying degree of chemical phosphorus removal. The approximate cost of an IDEA plant 
with UV disinfection to produce treated wastewater of 10-1-150 (total nitrogen /TNJ, total phosphorus [TP], faecal 
coliforms IFC)) at Busselton to the year 2040 is approximately $12.5 million (Water Corporation unpublished 
data); this cost is included in the relevant estimates above. 

Sources: 1: Water Corporation, after Kinhill 1996b; 2: Water Corporation, after Kinhill 1997b,c; 3: Water Authority 
1995; 4: Depending on crop irrigated and application method; 5: Approximately $12.5 million for IDEA plant 
and $2 million for pipeline 
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3 	Description of the proposal 

This section describes the proposal to upgrade sewage treatment at the WWTP, to 
upgrade the existing wetland and to discharge treated wastewater to existing drains 
beside the WWTP site. 

3.1 	OVERVIEW 

The Water Corporation has received a Works Approval (No. 01755 dated 9/4/97) 
from the DEP to upgrade the current WWTP plant upto a capacity of 4,500m3/day. 
The components of the approved development include the following: 

replacing the existing wastewater treatment lagoons with an advanced activated 
sludge treatment plant known as an Intermittently Decanted Extended Aeration 
(IDEA) plant which incorporates biological nitrogen removal and chemical 
phosphorus removal; 

upgrading the existing lagoons to store treated wastewater and biosolids; 

installing a sand filtration system to reduce suspended solids levels; 

installing a unit to disinfect the treated wastewater using ultraviolet radiation; 

upgrading the existing degraded wetland to improve wastewater treatment; 

installing a number of auxiliary services; 

discharging treated wastewater to the drain during the 'winter' months from May 
to October (the main period of drain flow) till September 1998. 

The Water Corporation is now seeking approval for the following: 

increasing the plant capacity to 9,000 m3/day by 2035; 

renewal of the licence for 'winter' discharge of treated wastewater to the drain via 
the upgraded wetland; 

discharging treated wastewater to the drain during the 'summer months' from 
November to April via the upgraded wetland; 

introducing an Environmental Improvement Initiative to facilitate catchment 
management and reduce nutrient loads entering the southern parts of Geographe 
Bay from sources other than the WWTP. 

These items are discussed in more detail in the following sections. 
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3.2 	IDEA PLANT 

3.2.1 	Description 

Currently, incoming wastewater is treated in a series of four wastewater treatment 
lagoons. The lagoons were designed to treat wastewater containing approximately 
35-50 g/m3  total nitrogen and 6-16 g/m3  total phosphorus (Kinhill 1996). 

Commencing in 1998, the incoming wastewater would be treated in a mechanical 
activated sludge plant. Air would be injected into a series of tanks and bacteria would 
be allowed to break the organic matter down. Periodically, excess treated solid 
residue ('biosolids') would be removed as a slurry. The biosolids would be removed 
as a slurry, dewatered and used as a soil conditioning agent or fertiliser. 

Intermittent aeration in the proposed IDEA plant would facilitate nitrification and 
denitrification and thus allow the plant to achieve a substantial reduction in nitrogen 
concentrations. Dosing the wastewater with alum would reduce the concentration of 
particulate matter and phosphorus removal through precipitation and settling. Some 
biological phosphorus uptake and removal would also occur. 

The WWTP upgrade would occur in three phases to cater for the increasing volume of 
wastewater to 2035. The staged upgrade would allow for the modular expansion of 
the plant. The IDEA plant would have four identical units, each with a capacity of 
2,250 m3fday giving an ultimate capacity of 9,000 m3/d. These modules would be 
constructed to the east of the existing lagoons (see Figure 3.1). This area that is 
currently under water in winter and would need to be built up with imported fill. 

3.2.2 	Expected wastewater quality 

Treatment in the IDEA plant would significantly reduce the 5-day biochemical 
oxygen demand (BOD), suspended solids, total nitrogen and phosphorus in the 
wastewater. Ultraviolet disinfection of the treated wastewater would reduce the 
number of thermotolerant (faecal) coliform bacteria. 

Works Approval No. 01755 issued by the Department of Environmental Protection in 
April 1997 specifies treated wastewater quality criteria which the WWTP must be 
able to fulfil. 

The anticipated treated wastewater quality produced by the plant is presented in Table 
3.1. This table shows that the quality of wastewater released from the WWTP is 
expected to improve over the years with advances in technology such as through 
improvements in nutrient monitoring and control of the plant processes. It is difficult 
to gauge the timing of these improvements, but it is anticipated that from 2020 to 
2035 the IDEA plant would be capable of producing treated wastewater with a 
median value of 5 g/m3  total nitrogen and 0.5 g/m3  total phosphorus. 
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Table 3.1 	Median and 95th percentile wastewater quality anticipated from the WWTP 

Parameter Works Approval 
limit (maximum) 

Flow = 4500 m3/d 
(1998-2005) 

Flow = 6750 m3/d 
(2005-2020) 

Flow = 9000 m3/d 
(2020-2035) 

BOD(g/m3) 20 10 10 10 

Suspended solids (g/m3) 20 10 10 10 

Total nitrogen (g/m3) 10 10(20) 8(16) 5 (10) 

Total phosphorus (g/m3) 2 1(2) 0.8 (1.6) 0.5 (1) 

Thermotolerantcoliforms 150 100 100 100 
(cfullO0 mL) 

Note: values in parenthesis are 95th percentiles 

3.3 	HOLDING LAGOONS 

The existing stabilisation lagoons would be converted into treated wastewater storage 
and biosolids holding lagoons. Treated wastewater would be delivered to the largest 
existing lagoons, with sufficient capacity to hold a minimum of 24 hours' production 
of wastewater at maximum plant capacity. The storage lagoon would provide an 
equalisation facility to cater for the intermittent decantation of treated wastewater. 
An overflow storage lagoon would be provided to allow for emergency storage, e.g. 
in the event of a breakdown of any part of the system. 

Treated wastewater would be pumped from the storage lagoon to filtration and 
disinfection units located to the north of the proposed wastewater treatment modules 
(see Figure 3.1). The wastewater would discharge directly from the disinfection unit 
into the nearby wetland. 

Biosolids would be stored for settling in the smaller lagoons currently on site. 
Supernatant water would be recovered regularly and returned to the head of the 
WWTP. Periodically, a vacuum tanker and dewatering system would be used to 
remove the biosolids from the lagoons, return most of the water to the head of the 
WWTP and then transport the dry biosolids to a suitable location for reuse or 
disposal. 

3.4 	FILTRATION AND DISINFECTION SYSTEM 

It is proposed to filter through sand and subsequently disinfect the treated wastewater 
leaving the IDEA plant. Disinfection would be by means of an ultraviolet system 
utilising medium-pressure lamps. The UV system is designed to reduce the total 
number of coliforms to fewer than 150 organisms per 100 mL. Typically, levels of 
10-50 organisms per 100 mL would be achieved. This would meet the criteria of the 
National Water Quality Management Strategy for unrestricted use of reclaimed water 
for recreational purposes (NHMRC/ARMCANZ/ANZECC 1996). However, it is 
expected that waterfowl and other avifauna present in the wetland would increase 
coliform levels to an estimated 300 organisms per 100 mL in the discharge to drain. 
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3.5 	UPGRADED CONSTRUCTED WETLAND 

3.5.1 	Description 

Currently, treated wastewater from the wastewater treatment lagoon system is 
released into a drain which flows along the western and north-western boundaries of 
the WWTP site. This release occurs at the south-western corner of the WWTP site. 
Prior to release of the water into the drain, the water passes through a wetland on the 
WWTP site. This wetland, which is termed a free-surface wetland because it contains 
areas of open water as well as emergent wetland vegetation, is degraded, and does not 
function effectively in reducing the levels of BOD, nitrogen and phosphorus in the 
wastewater. 

The existing wetland would be upgraded to generate a long, narrow flow path along 
the site (Figure 3.1). These features would minimise stagnant water zones and 
maximise the treatment performance of the wetland. Improving this water flow 
throughout the existing wetland is also likely to reduce existing mosquito populations. 

The wetland would consist of a series of zones with different vegetation types. In 
order to create a range of water depths required for the various vegetation zones, a 
pond and weir system would be constructed. Control of the water height throughout 
the modified wetland would be determined by weir heights. A 100-300 mm fall to 
the water surface on the downstream side of each weir would aerate the water, and 
assist in the wastewater treatment process. 

A manually operated valve would allow water to flow between succeeding ponds 
without flowing over the top of the weir. This would enable the water level in each 
pond to be controlled at a variety of desired heights. This facility would allow control 
over the water height in each pond as the vegetation becomes established, and the 
ponds to be partly drained if required. 

Treated wastewater would be released through a V-notch gauging station into the 
drain which flows along the western boundary of the WWTP site. 

The proposed wetland would have a total area of approximately 12 ha, with shallow, 
vegetated areas covering 87% of this. Initially, the detention time in the vegetated 
portion of the wetland, in which treatment would occur, would be approximately 
11 days. This would be reduced to approximately six days at full design flow in the 
year 2035. Probable improvements in the performance of the IDEA plant would be 
introduced in 2020 and 2035 to offset the reduced effectiveness of the wetland as the 
retention time is reduced. 

3.5.2 	Establishment 

The wetland is intended to be a low-maintenance, self-sustaining ecosystem. 
Consequently, a mixture of native vegetation would be planted. To maximise nutrient 
stripping, species selected would be those with a high productivity, a good capacity 
for conducting oxygen from the leaves to the roots, and a deep root system to 
maximise the area of sediment. Species with these characteristics include Baumea 
articulaza, Baurnea juncea, Boiboschoenus caidwellii, Lepidosperma ion gitudinale 
and Schoenoplectus validus. 
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The proposed water depths and vegetation zones are as follows: 

a shallow water zone (0-0.2 m water depth) which would be planted with Baumea 
juncea and Bolboschoenus caldwellii; 

a deeper water zone (0.2-0.4 m water depth) which would be planted with Baumea 
articulata and Lepidosperina Ion gitudinale; 

a deep water zone (0.4-1.0 m water depth) which would be planted with 
Schoenoplectus validus; 

an open water zone (> 1.0 m water depth) which would provide open water to be 
utilised by aquatic bird species. 

The establishment of new stock would be undertaken with experienced professional 
supervision. Plants would be established by hand-planting cuttings or rhizomes 
propagated off site. The planting density would be one plant per square metre. The 
best period for planting is winter/spring (Chambers, Fletcher and McComb 1995). 
However, plants could be planted at any time of year, because it is possible to retain 
water in the wetland at all times. 

Unsuitable weedy species would be removed either by cutting just above ground 
level, preferably before seed is set, or by application of a selective herbicide, such as 
Fusilade®. Where herbicide is used to control weeds, applications would be made 
prior to flooding of the wetland, to avoid toxicity effects to nitrifying/denitrifying 
bacteria. The existing wetland contains a significant area of Bolboschoenus 
caldwellii to the south of the WWTP which would be retained in the proposed 
improvement. Existing trees such as Melaleuca cuticularis would also be retained 
where possible. 

The deep-water zones would continue to support the existing populations of aquatic 
fauna, particularly avifauna. The embankments and bunds would be contoured and 
one embankment would be suitable as a roosting and nesting area for birds. The 
whole area would be aesthetically landscaped, and would be suitable for use as an 
environmental education resource. 

It is not proposed to introduce new macro-invertebrates to the wetland at this stage. 
However, through retention of existing vegetation, any existing macro-invertebrates 
(e.g. dragonflies, snails etc) would be maintained in the wetland. 

3.5.3 	Maintenance 

Key maintenanc.e issues associated with the wetland include the following: 

management of vegetative growth; 

weed control; and 

management of accumulated sediments on the wetland base. 

Vegetative growth 

Studies in Australia and elsewhere have shown that only a relatively small proportion 
of the available nutrients is taken up by plants. For example, phosphorus stored in 
plant tissues represents only 12% of total phosphorus removed in a free-surface 
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wetland, while only 12-16% of the total nitrogen removed is stored in plant tissue 
(Simpson and Woolley 1995). Most nitrogen is removed by denitrification and 
provision of vegetation within the wetland is considered important to provide a 
substrate for biological activity necessary for denitrification (Bolton and Greenway, 
1995). 

Vegetation harvesting is not considered necessary for operation of a successful 
wetland. Current knowledge of wetland management indicates that there is no need 
for routine removal of excess and dead biomass in free surface wetlands as the release 
of organic matter and nutrients from decomposing biomass is a small fraction of the 
loading of the system (Reed et al. 1988). However, accumulation of organic material 
on the wetland base can ultimately affect the performance of the wetland through 
reducing the storage volume and changing the substrate for vegetative growth. 
Removal of overgrown vegetation may be necessary at irregular intervals if flow 
through the wetland is compromised. 

Continuing control of weeds would be undertaken, particularly in the first 2 years of 
establishment, principally by physical removal. 

Sediment management 

Most phosphorus is removed by precipitation and adsorption in the sediments (Bolton 
and Greenway 1995). Depending upon the phosphorus adsorption characteristics of 
the sediments within the wetland, sediment may have to be removed at periodic (e.g. 
ten-year intervals). The time frame for development of the organic peat/sediment 
layer on the base of the wetland cannot be accurately predicted. Monitoring of the 
condition of the wetland and the quality of discharges from the wetland would be 
necessary to determine the requirement for sediment removal. 

If necessary, sediment removal may be effected through temporary draining of parts 
of the wetland or by small-scale dredging. Depending on the extent and location 
within the wetland of any sediment removal operations, diversion of treated 
wastewater away from the area of sediment removal may be required to maintain 
effluent quality. In general, any sediment removal operations would be staged to 
ensure minimal impact on final quality of the treated wastewater. 

3.6 	DISCHARGE OF TREATED WASTEWATER TO DRAIN 

After passing through the upgraded wetland, treated wastewater would be discharged 
to drain. This section describes the quality of the treated wastewater discharge and 
the drainage systemin place to accommodate the discharge for which approval from 
the Department of Environmental Protection is being sought. 

3.6.1 	Wastewater quality 

Modelling of the expected performance of the wetland was undertaken using design 
prescriptions based on the North American Database of free- and sub-surface 
wetlands (Kadlec and Knight 1996) and the process modelling package SWAMP 
(Simulated Wetland Analysis and Modelling Program). Estimates for the predicted 
quality of treated wastewater leaving the wetland, based on the influent having the 
target IDEA plant treated wastewater quality (Table 3.1), are given in Table 3.2. 
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Table 3.2 	Predicted median and 95th percentile wastewater quality leaving the 
upgraded wetland 

	

Parameter 	 Season 	Year 2005 	Year 2020 	Year 2035 

Biological Oxygen Demand (BOD) (g/m3) Winter 5.0 5.5 6.0 

Summer 5.0 6.0 6.5 

Suspended solids (g/m3) Winter 5.5 5.5 5.5 

Summer 5.5 7.0 9.0 

Total nitrogen (g/m3) Winter 4.5 (7.5) 4.5 (8.0) 3.5 (6.5) 
Summer 3.0 (4.0) 3.0 (5.0) 3.0 (4.5) 

Total phosphorus (g/m3) Winter 0.5 (1.0) 0.5 (1.5) 0.5 (1.0) 
Summer 0.5(1.0) 0.5(1.0) 0.5(1.0) 

Faecal coliforms(cfuIIOOmL) All year 300 300 300 

Based on median wastewater quality leaving the IDEA plant (Table 3.1) 
Summer average daily (21 'C) and winter average daily (13'C) temperatures used. 
Anticipated 95th percentile values are in parenthesis (based on 95th percentile concentrations leaving the IDEA plant). 

The estimates of nutrient concentrations in the treated wastewater leaving the wetland 
in Table 3.2 are uncertain as they are primarily based on modelling. There is little 
experience with constructed wetlands in Australia treating considered high quality 
wastewater such as produced by an IDEA plant. Pilot free-surface wetlands 
constructed in Queensland with similar detention times and influent loadings have 
been shown to remove 50-90% of the incoming total nitrogen to levels near 1-
1.5 g/m3  and to reduce oxidised nitrogen (i.e. nitrate) to background levels (0.1 g/m3) 

(Greenway and Woolley 1996). On the other hand, phosphorus removal has been 
very poor. The colder climate in Busselton is expected to result in lower levels of 
nitrate removal (when compared with Queensland systems) as this process is 
temperature-dependent. 

It should be noted that the upgraded wetland is not expected to remove as much 
nitrogen in winter as in summer. This is due to the lower temperatures and 
consequently lower metabolic rates of organisms within the wetland. Phosphorus 
removal is not expected to be affected by seasonal temperature variations. 

The modelling data reported in Table 3.2 is conservative and it is possible that total 
nitrogen levels in the treated wastewater leaving the wetland could on occasion 
approach background levels of around 1.5 g/m3. However, the performance of the 
wetland cannot be guaranteed. An extensive period of operation (>3 years) is 
required to confirm the modelled predictions, during which time nutrient levels 
leaving the wetland could exceed those listed in Table 3.2. 

Nevertheless, the performance of the.upgraded wetland would be significantly better 
than that of the existing wetland, and the upgraded wetland should greatly improve 
the quality of the treated wastewater discharged to the drains. 

3.6.2 	Drain capacity 

The drains currently receiving treated wastewater from the WWTP and wetland vary 
in depth. Shallow drains surrounding the WWTP are approximately I m deep. The 
Vasse Sub-A drain is some 1-2 in deep, and the Vasse Diversion Drain is over 5 m 
deep at the point of discharge of the Vasse Sub-A drain. 
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Monitoring data for the Vasse Diversion Drain indicates that daily flows in this drain 
range from 80,000 to 800,000 m3/d. In the year 2035 it is anticipated that some 
9,000 m3/d of wastewater could be released from the WWTP. This would contribute 
to 11 percent (during low flows) and 1 percent (during high flows) of the flow in the 
Vasse Diversion Drain. Observations during high drain flow conditions confirmed 
there was minimal impact at the WWTP and the wetland is designed to prevent 
backflow from the drain. 

3.7 	AUXILIARY SERVICES 

The wastewater treatment plant would require a supply of water for hoses, a safety 
shower, a toilet and wash-basin, and taps. The peak instantaneous water requirement 
for the plant is estimated to be 80 L/min. The existing WWTP uses no scheme water 
and none of these services are currently present at the WWTP site. 

The nearest water main to the site is a 300-mm-diameter pipe which terminates 
approximately 2 km from the site along Queen Elizabeth Avenue. The existing 
50 mm supply line is currently at full capacity and could not be further utilised. A 
new water main would be built and would consist of a 100 mm diameter pressure 
pipe. 

The plant is currently supplied with overhead power lines and has a 25 kVA 
transformer mounted on a pole within the site. Three-phase power is required to 
operate the wastewater treatment plant and ultraviolet disinfection system. The 
estimated power requirements would increase for each phase of development to a 
maximum of 1000 kVA. 

Preliminary assessments indicate that the existing line is sufficient for the additional 
required loads. The IDEA plant would require a source of power. These 
requirements need to be examined and the capacity of the existing lines reviewed. 

It has been assumed that three telecommunication lines would be required for the 
upgraded plant to permit data transmission as well as phone and facsimile services. 

3.8 	ENVIRON MENTAL IMPROVEMENT INITIATIVE 

3.8.1 	Background 

The Water Corporation intends to introduce an Environmental Improvement Initiative 
to facilitate catchment management and reduce nutrient loads entering the southern 
parts of Geographe Bay from sources other than the WWTP. The initiative breaks 
new ground for the Water Corporation and more generally for the water industry in 
Australia and is aimed at providing a financial contribution to enable nutrient 
reductions to be made from all potential sources. Through the Environmental 
Improvement Initiative, specific catchment-based environmental improvement would 
complement and support the Water Corporation's objectives in discharging only high 
quality effluent from its wastewater treatment plants in rural areas. 

The key aim of the programme is to achieve the maximum total reduction in 
nutrients, particularly nitrogen, per dollar of expenditure. Nutrients exported to 
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Geographe Bay from the Buayanup River, the Vasse Diversion Drain, the Vasse—
Wonnerup System, and the Abba and Ludlow Rivers would be targeted. 

Background information relating to the Environmental Improvement Initiative is 
provided in Appendix E. 

3.8.2 	Funding the Environmental Improvement Initiative 

Funding of up to $200,000 would be made available for the Busselton trial each year 
for five years. The source of the funds represents the annual savings to the Water 
Corporation of not attempting to remove all nutrients from the treated wastewater 
leaving the upgraded WWTP by irrigating a woodlot, which would not be successful 
at Busselton. 

The Program would not provide the sole source of funds for projects on private 
property as the owners of enterprises targeted would be expected to contribute at least 
two-thirds of the funding required, or equivalent services in kind. 

3.8.3 	Target projects 

Funding under the Environmental Improvement Initiative would be targeted to 
projects where the greatest nutrient reductions can be achieved for the funding 
expended. Initial targeted projects would include dairy farms, vegetable production 
operations, and urban nutrient contributions. 

The Environmental Improvement Initiative would be developed to support dairy 
farmers install effective dairy shed wastewater management systems and to manage 
other significant sources of nutrients on dairy farms. 

If other agricultural enterprises involving intensive livestock facilities develop in the 
catchment, these may also be targeted; however it is recognised that currently there 
are no piggeries and only one feedlot in the catchment. 

The Environmental Improvement Initiative would also aim to improve nutrient 
management practices of vegetable growing activities. Areas of intensive agriculture 
can be found in the Buayanup Catchment. The major activity is potato growing, 
although the area of vineyards is increasing rapidly. The replacement of potato 
growing with viticultural activities should help to reduce erosion and consequent 
nutrient loss. The soils in this area can retain phosphorus through adsorption but they 
are not effective in preventing leaching of nitrogen. In addition, some soil erosion 
occurs from cultivation practices associated with vegetable production. It is likely 
that nutrients attached to soil particles contribute to significant nutrient input to 
receiving drains. This, however, has not been quantified. 

Urban contributions to nutrients flowing into Geographe Bay could include 
stormwater runoff, seepage of fertiliser-enriched groundwater and runoff from other 
sources such as landfill areas, the Busselton Golf Course and irrigated or fertilised 
parks. Improved management of nutrients on these sites would assist in protecting 
Geographe Bay from eutrophication. 
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3.8.4 	Communication 

The Water Corporation would use some of the funding each year to run a reporting 
and communication program for the Environmental Improvement Initiative. This 
would adopt best practice in environmental reporting to provide open communication 
with, and factual information to, stakeholders and the Busselton community on a 
regular basis. 

	

3.8.5 	Operating mechanism 

Recipients of Environmental Improvement Initiative funding would be required to 
sign binding agreements with the Water Corporation which would guarantee that the 
funds were properly applied, and that the works were competently maintained and 
operated into the future. 

The Water Corporation would establish a Standing Committee of the Corporation's 
Board to administer the Environmental Improvement Initiative programme and the 
allocation of funding. This committee would have representatives from the 
Department of Environmental Protection, the Water and Rivers Commission, the 
Board of the Water Corporation, and a community representative. 

The Standing Committee would manage the funds for all of the Environmental 
Improvement Initiative schemes operated by the Corporation. The Standing 
Committee would establish local advisory groups in the catchments in which the 
Environmental Improvement Initiative operates, with members drawn from local 
government, community catchment groups, Land Conservation District Committees, 
and local offices of government agencies such as Agriculture Western Australia. 

The main uncertainties with the programme are the lack of knowledge concerning the 
extent of nutrient reduction which can be achieved through the adoption of best-
practice technologies, particularly for dairy shed effluent; and the level of community 
acceptance of the program, particularly in the early years. Another major uncertainty 
is the year-to-year rainfall pattern and hence the quantity and quality of the runoff 
which would flow into the drains and waterways. Because of these uncertainties the 
Water Corporation is unable to commit to achieving a specific improved water quality 
by a specified date in the Vasse Diversion Drain or any other drain or waterway 
discharging to Geographe Bay. 

The Water Corporation proposes to use some of the Eli funding in the first year to 
install additional monitoring and gauging stations for the better characterisation of 
baseline flow and water quality in the Vasse Diversion Drain both up- and 
downstream of the WWTP. 
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4 Existing environment 

This section describes the environment surrounding the Busselton WWTP, in the 
receiving drains and of Geographe Bay. 

4.1 	BUSSELTON LOCAL ENVIRONMENT 

4.1.1 	Location and climate 

Busselton is situated on the southern side of Geographe Bay, approximately 240 km 
south-west of Perth, and is located in the catchment of the Vasse—Wonnerup Estuary 
(Figure 1.1). Busselton has a Mediterranean climate with dry summers and rainfall 
mostly in the winter months. Dominant wind directions are from the south in summer 
and spring, and from the north-west in the autumn and winter. Much of the area 
around Busselton, particularly to the south and east, is low-lying with numerous 
permanent and ephemeral wetlands. 

4.1.2 	Land systems and hydrogeology 

Three land systems occur in the Busselton area: the Quindalup Coast, Ludlow Plain, 
and Abba Plain. Close to the coast, fore-dunes, ridges and flats of calcareous sands 
are found; these support peppermint woodland, although much of this has been 
cleared for agriculture or urban development. The Ludlow Plain is a gently 
undulating plain made up of deep brownish-yellow sands to the north and lower-lying 
Cokelup Clays to the south. Much of the native tuart, flooded gum, jarrah and marri 
vegetation has been cleared. The Abba Plain is a broad belt of alluvium between the 
Ludlow Plain to the north, and the Whicher Scarp to the south. This land is 
characterised by a mosaic of poorly drained depressions and rises, as well as dunes of 
bleached sands occurring along the northern edge of the plain. 

Groundwater occurs in two distinct systems in the Busselton area: the unconfined 
aquifer in the superficial formations, and the confined aquifer system in the 
underlying older formations, including the Leederville Formation (Hirschberg 1989). 
Due to the thinness of the superficial formations (about 6 m), the amount of 
groundwater available in this system is limited. Recharge is generally by direct 
infiltration of rainfall and, in the coastal area, by upward leakage from the underlying 
Leederville Formation. The unconfined aquifer tends to be too saline for domestic 
use and is primarily used for stock-watering. Water in the confined aquifer is less 
saline and is used extensively for domestic, horticultural and other agricultural 
purposes. 
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4.1.3 	Regional land use 

Urban development dominates the Geographe Bay coastline, radiating out from the 
rapidly growing town of Busselton (Tille and Lantzke 1990). Some urban expansion 
has been planned by the Shire of Busselton in a corridor south of the town extending 
towards the golf course. On either side of this corridor lie natural wetlands 
surrounding the Vasse—Wonnerup Estuary and the Broadwater wetland area. These 
areas are unsuitable for urban development. 

Agriculture, particularly dairy farming, dominates the Abba Plain. On more fertile 
soils, market gardens grow vegetables such as potatoes, cauliflowers, pumpkins and 
beans. Viticultural land use is expected to increase on suitable soil types, but at this 
stage vineyards are not widely established. Forestry is increasing in importance but 
the requirement for good quality land means it is in competition with agriculture. In 
general, land selected for intensive forestry should have relatively deep, well-drained 
soils and adequate moisture-holding capacity. 

Mining of remnant sand-dunes occurs on the northern perimeter of the Abba Plain. 
Mining leases are held over a large proportion of the region. 

Busselton is a popular holiday destination and recreational activities include 
swimming, boating, snorkelling and scuba-diving. Although not encouraged or 
approved, the Vasse Diversion Drain is also used for fishing, canoeing and 
swimming. With increasing residential and tourist populations, it is probable that 
these uses will increase. 

4.1.4 	Land use around the WWTP 

The WWTP site is located 5 km south of Busselton (see Figure 4.1). Most land 
around the existing WWTP is privately owned and has been cleared for pastoral or 
agricultural purposes. Some of this land is extensively degraded with evidence of 
salinisation and vegetation decline. 

The Shire of Busselton landfill site is located approximately 0.5 km north of the 
WWTP site (see Figure 4.1). The site has been used for waste disposal for over 40 
years, accepting nightsoil (septage), liquid domestic and trade wastes, and organic 
wastes including offal and animal carcasses. It is likely that a new landfill site will be 
established in the near future and the present site at least partially rehabilitated. The 
long-term land use of the present landfill site has not yet been determined, but it could 
possibly include a council waste depot or waste-recycling facilities. Subdivision of 
the site for more intensive urban development is not anticipated. 

Future urban expansion of Busselton will approach near to the WWTP site. Urban 
development is planned for a corridor moving inland from Bussell Highway along the 
eastern side of Queen Elizabeth Avenue. At present it envisaged that residential 
development will occur south along Queen Elizabeth Avenue as far as Rendezvous 
Road. 
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4.1.5 	Environmental health 

Due to the low-lying topography and the extent of the wetland areas, mosquito 
problems develop periodically in the Busselton area. A key issue with mosquito 
populations is the potential for transmission of diseases such as Ross River virus. In 
1996, some 166 cases of infection with this virus were reported in the Peel—Harvey 
area (Tony Wright, Health Department WA, pers. comm.). Periodic insecticidal 
fogging is carried out by the Busselton Shire Council to control mosquito numbers, 
but this strategy has had limited success. A mosquito management plan is currently 
being formulated for implementation throughout the South West, including Busselton. 

4.2 	EXISTING WASTEWATER TREATMENT PLANT 

4.2.1 	Treatment Lagoons 

Currently, sewage is discharged into a series of waste stabilisation ponds where the 
wastewater undergoes biological treatment. The ponds consist of a primary pond and 
a secondary or polishing pond operating in parallel. 

Monitoring data indicate that the pond system is performing well and removing about 
97% of the soluble organic matter in the effluent. On occasion, however, the 
unfiltered DOD levels in the treated wastewater are high, due primarily to algal 
growth in the ponds. There is some reduction in nitrogen (about 45% on average) 
during wastewater treatment, but prior to 1996, little if any reduction in phosphorus 
(Kinhill Metcalf and Eddy 1996). In May 1996, alum dosing was initiated and 
phosphorus levels in the treated wastewater have fallen below 3 g/m3. 

Based on the median nutrient concentration and average daily wastewater inflow, the 
annual amount of nitrogen and phosphorus currently discharged from the WWTP is 
estimated at approximately 8.9 tia and 2.3 tia respectively. 

4.2.2 	Geomorphology and soils 

Soil and geotechnical investigations have been conducted on the WWTP site by the 
Public Works Department (PWD) (c. 1991) and by Golder Associates (1996). Most 
soil investigation sites were located in the vicinity of the existing WWTP lagoons. 

The WWTP site is located on the border of two soil boundaries, the Spearwood Sands 
and the Cokelup Clays. Spearwood Sands are pale and olive-yellow unconsolidated 
sands of medium to coarse grain. In some areas, the sands are underlain with clayey 
sands, the interface of which declines from 0.6 in (e.g. south of the WWTP lagoons) 
to 2.0 in (e.g. north of the WWTP lagoons) (Public Works Department c. 1991). Silty 
sands, sands, clayey sands, sandy clays, clays and ironstone are present on the site to 
depths of 11 m (Golder Associates 1996). The heavier-textured soils of the Cokelup 
Clays occur to the south and south-west of the site. 
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4.2.3 	Wetland 

The WWTP currently discharges into a wetland approximately 15 ha in area, located 
to the south-west of the treatment plant. The wetland contains areas of open water as 
well as emergent wetland vegetation. This section describes some of the existing 
features of the site. 

Vegetation 

Within the wetland, a total of twenty-three vascular plant species from fourteen 
families and twenty-one genera were recorded (Kinhill 1997b). The flora was found 
to be dominated by species from the family Cyperaceae (sedges and rushes) and over 
half of the flora species were introduced species. 

Vegetation within the wetland is influenced by variation in water depth and soil type 
to the extent that four main vegetation zones may be distinguished (see Figure 4.2). 
These vegetation zones consist of the following: 

seasonally damp sedgelands of dense Juncus pallidus on sandy soil upper slopes of 
the wetland area to the west of the WWTP; 

seasonally inundated sedgeland on sandy clay soil on the mid-slopes of the 
wetland south of the WWTP with an occasional overstorey of Melaleuca 
cuticularis; 

seasonally inundated herb-land on clays and sandy clays fringing the open water 
areas. This zone also supports occasional low trees or tall shrubs of Melaleuca 
cuticularis, many of which are dead; 

permanent open waters with a clay/sludge substrate and a few floating or 
submergent plants occurring around the edges. 

In addition to these vegetation zones, there are drainage channels around the edges of 
the wetland that support dense stands of the floating plant Lemna disperma. There is 
also an Eucalyptus open woodland to the north-west of the wetland. 

Despite being of poor quality and invaded by a number of introduced species, the 
wetland is still relatively healthy. However, some salt-affected land exists on the 
western and southern boundaries of the site and salt-tolerant vegetation occurs in 
these areas. 

Soils in the area have been known to be saline at least since the 1950s, well before the 
WWTP was established. In 1956, the Cokelup Clays underlying the site were 
described as having salinity levels of up to 0.88% sodium chloride (McArthur and 
Bettenay 1956). Currently, these soils could be expected to have an electrical 
conductivity (a measurement of salinity) of up to 190 mS/rn (Fortech 1997) and thus 
would not support salt-sensitive vegetation. Soil salinity has presumably developed 
here as the area does not have adequate surface flows to flush salts away (Fortech 
1997). Soil salinity has doubtless been further exacerbated by land-clearing for 
agricultural land use in the local vicinity. 

I 	
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Fauna 

Five mammal species, thirty bird species and four herpetofaunal species were 
observed on the wetland in March 1997. A complete fauna list is contained in 
Appendix F. This list is unlikely to be complete as some resident fauna may be more 
active (and thus more visible) at other times of the year, while other species may be 
seasonal visitors. 

Mammals 

Five species of mammal have been observed on the site, three of which were 
introduced rodents (the house mouse, black rat and rabbit); of these the house mouse 
(Mus musculus) is abundant. The only resident native mammal observed was the 
common brush-tailed possum (Trichosurus vulpecula). A western grey kangaroo 
(Macropus fuliginous) was also sighted, but was likely to have been only a transitory 
visitor. 

Birds 

Thirty species of birds from eighteen families were observed at the WWTP site. 
Twelve of these were waterbirds which directly used the open water areas of the 
wetland. Many of these waterbirds occurred in large numbers, in particular the 
Pacific black duck (Anas superciliosa), the Australian shelduck (Tadorna 
tadornoides), the black-winged stilt (Himantopus himantopus) and the black swan 
(Cygnus atratus). 

Four raptor bird species used the wetland area, preying on the abundant supply of 
introduced rodents. The little eagle (Hieraaetus morphnoides) and the black-
shouldered kite (Elan us axillaris) were the most common, soaring over the wetlands 
for most of the day during the survey. 

Herpetofauna 

Three frog species and one snake species were observed. No lizard species have yet 
been noted. The black tiger snake (Notechis ater) is likely to prey on the frogs, in 
particular the moaning frog (Heleioporus eyrei), which was abundant in open grassy 
areas during night observations. House mice and black rats are also likely to be 
preyed on by this snake. 

Threatened species 

CALM's threatened fauna database for the Busselton region lists the following 
threatened and priority fauna as occurring in the region: 

Schedule 1 taxa: 

southern brown bandicoot (Isoodon obesulusfusciventer) 

western ringtail possum (Pseudocheirus occidentalis) 

Baudin's cockatoo (Calyptorhynchus baudinii); 

Schedule 4 taxa: 

peregrine falcon (Falco peregrinus); 
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Priority three taxa: 

brush-tailed phascogale (Phascogale tapoatafa) 

forest red-tailed black cockatoo (Calyptorhynchus banksii naso); 

Priority four taxa: 

western brush wallaby (Macropus irma) 

freshwater mussel ( Westralunio carteri). 

None of these species were observed in the area. If these species did occur in the 
area, the proposal is highly unlikely to affect them as wetland areas are not their 
prime habitat. The freshwater mussel is unlikely to utilise the wetland because of the 
natural salinity levels there. 

4.3 	GROUNDWATER 

Geotechnical information indicates the wetland is underlain by relatively 
impermeable sandy clay soils; the maximum saturated permeability of these soils is 
estimated from laboratory tests to be I xl 0 6m/s (Golder Associates 1997). Lateral 
flow of superficial groundwater could be expected to be less than 50 m per annum. 

The nearest known points of extraction of superficial groundwater include the 
following: 

Whitelands sawmill—located over 300 m to the east, which uses groundwater for 
keeping logs moist; 

Busselton Pony Club—located over 300 m to the north-east, which uses water 
from a fed dam, primarily for flushing toilets. 

a private well—located approximately 550 m north of the wetland, and north-west 
of the Busselton landfill site. 

Four superficial groundwater samples were collected on the WWTP site in June 1997 
for assessment of physical and chemical parameters. Bacterial samples were 
subsequently collected in September 1997. One sample was collected from the 
private well 500 m north of the WWTP site in December 1995. Analysis results are 
presented in Table 4.1. 

The superficial groundwater is of high salinity (total dissolved solids 600-4,000 g/m3) 
and not recommended for use as a potable supply or for irrigation of agricultural 
crops. Existing levels of nitrogen are also very high with nitrate levels of 3.4— 
10 g/m3  recorded. 
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Table 4.1 	Groundwater quality near the WWTP 

Parameter 	 Unit 	WWTP I 	WWTP 2 	WWTP 3 	WWTP 4 	WELL 

Sample date 	 June 1997 	June 1997 	June 1997 	June 1997 December 1995 

pH 	 7.5 	7.4 	7.0 	7.1 	 8.1 

Salinity: 

Electrical mS/m 620 93 630 120 91 
Conductivity 

Total Dissolved g/m3  3900 600 4000 770 621* 
Solids 

Nutrients: 

NH3  - N g/m3  0.6 0.6 1.7 0.3 - 
NO3 —N g/m3  3.6 3.4 6.8 10.0 0.74 

TotaiN g/m3  4.7 3.8 10.0 12.0 - 
PO4  - P gim3  <0.05 <0.05 <0.05 <0.05 0.02 

Hydrology 

Saturated m/s 1.3 x 10 2.4 x 10'°  2.1 x 10-7 5.0 x 10-  - 
permeability 

Thermotolerant (cfu/100 	< 10 
coliform mL) 
bacteria** 

Faecal (cfuJlOO 	1700 
streptococci** mL) 

<10 	<10 	<10 

<10 	<10 	<10 

Calculated as 0.68 * electrical conductivity (mS/cm) 

t 	AfterHart 1974 

Sampled 16 September 1997, presumptive. 

4.4 	SURFACE WATER 

The Busselton area, including the area surrounding the WWTP, has a high water-table 
and has naturally poor drainage. An extensive drainage network has been established 
in the area with agricultural drains surrounding the WWTP Reserve. 

The Water Corporation operates a surface water quality monitoring programme in the 
drains and in the receiving marine environment. This includes monitoring the Vasse 
Sub-A Drain, the Vasse Diversion Drain and Geographe Bay within 1 km of the 
discharge point from the Vasse Diversion Drain (see Figure 4.3). The Water and 
Rivers Commission also conducts sampling within the Vasse Diversion Drain. The 
location of sites for which monitoring data is available is shown in Figure 4.3. 
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4.4.1 	Vasse Sub-A Drain 

Currently, treated wastewater flows from the wetland into a branch of the Vasse 
Sub-A Drain (drains A2  and A2A), which flows along the western and then the north-
western boundaries of the WWTP site (see Figure 4.3). Water primarily discharges 
from the western boundary of the WWTP site. At elevated water levels in the 
wetland, water can discharge from the northern boundary of the site. 

The main channel of the Vasse Sub-A Drain runs alongside Queen Elizabeth Avenue 
and is approximately 2-5 m wide and unlined for most of its length. Kikuyu is the 
dominant grass in the drain. Land use adjacent to the drain includes agricultural/rural 
residential areas to the south and developing and developed residential areas in the 
north. The drain continues northwards until it discharges into the Vasse Diversion 
Drain approximately 1 km south of the drains entry point into Geographe Bay. 

During the summer months, there is only intermittent flows in the Vasse Sub-A drain, 
especially near site 10 (see Figure 4.3). 

Nutrient concentrations 

The quality of water at the sample points in the vicinity of the WWTP are presented 
in Table 4.2. The median total nitrogen and phosphorus concentrations for all sites in 
the vicinity of the WWTP (sites 1, 2, 3, 4, 7, 8) are greater than the upper guideline 
values (0.75 and 0.1 g/m3  respectively) at which phytoplankton problems in streams 
and rivers have been known to occur (EPA 1993). Sites immediately downstream 
from the WWTP (e.g. sites 3, 4, and 8) have high median nutrient concentrations in 
summer and winter (6-15 g/m3  total nitrogen and 1-3.4 g/m3  total phosphorus). It is 
also evident that the agricultural drains surrounding the WWTP (sites 2 and 7) have 
high median nutrient concentrations (1.5-7 g/m3  total nitrogen and 0.25-1 g/m3  total 
phosphorus). The elevated concentration of nutrients in the drains upstream of 
discharges from the WWTP is typical of agricultural drains in the area. 

Samples of treated wastewater collected from discharges from the existing WWTP 
lagoons indicate that total nitrogen and phosphorus concentrations released to the 
wetland are approximately 30 and 8 g/m3  respectively. Nutrient concentrations in 
wastewater leaving the wetland (site I) are approximately 15 g/m3  and 3.5 g/m3  total 
nitrogen and phosphorus respectively. This demonstrates that the wetland is reducing 
the level of nutrients to approximately half the concentrations leaving the WWTP 
lagoons. Further reductions in nutrient concentrations along the length of the Vasse 
Sub-A Drain are likely to be in part due to dilution from runoff from adjacent land as 
well as nutrient uptake from plants within and beside the drain. 

While the WWTP is likely to be the major contributor of nutrients to the Vasse Sub-A 
drainage system, agricultural nutrient application, and possible seepage from the 
landfill site immediately north of the WWTP, may also contribute nutrients to the 
drain. 

P1V70/0-0I-00I, Rev. 0 	 4-11 
16 March. 1998 



Table 4.2 	Surface water quality data (1994-1997) 

Total nitrogen (gIm3) Total phosphorus (g/m) Thermotolerant coliforms 

(cfu/tOO mL) 

Site Season Mm. Median Max. n Nin. Median Max. n Mm. Median Max. n 

1)ischarge from WWTP site (from  existing wetland) 

I S 13 17 25 3 2.4 2.95 8 450 3600 8 

W 11 14 17 2 1.4 2.35 3.3 2 1300 2000 36000 9 

Receiving drains 

2 S 2.95 7.25 9.65 3 0.85 0.9 2.7 3 A60 375 460 4 

W 2.2 3.29 5.5 12 1,0.35 0.7 2.28 11 90 1800 10000 5 

3 S 14.97 15.06 31.23 6 055 2.7 7.2 6 10 310 1100 6 

W 2.6 9.98 18 14 0.7 1.95 4.93 14 260 2350 14400 6 

4 S 1.2.25 11.08 28.36 7 0.4 3.4 8.7 7 0 365 I 400 6 

W 13.48 9.045 19 14 0.85 2.07 5.56 14 320 5061 10000 4 

7 S 0.81 1.55 7.16 4 0.15 0.25 1.5 4 40 70 240 3 

W 0.68 1.97 9.7 13 0.05 0.45 1.1 13 i330 1800 4500 3 

8 S 6,66 7.5 13.05 3 11 1.8 2.3 3 190 340 16000 3 

W 1.3 5.75 13 4 0.1 1.08 1.4 4 250 2000 2800 3 

10 S .0.66 3.33 6 2 005 0.88 1.7 2 0 20 300 3 

W 6.3 12 5 065  0.85 0.95 5 :760 1100 8178 5 

Vasse Diversion Drain 

6 S 0.74 0.79 2.6 4 10.05  0.13 0.25 4 10 10 10 2 

W 0.78 1.8 3.2 13 005  0.15 0.65 13 100 610 I 000 4 

5 S 0.62 1.055 2.22 7 1.0.1 0.2 0.35 5 10 2 
W 0.81 2.345 4.12 10 10.15 0.23 1.1 10 100 170 240 2 

12* S 1.0 I.2 1.5 4 1.0.1 0.13 0.23 4 - - - 
W 0.51 1.15 1.3 3 10.09 0.13 0.18 3 1- - - - 

1.27 1.8 4 01 0.1 0.25 4 O 10 40 5 
W 11.6 2.1 6.3 S 0.1 0.15 0.4 5 600 2800 6800 3 

Geographe Bay within 1000 m of the Vasse Diversion Drain discharge point 

13** S 10.13 - 0.26 2 0.004 - 0.005 2 - - - 
W 0.24  0.01  

BB S 10.21 0.23 0.25 2 0.01 0.01 0.01 2 0 0 0 2 
W 0.23 1.43 2.10 3 0.09 0.14 0.24 3 8 244 2600 3 

BBW S 10.23 1.99 3.75 2 001  0.02 0.02 2 0 0 0 2 
W 0.27 0.55 0.87 3 10.02 005 0.06 3 0 4 156 3 

BBE S 1.0.21 0.25 0.29 2 0.01 0.01 0.02 2 0 0 0 2 
W 10.38 0.83 0.93 3 002 0.05 0.12 3 0  238 1000 3 

Note: For sample locations refer to Figure 4.3 

Site I = 'Discharge from Property'. 

S = summer (November-April); W = winter (May-October). 

Mi = minimum; Max. = maximum 

n = number of samples. 

CFU = colony forming units. 

Oata from Derrington (unpublished), August 1 996-April 1997, Vasse Diversion Drain, corner Queen Elizabeth and Bussell Highway. 
**Data  from McMahon (1994), January-September 1994, 1 km offshore from Vasse Diversion Drain. 
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Bacterial concentrations 

Median levels of thermotolerant coliform bacteria at the point of discharge from the 
WWTP wetland are approximately 2,000 colony forming units (cfu)/l00 mL during 
winter (see Table 4.2). This is higher than the guideline of 1.000 cfullOO mL for 
secondary contact recreation activities, e.g. boating, wading and fishing (ANZECC 
1992). It is also higher than the guideline of 150 cfuJlOO mL for primary contact 
recreation (e.g. swimming, surfing). Current data indicate that during summer, 
median levels of thermotolerant bacteria at the outlet of the WWTP are approximately 
450 cful 100 mL which is below the guideline for secondary contact, but above the 
guideline for primary contact. 	 - 

A plot of median thermotolerant coliforms concentrations with distance along the 
Vasse Sub-A Drain is presented in Figure 4.4. These data suggest that in summer, 
median bacterial concentrations decrease with distance along the drain. Further, in 
summer, the current data suggest that the median bacterial level at site 10, which is 
above the intersection of the Vasse Sub-A Drain with the Vasse Diversion Drain, is 
lower than the guideline of 150 cfuJlOO mL for primary contact recreation. 

In winter, bacterial levels in the Vasse Sub-A drain are much higher than in summer, 
and there is little correltation between bacterial numbers and distance from the 
WWTP. In sections of the Vasse Sub-A Drain not affected by discharge from the 
WWTP (sites 2 and 7), median winter concentrations of coliforms (1,800 cfu) appear 
to be comparable to that at sites affected by the WWTP (Sites 3, 4 and 8; cfu 2,350, 
5,061, 2,000). This suggests that the Vasse Sub-A Drain is also affected by bacteria 
from other sources. Potential sources of bacteria entering the drain include 
agriculture (e.g. dairy farming), stormwater runoff, and natural use of the drain by 
animals, including birds. 

In addition to agricultural runoff and discharges from the WWTP, the drain also 
receives untreated urban runoff from Queen Elizabeth Avenue and surrounding 
developments. Urban runoff is increasingly being recognised as a major source of 
nutrients, sediment and bacteria in waterbodies. 

4.4.2 	Vasse Diversion Drain 

General 

The Vasse Diversion Drain was constructed in the 1920s to divert floodwaters from 
the Vasse River around Busselton (see Figure 4.3). The drain has been enlarged 
several, times .and is currentJy.approxizately .30 m wide and 5-rn deep and services a 
catchment of some 200 km2. 

Water flow in the drain is highly variable. During the summer, most of the drain 
upstream of the inflow from the Vasse Sub-A Drain is dry or dotted with shallow 
pools of water. Downstream of the Vasse Sub-A Drain, the Vasse Diversion Drain 
becomes tidal, forming a permanent pooi which is approximately 5 in deep during 
summer and deeper during winter. 

Land use beside the drain includes residential areas, the Busselton Swamp, a school 
and a caravan park. A number of pipes, bridges and footpaths cross the drain. 
Fishing, swimming and canoeing are current uses of the drain. 
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The Vasse Diversion Drain enters Geographe Bay at the Busselton Beach west of the 
Busselton City area. The beach is a popular venue for swimming during the summer. 

Water quality 

A flow-gauging station was constructed in the Vasse Diversion Drain just west of 
Gale Road (Figure 4.3) in 1994-95. Water quality in the drain at the gauging station 
has been monitored by the Water and Rivers Commission since 1996. A summary of 
the Commission's monitoring data is presented in Table 4.3. 

Table 4.3 	Water quality at the Vasse Diversion Drain gauging station-1996 

Parameter 
gim

3 
 

n Mm. 

Summer 

Median Max. n Min. 

Winter 

Median Max. 

Total P 3 0.03 0.06 2.5 9 0 0.055 0.58 

TotaIN 2 1.6 1.6 1.6 10 1.1 2.65 6 

NO3  - N 3 0.2 0.4 0.4 10 0.1 0.65 3 

NH4 -N 3 0.19 0.23 0.54 10 0.1 0.795 1.24 

Dissolved 3 7.1 8.8 10.8 10 4.7 8.4 9.9 
oxygen 

S = summer (November-April). 
W = winter (May-October). 
Mm. = minimum. 
Max. = maximum. 

Source: Water and Rivers Commission, samples collected between 14th June and 11th December 1996. 

These data show that the median nutrient concentrations in the Vasse Diversion Drain 
are approximately 1-3 g/m3  total nitrogen and 0.05 g/m3  total phosphorus. 

At sites 12 and 9, median total nitrogen and phosphorus levels were of the order of 
0.5-2.5 g/m3  and 0.1-0.3 g/m3  respectively. Derrington (unpublished) reported mean 
chlorophyll-a levels of 14 mg/rn3  (range 0.7-49), mean nitrate/nitrite levels of 
0.27 g N/rn3  (range 0.005-0.62), and mean ammonium levels of 0.077 g N/rn3  (range 
0.005-0.2) between August 1996 and April 1997 at Site 12. 

Nutrient loads 

Nutrient loads in the Vasse Diversion Drain in 1992 were estimated by Holmes 
(1994) using water quality data from Lee (1992). Nutrient loads at the new gauging 
station in 1996 were calculated using recent data from the Water and Rivers 
Commission; these data and load caku1ations. are presented in Appendix G. A 
summary of nutrient loads is presented in Table 4.4. 

Table 4.4 	Nutrient loads in the Vasse Diversion Drain in 1992 and 1996 

Nitrogen load (tla) 	 Phosphorus load (tia) 

	

Summer Winter 	Total Summer Winter Total 

1992 estimate (Holmes 1994) 	1.5 	15.4 	16.9 	0.14 	1.35 	1.49 

1996 estimate 	 1.3 	185 	186 	1.0 	14 	15 

Note: Summer = November-April. Winter May-October 
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The difference in the two load estimates is likely to be attributable to the different 
estimates of flow. Holmes (1994) estimated that daily flow averaged 46,656 m3  
between June and September 1992, using rainfall/runoff relationships calibrated with 
Leschenault catchments. Data supplied from the Water and Rivers Commission 
(1997) indicated that monthly flow in the Vasse Diversion Drain ranges from 2.5 to 
26 million m3  over the period between June and September (i.e. 80,000 to 800,000 m3  
per day). As a consequence, the estimate by Holmes (1994) is expected to be a 
considerable underestimate. 

Both load estimates relied on interpretation of limited grab samples to determine 
mean monthly nutrient concentrations. While this is the only approach available with 
limited data, actual loads are likely to be substantially higher than calculated loads. 
Nutrient loads moved by waterbodies fluctuate significantly with annual flow. Fixed-
interval sampling programmes do not allow for fluctuations in nutrient loads with 
changes in flow volume. As a result, peak flows are typically not sampled and these 
are the times when nutrient concentrations are also highest. As a consequence, fixed-
interval sampling typically underestimates actual loads (Donahue, Parsons and 
Deeley 1994). 

Annual loads of nutrients to the Leschenault Estuary in 1984-1992 were estimated 
using samples which had been collected at least weekly. Estimated nutrient loads 
fluctuated between 215 and 1,090 tla for nitrogen and 28 and 94 t/a for phosphorus 
(Water and Rivers Commission 1994). Mean annual loads of total nitrogen and 
phosphorus were estimated to be 610 and 51 t respectively. Such fluctuations 
indicate that in any one year (such as 1996), the nutrient load in the Vasse Diversion 
Drain could be anywhere between 50% and 200% of the average annual load in the 
drain. 

Contributions to nutrient loads 

The current estimated nutrient contributions to the Vasse Diversion Drain from the 
WWTP and other sources are presented in Table 4.5. The load estimates for the 
Vasse Diversion Drain calculated on the basis of the recent Water and Rivers 
Commission data are those at a point approximately 6 km upstream of the Vasse 
Diversion Drain discharge point (see Figure 4.3). Inflows from drains downstream of 
this point, including the Vasse Sub-A Drain, have not been measured and will 
substantially increase loads at the discharge point to Geographe Bay. 

The catchment area for the Vasse Diversion Drain is dominated by agricultural land 
use (see Figure 4.5). Agricultural enterprises which are likely to contribute to 
nutrient loads include dairy farming and irrigated vegetable growing. Poor 
management practices, such as overgrazing or excessive fertiliser application, may 
exacerbate the level of nutrients reaching drains. 	It is estimated that only 
approximately one quarter of dairy farms actively manage dairy shed wastewater. 
Even fewer horticultural activities are estimated to have adequate nutrient and 
irrigation management programmes. Other factors which may contribute to nutrient 
loads would be natural sediment movement due to stormwater runoff, soil erosion, 
and use of the drain by fauna, including birds. 
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Summer 	Winter 
	

Total 	Summer 

ha % t/a % ha % tla % 

Vasse Diversion Drain 1.3 27 185 91 186 90 1.0 42 
upstream of j unction with 
Vasse Sub-A Drain 

Vasse Sub-A Drain 0.1 2 12.9 6 13.0 6 0.1 4 
(excluding WWTP) 

Wastewater Treatment Plant 3.4 71 5.6 3 8.9 4 1.3 54 

Total 4.8 100 204 100 208 100 2.4 100 

Winter 	Total 

tla 	% 
	

tla 	% 

14 	88 
	

15 	83 

1.0 6 1.1 S 

1.0 6 2.3 12 

16 100 18 100 

Table 4.5 	Estimated nutrient loads to the Vasse Diversion Drain—I 997 

Total nitrogen 	 Total phosphorus 

Sources: 1: Kinhili (this study); 2: Holmes (1994). 
Note: Summer = November—April. Winter = May—October. 

Nutrient loading from dairies into the drainage systems of Geographe Bay is 
significant. There are approximately 80 dairies in the catchment of Geographe Bay, 
and these are mostly located in the eastern portion of its coastal plain catchment. 
There are some 18 dairies within the Vasse Diversion Drain catchment with an 
average herd size of 150 cows. Of these dairies, approximately three-quarters have 
no means of controlling dairy shed wastewater (B. Russell, Agriculture Western 
Australia, pers. comm.). The significance of this lack of control will depend on the 
receiving environment of the released wastewater. 

Although there has been no work done in Western Australia to assess the volume of 
dairy shed wastewater, Victorian work indicates the volume of waste produced is 10-
50 L per cow per day from wash-down of the sheds. This wastewater contains on 
average 230 g/m3  total N, 40 g/m3  total P, and 320 g/m3  total potassium (B. Russell, 
Agriculture Western Australia, pers. comm.). 

For the Vasse Diversion Drain, this means that 1.8-9 t of total N (and 0.3-1.65 t of 
total P) may be being released in an uncontrolled and untreated form into the 
catchment of the Vasse Diversion Drain each year. However, the waste from dairy 
sheds represents only a minor proportion of the total animal wastes produced by 
cows, as 90% of the waste is left on paddocks and in laneways (B. Russell, 
Agriculture Western Australia, pers. comm.). That is, the total annual N load from 
the existing dairies in the catchment of the Vasse Diversion Drain is 19-94 t. This 
may be compared with the total N load to the drain of 208 t from all sources, and the 
9 t from the current WWTP. 

Bacterial concentrations 

Median levels of thermotolerant coliform bacteria in the lower reaches of the Vasse 
Diversion Drain (sites 5 and 9) are less than 10 cfuIlOO mL during summer (see Table 
4.2). This is lower than the guideline of 150 cfullOO mL for primary contact 
recreation (e.g. swimming, surfing). 
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4.5 	MARINE ENVIRONMENT 

4.5.1 	Overview 

Geographe Bay is a shallow, gently sloping embayrnent, with a primarily north-facing 
shoreline. Water depth increases to only 3-4 m several hundred metres out from 
shore. The 30-rn isobath occurs about 15 km offshore (Lord 1995). 

Water circulation in Geographe Bay is driven primarily by wind, with other features 
such as tides and large-scale ocean circulation of lesser overall significance. 
Circulation in the southern end of the bay is weakest in summer when offshore winds 
prevail (Lord 1995). Flushing times for Geographe Bay have been estimated at 3.5-
15.5 days when a constant average wind of 5.5 m/s (approximately 20 km/hr) 
prevails. The main influence on flushing times is wind direction, with fastest flushing 
occurring when the wind direction is primarily from the south or south-west. 

The shallow sandy bottom of Geographe Bay supports extensive seagrass meadows, 
dominated by Posidonia species, and interspersed with species of other genera such 
as Ainphibolis (Kirkman and Walker 1989). Around Busselton, seagrass cover is 
estimated to be 60-80%, occasionally interrupted by 'blowouts', which are oriented 
parallel to the south-west swells, with a rim of sand close to the shoreline. Evidence 
of these 'blowouts' can be seen in aerial photographs (Figure 4.1). 

4.5.2 	Nutrient loads 

Wastewater disposal in the Geographe Bay area occurs indirectly via septic tank 
seepage to groundwater and directly by release of primary treated wastewater into 
local drains which discharge into the Bay. The main nutrient sources to the southern 
part of Geographe Bay include the Vasse—Wonnerup Estuary, the Vasse Diversion 
Drain (including the current WWTP), unsewered areas within Busselton and the 
Buayanup River and Drain. Estimated nutrient contributions to southern Geographe 
Bay from these sources are presented in Table 4.6. These loads are considered to be 
an underestimate due to the low frequency of sampling and lack of sampling runoff 
events when both nutrient concentrations and total loads are likely to be highest. 

Overall, the Busselton WWTP presently contributes approximately 2% of the total 
nitrogen and 4% of the total phosphorus to southern Geographe Bay, and thus its 
contribution to the total quantity of nutrients entering Geographe Bay is low. In 
contrast, the unsewered areas of Busselton are estimated to presently contribute 4% of 
the total nitrogen and 10% of the total phosphorus load to southern Geographe Bay. 
The contribution from unsewered areas will gradually reduce as the Infill Sewerage 
Program is progressively implemented. 

I 	
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Table 4.6 	Estimated nutrient contributions to Southern Geographe Bay 

Total nitrogen 	 Total phosphorus 

Summer 	Winter 	Total 	Summer 	Winter 	Total 

tJa % tla % t/a % tia % tla % ha % 

Vasse Diversion Drain -(1996)' 1.4 3 198 42 	199 38 	1 	II 15 28 	16 25 

Vasse—Wonncrup Estuary (1993)2 19 44 185 39 	204 39 	2 	27 25 45 	27 43 

Carbanup/Buayanup Drain (1993)2 8 18 78 16 	86 17 	1 	II 10 19 	Ii 18 

Busselton unsewcred areas (1993)2 12 27 10 2 	22 4 	4 	37 3 6 	7 10 

Wastewater Treatment Plant 3.4 8 5.6 1 	8.9 2 	1.3 	14 1.0 2 	2.3 4 

(1997)' 

Total 43 100 478 100 	520 100 	9 	100 54 100 	63 100 

Sources: 1: Kinhill (this study); 2: Holmes (1994). 

Note: Vasse Diversion Drain includes estimated inputs from Vasse Sub-A Drain (based on catchment area of approximately 7% of the 
Vasse Diversion Drain / and excludes inputs from the WWTP. 

Note: Summer = November—April, Winter = May—October. 

4.5.3 	Dispersion and dilution of Vasse Diversion Drain discharges 

Discharge from the Vasse Diversion Drain is highly seasonal. During winter, steady 
flows are typical. 

Dispersal of the discharge from the Vasse Diversion Drain is expected to be strongly 
influenced by the prevailing wind conditions, which also influence the direction of 
near-shore currents. During summer, the typical north-westerly to southerly 
afternoon sea breezes will tend to move the discharge in an easterly direction, towards 
Busselton Jetty. Summer easterly morning breezes would tend to move the discharge 
along the beach in a westerly direction. North-westerly winds, which often occur in 
winter, will tend to move the discharge in an easterly direction (Lord 1995). 

To provide some indication of the level of dilution achievable for a parcel of water 
discharging from the Vasse Diversion Drain, without using extensive modelling, a 
model based on the PLUMES model (Baumgartner et al. 1994) was used. The aim of 
the modelling was to determine the dilution of the water leaving the drain as ambient 
currents carry it along the Busselton beach. 

The following assumptions were made in undertaking the modelling; 

the ambient current travels along the coastline, and is affected by the velocity of 
the ocean current; 

once it has exited the drain, the water travels in the same direction as the ambient 
current. Although the drain discharges perpendicular to Geographe Bay, this 
assumption leads to conservative estimates of dilution, since the entrainment of the 
water with the ambient current will be underestimated; 

the width of the discharge is around 20 in wide (based on the width of the flowing 
drain in summer of approximately 10 in and in winter of approximately 30 m). 

the discharge is quickly mixed. 
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The results indicate that with low ambient current flow, a 50% reduction in 
concentration may be expected within 600 in of the drain (Table 4.7). During high 
ambient current flow, only a 10% reduction can be expected within the same distance 
of the drain. This indicates that there is little dilution of water leaving the Vasse 
Diversion Drain, even in winter. In summer and autumn, the flow rate in the drain is 
low and is likely to be affected by tidal activity. Tidal intrusions that may occur 
during high tide may enhance mixing within the drain prior to the discharge entering 
the Geographe Bay during low tide. This mixing scenario is conservative and more 
rapid dilution of waters leaving the Vasse Diversion Drain was observed in the 
Geographe Bay study (Lord 1995). 

Table 4.7 	Dilution of discharge from Vasse Diversion Drain 

Distance 	 Concentration as a percentage of initial concentration 

from drain (m) 	High ambient current flow (0.2 m/s) 	Low ambient current flow (0.03 m/s) 

5 100 100 

50 100 98 

100 100 90 

500 95 55 
1000 80 40 

4.5.4 	Nutrient levels and seagrass health in Geographe Bay 

Offvhore 

Nutrient levels recorded in Geographe Bay 1 km north of the Vasse Diversion Drain 
discharge area in 1994 and comparative data for Cockburn Sound in 1994 are 
presented in Table 4.8. 

Table 4.8 	Water quality in Geographe Bay and Cockburn Sound in 1994 

Ammoniurn (mg N/rn3) Nitrate (mg N/rn) Phosphate (mg P/rn3) 

Mm. 	Mean 	Max. Mm. 	Mean 	Max. Mm. 	Mean 	Max 

Geographe Bay (1994) 0 	3.9 	9 1 	5.4 	26 3 	7.9 	17 

Cockburn Sound2  
(Dec. 1993-Mar. 1994) 

1 	3 	16 1 	3 	26 2 	7 	14 

National Guideline 
(ANZECC 1992) <5 10-100 5-15 

Source 1: McMahon 1994 (site is I km north of the Vasse Diversion discharge point). 
Source 2: DEP 1996. 

These data confirm that concentrations of dissolved nutrients in Geographe Bay are 
consistently low (Walker 1994a, McMahon 1994, D.A. Lord and Associates 1995) 
and that current nutrient levels are within national guidelines for the protection of 
estuaries and embayments. 

McMahon (1994) reported on nutrient levels during three occasions between January 
and September 1994 at a station approximately 1 km offshore from the Vasse 
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Diversion Drain (Site 13 in Figure 4.3). This monitoring suggested that the nutrient 
input from the drain is having a low impact on near-shore nutrient concentrations in 
the vicinity of the drain. During this period, chlorophyll-a levels ranged between 
0.18 and 0.23 mg/rn3, total phosphorus ranged between 4 and 10 mg P/rn3 , 

nitrate/nitrite ranged between 1 and 8 mg N/rn3, and ammonia ranged between 1 and 
9 mg/rn3. As these levels are within National Guidelines (ANZECC 1992), it appears 
that the discharge from the Vasse Diversion Drain is rapidly dissipated, so that levels 
return to background levels within 1 km of the mouth of the drain. 

Although nutrient-related Environmental Quality Objective (EQO) criteria for 
Geographe Bay are to be finalised during a consultative process (DEP, 1996), current 
nutrient levels are comparable to indicative background nutrient concentrations for 
Perth's southern coastal waters (EQO Class II - Multiple Use Zone). Expressed as 
median and upper 90th  percentile (in parentheses) values, the typical background 
nutrient concentrations in Perth's southern coastal waters were <6(9) mg m3  for total 
inorganic nitrogen and <5(6) mg m3  for total inorganic phosphorus. 

Mean chlorophyll-a levels in Geographe Bay during 1994 were approximately 
0.15 mg/rn3  (range 0.05-0.23 mg/rn3), classifying this embayment as oligotrophic 
according to national criteria (ANZECC 1992). These concentrations should be 
compared with proposed median and upper 90111  percentile (in parentheses) 
chlorophyll-a criteria of 0.6 (1.5) to 0.7 (2.0) mg m3  chlorophyll-a in summer and 0.4 
(0.7) to 0.5 (0.8) mg/rn3  chlorophyll-a in winter for Marmion Marine Park (Lord and 
Hillman 1995). Draft chlorophyll-a criteria for the maintenance of ecosystem 
integrity (EQO 2, Class II) are 0.8 (1.1) mg/rn3  chlorophyll-a during non-winter 
periods (DEP 1996). 

Green epiphytic algae such as Cladophora spp., commonly considered indicative of 
eutrophication (Hillman et al. 1995), are uncommon in Geographe Bay, and when 
present, appear associated with nutrient point sources such as groundwater intrusions 
(Walker et al. 1994a). 

Nears hore 

A number of monitoring programmes have evaluated the quality of marine waters 
around the discharge point from the Vasse Diversion Drain. This has included recent 
monitoring at a range of sites by the Water Corporation and independent studies 
conducted by McMahon (1994), Derrington (unpublished) and Lord et.al. (1995). 

In general, winter nutrient levels are higher than summer levels in coastal waters 
(DEP 1996). The opposite appears true around the drains near Busselton. This has 
been attributed to increased tourism during the Christmas—New Year period (Walker 
et al. 1994). Elevated nutrient levels may occur around the drain during calm 
conditions in summer. Whether this is a cause for concern is unclear as seagrass 
meadows are largely absent in coastal waters within approximately 300 m of the drain 
(Figure 4.1). This is presumed to be due to natural factors. 
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More recent data from the discharge point of the Vasse Diversion Drain are presented 
in Table 4.9. These data confirm that nutrient levels are generally elevated in the 
immediate vicinity of the Vasse Diversion Drain discharge point. During winter 
(May-October), median total nitrogen levels of 1 426 mg N/rn3  were measured 10 m 
from the drain (BB; Table 4.9) (range 1,228-2,102 mg N/rn3), while total phosphorus 
was 94-242 mg P/rn3  and chlorophyll-a was 0.62-4.45 mg/m3. 

During summer (April and October-December 1997), elevated levels were also 
observed close inshore, but further away from the drain discharge point. For 
example, total nitrogen levels at a location 200 m west of the drain (BBW; Table 4.9) 
were 234-3,752 mg N/rn3, compared with 211-247 mg N/rn3  near the drain, and 
2 13-289 mg N/rn3  at a station 200m east of the drain (BBE; Table 4.9). The situation 
was similar for total phosphorus, but not for chlorophyll-a. 

During winter, nutrient levels decreased rapidly further offshore, from a median of 
596 mg N/rn3  in surface waters at a station 150 in directly offshore from the drain 
discharge, to 246-27 1 mg N/rn3  300 to 500 in offshore (Table 4.9). Nitrogen levels in 
deeper layers were more constant, between 210 mg N/rn3  150m offshore and 
255 mg N/rn3  500m offshore. Elevated nitrogen levels appeared to extend 500m east 
of the drain, with median surface nitrogen levels in winter of 765 mg N/rn3  at a 
station 150 m offshore, and 500 rn east of the drain. 500m west of the drain, median 
nitrogen levels are comparable to background levels. However, peaks of up to 
1,019 mg N/rn3  were observed in surface layers during winter west of the drain and 
300m offshore.. Phosphorus and chlorophyll-a demonstrate similar patterns. 

During summer, nutrient concentrations were substantially lower, and there were no 
well defined patterns. 

These observations indicate that the rate and direction of dispersion of water leaving 
the Vasse Diversion Drain is dependent on the prevailing hydrodynamic conditions. 
During winter, a buoyant plurne generally dissipated in a easterly direction, while 
remaining close inshore. This direction is consistent with the predominantly westerly 
wind. The data also indicate that beyond 300 in offshore, nutrient and chlorophyll-a 
concentrations returned to background levels. Occasionally, the plume extended 
westward in inshore waters (less than 300m offshore), possibly due to strong 
easterlies. During summer, patterns were less well defined, but followed a similar 
pattern. 

Similar observations were made by MeMahon (1994), who sampled during April 
1994 along a transect 500 in offshore from the Vasse Diversion Drain to 200 m 
upstream of the Drain. These data demonstrated that the largest decrease occurred 
within 100 m of the drain, with chlorophyll-a levels dropping from 0.58 to 
0.18 mg/rn3, total nitrogen dropping from 294 to 162 mg/rn3  and total phosphate 
dropping from 20 to 6 mg/rn3. 

The data in Table 4.9 and those of McMahon (1994) therefore suggest that the results 
of the modelling presented in Table 4.7, which predicted only a 5-45% dilution 
within 500 m of the discharge, may be too conservative, and actual dilution may be 
far greater. 
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Table 4.9 	Water quality within 500 m of the discharge point of the Vasse Diversion Drain - 1997* 

Total Nitrogen Total Phosphorus Chlorophyll a 
(mg N/rn3) (mg P/rn3) (mg/rn3) 

Site Season Min Median max n Min Median max n Min Median max n 

.4longshore transect, lOin from shore 

BBE S 213 - 2892 8 - 162 0.08 - 0.162 
W 383 829 9303 24 55 1163 0.52 0.8 4.25 3 

BR S 211 - 247 2 8 - 9 2 0.06 - 0.1 2 
W 1228 1426 2102 3 94 137 242 3 0.62 3.85 4.45 3 

BBW S 234 - 37522 II - 232 0.08 - 0.22 
W 268 551 867 3 16 52 59 3 0.44 0.54 4.25 3 

Offshore transect. 500 m east of the discharge point 

150m -Top S 272 - 338 2 5 - 8 2 0.04 - 0.06 2 
W 182 765 832 3 12 83 127 3 0.18 0.54 1.72 3 

- Bottom S 206 - 239 2 6 - 9 2 0.03 - 0.1 2 
W 285 388 978 3 14 49 131 3 0.22 0.38 0.46 3 

300m -Top S 243 - 396 2 10 - 20 2 0.03 - 0.12 2 
W 240 480 500 3 II 43 79 3 0.22 0.26 0.7 3 

- Bottom S 208 - 424 2 9 - 11 2 0.02 - 0.04 2 
W 200 221 251 3 9 12 15 3 0.06 0.38 0.46 3 

500 m - Top S 206 - 224 2 5 - 9 2 0.02 - 0.03 2 
208 262 430 3 11 15 46 3 0.2 0.28 0.6 3 

-Bottom S 160 - 181 2 4 - 4 2 0.03 - 0.08 2 
49 214 229 3 7 9 20 3 0.04 0.3 0.48 3 

Offshore transect, directly our from discharge point 

150m -Top 5 254 - 382 2 5 - tO 2 0.03 - 0.12 2 
W 222 596 712 3 12 57 67 3 0.36 0.4 1.5 3 

- Bottom S : 187 - 387 2 12 - 27 2 0.1 - 0.48 2 
W 201 210 252 3 10 14 24 3 0.22 0.44 0.62 3 

300m -Top S 241 - 416 2 6 - 6 2 0.03 - 0.1 2 
199 271 702 3 9 15 54 3 0.14 0.24 0.4 3 

- Bottom S : 201 - 221 2 5 - 32 2 0.03 - 0.03 2 
W 175 212 306 3 5 9 24 3 0.04 0.18 0.54 3 

500m -Top S 162 - 261 2 7 - 10 2 0.08 - 9.5 2 
W 157 246 301 3 10 21 26 3 0.06 0.44 0.5 3 

- Bottom S 228 - 254 2 5 - 14 2 0.03 - 0.03 2 
W 135 255 258 3 7 14 19 3 0.04 0.16 0.32 3 

Offshore transect, 500 m west of discharge point 

150m -Top S 176 - 301 2 5 - 5 2 0.03 - 0.04 2 
W 187 218 769 3 14 21 75 3 0.22 0.26 0.54 3 

- Bottom S 207 - 220 2 5 - 7 2 0.03 - 0.04 2 
W 229 231 282 3 4 11 22 3 0.18 0.38 0.58 3 

300m -Top S 110 - 224 2 7 - 16 2 0.03 - 0.03 2 
W 179 243 1019 3 9 15 64 3 0.08 0.24 0.28 3 

- Bottom S 145 - 196 2 5 - 16 2 0.03 - 0.08 2 
W 114 251 254 3 10 Ii 14 3 0.06 0.18 0.32 3 

500m -Top S 153 - 154 2 5 - 7 2 0.03 - 0.06 2 
W 163 175 205 3 8 15 33 3 0.06 0.14 0.5 3 

- Bottom S 145 - 218 2 3 - 38 2 0.03 - 0.03 2 
W 168 218 225 3 5 8 9 3 0.04 0.38 0.38 3 

Samples collected for the period February to December 1997 

S = an extended summer season from November to April 

W = an extended winter season from May to October 

150, 300 and 500 m represent respective distances from shore of the sampling points 

Top = sample from the top 30cm of water 

Bottom = sample from 2 m below the water surface 

BR = Vasse Drain discharge point 

BBE = 200 m east of the discharge point 

BBW = 200 m west of the discharge point 

Where chlorophyll analysis yielded a result of <0.03, a conservative measure of 0.03 ug/L has been adopted 
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The data indicate that nutrient and phytoplankton levels in Geographe Bay within 
500 m of the Busselton drains, including the Vasse Diversion Drain, are currently 
elevated. This is a cause for concern. Unlike the ocean outfalls within the Perth 
coastal waters which release wastewater in deep waters well offshore, the Vasse 
Diversion Drain discharges into Geographe Bay in shallow water where the low flow 
rates restrict dispersion. To date, no large-scale symptoms of eutrophication have 
been detected around the Perth ocean outfalls, since the receiving waters are well 
mixed, ensuring rapid dispersal of nutrients and other treated waste-waters (Kinhill 
1997d). In Geographe Bay, however, adequate dispersion may prove problematic, 
since—unlike an ocean outfall—a drain exit is not designed to ensure efficient 
dilution around the point of release. 

4.5.5 	Bacterial concentrations 

The results of five sets of sampling for thermotolerant coliforms on the Busselton 
Beach at sites immediately in front of the Vasse Diversion Drain (BB) as well as 
200 in east and west of the drain (BBE and BBW respectively) are shown in 
Table 4.2. 

Winter sampling revealed considerable variability in thermotolerant coliform 
concentrations. All samples, except one at the discharge of the Vasse Diversion drain 
into the ocean, were within the guideline value of 1,000 cfuJlOO mL for secondary 
contact recreation. However, only one of the six samples was within the guideline 
value of 150 cful 100 mL for primary contact recreation (ANZECC 1992). 

None of the nine summer samples taken to date have contained any thermotolerant 
bacteria. Consequently, bacterial concentrations on the Busselton Beach during 
summer appear to meet the guideline value of 150 cfuJlOO mL for primary contact 
recreation (ANZECC 1992). 
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5 Public consultation 

This section discusses the public consultation that has been undertaken regarding 
wastewater disposal in the Busselton area, the issues that have been raised, and how 
these have been addressed. 

5.1 	BACKGROUND 

Extensive consultation was conducted during the preparation of this CER. This 
included consultation with the wider south-west Western Australian community 
leading up to the Wastewater 2040 Report (Water Authority 1995), and local 
consultation to determine options for wastewater disposal in the vicinity of Busselton. 

5.2 	REGIONAL CONSULTATION 

Regional consultation was initially undertaken preceding the Wastewater 2040 
Strategy which occurred primarily through the Community Involvement Program 
(CSIRO 1995). This programme had the following key objectives: 

to enable all interested community members to raise issues and identify values; 

to provide all interested community members with adequate information on 
wastewater disposal options together with their financial and environmental 
consequences; 

to develop a preferred solution which would be recognised by the community as 

the culmination of a quality process that had incorporated and judiciously 
evaluated all inputs; 

to achieve a socially-responsible, realistic and politically viable Outcome which 
would incorporate economic, social and environmental trade-offs which are 
acceptable to the community. 

The consultation programme included the publication of editorials and regular 
workshop advertisements in local newspapers; the development of a mailing list of 
almost 600 interested individuals and organisations; the development and mailing of a 
newsletter, The Flow, to approximately 500 people in the South West; and the 
conducting of a variety of public relations and educational activities including a 
mobile display (CSIRO 1995). 

Stage 1 of the programme involved three community discussion meetings held in 
Bunbury, Busselton and Mandurah between 9 and 24 February 1994. The purpose of 
the discussions was to find out what the community thought was important in 
wastewater treatment and disposal. 
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Stage 2 involved a community meeting in Bunbury on Saturday, 19 November 1994. 
Key purposes of this meeting were to: 

provide feedback on the response of the Water Authority to community issues; 

identify any further issues that needed to be addressed; 

identify advantages and disadvantages of disposal options; 

gain an indication of the community's views of acceptable costs for future 
wastewater policies. 

A stake-holder workshop was also conducted on 27 August 1994 to include 
stakeholders with interests in the project. 

5.2.1 	Project-specific consultation 

Following the consultation leading up to the Wastewater 2040 Report, a planning 
study was commissioned by the Water Corporation to assess options for wastewater 
disposal for Busselton. With a view to locating appropriate sites for a woodlot, a 
letter drop to potential landholders was undertaken. 

In October 1996, a round-table meeting was convened by the Water Corporation with 
the Shire of Busselton and local interest groups. A value-management study was 
convened in January 1997 to assess the specific options of summer irrigation of 
eucalypt woodlots and discharge to drain during winter (Andrews Consulting Services 
1997). The meeting was attended by representatives from the Shire, local farmers, 
the Department of Environmental Protection, local interest groups, the local Member 
of Parliament, the Department of Public Health, specialist experts and consultants. 

Recent rounds of community consultation relating to the project have involved 
meetings between the Water Corporation, the Shire of Busselton and local interest 
groups in February, June and July 1997. 

5.3 	ISSUES RAISED 

Key issues raised during the public consultation are outlined in Table 5.1, together 
with summaries of how these issues were addressed. 
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Table 5.1 	Issues raised through consultation and where and how they have been 
addressed 

Issue raised through consultation 	 How addressed 

Maximising the value derived from the 	 Financial and environmental implications of all options 
wastewater resource 	 were considered (Section 2). The woodlot option, 

which was seen to maximise resource usage, was 
assessed in considerable detail (Section 2.3, 2.4) 

The long-term environmental impact of land or 	Long-term monitoring of all waters affected by the 
ocean disposal of wastewater 	 proposal is proposed (Section 7.2, 7.3, 7.4) 

Consideration of the need for a comprehensive 	Plans incorporated into the disposal strategy, which 
research and development plan 	 consider environmental and sociological impacts 

(Section 2) 

The need for a coordinated government 	The Water Corporation has adopted a leadership role, 
approach to wastewater planning 	 promoting numerous consultations and meetings to 

discuss the wastewater issue (Section 5.2) 

The use of best available technology 	 The design of the IDEA plant at the WWTP, including 

filtration, disinfection and constructed wetland, 
presents best available technology (Section 3) 

The quality of the available information to 	Monitoring programmes have been developed to assess 
assist in decision-making 	 current impacts and potential future impacts in more 

detail (Section 7) 

The impact on local urban development 	The proposal is essential to support continued urban 
growth. The proposed odour buffer may restrict 
development in proximity to the WWTP (Section 2, 3) 

Whether the proposed option can be justified 	Other factors including socio-economics must always 
purely on a scientific basis 	 be considered (Section 2) 

Consistency with the strategic land use plan 	Options chosen guided by land use considerations 
(Section 2). A proposed buffer zone around the 

WWTP has been incorporated into the draft planning 
scheme (Section 6.2) 

Length of vision (to ensure it meets future 	The project design to the year 2035 represents a major 
expectations) 	 step-up for the planning horizon (Section 3). 

Projections beyond this date are likely to be unreliable 

due to potential social and technological changes 

Contribution to horticulture 	 Nil at present, but potential distribution of wastewater 

to farmers remains an option for the future (Section 
2.7, 8.2) 

Continued public involvement 	 The WWTP and wetland wildlife sanctuary will be 
available for public inspection (Section 8.8) 

The environmental impact of direct disposal to 	Direct disposal to the ocean is not recommended 
the ocean 	 (Section 2.8) 

Concern that disposal options which utilised 	Addressed in analysis of options and one of the key 
large tracts of land would be uneconomic and 	reasons for adopting the proposed approach (Section 
unsuitable 	 2.3, 2.4) 

Concern over pursuing an option which would 	Proposed option allows for land disposal in the future 
lead to future inflexibility 	 if required (Section 2.5) 

Concern over equity and local contribution to 	Cost considerations have been an important factor in 
costs 	 choosing the preferred option (Section 2) 
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Table 5.1 	Issues raised through consultation and where and how they have been 
addressed (continued) 

Issue raised through consultation 	 How addressed 

Consideration of the educational benefit of the 	The Water Corporation will make the IDEA WWTP 
proposal 	 and wetland available for public/educational 

inspections (Section 8.8) 

Consideration of the impact on groundwater Hydrogeological investigations of the WWTP site have 
been undertaken (see Section 4.3). Long-term 
monitoring bores have been established 

Woodlot option rejected due to poor drainage (Section 
2.3) 

Woodlot option rejected due to marginal suitability 
(Section 2.4) 

Woodlot option rejected due to marginal suitability for 
irrigated woodlots (Section 2.4) 

Consideration of drainage issues 

Suitability of bluegums 

Impact of wind on woodlot trees 
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6 Potential environmental impacts 

This section describes the potential environmental impacts associated with the 
proposed method of wastewater disposal and the management measures proposed to 
alleviate or minimise them. The major issues are as follows: 

flora and fauna on the WWTP site 

odour 

groundwater quality 

surface water quality 

marine water quality 

public health and safety 

social issues 

impacts on surface and marine water quality if the WWTP discharge fails to meet 
expected levels. 

6.1 	FLORA AND FAUNA 

Construction of the wetland and, to a lesser extent, of the WWTP, is likely to have 
adverse impacts on the flora and fauna species on the site in the short term. However, 
no rare or threatened species have been found on the WWTP site and the existing 
wetland consists mainly of exotic weed species, so that the impact will be small. 

Construction of the wetland is likely to result in a temporary reduction in the use of 
the wetland by waterbirds and other avifauna because earthworks and land 
disturbance will be required to construct the embankments, bunds and weirs. In 
addition, at least some parts of the wetland will need to be temporarily drained. 

In the longer term, it is anticipated that any displaced waterbird populations will 
return to the wetland, having sheltered briefly at adjacent or nearby wetland areas. 
However, it is difficult to predict the long-term numbers and species of waterbirds 
which might utilise the wetland because of the following factors: 

some deep-water zones in the existing wetland will be filled and other deep-water 
areas will be created; 

construction of embankments may increase opportunities for predators such as 
foxes and cats to take fauna, although fences would be constructed to prevent them 
from gaining access; 
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the total number of nesting sites in the wetland may be reduced; however, 
construction of island habitat will provide improved nesting security. 

In order to conserve and improve existing environmental values associated with the 
wetland, the following measures would be undertaken: 

the wetland would be constructed with the minimum earthworks possible 
consistent with the design; 

construction would occur following the dry summer period to minimise the need 
to dispose of surface water or to drain the wetland, and to minimise erosion and 
sedimentation; 

opportunities to retain water drained from the constructed wetland would be 
identified; 

construction would be staged to allow the transplanting of existing stands of 
Bolboschoenus caldwellii and to minimise disturbance to avifauna using the 
wetland; 

areas of Bolbosc/zoenus caldwellii to the south of the WWTP would be retained 
where possible; 

existing trees such as Melaleuca cuticularis would be retained where possible; 

unsuitable, weedy vegetation would be removed by cutting just above ground 
level, preferably before seed is set, and then removing the plants by hand, or by 
poisoning with a selective herbicide such as FusiIade. 

weeds would be controlled at regular intervals for at least three years; 

embankments and bunds would be contoured and one embankment would be 
planted with suitable trees such as Melaleuca cuticularis and Eucalyptus rudis to 
provide a roosting and nesting area for birds; 

the remnant woodland and grassland areas north of the existing wetland and west 
of the WWTP would not be disturbed by minimising access to this area during 
construction; 

the whole area would be aesthetically landscaped to enhance its value as an 
environmental education resource; 

drainage of the wetland prior to construction (if it is undertaken) would not be 
directed over the woodland area; 

a wire-mesh fence would be provided to prevent foxes, cats and dogs from gaining 
access to bird nesting and roosting sites. 

It is possible that some of the newly planted succulent vegetation would be eaten by 
birds. However, if removal of such vegetation by birds becomes a problem, rhizomes 
would be protected with wire netting. 

Overall, it is considered that impacts on flora and fauna during construction of the 
wetland can be managed at an acceptable level. It is possible that overall bird 
numbers utilising the wetland may decrease, but diversity may increase due to the 
increased diversity of available habitats. 
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6.2 	GROUNDWATER 

6.2.1 	Background 

Superficial groundwater in the area adjacent to the WWTP may become enriched with 
nutrients and bacteria via possible leakage through the base of the wetland and treated 
wastewater holding lagoons. In winter, the general area in the vicinity of the wetland 
is inundated, and the water level in the wetland would be little above the natural 
water-table. Consequently, there is unlikely to be any driving force for movement of 
water through the base of the wetland in winter. Only in summer, when the water 
level in the wetland would be higher than in the surrounding area, would there be any 
likelihood of seepage occurring. 

Potential contamination of the Leederville Aquifer is considered unlikely as this 
aquifer is below a relatively impermeable clay layer in the Busselton area. 
Additionally, the Leederville Aquifer is under positive pressure, and leaks upwards 
into the superficial groundwater. 

The existing superficial aquifer on the WWTP site has high nutrient levels and is of 
high to very high salinity. It is also noted that the high levels of nutrient and salinity 
cannot be attributed solely to the existing WWTP as adjacent land uses including the 
Busselton landfill and agriculture may have contributed to the elevated levels. 

Upgrading of the WWTP will allow wastewater to be treated to a higher standard. If 
there is any seepage of wastewater into the superficial aquifer, the improvement in the 
quality of the wastewater flowing from the treatment plant through to the wetland is 
likely to have an overall beneficial impact on quality of the groundwater on the site. 

6.2.2 	Nearby groundwater usage 

The nearest users of the superficial aquifer down gradient of the WWTP include the 
Whitelands Sawmill and the Busselton Pony Club. The sources of water for these 
sites are both more than 300 m from the nearest existing or proposed treatment 
lagoon, sludge-drying bed or wetland area. The maximum lateral saturated 
permeability in the superficial aquifer has been determined to be 1.3 x I 0_6  m/s. It is 
therefore highly unlikely that groundwater flow rates in the region exceed 50 mla. 
Groundwater flowing from the WWTP is therefore likely to take more than six years 
to reach nearby users. This time far exceeds the guideline of twelve months' 
retention time in a potable aquifer prior to withdrawal for reuse (NHMRC, ANZECC, 
ARMCANZ 1996). It is also unlikely that the superficial groundwater in the vicinity 
of the WWTP is used or will be used in future for potable supplies as it is of high to 
very high salinity. 

Consequently, any, however unlikely, additional contamination of the superficial 
aquifer as a result of the proposal is would have little impact. 

6.2.3 	Potential impacts on drains 

Most leaking wastewater is likely to be intercepted by the surrounding drains and 
consequently, leakage could contribute to nutrient levels in the drains. Leaching of 
phosphorus is not likely to be a major issue as this element would be bound to and 
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adsorbed by soil particles. For nitrogen, it is arguable that wastewater seepage 
through the wetland would primarily be coming from the most anoxic zone of the 
wetland and, as the wastewater would also still contain some biodegradable organic 
matter, it is likely that conditions suitable for denitrification would occur. 

It is therefore expected that any wastewater reaching the local drains would be low in 
nitrogen and phosphorus, and would contribute little, if anything, to the potential for 
eutrophication. 

6.3 	SURFACE WATER 

6.3.1 	Background 

Approximately 2.5 km of agricultural drains A2  and A2A, 2 km of the Vasse Sub-A 
drain beside Queen Elizabeth Avenue as well as the lower 1.5 km of the Vasse 
Diversion Drain currently receive treated wastewater (see Figure 4.3). As discussed 
in Section 4, these drains are currently characterised by high nutrient and bacterial 
concentrations and periodically experience algal blooms. 

The key issues associated with discharge of treated wastewater to these drains 
through the proposed upgraded wetland are as follows: 

impact on the loading of nutrients and bacteria to these drains; 

dewatering of the existing wetland during construction; 

power failures during operation of the WWTP. 

These issues are discussed in the following paragraphs. 

The potential to aggravate the extent of salt-affected land surrounding the WWTP is 
expected to be lessened by the proposed wetland. Construction of bunds will ensure 
that all discharged wastewater is directed towards the drain. 

6.3.2 	Nutrient contributions to receiving drains 

Current and anticipated future summer and winter nutrient contributions of the 
WWTP to the Vasse Diversion Drain based on the nitrogen and phosphorus 
concentrations shown Table 3.2 and actual wastewater flows estimated using a water 
balance model are shown in Table 6.1 and Figure 6.1. Table 6.1 also presents 
percentage changes from 1997 nutrient loads. 

The initial upgrading of the WWTP and wetland would reduce current nitrogen and 
phosphorus loads as is evident in the projection for the year 2005. As the flow rate of 
treated wastewater from the WWTP increases and the detention time in the wetland is 
reduced, nutrient loads from the wetland would increase. 

It is anticipated that the loads in 2020 would remain at or near the loads estimated for 
1997. At this point, the WWTP would contribute less than 3 percent of the total 
nitrogen and about 4 percent of the total phosphorus to the Vasse Diversion Drain in 
winter. In summer, with reduced flows in the drains, the WWTP is estimated to 
contribute approximately 71% of the total nitrogen and 35% of the total phosphorus 
to the drain. 
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Table 6.1 	Estimated nutrient loads to the Vasse Diversion Drain and percentage change 
from 1997 

Source Summer Winter Total 

tla % % change t/a % % change tla % % change 

from 1997 from 1997 from 1997 

Total Nitrogen 

Vasse Diversion Drain 1.3 27 0.0 185 91 0.0 186.3 89 0.0 

Other 0.1 1.9 0.0 12.9 6.4 0.0 13.0 6.3 0.0 

WWTP - 1997 3.4 71 0.0 5.6 2.7 0.0 8.9 4.3 0.0 
(Average flow = 1,700 m3/d) 

Total - 1997 4.8 100 0.0 203.5 100 0.0 208.3 100 0.0 

WWTP -2005 2.2 61 -35 3.8 1.9 -32 6.0 2.9 -32 
(Average flow = 4,500 m3/d) 

Total -2005 3.6 100 -25 201.7 100 -1 205.3 100 -1.5 

WWTP -2020 3.4 71 0 5.7 2.8 2 9.1 4.4 2 
(Average flow = 6,750 m3/d) 
Total - 2020 4.8 100 -23 203.6 100 0 208.4 100 0 

WWTP -2035 4.7 77 38 5.9 2.9 5 10.5 5.0 18 
(Average flow = 9,000 m3Id) 

Total -2035 6.1 100 27 203.8 100 0.1 209.8 100 0.7 

Total Phosphorus 

Vasse Diversion Drain 1.0 41 0.0 14.0 88 0.0 15.0 82 0.0 

Other 0.1 2.9 0.0 1.0 6.1 0.0 1.1 5.7 0.0 

WWTP - 1997 1.3 56 0.0 1.0 6.0 0.0 2.3 12.5 0.0 
(Average flow = 1,700 m3/d) 

Total - 1997 2.4 100 0.0 15.9 100 0.0 18.4 100 0.0 

WWTP - 2005 0.4 26 -73 0.4 2.8 -55.4 0.8 4.7 -66 
(Average flow = 4,500 m3/d) 

Total - 2005 1.4 100 41 15.4 100 -3.3 16.8 100 -8 

WWTP -2020 0.6 35 -58 0.6 4.1 -33.8 1.2 7.0 -48 
(Average flow = 6,750 m3/d) 
Total -2020 1.6 100 -32 15.6 100 -2.0 17.3 100 -6 

WWTP -2035 0.8 42 -42 0.8 5.3 -12.1 1.6 9.2 -30 
(Average flow = 9,000 m3/d) 

Total - 2035 1.8 100 -24 15.8 100 -0.7 17.7 100 -4 

Notes: 	Based on a water balance model and median concentrations leaving the WWTP and wetland shown in Tables 3.1 and 3.2. 

Summer = November-April. Winter = May-October. 

Assumes no change in nutrient loads from sources other than the WWTP and assumes no unsewered contributions from 
2005 onwards. 

Some percentages may be marginally affected by rounding. 
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Figure 6.1 
Contributions to nutrient loadings in the Vasse Diversion Drain 
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rage daily flows of 9,000 m3/d are envisaged, the WWTP would 
3 percent of the total nitrogen and less than 6 percent of the total 

phosphorus to the Vasse Diversion Drain in winter. In summer, with reduced flows in 
the drains, the WWTP is estimated to contribute approximately 77% of the total 
nitrogen and 42% of the total phosphorus to the drain. However, the total nutrient 
loading to the Vasse Diversion Drain in summer is minimal when compared with 
winter (refer Figure 6.5). 

It is important to note that these figures are estimates, as they are based on fortnightly 
monitoring in the Vasse Diversion Drain of limited duration and on assumptions 
regarding performance of the wetland. Further, future fluctuations in the flow and 
nutrient loads within the Vasse Diversion Drain cannot be accurately predicted, and 
the projections have not allowed for any potential increases or reductions in nutrient 
loads from other sources, including agricultural and/or urban contributions. The 
percentage nutrient contribution of the WWTP will therefore obviously vary 
considerably with fluctuating annual flows in the drain. 

The overall reduction in the nutrient loads discharging to the Vasse Diversion Drain 
from the WWTP, coupled with the increased wastewater flows, is likely to lead to a 
reduction in the maximum summer concentrations of nutrients in the Vasse Diversion 
Drain, assuming all other contributions remain at 1997 levels, at least to the year 
2020. Increased nitrogen loads predicted beyond 2020 are only of the order of 1.3 t/a, 
or 27% above current loads, but are subject to considerable uncertainty regarding 
performance of the wetland, as well as to further improvements in the performance of 
the IDEA plant. 

In addition, some nutrients released from the WWTP may be adsorbed by plants, 
algae and soils in the drains prior to the treated wastewater entering the Vasse 
Diversion Drain downstream of the WWTP. Therefore, it is anticipated that the 
potential for eutrophication and hence algal biomass in the drain waters would be 
reduced, at least to the year 2020, due to the decreased nutrient concentrations and 
increased flows in the drain. 

6.3.3 	Dewatering during construction 

During construction, the wetland would be at least partially drained to facilitate 
earthworks associated with upgrading. Water pumped from the wetland would be 
temporarily stored in the drains surrounding the WWTP. The quality of the water 
would be monitored prior to release to the Vasse Diversion Drain or return to the 
wetland if required. 

6.3.4 	Power failures during operation 

The operation of the WWTP, and hence the quality of the treated wastewater, could 
be affected by power failures, which may occur on a local or regional. Power failures 
which affected the WWTP only would lead to a temporary shut-down in the treatment 
of wastewater in the IDEA plant and in the filtration and disinfection units. Partially 
treated wastewater would flow from the treatment plant into the holding ponds. Once 
power was restored, this wastewater could, if necessary, be pumped back through the 
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WWTP, including the filtration and disin 
wastewater quality was maintained. 

Power failures which affected all of Busselton would prevent sewage from reaching 
the WWTP, and would therefore have minimal impact on treated wastewater quality. 

6.4 	MARINE ENVIRONMENT 

6.4.1 	Background 

Wastewater discharged from the wetland would eventually enter Geographe Bay 
through the Vasse Diversion Drain. The key issue with respect to this discharge is its 
potential impact on nutrient levels (particularly nitrogen) and eutrophication. Within 
Western Australia, as with marine and estuarine waters elsewhere, nitrogen is 
considered the limiting nutrient influencing eutrophication (Thompson 1997). 

6.4.2 	Offshore impacts on Geographe Bay 

In the 'Southern Geographe Bay' area, the major contributors to nutrient loadings are 
the Vasse—Wonnerup Estuary, the Vasse Diversion Drain, the Carbanup/Buayanup 
Drain, unsewered areas and the Busselton WWTP. Nutrient discharges occur mainly 
in winter when the drains are flowing. Surface flows from rivers and drains entering 
Geographe Bay currently contribute about 87% and 79% of the total nitrogen and 
phosphorus respectively (Lord et al 1995). The majority of other nutrients are 
delivered from groundwater flows. 

With the proposed WWTP and wetland upgrade, the contribution from the WWTP 
will change, and contributions from unsewered areas will be reduced. 

The total contribution of the WWTP to nutrient loads will initially decrease 
significantly with the improved wastewater treatment (Table 6.2, Figures 6.2 and 6.3). 
As indicated in Table 4.6, the current nitrogen loads are 43 t/a in summer and 478 t/a 
in winter. This would be reduced to 30 t/a in summer and 466 t/a in winter in the year 
2005. Current phosphorus loads are 9 t/a in summer and 54 t/a in winter. This would 
be reduced to 5 t/a in summer and 50 t/a in winter in the year 2005. 

Over time, nutrient loads from the WWTP would gradually increase slightly as the 
number of households connected to the WWTP increase with the growth in the 
Busselton region. However, the annual nutrient load to Geographe Bay from the 
WWTP in 2035 would be lower than the present load from the WWTP and Busselton 
unsewered areas. Further, the total nitrogen load would only increase by 4 t/a 
between 2005 and 2035, and the phosphorus load would only increase by 1 t/a. 

In principle, increases in the current levels of nutrients discharged into the southern 
portion of Geographe Bay should be avoided (Lord et al 1995). The proposed 
changes will result in a reduced annual nutrient load entering Geographe Bay in 2035 
compared to that currently being experienced. Consequently, the proposed changes to 
the WWTP are likely to result in a reduction in the risk of eutrophication in 
Geographe Bay given current estimates of plume dispersal and mixing, and current 
loadings of nutrients from other sources do not increase. 
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Table 6.2 	Estimated nutrient loads* to southern Geographe Bay for the years 2005, 2020 and 
2035 

Source 
	

Total nitrogen 	 Total phosphorus 

Summer 	 Winter 	 Total 	 Summer 	 Winter 	 Total 

tla % 	t/a % 	tla % 	Va % 	 ha % 	 tla % 

Vasse Diversion Drain 1.4 5 198 43 199 41 1.1 22 IS 30 16 29 

Vasse-Wonnerup Estuary 19 65 185 40 204 41 2.5 50 25 49 27 49 

CarbanupfBuayanup Drain 8 27 78 17 86 17 1.0 21 10 20 11 20 

Wastewater Treatment 2.2 7.3 3.8 0.8 6.0 1.2 0.4 7.4 0.4 0.8 0.8 1.4 
Plant in 2005 (flow = 

4,500 m3/d) 

Total 30 100 466 100 496 100 5 100 50 100 55 100 

Wastewater Treatment 3.4 11 5.7 1.2 9.1 1.8 0.6 11 0.6 1.3 1.2 2.2 
Plant in 2020 (flow = 

6,750 m3/d) 

Total 31 100 468 100 499 100 5 100 50 100 56 100 

Wastewater Treatment 4.7 14 5.9 1.3 10.5 2.1 0.8 14 0.8 1.7 1.6 2.9 
Plant in 2035 (flow = 

9,000 m3/d) 

Total 32 100 468 100 500 100 5 100 51 100 56 100 

* Nutrient loads were calculated based upon a water balance model approach 
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Figure 6.2 
Predicted total nitrogen loading to Southern Geographe Bay 
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Predicted total phosphorus loading to Southern Geographe Bay 
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Since the current water quality in Geographe Bay are within National Guidelines 
(ANZECC 1992), it is anticipated that the proposed changes to the WWTP will not 
negatively impact on existing water quality in Geographe Bay. However, it should be 
noted that a large proportion of the nutrient discharge into Geographe Bay is outside 
the control of the Water Corporation. 

6.4.3 	Nearshore impacts on Geographe Bay 

Reduced nutrient loads coupled with increased flows from the WWTP is likely to lead 
to a reduction of existing concentrations of nutrients at the mouth of the Vasse 
Diversion Drain in summer, at least to the year 2020.. The absolute concentrations of 
nutrients are difficult to predict given the poor mixing at the outlet of the drain and 
the uncertainty with respect to overall contributions from other sources including 
agricultural contributions and urban runoff. Through implementation of the 
Environmental Improvement Initiative, it is anticipated that these sources will also be 
progressively reduced. 

Consequently, it is expected that existing elevated nutrient around the mouth of the 
Vasse Diversion Drain could decrease and the high phytoplankton levels indicative of 
some eutrophication could also decrease. 

6.5 	IMPACTS IF WWTP DISCHARGES FAIL TO MEET EXPECTED LEVELS 

It is necessary to consider what would happen to surface and marine water quality in 
the event that the WWTP and its wetland fail to perform at expected levels. 
Scenarios of potential failures include the following: 

failure of the wetland to remove any nutrients; 

failure of the IDEA plant and continual release of wastewater at maximum 
anticipated nutrient concentrations. 

6.5.1 	Failure of the wetland 

If the wetland completely fails to reduce nutrient concentrations in the wastewater, 
discharges from the wetland to the drain would be at the anticipated median IDEA 
plant concentrations shown in Table 3.1. Anticipated released nutrient loads and 
changes in the wetland output levels and Vasse Diversion Drain loads (compared to 
the current situation) are presented in Table 6.3. 

In this scenario, by 2005 the annual total nitrogen load from the WWTP would 
increase by 78% and the summer nitrogen load leaving the WWTP would increase by 
approximately 119% (3.4 tonnes to 7.4 tonnes). The impact of this on the Vasse 
Diversion Drain would be an increase (in comparison with 1997 levels) of 
approximately 3% and 84% for the annual and summer loads respectively. The 
annual total phosphorus load from the WWTP would be reduced by approximately 
3 1 % and the summer load in the Vasse Diversion Drain would drop by around 45%. 
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Table 6.3 	Changes to nutrient loads from the wetland if the WWTP and wetland discharges 
fail to meet anticipated wastewater quality. 

Flow (timing) 	1997 	Flow< 4,5O0m/d 	 Flow< 6,750m/d 	 Flow< 9,000m!d 
load 	 (1998-2005) 	 (2005-2020) 	 (2020-2035) 

t/a tla WWTP Drain ha WWTP Drain tia WWTP Drain 

% change % change 	% change % change 	% change % change 

Failure of the wetland 

Nitrogen 

summer 	3.4 7.4 119 84 9.2 172 122 7.8 131 93 

winter 	5.6 8.5 53 I 10.1 82 2 8.4 51 

annual (total) 	8.9 15.9 78 3 19.3 116 5 16.2 81 3 

Phosphorus 

summer 	1.3 0.7 -45 -25 0.9 -32 -18 0.8 -42 -24 

winter 	1.0 0.9 -Il -1 1.0 6 0 0.8 -12 -1 

annual (total) 	2.3 1.6 -31 -4 1.9 -16 -2 1.6 -30 -4 

Failure of the IDEA plant 

Nitrogen 

summer 	3.4 2.9 -12 -9 5.7 70 7 7.0 108 76 

winter 	5.6 6.4 14.7 0 10.1 82 2 10.9 96 3 

annual (total) 	8.9 9.3 4 0 15.9 77 3 17.9 100 4 

Phosphorus 

summer 	1.3 0.7 -45 -25 1.7 28 IS 1.6 16 9 

winter 	1.0 0.9 -Il -1 1.3 32 2 1.7 76 5 

annual (total) 	2.3 1.6 -31 -4 3.0 30 4 3.2 41 5 

Notes: Summer = November-April. Winter = May-October. 

% Drain (Vasse Diversion Drain) change assumes no change in nutrient loads from sources other than the WWTP and assumes 
no unsewered contributions from 2005 onwards. 

Some percentages may be marginally affected by rounding. 

By 2035, if the wetland was discharging nitrogen and phosphorus at concentrations of 
5 g/m3  nitrogen and 0.5 g/m3  phosphorus, the total summer load in the Vasse 
Diversion Drain would increase (in comparison with 1997 levels) by 93% for total 
nitrogen and reduce by approximately 24% for total phosphorus. 

6.5.2 	Failure of the IDEA plant 

If the IDEA plant failed to perform at the anticipated level and nutrients were 
discharged at the maximum (95th percentile) anticipated levels all year, nutrient 
concentrations leaving the wetland would be maximum values as shown in Table 3.2. 
Anticipated released nutrient loads and changes in the wetland output levels and 
Vasse Diversion Drain loads are presented in Table 6.3. 

It is important to note that even if the IDEA plant releases wastewater of 20 g/m3  total 
nitrogen and 2 g/m3  total phosphorus, it is anticipated that there would only be a 4% 
increase in the total nitrogen and 31% reduction in phosphorus output from the 
WWTP and wetland (from 1997 levels) through to the year 2005. 
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6.6 	ODOUR 

Odours may be generated at the WWTP when treated wastewater becomes anaerobic 
or if high levels of hydrogen sulfide gas are generated within the wetland. However, 
when operated in accordance with the design, the proposed WWTP is unlikely to 
generate more odour than presently occurs on the site. 

Control of odour generation at the proposed WWTP is dependent on regular power 
supplies for aerating the treated wastewater. More than three days' continuous 
disruption of power supplies could lead to treated wastewater becoming anaerobic 
with a consequent increase in odour generation. While power disruptions of this 
duration are infrequent, their effect could be minimised through the use of emergency 
power from generators. 

The Busselton Draft District Town Planning Scheme No 1997, (853-6-6-20 Map 25) 
includes a 250-rn-wide Wastewater Exclusion Area and a 500-rn-wide Wastewater 
Buffer Area surrounding the WWTP lagoons. The Exclusion Area is primarily 
located on the WWTP site owned by the Water Corporation. The Buffer Area 
includes the existing Busselton landfill site and the pony club land north of the 
WWTP as well as a small area of agricultural land south of the WWTP. 

The function of these areas are to protect the long-term security of the WWTP and 
wetland from public complaint, and to minimise the risk of unacceptable odour levels 
impinging on any new housing or other developments which might occur near the 
WWTP. The text of the draft planning scheme indicates that the Exclusion Area shall 
not be used for purposes other than for designated open space, public roads, natural 
bushlforest and agriculture (excluding dwellings). The Buffer Area shall not be used 
for purposes other than for designated open space, specifically permitted commercial 
and business uses, public roads, light industry and agriculture. 

Comments on the draft town planning scheme closed in October 1997. If the 
Ministry of Planning accepts the proposed changes, land use within the Buffer Area 
will be controlled in accordance with the town planning scheme. 

6.7 	PUBLIC HEALTH AND SAFETY 

Key public health and safety issues include the following: 

potential changes to bacterial content of receiving surface and marine waters; 

potential changes in mosquito populations; 

temporary elevated noise and dust at the WWTP during construction. 

6.7.1 	Bacterial levels in receiving waters 

The upgrade of the WWTP includes UV disinfection of treated wastewater produced 
by the IDEA plant. UV disinfection will reduce the number of thermotolerant 
coliforms to well below the guideline for primary contact recreation 
(median < 150 cfull0OmL). After passage through the upgraded wetland, the 
wastewater is expected to have thermotolerant coliform levels of approximately 300 
cfuIlOO mL. This is primarily a consequence of re-infection by waterfowl and 
avifauna. 
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If, as expected, thermotolerant coliforms levels are consistently around 
300 cfuJlOO mL, the treated wastewater leaving the wetland would satisf' the 
National Water Quality Management Strategy guideline for secondary contact 
recreation of median levels <1000 cfu!100 mL (N}IMRC/ ARMCANZ/ANZECC 
1996). Although existing data are limited, this level represents an improvement from 
existing outlet quality, which currently displays median levels of 450 and 2000 
cful 100 mL in summer and winter respectively. 

With the introduction of disinfection at the outlet of the WWTP, the contribution of 
the 'WWTP to coliform levels in the Vasse Diversion Drain during winter will decline 
substantially. It is uncertain, however, whether current bacterial levels in the Vasse 
Diversion Drain that periodically exceed the guideline of < 1000 cfuJlOO mL for 
secondary contact recreational use (NT-IMRC/ARMCANZ/ANZECC 1996) would be 
substantially reduced as agricultural discharges are likely to be a significant 
contributor to these levels. 

The influence of treated wastewater on the high coliform levels currently occurring at 
the Busselton foreshore is also uncertain, particularly in summer when flows from 
sources other than the WWTP are small. However, as the wastewater will be 
disinfected, it is unlikely that the WWTP would be responsible for coliform levels in 
this area exceeding secondary contact criteria. Because of the low flow in the drains, 
disinfection through natural UV light should further reduce bacterial levels in any 
treated wastewater discharge. 

6.7.2 	Mosquitoes 

Mosquitoes represent a public health hazard due to their ability to transmit disease 
pathogens to humans, e.g. Ross River virus (Russell 1996). The hazard mosquitoes 
represent to public health is influenced by human exposure through occupational and 
recreational activity and the proximity of residential areas to mosquito breeding areas 
(Russell 1996). The mosquito species of concern in the Busselton area are likely to 
be Culex annulirostis and Coquillettidia linealis. 

While low levels of mosquitoes are likely to be present in natural wetlands, the 
planned wetland could exacerbate existing problems if conditions become suitable. 
Excessive numbers of mosquitoes may develop in the shallower sections of the 
wetland when the wetland becomes overloaded organically and when anaerobic 
conditions develop (Wieder et al. 1990). Death of fish or invertebrate mosquito 
predators due to oxygen starvation or hydrogen sulphide toxicity may also allow 
mosquito larvae to mature into adults. 

The objective of mosquito control is to maintain populations below the threshold 
levels deemed to be required for disease transmission or nuisance. The following 
range of strategies would be used to control mosquito populations: 

management of wastewater quality. Mosquito production is likely to be negligible 
if well-treated wastewater (as proposed) is discharged to the wetland. A BOD 
loading to the wetland of less than 90 kg/ha per day is recommended to avoid 
excessive mosquito populations (Kadlec and Knight 1996). When the WWTP is 
releasing treated wastewater at the maximum flow (9,000 m3/d) at median BOD 
concentrations of 10 g/m3, the loading on the wetland will be 7.5 kg/ha per day. 
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appropriate wetland design. Large areas of the wetland have water levels deeper 
than 40 cm and there are several areas of deep open water. These areas will 
encourage predators such as fish and invertebrates, inhibiting mosquito larval 
development (Russell 1996). All embankments would be relatively steep and not 
vegetated and this would also contribute to a reduction in the extent of mosquito 
larval development. 

vegetation management. Areas of dead and decaying plant material which may 
protect mosquito larvae from predators and contribute to BOD would be removed 
(Russell 1996). Samphire vegetation is known to encourage mosquito breeding 
and areas of samphire around the wetland would be removed. 

water management. The wetland would be drained periodically to interrupt 
breeding of mosquitoes. Deeper open-water areas would not be drained as these 
provide refuge for mosquito predators such as fish and water beetles (Russell 
1996). If required, suitable populations of native predator species would be 
introduced. 

use of mosquito control agents. If none of the above measures prove to be 
effective in controlling mosquitoes, a range of control agents such as chemicals 
(e.g. temephos), bacterial applications (e.g. Bacillus sphaericus), fungal 
applications (e.g. Lagenidium giganteum) or growth inhibitors (e.g. methoprene) 
could be used to provide a quick control action (Russell 1996). An alternative 
control method uses the chemical altosand, which contains a juvenile mosquito 
hormone analogue and can be applied in a liquid or pelletised form. Application 
of chemical control agents would only be used for short-term control of 
mosquitoes, and only if required. 

Vehicle access would be maintained around the wetland to facilitate both regular 
inspection of mosquito breeding, and vegetation and mosquito control where 
necessary. 

6.7.3 	Noise and dust on the WWTP site 

Noise and dust are not likely to be significant issues at the WWTP considering the 
low-intensity usages of land surrounding the site. Nevertheless, in order to control 
noise levels, all construction machinery would be fitted with appropriate noise-
suppression devices, and noise levels during construction would comply with the 
requirements of the Occupational Health, Safety and Welfare Act 1984. 

The mechanical nature of the new WWTP would increase noise levels slightly, but 
noise attenuation equipment facilities would be provided so that all installed 
equipment would have a sound power level not greater than 85 dB(A) measured at I 
metre. 

Generation of dust is likely to be confined to areas of site preparation involving 
earthworks in dry areas. Dust emission would be controlled by standard suppression 
measures, including water sprays and minimising the area cleared of vegetation 
during the construction process. The focus of dust control would be on material 
stockpiles and areas subject to traffic. 
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6.8 	SOCIAL ISSUES 

Social issues perceived to be of primary concern in connection with this proposal 
include potential impacts on the recreational utility of marine waters in Geographe 
Bay and, to a lesser extent, of the water in the Vasse Diversion Drain. 

Busselton is a popular holiday location. Swimming, boating, snorkelling and scuba-
diving are all common in Geographe Bay, including the area around the Vasse 
Diversion Drain. The Vasse Diversion Drain is also used for fishing, canoeing and 
swimming, although such use is discouraged. A number of holiday-oriented land 
uses, including a caravan park and residential areas, are situated beside the lower 
Vasse Diversion Drain, and access footpaths intersect the drain 

Discharges from the Vasse Diversion Drain are periodically coloured with sediments 
eroded from the catchment. This coloration may discourage tourists from Busselton 
Beach, but this is not a new phenomenon. 

A perceived social benefit of the wetland will be an enhanced opportunity for 
birdwatching and other recreational uses such as walking and nature study. 
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7 Environmental management and 
monitoring plan 

This section describes the proposed environmental management objectives and 
monitoring associated with the project. The section also outlines the responses the 
Water Corporation will adopt to ensure environmental objectives are achieved. 

In order to ensure the effective implementation of the commitments made, and the 
objectives stated in this CER, the Water Corporation will develop and maintain an 
Environmental Management Plan (EMP). 

7.1 	WETLAND AND WWTP 

7.1.1 	Management objectives 

The Water Corporation's objectives with regard to the wetland and WWTP are as 
follows: 

to minimise disturbance to existing native flora and fauna; 

to retain existing native vegetation wherever possible; 

to establish a diverse, ecologically sustainable wetland consisting of local native 
species; 

to construct an aesthetically pleasing wetland to provide a fauna habitat which will 
be suitable for birdwatching and other recreational and educational uses; 

to retain and preserve existing eucalypt woodland where possible. 

7.1.2 	Monitoring 

Monitoring is required to assess the long-term sustainability of the wetland and to 
assess the success of the conservation aspects of the project. 

Vegetation monitoring 

Monitoring of the wetland vegetation would examine revegetation success. Sites in 
each of the three different vegetation areas, namely, the shallow water zone (0-0.2 m 
water depth), the deeper water zone (0.2-0.4 m water depth) and the deep water zone 
(0.4-1.0 m water depth) will be monitored. 

In each zone, randomly selected replicate plots will be examined. The following 
features would be assessed: 

plant species 
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percentage cover by species 

emergent plant density 

plant species height. 

Monitoring would be undertaken quarterly for the first two years following 
completion of construction, and then annually in spring each year. 

Fauna monitoring 

Fauna monitoring is necessary to provide an indication of the wetland's ability to 
provide habitat for waterbirds and determine impacts of construction on waterbird 
populations. 

In order to determine usage of the wetland by birds, quarterly determination of the 
approximate number of individuals present, by species, will be undertaken. It is 
proposed to conduct the monitoring for approximately three years by which time the 
wetland waterbird population should have stabilised. 

To complement this monitoring, the Water Corporation would encourage studies by 
either the Busselton Naturalist Club, CALM or university personnel to determine 
which avifauna species utilise the wetland following completion of construction. 

7.1.3 	Responses to monitoring 

If fauna and flora abundance and diversity in the wetland decrease as a result of 
wetland modification, the Water Corporation would consider the following options: 

construct or install additional facilities attractive to avifauna, such as nesting 
boxes, dead trees and logs; 

periodically inspect fences to ensure potential predators such as foxes and cats are 
excluded, and repair of fences or organise trapping programmes as necessary; 

plant additional flora; 

increase the area of the wetland or preferred waterbird habitat areas within the 
wetland. 

7.2 	GROUNDWATER 

7.2.1 	Management objective 

The Water Corporation's objective with respect to groundwater is to ensure that 
superficial groundwater level and quality in the vicinity of the WWTP is maintained 
to environmentally acceptable standards. 

In the absence of long-term data, the following water quality criteria are proposed: 

median total nitrogen < 10 g/m3; 

total phosphorus <0.1 g/m3; and 

thermotolerant coliforms < 50 cful100 mL. 
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7.2.2 	Monitoring 

The following monitoring bores would be installed to an average depth of 6 metres 
and would be used to monitor the quantity and quality of the superficial groundwater: 

four bores (which have already been installed) around the WWTP site (see Figure 
3.1); 

one bore in the centre of the wetland, positioned in a bund; 

one bore at the Whitelands Sawmill, some 500 m to the north-east of the WWTP 
(subject to agreement with the owners of the bore). 

At least two years of monitoring data will be necessary to determine current 
groundwater quality levels before more appropriate criteria can be established. 
Monitoring would therefore be undertaken on a quarterly basis for at least two years 
to better define the existing nutrient levels in groundwater on the WWTP site. 
Monitoring would then be undertaken annually. 

During monitoring, water levels in the monitoring bores would be measured, and 
water samples collected and analysed for the following parameters: 

nitrogen: Kjeldahl, nitrate, and total; 

phosphorus: orthophosphate and total; 

total dissolved solids, total anions and cations; 

PH; 

thermotolerant faecal coliforms. 

The results of these analyses would be used to determine whether there is any 
exchange between the upgraded wetland or the treated wastewater storage lagoons 
and the superficial groundwater. 

	

7.2.3 	Responses 

If monitoring indicated that the level of nutrients in the groundwater on the WWTP 
site was increasing above these criteria (determined after two years of monitoring), 
the Water Corporation would consider the following options to decrease the discharge 
of nutrients from the site: 

improvement in the performance of the IDEA plant; 

sealing the bottom of the wetland with more impervious material; 

diversion of treated wastewater to off-site users. 
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7.3 	SURFACE WATER 

7.3.1 	Management objectives 

The Water Corporation's objectives with respect to surface water are as follows: 

to ensure that the quality of wastewater discharging from the IDEA plant complies 
with the DEP Conditions of Licence; 

to ensure that the upgraded wetland improves the quality of treated wastewater, 
particularly in regard to the content of total nitrogen; 

to maintain nitrogen and phosphorus loads leaving the wetland at or below 
estimated 1997 loads; 

to have no net increase in nutrient loads entering the Vasse Diversion Drain in 
winter and minimal increases in summer. 

Suggested treated wastewater quality criteria, to meet these objectives, based on the 
expected performance of the IDEA plant and wetland, are presented in Table 7.1. 

7.3.2 	Monitoring 

WWTP and wetland discharge points 

Water quality monitoring would be undertaken at the point of discharge from the 
IDEA plant (i.e. after filtration and disinfection) and at the point of discharge from 
the upgraded wetland. Monitoring will determine compliance with the DEP 
Conditions of Licence, and evaluate the performance of the wetland. 

The following parameters would be assessed on at least a monthly basis: 

unfiltered and filtered five-day BOD; 

total nitrogen: Kjeldahl, nitrate, ammonium and total; 

phosphorus: orthophosphate and total; 

suspended solids and turbidity; 

conductivity and total dissolved solids; 

colour; 

pH; 

heavy metals and boron; 

Enterococcus; 

total water flow. 

Thermotolerant coliform concentrations would be determined weekly. 
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Table 7.1 	Suggested treated wastewater quality criteria 

Control 	Parameter 

point 

Proposed criteria (median value [95th percentile)) 

Flow from the WWTP 

4,500 m3/d 	6.750 m3/d 	9,000 m3/d 
(= 1645 ML/a) 	(= 2465 ML/a) 	(= 3285 ML/a) 

Discharge from WWTP to wetland 

Anticipated time-scale 1998-2005 2005-2020 2020-2035 

Total nitrogen (g/m3) 10 (20) 8 (16) 5 (10) 

Total phosphorus (g/m3) 1(2) 0.8 (1.6) 0.5 (I) 

Thermotolerant coliforms (g/m3) 100 (ISO) 100 (150) 100 (150) 

Salinity (g/m3) 1500 1500 1500 

pH (units) 5.0-9.0 5.0-9.0 5.0-9.0 

Discharge from constructed wetland (Design Objectives) 

Total nitrogen (g/m3)—summer 3.0 3.0 3.0 

Total nitrogen (g/m3)—winter 4.5 4.5 3.5 

Total nitrogen load (t)—summer 2.2 3.4 4.7 

Total nitrogen load (t)—winter 3.8 5.7 5.9 

Total phosphorus (g/m3) 0.5 0.5 0.5 

Total phosphorus load (tla) 0.8 1.2 1.6 

Thermotolerant coliforms 300 300 300 
(cfu/100 mL) 

Notes: Summer = November—April. Winter = May—October 

Receiving environment 

The Water Corporation would construct new gauging stations at strategically located 
points to enable continuous flow monitoring to be undertaken. These points are as 
follows: 

at the outlet of the constructed wetland at site I in Figure 4.3; 

. in the Vasse Sub-A Drain approximately at site 10 in Figure 4.3. 

Flow would be monitored to within a 10% accuracy level. 

Sufficient numbers of samples would be collected and analysed to determine total 
nutrient loads leaving the wetland to within an agreed level of accuracy: 30-100% is 
considered suitable. This would require some form of wet-weather sampling, 
possibly an automatic flow-paced stage sampler, to capture flow-events leaving the 
wetland. A pilot study would be conducted to determine the level of variability in the 
nutrient concentrations and the number of samples necessary to determine loads with 
this accuracy. 

Water quality monitoring would be conducted at Sites 2, 7, 6, 8, 9 and 10 (see Figure 
4.3). Monitoring will determine compliance with the Water Corporation objective of 
ensuring no adverse measurable environmental effects downstream of the WWTP. 
These sites would be monitored on a monthly basis for two years after commissioning 
of the WWTP, at times when the drains are flowing. Consideration would be given to 
installing an automatic flow-paced stage sampler at site 10 to capture flow-events. 
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Samples would be analysed for the following: 

unfiltered and filtered five-day BOD; 

total nitrogen and phosphorus; 

suspended solids and colour; 

conductivity and PH; 

phaeophytin and chlorophyll-a; 

thermotolerant coliforms; 

Enterococcus at Sites 9 and 10 only. 

The programme would be reviewed after two years. 

7.3.3 	Responses 

If monitoring indicated that treated wastewater discharging from the wetland did not 
meet the recommended quality criteria, the Water Corporation would consider 
strategies to improve the quality of the discharged wastewater. These are as follows: 

improve the performance of the IDEA plant; 

improve the performance of the wetland; 

construct additional wetlands on the site to further treat the wastewater; 

divert treated wastewater to off-site users. 

7.4 	MARINE ENVIRONMENT 

7.4.1 	Management objectives 

The Water Corporation's objectives with respect to marine water quality are as 
follows: 

to ensure that the discharge from the WWTP does not cause any further 
deterioration in marine water quality within a Special Management Area up to 
1000 in from the discharge point of the Vasse Diversion Drain along Busselton 
Beach, and up to 200 in offshore from the discharge point. In the absence of DEP 
nutrient guidelines for Environmental Quality Objective (EQO) 2 Class III - 
Industrial Buffer Zone, the NPNCA Level 5 (mildly degraded ecosystem) criteria, 
as proposed during the Perth Coastal Waters Study (Hillman, 1995), would be 
adopted for the Special Management Area; 

A summary of the criteria considered to be appropriate for marine water quality 
within and outside the Special Management Area are presented in Table 7.2. 
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Table 7.2 	Suggested criteria for marine environmental parameters within a 'Special 
Management Area * 

Water quality indicator 	 Value [median (90" percentile)] 

Total phosphorus (TP) No increase above 1997 levels 
Summer: 30(60) mg TP /m3  Winter: 30(80) mg TP /m3  

Dissolved inorganic No increase above 1997 levels 
nitrogen (DIN) Summer: 20(30) mg DIN /m3  Winter: 20(50) mg DIN /m3  

Total Kjeldahl Nitrogen No increase above 1997 levels 
(TKN) Summer: 280(320) mg TKN /m3  Winter: 280(340) mg TKN /m3  

Chlorophyll-a No increase above 1997 levels 
Summer: 0.2(0.3) mg Chl-a /m3  Winter: 0.7(1.2) mg Chl-a /m3  

Thermo-tolcrant faecal 	Median < 150 cfu/100 mL (minimum of five samples taken at regular intervals 
coliform bacteria 	not exceeding one month and over the bathing season). 

Four of five samples contain fewer than 600 cfu /100 mL. 

Enterococci 	 Median <35 Enterococcus organisms per 100 mL (maximum number in any one 
sample 100 cfuJIOO mL). 

Special Management Area defined as the area within 1000 m along Busselton Beach from the Vasse Diversion Drain 
discharge point, and up to 200 m offshore from the discharge point. 

The responsibility for maintaining these water quality criteria rests on all state and local government authorities including the 
Water Corporation. Department of Agriculture Western Australia, Water and Rivers Commission, and Busselton Shire 
Council. 

7.4.2 	Monitoring 

The Water Corporation would undertake a program to monitor water quality, 
seagrasses and seagrass epiphytes within Geographe Bay. The monitoring strategy 

would be determined in discussion with DEP and the Water and Rivers Commission. 
However, consideration would be given to undertaking monitoring at the following 
sites: 

three sites within 100 m of the Vasse Diversion Drain outlet, positioned to the 
north, east and west; 

three sites just inside the boundary of the Special Management Area, 
approximately 900 in from the Vasse Diversion Drain discharge point positioned 
to the north, east and west and at least 300 in offshore. 

The Water Corporation would monitor water quality with the Special Management 
Area according to the criteria in Table 7.2 on a six-monthly basis. 

A broader program to monitor water quality in Geographe Bay is the responsibility of 
Government and the Water Corporation is willing to contribute to such a program. 

7.4.3 Responses 

If the desired management objectives are not met, the Department of Environmental 
Protection and the Water and Rivers Commission would be notified immediately. In 
the first instance, it would be important to determine whether breach of the objective 
was attributable to operation of the WWTP or to other point or diffuse contributions 
to Geographe Bay. 
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If it was determined that unacceptable levels of nutrients were being discharged into 
Geographe Bay from treated wastewater. the Water Corporation would consider the 
following options to decrease the discharge of nutrients from the WWTP site: 

improve the performance of the IDEA plant; 

construct additional wetlands on the site to further polish the wastewater: 

divert treated wastewater to off-site users. 

7.5 	ENVIRONMENTAL IMPROVEMENT INITIATIVE 

7.5.1 	Management objective 

The Water Corporation's objectives with respect to the Environmental Improvement 
Initiative are as follows: 

aim to install dairy shed wastewater management systems in the fifty per cent of 
the dairies in the catchment of the Vasse Diversion Drain which currently do not 
have them, within three years of commencement of the Program. It is estimated 
that this would prevent 1-5 t nitrogen per annum from flowing into the Vasse 
Diversion Drain; 

aim to install dairy shed wastewater management systems in the thirty per cent of 
the dairies in the catchments of the Sabina, Abba and Ludlow rivers which 
currently do not have them, within five years of commencement of the Program; 

aim to have ten per cent of horticultural enterprises with adequate Nutrient and 
Irrigation Management Practices within three years of commencement of the 
Program; 

the Shire of Busselton will be encouraged to adequately manage urban point 
sources of nutrients. 

7.5.2 	Monitoring 

The success of the Environmental Improvement Initiative would be determined by the 
Standing Committee established by the Water Corporation Board. The operation and 
performance of the Environmental Improvement Initiative would be reviewed 
annually. Success would be established at the following two levels: 

in the longer term (over 5 years), performance criteria for the program would be 
based on the significance of measurable reductions of nitrogen and phosphorus 
exported to Geographe Bay from the target drains and waterways; 

in the short term, performance criteria for the program would be based on 
'behavioural' rather than biophysical or chemical criteria. These would include: 

- the number of targeted dairies which have installed effective dairy shed 
wastewater management systems as recommended in a dairy code of practice, 
preferably from WA. Alternatively, codes of practice from other states such as 
The Queensland Dairy Farm Effluent Manual would be utilised; 
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- the number of horticultural enterprises which have adequate Nutrient and 
Irrigation Management Practices; 

- the number of broad-acre agricultural enterprises which have adequate Nutrient 
and Irrigation Management Practices; 

- the number of key point sources managed by the Shire of Busselton such as 
parks/ovals, landfill sites and Busselton Golf Course which have adequate 
Nutrient and Irrigation Management Practices. 

7.5.3 	Responses 

The annual review of the Environmental Improvement Initiative may result in the 
target land uses/guidelines for the subsequent year's Program and the operating 
parameters being changed or modified. 

A major review would be undertaken at the end of the five year Program. This 
review would attempt to quantif' water quality changes in those watercourses 
draining into Geographe Bay which have been targeted in the Program, and to 
determine the contribution of the Program to the water quality changes. 

If the Environmental Improvement Initiative is not effective in meeting the 
behavioural and biophysical/chemical performance goals for reducing nutrients, the 
Program may need to be modified. 

If the Water Corporation adopts a regime whereby no nutrient is discharged to the 
Vasse Diversion Drain in summer, the Environmental Improvement Initiative in the 
Busselton region would cease. 

7.6 	ODOUR 

7.6.1 	Management objective 

The Water Corporation's objective with respect to odour is to ensure that there is no 
unacceptable odour outside the 500-rn-wide Wastewater Buffer Area surrounding the 
WWTP lagoons. 

7.6.2 	Monitoring 

The Water Corporation would carry out occasional odour monitoring at the boundary 
of the 500-rn-wide Wastewater Buffer Area surrounding the WWTP lagoons. 
Additional monitoring would be undertaken in response to complaints. The Water 
Corporation would also consider undertaking odour modelling if required to predict 
odour dispersion. 

7.6.3 Responses 

If odour became a serious problem as a result of operation of the WWTP and wetland, 
the Water Corporation would consider the following options: 

PN7010-0I-001. Rev. 0 	 7-9 
16 March, 1998 



ensure that land uses within the Wastewater Buffer Area are compatible with their 
designated use and in accordance with the approved town planning scheme; 

install emergency power generators to maintain aeration for the IDEA plant. 

7.7 	PUBLIC HEALTH AND SAFETY 

7.7.1 	Management objectives 

The Water Corporation's objectives with respect to public health and safety are as 
follows: 

to control risks to public health and safety and comply with acceptable standards 
where such standards exist (e.g. to ensure the concentration of pathogenic bacteria 
in the Vasse Diversion Drain and on beaches at Busselton do not increase as a 
consequence of construction and operation of the WWTP and wetland); 

to control the bacterial quality of waters discharged from the WWTP to comply 
with guidelines for secondary contact recreation (ANZECC 1992); 

to control the number of disease vector mosquito species potentially sourced at the 
wetland and WWTP to within levels considered acceptable for the wetland; 

to ensure no noise or dust nuisance is created during construction of the WWTP 
and wetland. 

7.7.2 	Monitoring 

Bacteria 

Bacterial monitoring would be undertaken at the point of discharge from the IDEA 
plant (i.e. after filtration and disinfection) and at the point of discharge from the 
upgraded wetland. Monitoring will determine compliance with the DEP Conditions 
of Licence, and evaluate the performance of the wetland. 

The correlation between coliform concentrations at the outlet of the disinfection 
system and the constructed wetland would be determined to ascertain the effects of 
wetland fauna on coliform populations within the wetland. These data will be used to 
adjust the JJV dosing. 

Mosquitoes 

Monitoring would detect increases in mosquito populations above threshold levels 
and would allow appropriate management actions to be taken before mosquitoes 
reach problem levels. 

Assessment of the extent and significance of mosquito populations within the wetland 
would involve regular sampling of both larval and adult populations. Larval and 
adult sampling would be undertaken concurrently to confirm the source of adult 
populations and to indicate larval mortality rates due to predation through other 
factors (Russell 1996). Monitoring of mosquitoes would be undertaken fortnightly 
during the active season (October to March) by sampling adult mosquito populations 
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at one site at the wetland and at one site closer to Busselton. Mosquitoes would be 
sampled by trapping, using encephalitis virus surveillance/carbon dioxide traps as 
recommended by the Health Department WA. If more than 50 adult mosquitoes are 
caught, species identification will be done, and numbers of Coquillettidia sp. aff 
linealis or Culex annulirostis notified to the Health Department. 

7.7.3 	Responses 

Bacteria 

If monitoring indicated that there were unacceptable levels of faecal coliforms in 
treated wastewater leaving the wetland, the Water Corporation would consider the 
following management options: 

verify, and if necessary improve, the disinfection efficiency of the UV system at 
the outlet of the IDEA plant; 

create a section of shallow open water at the end of the wetland to allow for 
natural UV disinfection; 

provide additional treatment of the wastewater (e.g. chlorination). 

Mosquitoes 

If monitoring indicated that unacceptable levels of mosquitoes were being generated 
in the wetland, the Water Corporation would consider the following options to 
address this issue: 

remove excess vegetation; 

periodically drain and refill the wetland simulating natural periodic drying; 

introduce native predators to control mosquito numbers; 

apply control agents. 

7.8 	SOCIAL IMPACTS 

7.8.1 	Management objectives 

The Water Corporation's objectives with respect to social impacts are as follows: 

to create a wetland that has potential increased opportunities for educational, 
environmental and recreational use; 

to ensure that there are no adverse impacts on the Busselton foreshore beach as a 
consequence of the WWTP construction or operation. 

7.8.2 	Monitoring 

The Water Corporation would maintain a register of all groups visiting the wetland 
and WWTP. The register would include information on the number of people in the 
group, the name of the group and the date of the visit. 

PN7010-0I-00I. Rev. 0 	 7-1/ 
/6 March. 1998 



The Water Corporation would maintain a register of any complaints related to water 
quality within 1000 m of the discharge point of the Vasse Diversion Drain. The 
Water Corporation would investigate whether any such complaint could be related to 
the operation of the WWTP. 

7.8.3 	Responses 

If the discharge of treated wastewater is shown to affect recreational utility of 
Busselton beach, the Water Corporation would consider the following options: 

examine and, where necessary, improve the performance of the WWTP; 

examine and, where possible, divert wastewater to off-site users; 

examine and, where necessary, improve the performance of the wetland. 

7.9 	AUDITING AND REPORTING 

Auditing is necessary to determine whether key elements of the project have been 
implemented. The Water Corporation would audit the performance of the WWTP 
and wetland against these commitments annually for the next five years and then 
every three to five years thereafter. 

Reporting on the project is necessary to convey information to various regulatory 
bodies, including the DEP, to enable them to assess project performance against 
target indicators. It is envisaged that project results would be reported annually for 
five years, and then every three to five years thereafter. 
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8 	Summary of commitments 

The environmental commitments made in this CER are summarised in Table 8.1. 

PN70/0-0I-001, Rev. 0 	 8-1 
16 March, 1998 



Table 8.1 Summary of environmental commitments 

Item Issue Objective Commitment Timing Decisioi making authority Specification 

i 	(;eneral 

.1 	Environmental Implement an effective EMP. Prepare and implement an effective EMP to enable Prior to commissioning EPA EMP developed and implemented to 
Management Plan coordination of environmental management requirements requirements of EPA 
(EMP). and to guide the operation of the WWTP. 

2 Wetland and WWTP 

2.1 	Wetland vegetation Minimise disturbance to existing native flora Retain as much of the existing vegetation as possible Construction phase DEP Disturbance to area no greater than 
and fauna during construction of the upgraded wetland, agreed with DEP officer at on-site 

inspection prior to commencement of 
works 

2.2 	Water resources Ensure efficient use of local water resources Explore treated wastewater reuse opportunities for other As opportunities arise, for DEP Discussions held with potential users of 
off-site users the life of the WWTP treated wastewater as opportunities arise 

2.3 	Discharged Ensure discharges from WWTP comply with Undertake ongoing monitoring of flow and water quality Weekly or monthly as DEP Treated wastewater complies with DEP 
wastewater quality licence requirements at the discharge point of the WWTP, the wetland, and at required, for life of the licence. Guaging stations constructed 

various other sites in nearby drains to determine the WWTP and annual surface water monitoring 
relative contribution of nutrients from the WWTP and results reported to Water and Rivers 
other sources in the catchment Commission 

3 (;roundwater 

3.1 	Groundwater Ensure superficial groundwater level and Install six groundwater monitoring bores around the Install before DEP Monitoring bores installed and annual 
quality quality in the vicinity of the WWTP is WWTP site and conduct ongoing monitoring of commissioning, and then groundwater monitoring results reported 

maintained to environmentally acceptable groundwater levels and water quality at those bores and monitor annually for the to DEP 
standards the nearest down-aquifer bore potentially affected by the life of the WWTP 

WWTP operation 

P Reduce infiltration of treated wastewater from the wetland DEP Action taken to prevent infiltration of 
and treated wastewater holding lagoons to the superficial treated wastewater if problem identified 
aquifer, if a deterioration in existing groundwater quality 
is detected by routine monitoring 

4 Catchment management 

4.1 	Environmental Work towards overall reduction of nutrient Establish a 5 year Environmental improvement Initiative Over a finite 5 year period. Water C orporation Provision of up to $200,000 annually to 
Improvement loads entering Southern Geographe Bay Programme for the Southern Geographe Bay Coastal establish a trust from which suitable U initiative Catchment projects are funded 

S Marine water 

5.1 	Marine water Quantify spatial and temporal variation in Undertake ongoing monitoring of. and report on, marine Every six months, for the DEP Annual marine water monitoring results 
quality monitoring marine water quality within the Special water quality in Geographe Bay within the Special life of the WWTP reported to DEP 

Management Area Management Area2  

6 	Air pollution 

6.1 	Odour Ensure that there are no unacceptable odours Record and respond to odour complaints As required, for the life of DEP No unacceptable odours emanating from 
related to the WWTP operations outside the the WWTP the WWTP operations outside the 500 in 

p 
I 

500 in wide buffer area buffer area 
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Item 	 Issue 	 Objective 	 Commitment 	 Timing 	 Decision making authority 	Specification 

7 Public health and safety 

7.1 	Mosquito minimise the risk of disease being spread Undertake ongoing monitoring of mosquito populations Fortnightly during summer Health Department of 
management from the WWTP and wetland by mosquitos within the constructed wetland breeding season, for the Western Australia 

life of the wetland 

Control mosquito populations at the WWTP site to During summer breeding Health Department of 
acceptable levels season, for the life of the Western Australia 

wetland 

7.3 	Pathogenic bacteria Ensure dischaiges of specified pathogenic Provide additional disinfection if (lie concentrations of For the life of the WWTP DEP 
bacteria meet licence requirements pathogenic bacteria in the Vasse Diversion Drain and 

within the Special Management Area are unacceptable as a 
consequence of construction and operation of the WW'l'l' 
and wetland 

8 	Social 

8.1 	Public amenity The wetland p.ovides public recreational and Facilitate public use of the wetland through provision of a Construction phase and for Water Corporation 
educational values well-maintained wetland of appropriate amenity the life of the WWTP 

8.2 	Visual amenity Visual amenity of the area is not he unduly Create and maintain an aesthetically attractive site by Construction phase and for Water Corporation 
affected by the proposal landscaping and planting trees around the WW1'P site and the life of the WWTP 

entrance 

9 Auditing and reporting 

9.1 	Auditing Confirm WWTP and wetland perform as Conduct regular audits of the performance of the WWTP Annually or as required by DEP 
expected, and commitments are implemented and wetland regulator 

Note: 

I 	Agriculture WA and Water and Rivers Commission also have responsibility for influencing the appropriate management of nutrients in Southern Geographe Bay Catchment. 

2 	The Special Management Area is marine waters within a ridius of 1000 in from the discharge point of the Vasse Diversion Drain. 

Fortnightly mosquito summary 
monitoring data provided to Health 
Department of Western Australia 

Mosquito levels below guidelines 
specified by the Health Department of 
Western Australia 

The concentrations of pathogenic 
bacteria comply with licence 
requirements 

Groups Visiting the wetland 

Landscaping plans implemented 

Audit reports presented to the DEP as 
reciu i red 
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Appendix B 

Glossary and Abbreviations 

GLOSSARY 

Environmental Improvement Initiative: Water 
Corporation initiative aimed at maxlmlsmg 
environmental benefits throuch encouraging 
nutrient reductions by key nutrient 
contributors. 

Environmental Quality Objective: The long-
term aims or coals of an environmental 
management programme. The DEP (1996) 
present marine water quality criteria for 
EQO1 (Maintenance of biodiversitv), EQ02 
(Conservation of ecosystem integrity); EQ03 
(Maintenance of aquatic life [including 
molluscs] for human consumption), EQ04 
(Maintenance of recreational values) and 
EQ05 (Maintenance of aesthetic values). It 
is noted that these criteria are yet to be 
accepted. 

Periphyton: the microalgae (diatoms and 
microscopic filamentous forms), algal 
propagules, bacteria, microfauna and 
particulate material found in a mucus-like 
layer commonly coating seagrass leaves. 

ABBREVIATIONS 

ANZECC: 	Australian and New Zealand 
Environment and Conservation Council. 

ARMCANZ: Agriculture and Resource 
Management Council of Australia and New 
Zealand. 

AGWA: 	Agriculture Western Australia 

cful 100 mL: (of bacteria) colony forming units 
per 100 millilitres 

cm: centimetre 

DEP: Department of Environmental Protection 
(Western Australia) 

EPA: Environmental Protection Authority - 
Western Australia 

	

Eli: 	Environmental Improvement Initiative 

EQO: Environmental Quality Objective 

g.m: grams per cubic metre (equivalent to 
milligrams per litre (mg'L)) 

ha: hectare 

IDEA plant: Intermittently Decanted Extended 
Aeration plant. This is an advanced activated 
sludge treatment plant which incorporates 
biological nitrogen removal and chemical 
phosphorus removal. 

KVA: kilovolt-ampere 

L!a: litres per annum 

L: litre 

m: metre 

m1: cubic metre 

mg/rn3: milligrams per cubic meter (equivalent to 
micrograms per liter (j.tg/L)) 

mS/rn: milli siemens/rn, a measure of salinity 

N: nitrogen 

NHMRC: National Health and Medical Research 
Council. 

P: phosphorus 

p.a.: per annum (each year) 

	

PHD: 	Public Health Department (Western 
Australia) 

tla: tonnes per annum 

t/d: tonnes per day 

t: tonne 

WWTP: Wastewater Treatment Plant 
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'4 ER Nj 

LLJJ 

Environmental Protection Authority 

I3USSELTON WASTEWATER TREATMENT PLANT - DISPOSAL OF 
TREATED WASTEWATER INTO VASSE DIVERSION DRAIN (1132). 

CONSULTATIVE ENVIRONMENTAL REVIEW GUIDELINES 

1. Overview 

The Water Corporation proposes to increase the capacity of the Busselton Wastewater 
Treatment Plant (WWTP) from the current 1200m3fday to 4500m3Iday by 2005, and to 9000m3/day by 2035. A Works Approval (01755) has been obtained from the Department of 
Environmental Protection to expand and improve the WWTP, including the upgrade of the 
wetland to accommodate these flows. 

Treated wastewater from the WWTP is currently released into the Vasse Diversion Drain via a 
wetland on the WWTP Site. The purpose of this CER is to determine the potential 
environmental impacts of the WWTP and the acceptability of discharging treated wastewater 
into the Queen Elizabeth Drain, which discharges into the Vasse Diversion Drain, during and 
after the upgrade. The Water Corporation proposes to discharge treated wastewater to the drain 
for 12 months of the year. 

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 govemmnt agencies and the public in 
providing advice about environmental matters during the assessment of the CER for this 
proposal. 

The primary purpose of the CER 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. 

Level of Assessment: CER 	
Title: BUSSELTON WASTEWAThR TREATMENT PLANT . DISPOSAL OF•REA ED WASTEWATEW 

INTO VASSE DIVERSION DRAIN (1132) 
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2. Objectives of the CER 

The objectives of the CER are to: 

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

provide the basis of the proponents environmental management program, 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. 

3. Contents of the CER 

The fundamental contents of the CER 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, and 
a regional map should also be included which identifies the proposal within a social and 
regional setting; 

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

details of 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 program, including the 
key commitments, monitoring work and the auditing of the program which will provide 
the basis for the operation of the Site in an acceptable manner. 

The language used in the body of the CER 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 CER. The CER 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 all options considered. 

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: 

an overall objective to reduce as far as practicable potential impacts on the environment; 

development of an environmental policy; 

agreed environmental objectives; 

management of environmental objectives; 

involving the public as appropriate; 

Level of Assessment; CER 	Title: BUSSELTON WASTEWATER TREATMENT PLANT . DISPOSAL O TREATEI) WASTEWATER 
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audit performance against agreed indicators; 

regular reporting to the EPA (or nominated agency): and 

commitment to a quality assured management system and continuous improvement. 

Factors can be determined from a consideration, called scoping. of th potential impacts froni 
the various components of the proposal on a receiving environment, including pcoe. 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 CER 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; 

Social Surroundings 

A range of factors identified and the EPA's management objective for this factor have been 
listed in Attachment i. The following list are the key preliminary environmental factors that the 
EPA have identified in this assessment: 

Surface Water Quality 

Marine Water Quality 

Groundwater Quality 

Odour 

Seagrass 

Marine Fauna 

Public Health and Safety 

Further key environmental factors may be identified during the preparation of the CER, 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 
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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 environmental factors, the CER should cover, but not be limited to the specific 
issues listed below. The CER should be prepared on the basis of the WWTP operating at final 
capacity and taking into account a staged implementation of the facility. 

5.1 Risk to Receiving Water Quality and Environment 

provide details of the prevailing quality of the receiving environment; 

develop proposed acceptable criteria for discharge at the WWTP boundary having taken 
into account the quality of the receiving environment; 

determine both acute and cumulative impacts on the receiving environment due the 
proposed 'WWTP performing according to the criteria determined above; 

detail the procedures and design feawres in the proposed WWTP to minimise the risk of 
unacceptable impact on the receiving environment during commissioning and operation of 
the proposed facility; 

determine the impacts on the receiving environment should the proposed WWTP not 
perform according to the criteria determined above and estimate the risk of this occurring 
taking into account the variability of the biological systems in the wetland; 

detail the monitoring procedures to show the proposed WWTP is complying with the 
criteria developed above and any proposed action should this not be the case; 

detail the monitoring procedures to detect changes in the environment (including water 
quality, Seagrass and Marine fauna) and the proposed action should changes be detected or 
suspected; 

5.2 Other 

show the consideration of alternative treatment and wastewater management options 
including justification for selecting the preferred option; 

detail the effluent quality to be discharged from the wetland: 

6. Public Consultation 

A description should be provided of the public participation and consultation activities 
undertaken by the proponent in preparing the CER. 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 rioted and referenced. 
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7. Environmental Management Commitments 

The method of implementation of the proposal and all commitments made by the proponent in 
the CER will become legally enforceable under the environmental conditions of the Minister for 
the Environments approval. Specific commitments to protect the environment, typcallv related 
to the key issues, should be separately listed, numbered and take the form of: 

who will do the work; 

what the work is; 

when the work will be carried out; and 

what agencies will be involved. 

These key commitments show that the proponent is committed to actionable and auditable 
management of the environmental issues. 

Other commitments show that theproponent is dedicated to good environmental management of 
the project, and the EPA expects that the proponent will audit these commitments byinternal 
processes under an Environmental Management System. The commitments define the 
goals/objectives for the environmental management program and procedures (the details of how 
the commitment will be met), which should be described in as much detail as possible. The 
EPA acknowledges that, with the implementation of best practice and Continuous improvement 
for the project, the procedures may need to be modified, or added to, in regular updates to the 
environmental management program. - 

An example of a typical commitment is: 
Issue Objective Commitment Timing Whose Specification 

(Phase) requirements (Performance 
Indicator) 

EMP Implement Develop and Pre- EPA EMP developed and 
effective implement an construction implemented 	to 
EMP effective and on-going requirements of EPA. 

EMP 
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Attachment 1 

FEnvironmental Factor Preliminary EPA Objective 

ter quality - Maintain or improve the quality of surface water to ensure existing 
and potential uses are protected. 

Surface water quality - Wastes should be contained and isolated from groundwater and 
sewage surface surrounds. (liquid waste) 

[M;ine water quality Meet requirements of the EPA's Environmental Water Quality 
Objectives (EQO). 

Groundwater - general Maintain or improve ground water quality 

Groundwater 	- Water on or beneath the site, or discharging from the site, should not 
contamination have an adverse impact on people or the environment. 

Odour Odours emanating  from the proposed development should not 
adversely affect the welfare and amenity of nearby land users. 

Seagrass Maintain the ecological function, abundance, species diversity and 
geographic distributiOn of seagrasses. 

Marine Fauna 

Public 	Health 	and Risk should be as low as reasonably achievable and comply with 
Safety acceptable standards. 
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Appendix D 

Woodlot site selection investigations summary 

1.1 	INTRODUCTION 

This Appendix describes the site selection investigations that have been conducted to 
locate a potential woodlot site capable of utilising treated wastewater from the 
Busselton Wastewater Treatment Plant) to the year 2035. 

1.2 	ASSESSMENT OF WOODLOT OPTION 

1.2.1 	Stage I 

In a preliminary assessment of options for the Busselton, Dunsborough and Capel 
region, woodlots were identified as the most suitable alternative for disposal or reuse 
of treated wastewater at Busselton to the year 2040 (GHD 1994). The practicality of 
the woodlot option hinged on the availability of suitable land within a reasonable 
distance of the WWTP. 

The assessment by GHD indicated that for a woodlot to treat all wastewater from the 
WWTP, it was necessary to store wastewater generated during the wet winter, when 
there is no demand for irrigation water, for subsequent use in the dry summer. The 
area requirements for the woodlot option were assessed estimating generation of 
5000 m3/d (1825 ML/a) wastewater at Busselton. This assessment indicated that for 
the 90th percentile wet year the following would be necessary: 

an irrigation area of approximately 218 ha 

a storage dam volume of approximately 1000 ML covering 25 ha 

a total land area of approximately 320 ha. 

Several areas possibly suitable for development of woodlots were initially identified 
(see Figure 13.1). These areas included an area east of the Vasse Highway, near the 
proposed new airport and an area south of the Bussell Highway, between the Sabina 
and Abba rivers. 

1.2.2 	Stage 2 

Subsequent to the preliminary assessment by GHD, Kinhill Metcalf and Eddy 
undertook a wastewater treatment and disposal strategy study for Busselton (Kinhill 
Metcalf and Eddy 1996). Assessment of the woodlot sites nominated by GHD was 
also undertaken in this study. 
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Anticipated flows from the WWTP to the year 2040 were revised from the 
preliminary assessment of options (GHD 1994) as an error in raw pumping data was 
detected, and estimated population projections for Busselton had been revised. The 
anticipated wastewater flows to the year 2040 was approximately 9000 m3/d 
(3300 ML/a). This was approximately double the estimate used in 1994. 

The land area requirement for the woodlot scheme was reviewed based on revised 
anticipated wastewater production rates. It was concluded that approximately 850 ha 
of land would be required for disposal of all effluent in the year 2040. This included 
irrigation areas, storage dams and allowances for existing infrastructure. 

The sites recommended by GHD in 1994 for woodlot development were deemed to be 
unsuitable due to land planning constraints. Other areas were identified as potential 
disposal sites. These included: 

an area which straddled the Vasse Highway in the vicinity of areas 2a and 2b 
marked on Figure D.1; 

an area on the Abba Plain south of the existing WWTP (within area 1 a marked on 
Figure D.1). 

During the Stage 2 assessments, a number of difficulties became apparent for the 
long-term disposal of wastewater to woodlots for an entire year in Busselton. 

These included: 

excessive costs of obtaining sufficient area (850 ha) for irrigating woodlots; 

the general reluctance of landowners to sell; 

overcoming waterlogging problems at many potential sites; 

finding a suitable site for construction of a large dam (approximately 50 ha) 
sufficient to store wastewater over winter when irrigation is not possible. 

These difficulties led to a requirement to discharge to drain through winter months 
when winter flows would dilute wastewater discharges. Approval in principle was 
sought from the Department of Environmental Protection and subsequently obtained. 
Consequently, investigations for disposal of effluent by irrigation focused on 
collection and irrigation of summer wastewater flows only. This effectively halved 
the area required for irrigation. 

1.2.3 	Stage 3 

Following the conclusions of Kinhill Metcalf and Eddy (1996) with respect to 
suitable sites, an extensive assessment of potential woodlot sites was conducted 
(Kinhill 1996b). Potential sites within 6-10 km of the WWTP were assessed (see 
Figure D.l). 

Site investigations 

Sites identified in Stage 2 within the areas 2a and 2b shown in Figure D.1 were 
deemed to be unsuitable due to the presence of waterlogged soils and infrastructure, 
including mineral sands mining, in the area (Kinhill 1996b). Four preferred areas (la, 
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Ib, 3a, 3b) were short-listed and subsequently assessed for soil physical and chemical 
properties. Groundwater surveys were also conducted. 

Individual lots within the preferred areas were ranked on criteria including soil 
suitability, protection of the Leederville Aquifer through presence of an intervening 
low permeability layer, depth to superficial water-table, the proportion of usable land 
within each area and distance from the WWTP. All sites were subject to 
waterlogging during winter. 

In addition to the sites shown in Figure D. 1, an area of land known as the Ludlow 
Plains immediately south of the existing WWTP was assessed. However, the poor 
land capability, poor drainage, frequent waterlogging and high salinity levels made 
this area extremely marginal. To establish a woodlot here would require specialised 
site and intensive amelioration techniques such as high mounding, and incorporation 
of gypsum into the mounds to improve soil structure, aid the leaching of salts and 
alleviate ion toxicity. Late winter / early spring planting is also likely to be necessary 
to give seedlings some relief from waterlogged conditions. 

Species selection, water balance and land area requirements 

Bluegurn (Eucalyptus globulus) was selected as the preferred species for irrigation 
because of its potentially high growth rates, its ability to coppice (be regrown from 
stumps) and its general freedom from pest and disease attack. Bluegums are also 
used in other wastewater disposal plantations in Albany and various states of 
Australia. 

A water balance model, developed for the design of the Albany land treatment system 
(Kinhill 1992), was modified to suit the Busselton area. Modelling indicated that a 
subsoil drainage system was essential to prevent waterlogging of the tree root zone in 
winter. A drainage system based on 1-rn-deep subsoil drains at an average spacing of 
140 m was designed to overcome the problem of waterlogging in winter (Kinhill 
1996b). The water and nutrient balance indicated that an area of 380 ha would be 
required to support a 300-ha plantation with 250 ha of actively growing trees. 

1.3 	CONCLUSION 

A key conclusion of the investigations was that a woodlot capable of utilising all 
summer flows to the year 2035 (9000 m3/d for 6 months) could be established on 
about 380 ha of land and would: 

be capable of assimilating 95% of the nitrogen in the wastewater; 

be capable of assimilating 50% of the phosphorus in the wastewater into the trees 
and adsorbing the remainder on to the soil for many years; 

lead to minimal discharge to the drains during the summer irrigation period; 

be capable of generally maintaining the water table 600 mm below the ground 
surface in winter; 

have no runoff except in short periods of exceptionally intense rainfall. 

The preferred site is shown in Figure D.I. A preliminary woodlot design was 
conducted and costed (Kinhill 1996b). The cost of establishing a woodlot to cater for 
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the requirements of wastewater flows to the year 2035 was estimated to be 
approximately $23 million staged in 1998, 2005 and 2020. 

The key constraints to development of a woodlot at this site included: 

the reluctance of landowners to sell in the area; 

uncertainty and associated risks that the woodlot might fail or perform poorly due 
to waterlogging, salt influences or potential hazards such as strong winds. 
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Appendix E 

Background to the Water Corporation's 
Environmental Improvement Initiative (Eli) 

Introduction 

There is increasing concern, within both the Water Corporation and the community, 
that there is a risk of overexpenditure on the upgrading of some country wastewater 
treatment plants discharging to inland waterways. This is particularly relevant when 
the WWTP is discharging only a minor fraction of the catchment's nutrient load. 
There is pressure from some environmental and water resource regulators for major 
expenditure on capital upgrades and for increased operating expenditures at WWTPs 
without gaining any significant improvement in environmental or public health 
outcomes. This problem is particularly acute when poorly managed rural point 
sources of pathogens and nutrients, such as dairies and feedlots, are not adequately 
regulated and when they are potentially greater contributors to catchments' exports of 
pollutants than are well-managed WWTPs. 

In addition to the relativities of cost and environmental benefit, are the issues 
relating to the practicality and long-term viability of alternative effluent land 
disposal and reuse methods, such as woodlot irrigation. Although the Water 
Corporation's Albany tree farm on the south coast of Western Australia shows 
considerable promise, it took some eight years to put into operation, and will take 
ten years of monitoring to assess its long-term viability. Contrary to public 
opinion, woodlots are not a universally suitable option for the disposal of treated 
effluent, particularly in sites with shallow water-tables and leaching soils, which are 
common along the south and west coasts of Western Australia. 

The Corporation believes that the discharge of its effluent should not cause adverse, 
measurable environmental effects more than a mixing length downstream of any 
WWTP, and to that end is committed to producing a high-quality effluent with 
reduced nutrient concentrations and low bacterial content. However, zero discharge 
of highly treated effluent to waterways may not confer a worthwhile environmental 
improvement, particularly if ambient water quality is dominated by diffuse and 
point sources of rural origin. 

The Corporation therefore proposes to progressively upgrade its wastewater 
treatment facilities discharging to inland waterways. This will be done over some 
time and the treated effluent would also be made available to third parties for any 
land irrigation or reuse application, in accordance with the Corporation's policy for 
the beneficial use of reclaimed water. In addition, the Corporation will contribute 
financially to specific catchment improvement initiatives, to reduce the impact on 
water quality of other sources of contamination, diffuse or point, of rural origin. 

The Water Corporation has negotiated with the WA Environmental Protection 
Authority (EPA) and the Pollution Prevention Division of the Department of 
Environmental Protection (DEP) to jointly implement an Environmental 
Improvement Initiative (Eli) arrangement, with the upgrade of the Busselton 
WWTP as the first example. 

PN70I0-0I-001. Rev. 0 	 E-1 
16 March, 1998 



Although the Eli approach would save the Corporation the requirement for raising 
capital to establish a woodlot and associated irrigation system, the primary 
objective is not to save money, but rather to apply funds from the urban sewerage 
rate base to improving management of nutrient exporting rural activities. This will 
prevent excessive expenditure on a minor fraction of the catchment's nutrient 
enrichment problem, and instead gain a much greater environmental and social 
benefit from directing funds to rural activities from which much greater reductions 
in nutrient export per dollar of expenditure will result. Over the usual lifetime of 
the asset, the annual contribution of funds to a Eli programme would be only 
slightly less than the annualised NPV of that asset. 

The Director of the Department of Environmental Protection's Pollution Prevention 
Division has supported the Water Corporation's Eli proposal in writing, and has 
agreed that its implementation will be considered on a case-by-case basis. 

Advantages and disadvantages of the Ell model 

The advantages of the Eli model are that: 

a much more cost-effective expenditure on nutrient reduction is achieved and a 
greater environmental improvement outcome is likely to result. 

the Corporation will save a significant amount of capital expenditure on land 
and other costs for 'zero discharge' options such as woodlots and consequently 
future sewerage rates can be constrained; 

Treasury is not required to fund such large Community Service Obligations 
(CSOs) when the costs of WWTP upgrades are not covered by the Corporation's 
ability to raise local sewerage rates to the level needed to fully recover costs; 

the funding needed for Integrated Catchment Management (1CM) programmes 
would come from the Water Corporation's regions' operations budget, and be 
funded from the existing rate base, so no 'new' money would be needed; 

the Corporation is able to adopt a proactive position of environmental 
responsibility, rather than adopting a purely minimalist compliance-oriented 
approach. 

Disadvantages of the Eli model are that: 

treated wastewater may be the dominant source of flow in the receiving 
waterway during the summer low flow period, unless customers for the treated 
wastewater can be found and the costs of providing it are acceptable. Despite 
this, the impacts of summer discharge of treated wastewater will be minor, and 
smaller than those from many regional WWTPs operating at their current 
standard; 

the public purse (the Water Corporation is a State-owned utility) is funding 
capital works and management activities on private rural land that should be the 
responsibility of the farmer under a 'polluter pays' model of environmental 
responsibility. 
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VERTEBRATE FAUNA SPECIES OCCURRING ON THE 
WWTP SITE 

Table Fl Vertebrate fauna 

Scientific name Common name 

MAMMALS 

MACROPODIDAE 

Macropus fuliginous Western grey kangaroo 

PHALANGERIDAE 

Trichosurus vulpecula Common brushtail possum 

MURIDAE 

Mus domesticus House mouse 

Rattus rattus Black rat 

LEPORIDAE 

Oryctolagus cuniculus European rabbit 

BIRDS 

ANATIDAE 

Cygnus atratus Black swan 

Tadorna tadornoides Australian shelduck 

Anas superciliosa Pacific black duck 

Anas rhynchotis Australasian shoveler 

Malacorhynchus membranaceus Pink-eared duck 

PODICIPEDIDAE 

Tachybaptus novaehollandiae Australasian grebe 

ARDEJDAE 

Egretta novaehollandiae White-faced heron 

THRESKIORNITHIDAE 

Threskiornis molucca Australian white ibis 

Threskiornis spinicollis Straw-necked ibis 

ACCIP!TIRIDAE 

Elanus axillaris Black-shouldered kite 

Circus approximans Swamp harrier 

Aquila audax Wedge-tailed eagle 

Hieraaetus morphnoides Little eagle 
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Table Fl Vertebrate fauna (continued) 

Scientific name 	 Common name 

RALLIDAE 

Fulica atra Eurasian coot 

RECURVIROSTRIDAE 

Hirnantopus Ilimantopus Black-winged stilt 

LARIDAE 

Larus novaehollandiae Silver gull 

PSITFACIDAE 

Barnardius zonarius Port Lincoln ringneck 

Neophema elegans Elegant parrot 

PARDALOTIDAE 

Acanthiza cIzysorrhoa Yellow-rumped thombill 

MELIPHAGIDAE 

Anthochaera carunculata Red wattlebird 

Ephithianura aIbfrons White-fronted chat 

PACHYCEPHALIDAE 

Pachycephala rufiventris Rufous whistler 

DICRURIDAE 

Rhipidura leucophrvs Willie wagtail 

Grallina cyanoleuca Australian magpie-lark 

CAMPEPHAGIDAE 

Coracina novaehollandiae Black-faced cuckoo-shrike 

ARTAMIDAE 

Gymnorhina tibicen Australian magpie 

CORVIDAE 

Corvus coronoides Australian raven 

HIRUNDINIDAE 

Hirundo neoxena Welcome swallow 

Hirundo nigricans Tree martin 

ZOSTEROPIDAE 

Zosterops lateralis Silvereye 

HERPETOFAUNA 

MYOBATRACHIDAE 

Crinia georgiana 

Heleioporus eyrei Moaning frog 

HYLIDAE 

Litoria moorei Golden bell frog 

ELAPIDAE 

Notechis ater Black tiger snake 
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Table F2 	List of vascular plant species found on the Busselton WWTP site 

Family 	 Species 

POACEAE *Loliun, temulentum forma 
teinulentuin 

*polypogon  monspeliensis 

CYPERACEAE Baumeajuncea 

Bolboschoenus caldwellii 

*Cyperus  eragrostis 

Gahnia zrfIda 

Isolepis narginata 

Lepidosperma resinosum 

ARACEAE *Zantedeschia  aethiopica 

LEMNACEAE Lemna disperma 

JUNCACEAE Juncus pallidus 

POLYGONACEAE *Rumex crispus 

CHENOPODIACEAE *Chenopodizim  album 

*Chenopodizim  glaucum 

PORTtJLACACEAE Portulaca oleracea 

BRASSICACEAE *Sisymbrium  runcinatum 

PAPILIONACEAE *Lotus  suaveolens 

*Tr folium  repens 

CALLITRICHACEAE *Callitriche  stagnalis 

LYTHRACEAE *Lvthrum  hyssopfolia 

MYRTACEAE Melaleuca cuticularis 

Melaleuca uncinata 

Corymbia calophylla (Marri) 

Eucalyptus gomphcephala (Tuart) 

Agonisfiexuosa (Peppermint) 

ASTERACEAE Cotula coronopjfolia 

TYPHACEAE Typha orientalis 

Note: * = introduced species 
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Appendix G 

Nutrient loads in the Vasse Diversion Drain-i 996 

Nutrient loads in the Vasse Diversion Drain 1996 

Mean monthly concentrations 
Measured nutrient 	 Monthly flow Monthly load (t) 

concentrations 

Date 	Total P mg/L Total N mg/L Total P mg/L Total N mg/L 	Gigalitres 	P 	N 

Winter 

14/6/96 0.04 1.8 0.04 1.80 2.87 0.1 5.2 

5/7/96 0.55 6 

22/7/96 0.58 3.1 

29/7/96 0.07 1.6 0.40 3.57 26.25 10.5 93.6 

15/8/96 0.03 1.1 

27/8/96 0 2.2 0.02 1.65 14.71 0.2 24.3 

11/9/96 0.46 5.2 

27/9/96 0.01 3.1 0.24 4.15 13.37 3.1 55.5 

8/10/96 0.04 1.5 

24/10/96 0.19 3.1 0.12 2.30 2.86 0.3 6.6 

Summer 

8/11/96 0.03 1.6 

29/11/96 0.06 1.6 0.05 1.60 0.43 0.0 0.7 

11/12/96 2.5 2.50 1.60 0.39 1.0 0.6 

Total Load 15.3 186.4 

Notes: 

Source: Water and Rivers Commission, Bunbury 20 May 1997. 

Total nitrogen concentration for December assumed to be same as concentration for November. 

I Gigalitre = I e litres. 

Load (t) = flow concentration (mgil4flow (109L) (as 1 mg equals one tonne) 

P = phosphorus, N = nitrogen 
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Appendix H 

Limitations statement 

LIMITATIONS STATEMENT 

The sole purpose of this report and the associated services performed by Kinhill is to determine the potential 

environmental impacts of a proposal to discharge treated wastewater from the Busselton \'astewater Treatment Plant 

into a wetland surrounding the treatment plant and then into surrounding drains in accordance with the scope of 

services set out in the contract between Kinhill Engineers Pty Ltd (Kinhill) and the Water Corporation ('the Client'). 

That scope of services was defined by the requests of the Client, by the time and budgetary constraints imposed by 
the Client, and by the availability of access to the site. 

Kinhill derived the data in this report primarily from discussions with the Client and an examination of records in the 
public domain. The passage of time, manifestation of latent conditions or impacts of future events may require 

further exploration at the site and subsequent data analysis, and re-evaluation of the findings, observations and 
conclusions expressed in this report. 

In preparing this report, Kinhill has relied upon and presumed accurate certain information (or absence thereof) 

relative to the site and ambient environment provided by government officials and authorities, the Client and others 

identified herein. Except as otherwise stated in the report, Kinhill has not attempted to verify the accuracy or 
completeness of any such information. 

The findings, observations and conclusions expressed by Kinhill in this report are not, and should not be considered, 

an opinion concerning whether the Environmental Protection Authority will approve the proposal. No warranty or 

guarantee, whether express or implied, is made with respect to the data reported or to the findings, observations and 

conclusions expressed in this report. Further, such data, findings, observations and conclusions are based solely 
upon information provided by the Client at the time of investigation. 

This report has been prepared on behalf of and for the exclusive use of the Client, and is subject to and issued in 

connection with the provisions of the agreement between Kinhill and the Client. Kinhill accepts no liability or 
responsibility whatsoever for or in respect of any use of or reliance upon this report by any third party. 
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