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ALBANY SEWERAGE TREATMENT AND DISPOSAL OF WASTEWATER 
PUBLIC ENVIRONMENTAL REVIEW 

The Environmental Protection Authority (EPA) invites persons and organizations to make a submission on this proposal. 

The Public Environmental Review (PER) for the treatment and disposal of wastcwater at Albany has been prepared on behalf of the Water 
Authority of Western Australia in accordance with Western Australian Government procedures. The PER will be available for comment for 
eight weeks, beginning on 7 March 1992 and finishing on 2 May 1992. 

Comments from government agencies and from the public will assist the EPA in preparing an assessment report, in which it will make a 

recommendation to Government. 

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 will be acknowledged. 

DEVELOPING A SUBMISSION 

You may agree or disagree with or comment on the general issues or specific proposals discussed in the PER. 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 PER: 

clearly state your point of view 
indicate the source of your information or argument if this is applicable 
suggest recommendations, safeguards or alternatives. 

POINTS TO KEEP IN MIND 

It will be easier to analyse your submission if you keep in mind the following points: 

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 PER. 

If you discuss different sections of the PER, keep them distinct and separate, so there is no confusion as to which section you are 
considering. 

Attach factual information you wish to provide and give details of the source. Make sure your information is accurate. 

Please indicate whether your submission can be quoted, in part or in full, by the EPA in its assessment report. 

Copies of the PER can be obtained from the Water Authority of Western Australia, 629 Newcastle Street, Leedervile, or 63 Serpentine Road, 
Albany, and at the Town of Albany and the Shire of Albany at a cost of $lO plus packaging and postage. 

Remember to include: 

name 
address 
date. 

The closing date for submissions is 2 May 1992. 

Submissions should be addressed to: 

The Chairman 
Environmental Protection Authority 
1 Mount Street 
Perth WA 6000 

AUention: Mr G. Bott 
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SUMMARY 

BACKGROUND 

The sewerage system for the town of Albany is based on the use of four wastewater 
treatment plants operated by the Water Authority of Western Australia (Water Authority). 
One of these—the King Point (No. 1) treatment plant—discharges nutrients into King 
George Sound. In 1990, the State Government approved a recommendation by the 
Environmental Protection Authority (EPA) that this practice should cease in 1994. 

The Water Authority has investigated a number of alternative treatment and disposal 
strategies to meet this requirement, including three marine discharge options, several 
alternative treatment processes and treatment plant sites, and a number of land treatment 
systems. 

These investigations indicated that a land treatment system using irrigation of pastures and 
a tree plantation (woodlot) was potentially environmentally acceptable and as cost-
effective as the least expensive marine discharge option. 

CURRENT INVESTIGATIONS 

In the period August—December 1991, intensive soil, engineering and hydrogeological 
investigations were carried out to assess the technical feasibility of land treatment in 
Albany and to select the optimum site for a land treatment system. These investigations 
have shown that an area adjacent to Albany Airport is the most suitable locality for land 
treatment of wastewater. A 575 ha site, which would be capable of treating and 
disposing of the municipal wastewater from Albany until 2020, has been selected. 

DESCRIPTION OF THE PROJECT 

The land treatment site is 9 km from the Timewell Road (No. 2) treatment plant, which 
currently discharges into Five Mile Creek. This plant is capable of being upgraded and 
enlarged to treat all the municipal wastewater generated by Albany well beyond.2020. It 
is intended to purchase additional land around the No. 2 treatment plant site to provide an 
adequate buffer zone to ensure that noise and occasional odours from the upgraded plant 
do not affect neighbouring land users. 



Upgrading of the existing aerated pond treatment plant would involve the construction of 
a second aerated pond, to provide the capacity to treat the predicted flows from the 
catchment areas of the Nos 1, 2 and 3 (Emu Point) treatment plants until around the year 
2000. At this time an activated sludge plant would be constructed and progressively 
enlarged to handle the flows until 2020. 

Treated wastewater from the upgraded No. 2 treatment plant would be pumped via a 
rising main to a pair of small existing ponds on the land treatment site. From here, it 
would be distributed over a 14 ha overland flow pasture area by pumping through a pipe 
system. This area is designed to remove approximately 50% of the nitrogen contained in 
the wastewater. 

Runoff from the overland flow area would pass into a 300,000 kL capacity storage dam 
which would be constructed in a valley on the land treatment site. 

From the dam, the wastewater would be distributed over 300 ha of blue gums 
(Eucalyptus globulus) using a drip irrigation system. 

A total of 120 ha of rain-fed E. globulus would be planted downslope from the irrigated 
trees and around the overland flow area to maintain the water balance of the site and 
absorb any lateral seepage from the irrigated areas. 

The objectives of this system would be to achieve maximum evapotranspiration of water 
by the trees; to achieve no runoff in 90% of years; and to minimize downward percolation 
to the level necessary to control salinity in the root zone of the trees. The system would 
be monitored and controlled by a computer that would also monitor the soil moisture 
content in the root zone. 

A mathematical model, incorporating the results of the soil and hydrogeological testing 
undertaken at the site, has been constructed to simulate the operation of the land treatment 
system. This has shown that the stated objectives can be met. The model has also been 
used to develop relatively simple guidelines to assist Water Authority staff in operating 
the system in its early years. 

The soil testing has shown that soils at the land treatment site have relatively high 
phosphorus adsorption properties down to the top of the water table, which occurs 10-
13 m below most of the irrigated woodlot area. Laboratory studies by the University of 
Western Australia and calculations by the CSIRO have shown that these soils would be 
capable of adsorbing the phosphorus in the wastewater percolating downwards from the 
overland flow area, the storage dam and the irrigated woodlot for over 300 years. 

The overland flow area has been designed to reduce nitrogen in the wastewater to the 
level that can be taken up by the irrigated trees. Only 10% of the applied nitrogen would 
percolate downwards into the groundwater. Part of this would be taken up by the rain-
fed E. globulus, planted downstream of the irrigated trees and adjacent to the overland 
flow area. 
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PROJECT SCHEDULE 

The proposed schedule for the various elements of the project is as follows: 

Environmental approval 	 July 1992 

Land treatment site: 

- 	Land acquisition August 1992 
- 	Site preparation January—February 1993 
- 	Tree planting May 1993 
- 	Dam construction January—March 1994 
- 	Irrigation systems March—September 1994 
- 	First wastewater to site October 1994 
- 	No. 1 treatment plant flow to site December 1994. 

Treatment plants: 

- 	Rising main to land treatment site 	 September 1994 

- 	No. 2 treatment plant initial upgrade completion 	December 1994 

- 	Closure of No. I treatment plant 	 December 1994 

- 	Closure of No. 3 treatment plant 	 December 1996 

- 	Cessation of discharge into Five Mile Creek 
from No. 2 treatment plant 	 December 1996. 

ENVIRONMENTAL IMPACTS 

The proposal would allow the discharge of nutrients from the No. 1 treatment plant into 
King George Sound to cease in 1994, as recommended by the EPA. It would also result 
in the cessation, in 1996, of the current discharge of nutrients from the No. 2 treatment 
plant into Five Mile Creek, which flows into Lake Powell and Torbay Inlet. 

The Water Authority has made a commitment that, at full development in 2020, the 
nutrient discharge from the land treatment site (in surface water or groundwater) would 
not exceed approximately 25% of the current discharge into Five Mile Creek. The 
investigations carried out indicate that there is a high probability that discharge of 
nutrients would be minimal. 

The cessation of the discharge into Five Mile Creek, together with the development of the 
land treatment system using overland flow through pasture and slow-rate irrigation of 
trees, would cause a small decrease in the flow in Five Mile Creek and Seven Mile Creek. 
However, any adverse effects from this on downstream wetlands would be more than 
offset by the reduction in nutrient discharge. 
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The establishment of the land treatment system would not significantly alter the present 
entry of water into the regional water table. Flood flows down Seven Mile Creek would 
be slightly reduced. 

The land treatment system would not generate any odours; nor would it create a bird 
hazard for Albany Airport. 

The impact on neighbouring properties of the upgrading of the No. 2 treatment plant 
would be extremely small. To minimize generation of odours, only aerobic treatment 
processes would be used on this Site, and the proposed purchase of land to provide an 
adequate buffer zone would ensure that inappropriate development did not occur too close 
to the treatment plant. This would mitigate effects of occasional odours and noise on 
adjacent residences. 

The route of the rising main from the No. 2 treatment plant to the land treatment site has 
been selected to avoid remnant vegetation where possible and to minimize disturbance to 
land owners. 

The proposed treatment and disposal of wastewater from Albany using a land treatment 
system adjacent to the airport is designed to meet the EPA requirement to cease discharge 
from the No. 1 treatment plant in 1994. It would also significantly reduce the discharge 
of nutrients into Five Mile Creek and Lake Powell. The environmental impacts in the 
airport area would be minimal. 
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Chapter One 

INTRODUCTION 

1.1 BACKGROUND 

The town of Albany, situated 410 km south of Perth, acts as the centre of Western 
Australia's Great Southern Region. Several major highways radiate from the town, 
reflecting its dominant position in the region's economy. Historically, this economy has 
been dominated by primary production, largely agriculture and fishing, but in recent times 
has become increasingly dependent on tourism. 

The natural environment of the Albany district is a major attraction to visitors as well as to 
people migrating to the area. The pristine, often rugged coastline is particularly prized for 
its tourism value, and the region is marketed as 'the Rainbow Coast'. Not surprisingly, 
Albany residents have high expectations for the quality of their surrounding environment 
and are thus especially sensitive to any developments that may affect it. 

Public concerns for the marine environment have been heightened recently by a major 
Environmental Protection Authority (EPA) study concerning the impacts of industrial, 
agricultural and residential developments on Albany's harbours (EPA 1990). That study 
showed that waste products from a variety of activities were increasing nutrients within 
the harbours to levels beyond the system's capacity to handle. Consequently, the biotic 
environment of the harbours was being severely degraded. Part of the pollutant load 
entering the harbours was identified as coming from treated municipal wastewater from 
the Water Authority of Western Australia's (Water Authority's) King Point (No. I) 
wastewater treatment plant. 

The EPA made a number of recommendations concerning this problem to the State 
Government. One was that the No. I treatment plant be closed down in 1994. The State 
Government's decision to approve this recommendation placed the onus on the Water 
Authority to provide a timely and cost-effective replacement for the No. I treatment plant 
and a system for safely disposing of future discharges, while at the same time addressing 
expectations for a pristine environment. 

The Water Authority has carried out a number of studies reviewing the future directions 
for disposal of wastewater from Albany. These have led to a recommendation that all 
municipal wastewater from the town of Albany undergo pretreatment at the Water 
Authority's Timewell Road (No. 2) treatment plant prior to being discharged to a land 
treatment system. This system utilizes overland flow through pasture, followed by 
irrigation of a plantation of trees (woodlot), to further treat and dispose of the wastewater. 



1.2 THE PROPONENT 

The Water Authority is a public organization responsible to the Minister for Water 
Resources. It operates under the provisions of the Water Authority Act 1984. 

The Water Authority provides public water supply, and sewerage, irrigation and drainage 
services to customers in more than 300 towns and communities throughout Western 
Australia. 

1.3 PROJECT OVERVIEW 

A reticulated sewage collection, treatment and disposal system was first constructed in 
Albany 36 years ago to alleviate major health hazards. Since then, the system has 
undergone a series of modifications and expansions to meet the needs of a steadily 
growing number of users. It presently consists of four wastewater treatment plants, each 
with its own disposal system (Figure 1. 1): King Point (No. 1), Timewell Road (No. 2), 
Emu Point (No. 3) and Lower King (No. 4). 

The No. 1 treatment plant handles the majority of Albany's sewage, servicing about 
10,600 people. Here, wastewater undergoes primary treatment, and effluent is 
discharged to the nearby King George Sound. 

The No. 2 treatment plant processes domestic and industrial wastewater, servicing the 
equivalent of about 4,600 people. Secondary treated wastewater from this aerated pond 
plant is discharged through a small wetland watercourse into Five Mile Creek, eventually 
leading to the Southern Ocean through Lake Powell and Torbay Inlet. 

The No. 3 and No. 4 treatment plants are package activated sludge plants which service 
populations estimated at 570 and 390, respectively. Treated wastewater from these plants 
is disposed of on site into sandy soils. 

A major review of the Albany sewerage system (Water Authority 1989a) found that the 
capacity of the Nos 1, 2 and 3 treatment plants to cope with increasing flows was 
extremely limited. That review developed and compared seven treatment and disposal 
options to meet the expected increase in demand into the next century. A variety of 
wastewater treatment methods at single or multiple plants were considered, as well as a 
range of disposal options including discharge to ocean, inland watercourses or land. The 
review's final recommendation was that wastewater be treated to secondary level in 
aerated ponds both at the No. 2 treatment plant and at a new plant to be sited near 
Cuthbert, followed by discharge to the Southern Ocean at a site 700 m west of Sand 
Patch. 

These recommendations created considerable public concern about the effects of large-
scale effluent disposal into the ocean, so the Water Authority initiated a programme of 
review, with considerable public participation. As part of this process, Kinhill Engineers 
Pty Ltd (Kinhill) was engaged by the Water Authority in 1990 to assess the 
environmental impacts of marine disposal and to develop land disposal options. This 
study, Albany sewerage: Preliminary study of options for disposal of treated wastewater 
(Kinhill 1991), which is referred to in this document simply as 'the Stage I Study', 
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indicated that a land treatment system, utilizing overland flow through pasture, followed 
by irrigation of a woodlot, was potentially environmentally acceptable and as cost-
effective as the least expensive marine discharge option. 

During 1991-92, Kinhill was engaged by the Water Authority to carry out detailed 
investigations to assess the technical feasibility of land treatment in the Albany area and to 
select the optimum site for a land treatment system. These investigations formed the basis 
of Albany sewerage: Stage 2 planning study into land treatment of Albany wastewater 
(Kinhill 1992), which is referred to in this document simply as 'the Stage 2 Study'. 

The Stage 2 Study confirmed that land treatment at Albany is technically feasible, and 
resulted in the selection of an area on the western side of Albany Highway, opposite the 
airport, as the most technically suitable and economic site. 

Based on the findings of the Stage 2 Study, the Water Authority proposes to extend the 
No. 2 treatment plant to provide secondary treatment of all the municipal wastewater from 
the town of Albany; to construct a rising main to the land treatment site adjacent to the 
airport; to construct a storage dam, pump stations and irrigation systems; and to establish 
a woodlot at this site. 

The proposed schedule for the project is as follows: 

Environmental approval 	 July 1992 

Land treatment site: 

- 	Land acquisition August 1992 
- 	Site preparation January—February 1993 
- 	Tree planting May 1993 
- 	Dam construction January—March 1994 
- 	Irrigation systems March—September 1994 
- 	First wastewater to site October 1994 
- 	No. 1 treatment plant flow to site December 1994. 

Tiatment plants: 

- 	Rising main to land treatment site 	 September 1994 

- 	No. 2 treatment plant initial upgrade completion 	December 1994 

- 	Closure of No. 1 treatment plant 	 December 1994 

- 	Closure of No. 3 treatment plant 	 December 1996 

- 	Cessation of discharge into Five Mile Creek 
from No. 2 treatment plant 	 December 1996. 

When the No. 1 treatment plant is decommissioned, the Water Authority will negotiate 
with the Town of Albany on the future use of the site. 
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The estimated capital cost of these works, including the cost of diverting the King Point 
flows to the No. 2 treatment plant, is $16 million. 

1.4 SOCIAL IMPACT STUDIES 

A socio-economic study was undertaken as part of the scope of the Stage 1 Study. This 
study addressed the following issues: 

environmental values of the marine outfall sites; 

predicted environmental impacts at the marine outfall sites; 

summary comparison of land disposal options; 

the increase in sewerage rates that would have to be paid by Albany residents and 
businesses to fund the various options. 

1.5 LEGISLATIVE REQUIREMENTS 

1.5.1 RELEVANT LEGISLATION 

The relevant Western Australian legislation and statutory requirements that would apply to 
the construction and operation of the various components of the project include the 
following: 

Aboriginal Heritage Act 1972; 

Agriculture and Related Resources Protection Act 1976; 

Bush Fires Act 1954; 

Country Areas Water Supply Act 1947; 

Environmental Protection Act 1986; 

Explosives and Dangerous Goods Act 1961, including the Dangerous Goods (Road 
Transport) Regulations 1983 and Amendment Regulations 1988; 

Health Act 1911; 

Local Government Act 1960; 

Town Planning and Development Act 1928; 

Occupational Health, Safety and Welfare Act 1984; 
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Rights in Water and Irrigation Act 1914; 

Road Traffic Act 1974; 

Soil and Land Conservation Act 1945; 

Water Authority Act 1984; 

Waterways Conserv&tion Act 1976; 

Wildlzfe Conservation Act 1950. 

All aspects of the project would be established and operated pursuant to the requirements 
of the relevant Acts and regulations. 

1.5.2 ENVIRONMENTAL APPROVAL PROCESS 

The environmental approval process, shown diagrammatically in Figure 1 .2, commences 
with a referral to the EPA of any proposal that, if implemented, could have a significant 
effect on the environment. A referral document for this project was issued to the EPA by 
the Water Authority in September 1991 (Appendix A). 

Under the provisions made in the Environmental Protection Act 1986, the EPA 
determines the appropriate level of assessment required for the referred proposal. 
Proposals with the potential to have a significant effect on the environment require formal 
assessment at one of the following levels: 

a Consultative Environmental Review 
a Public Environmental Review (PER) 
an Environmental Review and Management Programme. 

When the EPA has determined the level of assessment required, the proponent is advised, 
initiating the formal process of environmental assessment. The EPA deemed that the 
appropriate level of assessment for this proposal was a PER, and issued guidelines for its 
preparation. These are included as Appendix B. 

1.6 SCOPE AND STRUCTURE OF THE PER 

The aim of the PER is to provide information on the proposal so that interested parties 
may have the opportunity to comment on it. 

The PER covers all aspects of the proposal, and examines in detail potential 
environmental impacts and the means by which these would be managed. Elements of 
the environment are considered in terms of the treatment plant, rising main, land treatment 
system and downstream wetland areas. 
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1. 	 • 	 • 

WATER AUTHORITY PREPARES DOCUMENTATION 

EPA EXAMINES DOCUMENTATION FOR SUITABILITY FOR PUBLIC REVIEW 

Figure 1.2 ENVIRONMENTAL APPROVAL PROCESS 



Technical details in support of this PER are provided in the Stage 2 Study, which is 
available for study by interested persons at the locations from which the PER can be 
obtained. Full details of the technical studies and the criteria used in the design of the 
land treatment system are presented in the Stage 2 Study, while the PER summarizes the 
technical data in a format suitable for public review. 

This PER is structured as follows: 

Chapter 1 presents a background to the proposal, details of the proponent, an 
overview of the project (including a proposed schedule) and a description of the 
environmental approval process. 

Chapter 2 outlines the justification for the project. 

Chapter 3 discusses alternatives considered for various elements of the project. 

Chapter 4 presents details of all the elements that form the proposal, including the 
technology to be used, the layout of the project, and the way in which it would be 
constructed and operated. 

Chapter 5 describes the existing environment. 

Chapter 6 describes the extent of public participation and consultation that has 
contributed to the present proposal. 

Chapter 7 evaluates potential environmental impacts of the project, and includes 
discussion on surface water, groundwater, wetlands, odours and nutrients. 

Chapter 8 describes the proposed programme of controls and safeguards to minimize 
environmental impacts. 

Chapter 9 summarizes all commitments made in relation to environmental 
management. 

Chapter 10 presents the PER conclusions. 
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Chapter Two 

JUSTIFICATION FOR THE PROJECT 

In recent years, there has been a severe decline in the seagrass meadows in Princess 
Royal and Oyster harbours at Albany due to pollution from harbourside industries and 
municipal wastewater. One of the recommendations of a study by the EPA (1990) was 
that outflow from the Water Authority's No. 1 treatment plant, which currently enters 
King George Sound, should cease by 1994. This recommendation was approved by the 
State Government. 

The proposed project would reroute wastewater to the No. 2 treatment plant, which 
currently discharges into Five Mile Creek and from there into Lake Powell and Torbay 
Inlet. 

The existing No. 2 treatment plant is capable of expansion to allow for the satisfactory 
treatment of flows from the No. 1 treatment plant, other treatment plants, new 
developments and backlog sewerage programmes until at least 2020. The treated 
wastewater from the No. 2 treatment plant would be pumped to a land treatment site 
located near Albany Airport, where the remaining nutrients would be removed from the 
wastewater. 

This would allow the discharge of nutrients from the No. 1 treatment plant to cease in 
1994. In addition, the discharge into Five Mile Creek would cease in 1996. As a result, 
nutrient loadings to King George Sound, Princess Royal Harbour, Lake Powell and 
Torbay Inlet would be reduced. 
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Chapter Three 

EVALUATION OF ALTERNATIVES 

3.1 PRELIMINARY ASSESSMENT OF ALTERNATIVES 

Several studies have been carried out to evaluate the most suitable future wastewater 
treatment system for Albany. These have taken into account population growth, 
wastewater volumes, wastewater quality, economic feasibility and environmental 
impacts. 

The initial Water Authority study (1989a) and the Kinhill Stage I and Stage 2 studies 
considered a number of treatment technologies and disposal methods. 

The Water Authority study concluded that construction of a new aerated pond treatment 
plant at Cuthbert and discharge of the treated wastewater into the ocean 700 m west of 
Sand Patch were the most economical means of providing for the disposal of wastewater 
from Albany in the future. 

Public concern about the siting of the new treatment plant and the environmental impact of 
the proposed discharge led to the formation of the Wastewater Disposal Advisory 
Committee, which gave consideration to the following other treatment and disposal 
options: 

Treatment: 

- 	activated sludge treatment plants as an alternative to aerated ponds 
- 	tertiary treatment to reduce nutrient levels in the wastewater 
- 	advanced technology treatment plants such as the Memtec plant. 

Disposal: 

- wetlands 
- 	recharge of aquifers through well injection or spreading basin 
- 	land treatment. 

The Committee made no specific recommendations on preferred treatment or disposal 
options but instead advised that the community 'require consideration of environmental 
and quality of life criteria equally with economic and engineering criteria' (Wastewater 
Disposal Advisory Committee 1990). 
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The Stage 1 Study evaluated the options that had been considered by the Committee and 
concluded that only ocean discharge at a favourable site or land treatment by slow-rate 
irrigation could be environmentally satisfactory in the Albany environment. 

The requirement to cease discharge of nutrients from the No. 1 treatment plant by 1994 
meant that only technology proven in operating plants of the size required for Albany 
could be considered. New processes such as Memtec and Sirofloc have not yet been 
shown to meet the minimum nutrient discharge requirements of the EPA for this project. 
The eutrophication problems being experienced in the waterways around Albany also 
require that any land treatment option has proven long-term performance and that it be 
capable of achieving minimum nutrient discharge. Treatment in wetlands has not yet been 
shown to be capable of meeting this requirement in the long term. 

3.2 MARINE DISPOSAL OPTIONS 

The following marine discharge options (Figure 1.1) were considered in the Stage 1 
Study: 

Sand Patch: Secondary or tertiary treated wastewater discharged from the shoreline 
700 m to the west of the main Sand Patch Road. 

Ledge Bay: Secondary or tertiary treated wastewater discharged through a 1,100 m 
outfall into Ledge Bay. 

Nanarup: Secondary or tertiary treated wastewater discharged through a 1,300 m 
outfall off Nanarup Beach. 

The Stage 1 Study indicated that, of the three sites, the Nanarup site would experience the 
least environmental impact. The discharge of wastewater at this site would be most 
unlikely to alter ecosystem processes and would be imperceptible outside an area within 
about 30 m of the discharge point. The site with the highest probability of environmental 
degradation was Ledge Bay. Impacts on environmental processes at Sand Patch would 
be minimal; however, water sports and fishing would have less appeal as a result of the 
public's recognition that wastewater was entering nearshore waters. 

3.3 LAND TREATMENT OPTIONS 

The Stage 1 Study concluded that a land treatment system consisting of a combination of 
overland flow through 50 ha of pasture followed by slow-rate irrigation of 250 ha of 
fast-growing eucalypts is potentially an environmentally satisfactory option for disposal 
of the municipal wastewater. 

The study considered nine possible areas for land treatment and identified two localities—
one to the north of Albany near the airport and the other to the east on Douglas Road—as 
being potentially the most favourable for the preferred land treatment system 
(Figure 1.1). 
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The study was based on existing data regarding the soils and groundwater in the Albany 
region supplemented by sampling of a small number of shallow auger holes. The study 
recommended that detailed investigation of the soils and the groundwater regime on a 
preferred site would be necessary to verify that minimum discharge of nutrients from the 
site could be achieved under all weather conditions. 

3.4 ECONOMIC COMPARISON OF OPTIONS 

The Stage I Study compared the estimated costs of the three marine discharge options and 
the land treatment option. The results are shown in Table 3.1. 

Table 3.1 Cost of options 

Option 	 Initial capital cost ($ million) 	Long-term economic cost 
(S million) 

Nanarup 25 53 

Ledge Bay 20 45 

SandPatch 14 37 

Land treatment 16 3 

On the basis of these estimates, the Stage 1 Study concluded that the land treatment 
system for the municipal wastewater could be constructed for a cost similar to the least 
expensive ocean disposal option. Land treatment offered potential for further cost savings 
by utilizing aerated ponds for pretreatment rather than the activated sludge secondary 
treatment plant required for the least cost marine discharge option. 

3.5 LAND TREATMENT SITE SELECTION 

Kinhill was commissioned in August 1991 to undertake detailed investigations into the 
two preferred localities for the land treatment system. Aerial photographs were studied to 
determine landform characteristics, soil samples were collected to determine their 
phosphorus retention index (PRI) and other soil chemical characteristics, boreholes were 
drilled to determine soil profiles and the depth of the water table, water tests were carried 
Out, and infiltration rates were determined. 

The Stage 2 Study showed that at the Douglas Road locality there was an area of 380 ha 
available that was suitable for irrigation with wastewater, while an 800 ha area was 
available at the airport locality. The soils were more uniform at the airport locality, which 
also has generally flatter grades more suited to irrigation than those of the Douglas Road 
locality. As a result, the airport locality was chosen as the preferred site for the proposed 
land treatment system. 
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Further investigation of two sites at the airport locality led to the selection of the southern 
airport site as the most suitable site, based on the following: 

The southern airport site is 3 km closer to the No. 2 treatment plant; therefore, 
pipeline and pumping costs would be lower. 

The southern airport site is more compact and has a simpler drainage pattern. This 
would allow cheaper irrigation and would simplify the control and monitoring of 
flows. 

3.6 REVIEW OF AUSTRALIAN LAND TREATMENT PRACTICES 

Draft guidelines for the design of woodlots irrigated with wastewater were presented at a 
workshop in 1990 in Mildura, and these were largely adopted by the Victorian 
Environment Protection Authority (Victorian EPA) in its 1991 publication Guidelines for 
wastewater irrigation (hereafter referred to as the 'Victorian EPA Guidelines'). These 
guidelines, together with the United States Environmental Protection Agency's (US 
EPA's) Process design manual for land treatment of municipal wastewater (US EPA 
1981), have been used by Kinhill in designing the proposed land treatment system. 

As part of the design review, contact was made with experts in the Eastern States, and the 
following operating and research woodlots irrigated with municipal and industrial 
wastewater were visited: 

Dow Chemicals, Melbourne: 25 ha site treating industrial wastewater—automated 
drip irrigation; 

Melbourne Board of Works, Werribee Treatment Farm: 50 ha experimental 
planting—surface irrigation; 

Sunraysia Water Board, Mildura: 62 ha site that has been treating municipal 
wastewater for 25 years—surface irrigation; 

• 	Berri Winery: 30 ha site treating industrial wastewater—automated surface 
irrigation; 

Moore Bros/Loxton Shire Council: 26 ha site treating combined industrial and 
municipal wastewater—automated drip irrigation; 

Department of Agriculture, Loxton: 5 ha research planting—automated drip 
irrigation; 

Engineering and Water Supply Department, Bolivar Treatment Works: 14 ha 
research planting—automated drip irrigation. 
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At each site, discussions were held with the technical staff and scientists associated with 
the operations. All sites visited are irrigating fast-growing eucalypt species. Although 
poplars have been used for many years in parts of Victoria and South Australia, fast-
growing eucalypts are now the preferred species. 

The following major conclusions emerged from the study tour: 

There is general consensus that drip irrigation using tubes with in-line emitters is the 
most economical means of irrigating trees. 

Most installations store wastewater in winter. This is necessary in the northern 
Victorian and South Australian towns in order for there to be sufficient water 
available in summer to keep the trees alive. In some cases, 300-700 ML turkey nest 
storage dams have been constructed, while in others a natural depression or lagoon is 
used. 

There are diverging views on the level of evapotranspiration achieved by fast-
growing eucalypts irrigated with wastewater. Considerable research on this subject 
is being conducted in New South Wales, Victoria and South Australia, but 
meaningful results for transpiration will not become available until late 1992 and 
these will mostly relate to young trees only. 

Foresters working closely with eucalypts irrigated with wastewater are generally of 
the opinion that these trees are capable of very high evapotranspiration rates that 
significantly exceed those of rain-fed trees. These foresters consider 1.2 times pan 
evaporation as certainly achievable and expect some species to do better than this. 

Other foresters take a more conservative view and believe that, for design purposes, 
an evapotranspiration rate equal to pan evaporation should be used. The Victorian 
EPA Guidelines concur with this view. 

Consideration must be given to the species of trees to be planted. Significant leaf 
damage has been caused by insects in all of the northern Victorian and South 
Australian woodlots. There are great differences between species in the amount of 
damage suffered. Eucalyptus globulus and some Western Australian species of 
eucalypt have been the least affected in the areas visited. 

Another important finding was that a proposed 90 ha irrigated woodlot for Mildura was 
approved by the Victorian EPA on the basis of root zone storage in winter combined with 
emergency storage, as was proposed in the Stage 1 Study. The Mildura woodlot is to be 
irrigated by an automated drip irrigation system, and its design is based on 
evapotranspiration by the trees equal to pan evaporation and a root zone depth of 2 m in 
sandy loam soil. 
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Chapter Four 
DESCRIPTION OF THE PROPOSAL 

4.1 ELEMENTS OF THE PROJECT 

The project that is the subject of this proposal includes: 

initial upgrading of the No. 2 treatment plant to allow it to accept, in December 1994, 
diversion of the wastewater currently treated at the No. 1 treatment plant and, in 
December 1996, wastewater from the No. 3 treatment plant; 

major upgrading of the No. 2 treatment plant in about the year 2000 to allow it to 
treat all of the wastewater from Albany to 2020; 

the construction of a wastewater pump station and rising main to convey the treated 
wastewater to a final land treatment system on a site adjacent to the airport; 

the construction of a land treatment system that would remove the remaining bacteria, 
nitrogen and phosphorus from the treated wastewater and use these nutrients and the 
water to enhance the growth of eucalypt trees cultivated for woodchip production. 

The site of the proposed works is shown in Figure 4.1. 

4.2 NO. 2 TREATMENT PLANT 

The present No. 2 treatment plant consists of an aerated primary pond discharging into 
two facultative secondary ponds operating in series (Figure 4.2). Final discharge is into 
the headwaters of Five Mile Creek. The plant is designed to treat the wastewater from 
7,500 people, which represents a summer design flow of 1,600 kL/d. To accommodate 
increased flows resulting from the diversion of the No. 1 treatment plant wastewater in 
1994 and the No. 3 treatment plant wastewater in 1996, it is proposed to upgrade the 
existing plant to a capacity of 3,500 kL/d, equivalent to the wastewater from 16,400 
people. 

This upgrading would be accomplished by constructing an additional aerated primary 
pond and operating the two facultative secondary ponds in parallel, as shown in 
Figure 4.3. These extensions are estimated to cost $550,000. The aeration system 
would be operated much more extensively than at present. There is scope to further 
extend the capacity of the aerated primary pond plant, if required, by installing aerators on 
the inlet end of each of the facultative secondary ponds. 
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It is predicted that this aerated pond plant would reach the limit of its design capacity 
around the year 2000. At this time, it would be necessary to increase treatment capacity 
by construction of an activated sludge plant at the northern end of the site (Figure 4.4). 

An oxidation ditch activated sludge plant would provide suitable treatment; the first stage 
of such a plant is estimated to cost $6.8 million. 

An alternative to constructing the oxidation ditch plant is to convert the existing aerated 
pond plant into an intermittent extended aeration plant. This would make use of the 
existing ponds, as shown in Figure 4.5. Intermittent extended aeration plants have been 
developed in New South Wales over the last 10 years. Their capital cost is lower than 
that of oxidation ditch plants, but they incur higher operating costs. They have also 
experienced some operating problems, but these have now mainly been overcome. 
Because of the potential cost savings, the Water Authority is currently operating a pilot 
intermittent extended aeration plant at Subiaco to assess performance and costs. 

A final decision on the type of plant to be built would be made in a few years when more 
operating experience with the latest designs was available from New South Wales and 
when the results of pilot testing at Subiaco have been assessed. 

The flows to the No. 4 treatment plant would be diverted to the No. 2 treatment plant 
when extension of the sewer system in that area made this economically feasible. 

The current site of the No. 2 treatment plant was purchased to treat the wastewater from 
only a portion of the Albany population. It is too small to provide an adequate buffer 
zone for a major plant servicing up to 50,000 people in the future. Therefore, the Water 
Authority has initiated moves to acquire more land around the site to provide the required 
buffer zone. 

All the treatment processes proposed to be used on this site are highly aerobic; therefore, 
the generation of odours would be minimal. However, there is always the possibility of 
occasional generation of odours at any wastewater treatment plant. The extent of the 
buffer zones to be purchased would be finalized following detailed Water Authority 
measurements and odour modelling at the Gordon Road wastewater treatment plant in 
Mandurah in February/March 1992. This plant is similar to that proposed for the No. 2 
treatment plant site in the year 2000. Based on Water Authority experience, a minimum 
buffer of 500 m from the sources of odour would be necessary at this location. An 
indication of the required buffer zones for the alternative plants is shown in Figure 4.6. 

Sludge generated from the aerated pond plant and proposed activated sludge plant would 
be disposed of in accordance with the Australian Water Resources Council Draft 

guidelines for sewerage systems—Sludge management or by a method approved by the 
Health Department of Western Australia. 
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4.3 RISING MAIN 

It is proposed to pump the treated wastewater from the No. 2 treatment plant through a 
400 mm diameter rising main to the land treatment site adjacent to the airport. This 
pipeline would follow the route shown in Figure 4.7 and would be buried with a 
minimum cover of 750 mm. The proposed route, in road reserves and over government 
and private land, has been selected to minimize the impact on remnant vegetation along 
road reserves. 

4.4 LAND TREATMENT SYSTEM 

The proposed land treatment system (Figure 4.8) is a combined system incorporating the 
following elements: 

14 ha of overland flow through pasture. This is designed to reduce the nitrogen 
content of the wastewater to the level that can be utilized by the trees. The 
wastewater from this treatment flows into the dam; 

a 300,000 kL capacity storage dam. This is designed to store part of the wastewater 
in winter to minimize runoff and downward percolation, and so that greater quantities 
can be applied to the trees in summer when evapotranspiration capacity is highest. 
The storage of wastewater in the dam also results in some further improvement in 
water quality and thus assists in ensuring efficient drip irrigation; 

a 300 ha woodlot of fast-growing eucalypts, slow-rate irrigated by an automated drip 
irrigation system. This area has been designed to achieve: 

- 	no runoff in most years; 

- 	full uptake of nitrogen in the water applied; 

- 	adsorption of virtually all the phosphorus in the water applied on to the soils 
above the water table for over 100 years; 

downward percolation of water from the root zone at the rate necessary to 
maintain salinity in the root zone at a sustainable level; 

120 ha of rain-fed trees, planted downslope from the slow-rate irrigated trees and 
adjacent to the overland flow area. These trees would be capable of taking up and 
transpiring the volumes of water expected to percolate downwards from the overland 
flow area, the dam and the irrigated trees. 
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4.5 DESIGN OF THE LAND TREATMENT SYSTEM 

The design of the land treatment system follows the methodology set out in the US EPA 
manual (1981). It also incorporates the factors recommended in the Victorian EPA 

Guidelines. 

A flow diagram of the land treatment system is shown in Figure 4.9. 
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4.5.1 FUTURE WASTEWATER QUANTITIES 

The design of the land treatment system is based on future flows that have been predicted 
by the Water Authority in conjunction with Kinhill. 

This prediction, which is detailed in Section 7.2 of the Stage 2 Study, takes into account 
the following factors: 

that connections to the sewerage system have historically grown faster than the 
population growth; 
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that in-house water use is likely to reduce in future as a result of dual flush toilets, 
low-flow shower heads and better design of water-using appliances. A 15% 
reduction by 2020 is assumed; 

that infiltration into the sewerage system will decrease in the future as a result of the 
use of UPVC sewer pipe in the system and for house connections. 

The average daily flow is forecast to increase to 6,000 kL/d by 2020 compared with the 
1990-91 average flow of 3,260 kL/d. 

4.5.2 FUTURE WASTEWATER QUALITY 

The quality of wastewater arriving at the land treatment system after treatment at the No. 2 
treatment plant would be the same as the present discharge from the No. 2 treatment plant 
until around the year 2000. The average quality is expected to be as follows: 

biological oxygen demand (BOD) 	50 mg/L 
suspended solids 	 180 mg/L 
total dissolved salts (TDS) 	 650 mg/L 
total nitrogen 	 46 mg/L 
phosphorus 	 12mg/L 
pH 	 7.8 

Around the year 2000, it is proposed that a new activated sludge plant be constructed at 
the No. 2 treatment plant site. This would result in improved wastewater quality, as 
follows: 

BOD 	 20mg/L 
suspended solids 	 30 mg/L 
TDS 	 650 mg/L 
total nitrogen 	 20 mg/L 
phosphorus 	 12mg/L 
pH 	 7.0 

4.5.3 OVERLAND FLOW AREA 

The wastewater from the No. 2 treatment plant would be pumped into existing piggery 
effluent disposal ponds with a capacity of 8,000 kL, which are located on the site. These 
ponds would be emptied and the small quantity of sludge that would have developed in 
their 3 years of operation would be removed. This sludge would be spread as a fertilizer 
over the rain-fed tree area adjacent to the overland flow area. The rain-fed tree area would 
drain into the proposed storage dam and thus any runoff of nitrogen would be contained. 
The clay soils in this area would adsorb any excess phosphorus. 

The wastewater would be pumped daily from these ponds on to the overland flow area. 
A system of pipes, with adjustable outlets every 600 mm, would distribute the 
wastewater on to the grassed slopes, which would run 40 m downslope to a series of tail 
drains and from there discharge into the storage dam (Figure 4.10). 

The pasture on the overland flow area would be mown or forage harvested two or three 
times a year and the product fed to sheep on the site. 
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The 14 ha overland flow area is designed specifically to remove approximately 50% of 
the nitrogen from the wastewater. The performance of overland flow systems is 
enhanced by intermittent application of wastewater; at Albany, wastewater would be 
applied on average for 5-10 hours per day. 

The treatment process involves filtering of the wastewater through pasture and in the 
organic surface layer and topsoil. Diverse microbial populations in this zone act much 
like the biological slimes on trickling media filters. It takes 3-4 months of slope 
conditioning to build up the microbial population and allow formation of the slimes. 

The 14 ha area meets the criteria specified in the US EPA manual (1981) for satisfactory 
treatment of both the wastewater discharges from the ponds up to the year 2000 and the 
discharges from the activated sludge plant after that date (Stage 2 Study, Section 8.4). 

4.5.4 STORAGE DAM 

Calculations have shown that 300,000 kL of storage is required to avoid runoff and 
excessive leaching from the irrigated trees at full development in 2020. This volume is 
also necessary to allow diversion of the No. 1 treatment plant wastewater in December 
1994 on to 18 month old trees (Section 4.5.5). 

Geotechnical consultants were engaged to investigate the suitability of Sites on two 
tributaries of Seven Mile Creek for construction of earth dams. The consultants reported 
that both valleys would be suitable dam sites and that the soils on the ridges above the 
water level would be suitable material for construction of a homogeneous earth dam. The 
consultants recommended that a 30 m wide, 0.75 m thick clay blanket be placed across 
the valley upstream of the dam to reduce seepage to an estimated 10 kL/d. 

A conventional earth dam, with an upstream clay blanket as recommended, has been 
designed for the eastern tributary of Seven Mile Creek (Figure 4.10). The catchment of 
this dam is only 97 ha, most of which would be covered with trees producing minimal 
runoff. The dam has a spillway, designed for the I in 100 year rainfall event, 
discharging into the western tributary. Details of the design are provided in Section 8.2 
of the Stage 2 Study. The dam would be operated so that the storage in the dam was 
within the narrow envelope shown in Figure 4.11. This would ensure that no overflow 
would occur in 90% of years. 

The reservoir would occupy 16 ha. 

4.5.5 SLOW-RATE IRRIGATED WOODLOT 

The key procedure in the design of the slow-rate irrigated woodlot section of the land 
treatment system is the calculation of the water balance, wherein the incoming water 
(rainfall plus irrigation) is balanced with the outgoing water (evapotranspiration by the 
pasture and trees, plus runoff, plus downwards percolation). The other factor in this 
equation is the storage of soil moisture in the root zone of the trees. This can vary from 
month to month but the starting and finishing soil moisture content must be the same in an 
average year. The results of these calculations for the irrigated woodlot are discussed in 
Section 7.3.1. The procedure used to calculate the land treatment water balances is 
described in Section 7.3 of the Stage 2 Study. 
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It is proposed to establish a total of 300 ha of irrigated trees, divided into twenty-four 
12.5 ha blocks for irrigation management purposes (Figure 4.8). The area would be 
planted mainly with blue gums (E. globulus) at a density of 1,500 trees per hectare. 
Further details are provided in Section 7.6 and Chapter 9 of the Stage 2 Study. 

The trees would be planted in a tramline configuration (i.e. two rows 2 m apart), with a 
space of 5 m between each pair of rows. This configuration has been chosen to promote 
rapid early growth, and to allow ease of access for fertilizing, inspection and harvesting. 
It would also allow the trees to be irrigated using one drip line between the 2 m rows, 
thus reducing the cost of irrigation. 

A buffer strip of eucalypt species with an understorey including flowering shrubs, which 
would not be harvested, would be established along the Albany Highway frontage, 
except for the area across the road from the east—west runway of the adjacent Albany 
Airport. 

It is proposed to harvest 50 ha of trees each year in an average 6 year harvesting rotation. 
This rotation has been chosen because it would maintain the high nitrogen uptake of 
younger trees and because measurements on other trees irrigated with wastewater indicate 
that the trees are likely to be ready for mechanical harvesting at the age of 6 years. It is 
expected that the trees would be chipped and exported for paper pulp through Albany 
(Stage 2 Study, Section 9.11). Approximately 400 ha of eucalypts have already been 
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planted in the Lower Great Southern Region for paper pulp production, and further areas 
are planned. The Water Authority would liaise with CALM to obtain an export licence for 
the export of wood chips through Albany. 

In order to establish the harvesting rotation, 150 ha of trees would be planted in 
May 1993. A further 50 ha would be planted in mid-1994, followed by 50 ha in mid-
1996. The final 50 ha would not be planted until 2009. 

The 150 ha of 18 month old trees and the 50 ha of 6 month old trees that would be 
established by December 1994 would have the capacity to treat the average 2,400 kL/d 
flow from the No. 1 treatment plant, which would be diverted at this time to the land 
treatment site via the No. 2 treatment plant. Over 200 ha of trees would be required in 
December 1996 when the treated flow from the No. 2 and No. 3 treatment plants would 
also be diverted to the site. 

4.5.6 IRRIGATION SYSTEM 

It is proposed to irrigate the E. globulus using an automated drip irrigation system, as 
detailed in Section 8.1 of the Stage 2 Study. The system would be supplied by two 
submersible pumps mounted on the wall of the dam. To prevent blocking of the 
drippers, the water would pass through a bank of automatic backwashing pressurized 
sand filters to remove suspended material, and chlorine would be injected into the main 
line periodically to control algal growth. The backwash water would be returned to the 
dam. The pH of the water would be reduced to 7 by the nitrogen removal process in the 
overland flow area; this would prevent the blocking of the drippers by precipitation of 
calcium carbonate. 

The irrigation system would be controlled by a computerized system, developed for the 
irrigation of woodlots, similar to those used in South Australia and Victoria. A group of 
moisture probes would be installed in each 12.5 ha block to measure the moisture content 
of the soil near the surface, at the bottom of the root zone beneath the drippers, and in the 
space between the tramline planting. The status of these would be monitored and 
recorded by the computer. These data, together with weather data and forecasts, would 
be used to plan the application of water on any individual day. 

The irrigation programme of each 12.5 ha block of trees would be controlled by an 
individually programmed solenoid valve. 

The proposed drip irrigation system would allow the application of wastewater to be 
matched to the soil moisture status of individual blocks and would achieve uniform 
application of wastewater over each block. 

4.5.7 OPERATING GUIDELINES FOR IRRIGATED WOODLOT 

The prime operational objectives for the irrigated woodlot would be to achieve maximum 
evapotranspiration of water by the trees, to avoid runoff as far as possible and to 
minimize downward percolation to that necessary to control salinity in the root zone. 
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These objectives would be achieved when the moisture content in the 2 m root zone had 
been kept within the envelope shown in Figure 4.12. 
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Figure 4.12 SOIL MOISTURE CONTENT OF TREE ROOT ZONE 

The possibility of runoff would be reduced by keeping the soil moisture content below 
saturation and avoiding irrigation during periods of heavy rain. The 300,000 kL storage 
(50 days storage at full development) would provide the required flexibility in application 
rate to achieve these objectives. The operating criteria for the dam, as detailed in Section 
11.1 of the Stage 2 Study, require that it be close to empty at the end of April and that the 
storage follow the curve shown in Figure 4.12. 

4.5.8 RAIN-FED TREES 

Seventy hectares of rain-fed trees would be planted on the Seven Mile Creek valley floor 
downstream of the irrigated woodlot, storage dam and overland flow area. Another 
30 ha would be planted alongside the overland flow area and 20 ha would be planted in 
the south-east corner of the site which drains into the King River. 

These trees would be planted to absorb downward percolation or lateral subsurface flow 
from other elements of the land treatment system. 
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4.6 NATIONAL HEALTH GUIDELINES 

The National Health and Medical Research Council, in association with the Australian 
Water Resources Council, published guidelines in 1987 for the use of reclaimed water in 
Australia. The guidelines concentrate on the health issues involved in the use of treated 
wastewater. 

The guidelines provide for a wastewater authority to utilize controlled irrigation as part of 
the treatment process provided an appropriate health or other regulatory authority is 
consulted and is satisfied that there is no significant health risk. The Health Department 
of Western Australia has been consulted and has indicated that it would approve the use 
of the land treatment system proposed in the Stage 1 Study. 

The guidelines also provide for a number of additional safeguards to ensure adequate 
protection of human health and the environment. Those particularly relevant to this 
proposal are as follows: 

Treatment and irrigation systems should be operated only by suitably trained personnel. All 
employees and others exposed to effluent should be instructed in appropriate health and safety 
procedures. They should wash before eating or smoking while at work and before leaving 
work each day. 

Approval should be sought for stock to graze on pastures irrigated by reclaimed water. 
Removal of stock ... must only be for immediate slaughter at an abattoir approved by the 
relevant authority. 

The Water Authority would comply with these guidelines and any subsequent revisions. 
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Chapter Five 
EXISTING ENVIRONMENT 

5.1 INTRODUCTION 

The Albany region is composed of a plain escalating gradually from the coast to further 
inland. Within the plain are entrenched valleys containing small, short streams draining to 
the south coast. The headwaters of the streams are about 60-70 in above sea level. Sand 
dunes have formed by the action of prevailing winds on the coastal margins of the plain, 
impounding some swamps and inlets. 

Over the years, the predominant land use in the Albany area has been cattle and sheep 
grazing. As a result, most of the vegetation has been cleared, leaving only pockets of 
remnant growth. 

5.2 NO. 2 TREATMENT PLANT 

The No. 2 treatment plant site is owned freehold by the Water Authority. It is zoned 
public purposes by the Shire of Albany and has been used for wastewater treatment for 
20 years. The 14.4 ha site is located on the headwaters of Five Mile Creek, and treated 
wastewater from the plant is discharged into the creek, which only flows above the 
discharge point during periods of heavy rain. 

The present ponds and associated facilities occupy approximately 7 ha of the site. The 
remainder comprises regrowth on previously cleared land, as well as 1 ha of remnant 
jarrah, and some riparian vegetation along the creek downstream of the wastewater 
discharge point. 

Land use around the plant consists of hobby farming activities. Cattle, sheep and horses 
are grazed on the adjoining properties, which are shown in Figure 5.1. Access to the 
No. 2 treatment plant and adjoining properties is by the local road network. 

The Department of Aboriginal Sites of the Western Australian Museum has advised that 
there are no known Aboriginal sites on the No. 2 treatment plant site. Mr Glen Colbung 
of the Southern Aboriginal Corporation has confirmed that there are no sites of Aboriginal 
heritage value on the treatment plant site. 
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5.3 RISING MAIN 

The proposed 9 km route of the wastewater rising main follows road reserves, other 
services and fencelines. The land is generally undulating in nature and is located near the 
headwaters of the short streams that are typical of the location. 

Small pockets of remnant vegetation are present along some of the fencelines and road 
reserves. The route of the pipeline in these areas would deviate into the adjoining cleared 
paddocks. Areas of exotic plantings generally associated with residences would also be 
avoided. 

Land in the area is mainly used for grazing livestock, and landholders have cultivated 
firebreaks along road reserve boundaries. The rising main route would be chosen to 
avoid the firebreak zone. 

The proposed route would traverse a State Energy Commission of Western Australia 
(SECWA) electrical substation. SECWA's pipeline material constraints would be 
observed. 

Access to the rising main route would be from Albany Highway and local authority 
roads. Properties along the proposed route are shown in Figure 5.1. 

The Department of Aboriginal Sites of the Western Australian Museum has advised that 
there are no known Aboriginal sites along the rising main route. This has been confirmed 
by Mr Glen Colbung of the Southern Aboriginal Corporation. 

5.4 LAND TREATMENT SITE 

5.4.1 TOPOGRAPHY 

The land treatment site is located .at the headwaters of Seven Mile Creek. Over 80% of 
surface drainage enters this creek. Minor drainage to the south-east enters a tributary of 
the King River, and a small area drains to the north-west into Marbellup Creek 
(Figure 5.2). 

An estimated 60 ha of land outside the land treatment site slopes towards the site but has 
no obvious surface drainage on to it. 

The land has three major topographical units: 

gradually sloping uplands 
sloping transitional zone between the uplands and the valley floor 
gradually sloping valley floors. 

The uplands are generally above the 64 m Contour line (Figure 5.2), with a slope of 1- 
2%. 	There is little evidence of surface drainage in this topographical unit. 
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The transitional zone falls from the 64 m contour to the 50 m contour. The slope in this 
zone is about 5%. 

The valley floors are generally about 200 m wide, with slopes of less than 2%. Seven 
Mile Creek within this area is well defined, with a 40 m wide floodplain on either side. 

The site has been almost completely cleared, except for a few patches of remnant 
vegetation. Two of these, which are around 5 ha each in area, would be fenced and 
retained, as shown in Figure 4.8. 

5.4.2 HYDROGEOLOGY OF THE AREA 

As part of the evaluation of the airport locality, a hydrogeological investigation was 
undertaken. This consisted of a review of existing information, a drilling programme and 
measurements of water depths and salinities in some existing boreholes (Stage 2 Study, 
Section 4.5). 
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Geology and hydrogeology 

The general stratigraphic sequence in the airport locality is shown in Figure 5.3. 

Bores drilled at Albany Airport and on the eastern side of the plateau on the land treatment 
site had low water yields. Other bores located in the sandy soils of the valley floor 
provide adequate supplies of good quality water, while a bore on the plateau to the west 
of the site provides a limited supply of domestic quality water. Limited supplies of stock 
quality water are obtained from groundwater to the north of Albany Airport. 

Water levels and salinities 

Three bores were drilled on the southern airport site and one bore was drilled on the 
northern airport site. None of the bores encountered an aquifer of any significance, but 
the weathered siltstones were saturated at depth. 

The water levels in these bores, and the direction of the groundwater gradient, show that 
groundwater discharges into the upper reaches of Seven Mile Creek. However, the 
nature of the aquifer materials shows that the groundwater discharge rates must be small, 
which is consistent with observations of the streamflow at a point just north of Gunn 
Road. 

Groundwater salinities averaged 345 mg/L but ranged widely, which suggests that there 
are areas of sediments in which groundwater velocities are very low. 

5.4.3 INFILTRATION TESTS AND SATURATED HYDRAULIC CONDUCTIVITY 

AND SURFACE FLOWS 

Infiltration testing 

An extensive programme of testing was undertaken to determine the hydraulic 
conductivity and infiltration rate of soils at the airport locality (Stage 2 Study, 
Section 4.6). 

These tests concluded that the surface sands have moderate permeability, while the clayey 
subsoils have much lower permeability. The weathered siltstones beneath the 5-10 in 
surface clay layer are significantly more permeable than the clays. 

The subsoil clay layer presently limits the rate of infiltration and results in the surface 
soils beneath the shallow rooted pastures becoming saturated during prolonged winter 
rainfall. 

Seven Mile Creek flows 

A gauging weir was established on Seven Mile Creek where it leaves the site at Gunn 
Road. The flows measured at this point were only 3% of the flows in Seven Mile Creek 
near Lower Denmark Road. The flow increased only slightly during rainfall and declined 
during December (Stage 2 Study, Section 4.6). 
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5.4.4 THE SOIL PROFILE 

The soil profile of the land treatment site is shown schematically in Figure 5.4. 

The soils are predominantly a duplex soil formed from deeply weathered siltstone. An 
important feature of some of these soils is the short tongues of bleached sandy material 
extending into the medium clay layers. These tongues provide preferred pathways for 
water movement and root penetration, although the surface sands tend to become 
saturated after heavy rainfall owing to the low permeability of subsurface clay. No 
evidence of preferred pathways extending to any significant depth was observed in the 
3 m deep soil pits. The soils in the first 3 m have a very high phosphorus retention 
capacity. Soils below this depth also have significant phosphorus retention capacity. 

The ferruginous layer between the sand and clay layers is sometimes extremely hard and 
continuous and may act as a barrier to root penetration. However, the medium clay layers 
of the underlying soils are sufficiently well structured to enable drainage and the 
penetration of tree roots into the subsoil. 

The mottled clay extends down to a depth of 5-10 m and gradually changes to fine sands 
of low permeability. These continue down to 50 m where the unweathered siltstone 
occurs, which continues down to reach bedrock at around 100 m. 

5.4.5 THE SOIL MAP 

The soil distribution at the proposed land treatment site is shown in Figure 5.5. 

The soil types identified are widely distributed throughout the district. As is evident from 
the soil map, the majority of the land treatment site consists of gravelly yellow sand and 
loamy sand over clays. A ferruginous pan occurs over much of the area at depths varying 
from 0.1 m to 0.7 m. 

5.4.6 CHEMICAL PROPERTIES OF THE SOILS 

Samples from all identified soil types within the land treatment site were analysed for pH, 
salinity and PRI (Stage 2 Study, Section 4.4). Experiments were undertaken at the 
University of Western Australia to confirm phosphorus adsorption characteristics when 
wastewater was applied (Stage 2 Study, Appendix B). 

The results indicated that pH, salinity and PRI values varied widely between soil types. 
The pH and salinity levels in soils within the land treatment site are within the range 
considered suitable for normal agricultural or forestry land uses. Those soils that are 
associated with a low PRI constitute a minor component of the total soil profile to 10 m 
depth and are generally close to the surface. 

The rate of uptake and retention of phosphorus by soils are dependent on a wide range of 
physical and biological factors, which were manipulated in a mathematical model by the 
CSIRO to predict the rate of phosphorus uptake by soils at the land treatment site (Stage 2 
Study, Appendix Q. 
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The results indicate that the soil profiles would retain approximately 99% of the 
phosphorus applied for 300-1,000 years provided there was no removal in lateral surface 
or shallow subsurface flow (Stage 2 Study, Section 4.4). 

5.4.7 EXISTING LAND USE 

The proposed land treatment site is currently used for two major agricultural pursuits: 

grazing livestock on predominantly annual pastures 
raising pigs on feed purchased from outside the area. 

The livestock grazed are mainly cattle for beef production and, to a lesser extent, sheep 
for wool and meat production. The pastures grazed are predominantly clover—ryegrass. 
Some perennial pastures are present, but are not a feature of pasture production. 

Hay is cut over much of the higher land in late spring. The main type of hay is meadow 
hay, although one crop of oats was cut during the spring of 1991. 

Pasture production on the uplands was assessed to be better than the average for the 
locality and for Albany. Although inundated for much of the year, the pastures appear to 
grow moderately well and, importantly, remain green in spring longer than most of those 
in Albany. Fertilizer application varies between properties but overall is moderately high. 

Upland pasture production is in contrast to the poor production observed in the sandy 
valleys. With the exception of a few green spots in summer, the valleys were observed 
to be about a third as productive as the uplands. 

The proposed land treatment site is farmed by four individual farmers and is owned by 
five individual land owners. Two of the land owners have land adjoining the site and 
farm the properties in common with this land. A third land owner uses his property in 
association with a number of other farms within the Albany district. There is only one 
land owner who does not have farming interests outside of the land treatment site, and 
this owner leases two adjoining locations within the site. 

There is a large piggery, licensed for 2,500 pigs, on one property. Feed for use in this 
piggery is purchased from outside the site. The piggery buildings include two large 
sheds, a feed shed, machinery sheds and a few silos. Effluent is disposed of in two large 
evaporation ponds. 

The piggery effluent has been the subject of concern in the past, and construction of the 
evaporation ponds took place in response to this concern. However, past disposal of 
effluent on to sands in the valley is probably still contributing nutrients to Seven Mile 
Creek. 

Access to the lots in the area is from Albany Highway and from sealed and unsealed local 
authority roads. 
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5.4.8 LAND OWNERSHIP 

Properties in the land treatment area are shown in Figure 5.6. 

5.4.9 LAND USE ZONING 

The proposed land treatment site is currently zoned rural by the Shire of Albany. This 
zoning would enable its use for public utility purposes, with the permission of the Shire. 

There are no other known developments in areas adjacent to the land required for the 
proposed project. 

5.4.10 ABORIGINAL SITES 

The Department of Aboriginal Sites of the Western Australian Museum has advised that 
there are no known Aboriginal sites on the land treatment site. Discussions have been 
held with Mr Glen Colbung of the Southern Aboriginal Corporation, who has confirmed 
that there are no sites of Aboriginal heritage value on the proposed site. 

5.5 DOWNSTREAM WATERBODIES 

5.5.1 SAMPLING PROGRAMME 

The aquatic ecosystem (Figure 5.7) downstream of the No. 2 treatment plant and the land 
treatment site was assessed at various locations (Appendix Q. The Marbellup Creek 
system, located outside the influence of the existing No. 2 treatment plant and the 
proposed land treatment system, was also assessed in order to determine the 
environmental significance of Five Mile Creek and Seven Mile Creek on a subregional 
scale. 

The information presented here is a description of the aquatic ecosystem and associated 
flora sampled during late spring 1991. 

5.5.2 FIVE MILE CREEK 

The No. 2 treatment plant is situated on the headwaters of Five Mile Creek. Treated 
wastewater from this plant discharges into the creek at an average rate of 880 kL/d. 
Immediately downstream from this site, the catchment has been substantially cleared, 
although there is some remnant riparian vegetation in localized pockets. This clearing has 
increased streamfiow and resulted in channelized flow and some stream-side erosion. 
Further downstream, there is an increase in the covering by remnant riparian vegetation 
and the stream becomes more typical of an upland forested stream with characteristic 
riffle-pool sequences. The high level of in-stream algal growth is not typical of upland 
streams and is probably a direct result of nutrient enrichment from the No. 2 treatment 
plant. 
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During mid-summer, the discharge from the No. 2 treatment plant is absorbed by the 
vegetation and bed of Five Mile Creek and there is often no flow at Link Road, 1,400 m 
downstream of the treatment plant. In February 1992 the flow in Five Mile Creek at the 
confluence with Seven Mile Creek was 2,700 kL/d at a time when there was no flow at 
Link Road. 

Fauna 

The upstream reaches of Five Mile Creek are characterized by a low macro-invertebrate 
species diversity typical of 'blackwater' streams draining into the south coast. High 
species diversity is usually associated with water of high biological quality, where the 
food chain and biological processes are being maintained (Appendix Q. The 
downstream reaches of Five Mile Creek show some recovery towards a more typical 
stream fauna, although overall the number and type of species collected are not typical of 
an undisturbed upland stream ecosystem. 

Groups of macro-invertebrates generally associated with forested upland streams of high 
water quality were either not present or found in very low numbers, further indicating the 
degraded nature of the stream system. 

Flora 

Where Five Mile Creek flows through pasture lands (principally upstream of South Coast 
Road), the watercourse is bordered by grazed stands and several species of reeds, which 
also occur in the wet paddock margins. There are some remnant patches (less than 1 ha) 
of a low heath on waterlogged soils slightly uphill of the creek. At South Coast Road, 
the riparian vegetation is characterized by scattered native cedar growing over a thickly 
vegetated understorey. A stand of remnant vegetation adjacent to the creek comprises a 
dense thicket to a height of about 3 m and lacks an understorey of perennial species. 

5.5.3 SEVEN MILE CREEK 

Fauna 

The upland reaches of Seven Mile Creek are dominated by an amphipod common in 
nutrient-enriched, degraded river and stream systems. The downstream section of the 
creek has more typical stream fauna, including gilgies, marron and dragonflies 
(Appendix Q. 

Flora 

The upstream reaches of Seven Mile Creek are characterized by a dense riparian 
vegetation constrained between parallel drains on either side of the watercourse. Beyond 
these drains, pasture species dominate. The 3 m high riparian thicket comprises a 
scattered overstorey of Acacia sp. over an understorey of several species of shrubs. The 
banks of the watercourse are extensively invaded by exotic blackberry and tamarisk. The 
wet, parallel drains support grazed stands and several species of reeds. 
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Downstream, Seven Mile Creek supports three distinct vegetation formations. Valley 
slopes support low jarrah forest and associated species. The broad valley floor has a 
dense riparian vegetation, characterized by dense stands of jointed reed adjacent to the 
stream. Above and beyond this is an impenetrable thicket consisting of several species of 
shrubs and trees. Between the riparian vegetation and the low jarrah forest is a low (less 
than 1.5 m) species-rich heath growing on waterlogged soils. 

5.5.4 MARBELLUP CREEK 

Fauna 

Marbellup Creek is considered to be of higher environmental quality than the other two 
creeks sampled, probably because of its history of less nutrient enrichment and catchment 
clearing. Marbellup Creek supports a higher species diversity than Five Mile Creek or 
Seven Mile Creek, with fauna including freshwater shrimps, freshwater mussels, 
mayflies and caddisflies. 

Flora 

Upstream of South Coast Road, riparian vegetation is reduced by grazing to an 
overstorey of introduced and native shrubs. Reeds in this area are uncommon. 
Downstream, vegetation is denser and ungrazed, although the height of Stream banks 
prevents the establishment of reeds. 

5.5.5 LAKE POWELL 

Lake Powell is fringed by dense stands of introduced and native reeds, while on the drier 
ground, scattered stands of Warren River cedar occur. The lake is gazetted as a nature 
reserve but has been substantially disturbed in the past by agricultural practice and 
drainage diversion. In addition, the lake's ecology has been modified by the introduction 
of several non-endemic species such as Murray cod and marron (Appendix Q. 

Lake Powell is considered to be in a eutrophic state, as evidenced by its substantial 
phytoplankton bloom. Nutrient enrichment from sources such as Five Mile Creek, 
Seven Mile Creek and Cuthbert Drain has led to abundant filamentous and blue-green 
algal growth. The lake's nutrient status is more typical of Swan Coastal Plain wetlands 
than the blackwater streams of the south coast. As a consequence, it supports a well-
developed zooplankton community and a large population of algal-eating mountain ducks. 

5.5.6 TORBAY INLET 

Although Lake Powell would have a large capacity to assimilate nutrients, the levels of 
nutrients in Torbay Inlet are still high enough for this also to be classified as eutrophic. 

5.5.7 WATER CHEMISTRY 

A study by the EPA measured phosphorus and nitrogen levels in Marbellup Creek, 
Grasmere Drain (downstream of Five Mile Creek and Seven Mile Creek), Lake Powell, 
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Torbay Drain and Torbay Inlet (Figure 5.8). These show high levels of nutrients were 
present in all of the waterbodies and, using standard wetland classification criteria, all 
waterbodies measured were eutrophic (Appendix Q. 

Five Mile Creek below the No. 2 treatment plant has very high levels of both phosphorus 
and nitrogen (Appendix C), although the levels in wetlands 1.4 km downstream are 
substantially reduced. These have resulted in elevated algal growth. 

All sites measured showed saturated levels of dissolved oxygen and varying pH levels 
(Appendix Q. 

5.5.8 FISH 

Five Mile Creek, Seven Mile Creek, Marbellup Creek and Lake Powell were sampled for 
the presence of fish (Appendix Q. 

Four species of fish were collected and returned to the water; all species are widely 
distributed in the south-west of Western Australia (Appendix Q. None of the species 
found appears on the Department of Conservation and Land Management (CALM) 
schedule of rare or endangered fauna. 

5.5.9 AMPHIBIA 

Three species of Amphibia were identified at the sites sampled, none of which is 
considered rare or restricted in distribution in south-western Australia (Appendix C). 

5.5.10 OVERVIEW OF WETLANDS 

Five Mile Creek and Seven Mile Creek contain fauna and flora typical of the many small 
creeks in the region. In general, these watercourses are degraded when compared to less 
disturbed waterbodies such as Marbellup Creek. Clearing has reduced the habitat 
richness of these streams, and nutrient loadings from agriculture and wastewater 
discharge have modified the biotic communities. 

No declared rare flora or priority species were found in association with the wetlands. 
However, the survey was of short duration and was undertaken only in spring. 

Wetlands receiving the flows of Five Mile Creek and Seven Mile Creek exhibit signs of 
the adverse impacts of eutrophication. Although the exact nutrient contribution of these 
creeks to the total entering Lake Powell and Torbay Inlet is unknown, it is likely to be 
significant. 
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Figure 5.8 DOWNSTREAM WETLANDS 
- PHOSPHORUS AND NITROGEN CONCENTRATIONS 

5.5.11 POTATO-GROwING ACTIVITIES 

Potatoes are grown along Cuthbert Drain and around Lake Powell. A summer crop is 
grown for seed potato production because the land is too wet in winter for cropping. The 
farmers manipulate the water level in Cuthbert Drain using checks, and at times divert 
water out of Five Mile Creek to maintain the water table under the potato crops at an 
optimum level. 

The land on which these crops are grown is very low lying and is therefore susceptible to 
flooding. Floods during the summer months have caused severe damage to the potato 
crops in the past, and inundation for 24 hours is sufficient to destroy the crops. 
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Chapter Sir 
PUBLIC PARTICIPATION AND 
CONSULTATION 

6.1 EARLY 1980s 

Public participation in Albany's wastewater treatment and disposal options commenced in 
1980 when the Water Authority called together representatives from the Town of Albany, 
the Shire of Albany and various government departments to explain the proposed course 
of action at the outset of a study into the future of the Albany sewerage system. The 
representatives met throughout the study to review progress of the investigations. 

6.2 LATE 1980s 

The Water Authority released an interim report in August 1989 that addressed the 
immediate upgrading of the No. 1 treatment plant. In July of 1989, the Minister for 
Water Resources released a summary document entitled Albany wastewater treatment and 
disposal: A plan for the future (Water Authority 1989b), which outlined the Water 
Authority's preferred (at that time) wastewater treatment and disposal options. 

As significant public comment was generated from the release of the summary document, 
the Water Authority arranged a community workshop that was held on 13 December 1989 
and involved approximately sixty participants from government, industry and community 
interest groups. The major outcomes of the workshop were the identification of major 
issues concerning the community and the creation of a community advisory committee 
called the Wastewater Disposal Advisory Committee. 

6.3 WASTEWATER DISPOSAL ADVISORY COMMITTEE 

The Committee acted as an independent body from the Water Authority during the period 
of its operation between December 1989 and August 1990. During this period, the 
Committee organized a survey of community preferences, and conducted two public 
meetings in Albany, on 5 April 1990 and 2 July 1990. Public input was encouraged by 
the Committee through public notices in the Albany Advertiser and through press and 
television interviews. A number of written submissions were received from interested 
parties. The Committee presented a report to the Water Authority in August 1990 that 
stated that the community 'require consideration of environmental and quality of life 
criteria equally with economic and engineering criteria'. 
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The Water Authority subsequently prepared a brief for a consultant to investigate the 
environmental impacts of various disposal options. The brief was referred to the 
Committee prior to appointment of the consultant. 

6.4 DISPOSAL OPTION STUDIES 

During the disposal option studies undertaken in 1991, there were two formal community 
briefings. These were accompanied by the issue of community briefing papers outlining 
the progress of the studies. The first community briefing paper was included as a centre 
page spread in the 20 June 1991 edition of the Albany Advertiser. 

Direct contact with individuals who raised concerns during the studies has been made by 
Water Authority staff, who have also maintained direct contact with land owners who 
may be directly affected by the proposal. 

6.5 PRINCIPAL ISSUES RAISED 

The principal issues raised during community consultations are discussed as follows. 
The concerns expressed are given in italics; the text that follows responds to these 
concerns in terms of the Water Authority's present proposal. 

6.5.1 MARINE DISPOSAL 

Marine disposal is detrimental to the marine environment, commercial fisheries, water-
based recreation and the tourism industry. 

The decision to proceed with a land treatment and disposal system precludes the need for 
discharge of wastewater into the ocean. 

6.5.2 LAND TREATMENT SYSTEM 

The proposed site is saturated in winter at present. Therefore, irrigation must result in 
wastewater runoff. 

Extensive measurements of soil properties have been made to gain a thorough 
understanding of the soil moisture behaviour and hydrogeology of the site. The land 
treatment system has been designed for no runoff in 90% of years. It is planned to use 
shatter ploughing to increase the permeability of the top metre of soil. The proposed tree 
species would take up over twice as much water from the soil as the existing pasture, and 
therefore the site would be kept much drier than at present. 

A dam would be constructed to allow storage of the wastewater during periods of heavy 
rain. 
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Nutrients would be discharged from the site. 

The proposed drip irrigation system provides for close control of the amount of 
wastewater that would be applied to the trees and allows it to be spread evenly over the 
site. The phosphorus adsorption properties of the soils under the site have been 
established by site sampling and university studies. It has been determined that the soils 
are capable of adsorbing the applied phosphorus for over 300 years. 

The system has been designed so that the nitrogen would be removed in the overland 
flow area and taken up by the trees. 

The Water Authority has given a commitment that nutrient discharge in surface water or 
groundwater would not exceed 3 t of nitrogen and I t of phosphorus per annum. This is 
approximately 25% of the current discharge from the No. 2 treatment plant into Five Mile 
Creek. 

The disposal of wastewater on the site would cause an increase in the flood peaks in 
Seven Mile Creek. 

The land treatment system has been designed for no runoff in 90% of years. The system 
behaviour has been modelled through May 1988, the month of greatest rainfall recorded, 
and only minimal runoff would have occurred in this very wet winter. Contour 
mounding on the site would also slow runoff in extreme events. 

In summer, the trees would reduce the moisture content of the soil to a greater depth than 
the existing pasture, thus increasing the soils capacity to absorb water. 

Farmers' dams in the area leak for the first 2 years. 

Experienced geotechnical consultants were employed to evaluate the proposed dam site. 
Earth for the dam would be obtained from above the top water level in order to maintain 
the thickness of clay in the basin. 

Birds would be attracted to the site and cause a hazard for the Albany Airport. 

It is not proposed to construct any treatment ponds with stable water levels, which attract 
birds. Local ornithologists and the Civil Aviation Authority have been consulted and 
have advised that the proposed land treatment system would not cause a bird hazard for 
the airport. 

Maintenance of east—west runway height clearance. 

Tagasaste, a grazing shrub, would be planted immediately opposite the east—west 
runway. The eucalypts growing further to the west would be harvested in rotation to 
ensure that the Shire of Albany's runway clearance requirements were met at all times. 
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There would be adverse visual impact on entry to Albany. 

A non-harvested buffer zone of varied eucalypts, with an understorey including some 
flowering shrubs, would be planted along the Albany Highway frontage of the land 
treatment site to create a visually appealing appearance. Only shrubs would be planted 
opposite the end of the east—west runway of Albany Airport. 

Odours would be generated. 

The treated wastewater pumped to the land treatment site would have an organic content 
below the threshold for odour generation. The discharge point for the rising main and 
holding pond would be 1.5 km from Albany Highway. These two factors would ensure 
that there would be no discernible odour at the airport. 

6.5.3 NO. 2 TREATMENT PLANT 

The upgraded plant would generate odours and noise. 

The Water Authority intends to purchase additional land around the No. 2 treatment plant 
to ensure that noise levels comply with the noise limits likely to be set by the EPA, and 
that odours at the boundary of the plant site are only detected on rare occasions. 
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Chapter Seven 

ENVIRONMENTAL IMPACTS 

7.1 IMPACTS OF THE NO. 2 TREATMENT PLANT 

The environmental impact of the upgraded No. 2 treatment plant on Five Mile Creek 
would be less than that of the existing plant, as no treated wastewater would be 
discharged into the creek. An overflow storage pond would be provided to prevent 
discharge in the event of mechanical or electrical failure of the pump station delivering the 
treated wastewater to the land treatment site. 

The current 320,000 kL/a flow of wastewater into Five Mile Creek would cease, thus 
reducing the nutrient loading on the creek by 14.7 t of nitrogen and 3.8 t of phosphorus 
annually. This would ameliorate the eutrophication described in Section 5.5. 

Test drilling prior to construction of the existing ponds proved that sand clays/clayey 
sands extend to a depth of 5 m on the site. These soils would have low permeability and 
the existing ponds would have been further sealed biologically and by organic matter over 
the many years of use. 

Other potential impacts relating to the upgrading of the plant are noise from the aerators, 
and odour. The Water Authoritys purchase of additional land to act as a buffer zone 
around the site is intended to ensure that the level of noise at the treatment plant boundary 
complies with the requirements of the EPA, and that offensive odours are only rarely 
detected at the nearest odour-sensitive property. 

7.2 IMPACTS OF THE RISING MAIN 

The route of the rising main would be selected to minimize clearing of roadside remnant 
vegetation. The route would pass through previously cleared areas at every opportunity. 

The rising main would be buried at least 750 mm below the existing ground level and 
located away from firebreak areas in private property, to minimize the potential for 
accidental damage by agricultural activities. It would be constructed within the standard 
alignment for a wastewater rising main in road reserves. 

7-1 



7.3 IMPACTS OF THE LAND TREATMENT SYSTEM 

The proposed land treatment system has the potential to have impact upon: 

the surface and groundwater flows in the Seven Mile Creek catchment 
the quality of surface water and groundwater 
the level of trace elements and heavy metals in the soils. 

These factors have all been considered in the design of the system and are discussed in 
detail in Chapters 4,7 and 12 of the Stage 2 Study. 

Potential health and odour impacts, and effects on the operation of the airport (Stage 2 
Study, Chapter 12) were also considered in the design. 

7.3.1 SURFACE AND GROUNDWATER FLOWS 

The extensive water balance studies that were carried out during the Stage 2 Study 
covered the performance of the proposed system in both a median year (rainfall 812 mm) 
and a 90 percentile wet year (rainfall 960 mm) (Stage 2 Study, Appendix E). Water 
balances were calculated for the previous native vegetation, the existing pasture, rain-fed 
eucalypts and the proposed irrigated eucalypts. The amount of runoff and the downward 
percolation of water below the root zone were predicted for each type of vegetation and 
are illustrated in Figure 7.1. 

The predictions show the superior water-using capability of rain-fed and irrigated 
E. globulus when compared with native vegetation and pasture. The principal reasons 
for this are: 

larger interception of rainfall by trees (up to 15%) than by pasture (5%); 

larger leaf area of rain-fed irrigated trees, giving greater evapotranspiration capacity. 
Irrigated trees have a 40% higher evapotranspiration rate than pasture and continue to 
transpire during summer when pasture and native vegetation have run out of water; 

larger root zone moisture storage due to the deeper root system of trees. This allows 
trees to extract more water in summer, providing larger storage in the root zone for 
winter rainfall. 

The movements in root zone storage under pasture and irrigated trees are shown in 
Figures 7.2 and 7.3. 

These advantages allow irrigated eucalypts to utilize the annual application of 770-
784 mm of irrigation in addition to rainfall of 8 12-960 mm. At the same time, the trees 
would produce runoff of only 0-3 mm and downward percolation of I 86-370 mm. By 
comparison, the existing pasture would produce runoff of 52-57 mm and downward 
percolation of 171-255 mm. 
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Surface water flows 

The flow in Seven Mile Creek at Lower Denmark Road has been gauged by the 
Department of Agriculture for the past 4 years. During this time, the flow has averaged 
8,000,000 kL/a. 

A V-notch gauging weir was established in September 1991 on Seven Mile Creek where 
it leaves the land treatment site near Gunn Road. The recorded flows at this point since 
then have been only 3% of the flows recorded at Lower Denmark Road at the same time 
(e.g. in October 1991 the flow was 11,600 kL compared with 430,000 kL at Lower 
Denmark Road). Some of the flow at Gunn Road is seeping through the sands around 
the gauging weir, but the total flow probably does not exceed 5% of the measured flow at 
Lower Denmark Road. 

The water balance studies (Figure 7.1) predict typical (close to median) annual runoff 
from the existing pasture of 52 mm/a, or approximately 260,000 kL from the total site 
above Gunn Road. This runoff occurs mostly in August, September and October after 
the soil has been filled to saturation by the winter rains. 

The same studies predict no runoff from the irrigated trees in a typical year and only 
3 mm of runoff in a wet year (960 mm rainfall). No runoff from the rain-fed trees is 
predicted for either scenario. 

Therefore, average surface flow in Seven Mile Creek would be reduced by 260,000 kL/a 
after full development of the land treatment system. As this represents only 3% of the 
total creek flow, it is not expected to have a significant impact on the creek. 

Wet year behaviour 

In accordance with the requirements of the Victorian EPA Guidelines, the behaviour of 
the land treatment system in wet years has also been modelled. The critical factor in 
management of the system is the balance between evaporation and rainfall. In a typical 
year such as 1979, evaporation was 1,343 mm and rainfall 812 mm. The lowest excess 
of evaporation over rainfall for the 23 years of record at Albany was in 1971. In that 
year, evaporation was only 1,181 mm, while rainfall was 960 mm. In 1976, the wettest 
year of record, 967 mm of rainfall were recorded, but evaporation that year was 1,310 
mm. 

Water balances have been calculated for the native vegetation, the existing pasture and the 
proposed land treatment system for the 1971 year, which approximates the 90 percentile 
wet year (Stage 2 Study, Section 7.3). 

These calculations show that in a 90 percentile wet year such as 1971 (Figure 7.1): 

the root zone under the pasture would have been saturated for 4 months and a total of 
57 mm of water would have run off. Downward percolation would be 255 mm; 
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the root zone under native vegetation would have only approached the saturation 
level during 3 months, which would have increased downward percolation from 
58 mm to 156 mm. The calculations show that no runoff would occur from native 
vegetation on the plateau even in wet years. This is supported by observations made 
on the site in 1991; 

the root zone under the irrigated trees in the land treatment system would only have 
reached saturation for a short period in November and the calculated runoff would 
have been only 3 mm. The downward percolation in such a year would be 
370 mm. 

The highest monthly rainfall of the 23 year record occurred in May 1988, when 260 mm 
of rain fell followed by 214 mm in June. In such a year, runoff from the pastures is 
estimated to be 159 mm compared with almost zero from the irrigated trees. This is 
because of: 

the higher interception of rainfall and higher evapotranspiration capacity of the 
irrigated trees; 

the ability to use the storage dam to avoid irrigation during extreme rainfall events. 

Therefore, the land treatment system would not cause any increase in flood flows in 
Seven Mile Creek; in fact, the 420 ha of trees would reduce flood flows in the creek. 

Groundwater flows 

The Stage 2 Study compared the total site water balance calculated for the area to be 
developed for the land treatment system with the current situation under pasture (Stage 2 
Study, Section 7.3). 

With the proposed land treatment system, involving a total area of 450 ha, annual 
downward percolation would amount to: 

14 ha overland flow area 	 153,000 kL 
16 ha storage dam 	 49,000 kL 
300 ha irrigated trees 	 550,000 kL 

• 120ha of rain-fed trees 	 2,900 kL 

Total 	 754,000 kL 

With the existing 450 ha of pasture, downward percolation of 171 mm results in annual 
percolation of 769,000 kL. 

Therefore, the downward percolation from the land treatment site would be virtually the 
same as the current situation. In addition, the rain-fed trees would extract water from the 
water table during summer (Stage 2 Study, Section 7.3), thus reducing the total annual 
groundwater flow leaving the site. 
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7.3.2 SURFACE AND GROUNDWATER QUALITY 

As detailed in Section 4.5, the land treatment system is designed to avoid discharge of 
almost all the nutrients in the wastewater. 

Phosphorus 

Phosphorus is the most ecologically significant of the plant nutrients in freshwater 
ecosystems in Western Australia. Only 10% of the phosphorus in the wastewater would 
be taken up by the trees. The remainder would be adsorbed on to the clay soils on the 
site. The phosphorus adsorption characteristics of the soil down to 13 m have been 
established by sampling and laboratory studies carried out at the University of Western 
Australia. The time during which the top 13 m of soil could adsorb the phosphorus in the 
wastewater has been calculated by the University and the CSIRO and is in the range of 
300-1,000 years (Stage 2 Study, Appendices B and Q. Similar calculations made for 
the water percolating down from the overland flow area and from the storage dam 
resulted in adsorption times in the range of 500-1,000 years (Stage 2 Study, 
Appendix Q. 

The water table under the proposed site is 10-13 m beneath the surface. No measurable 
increase in the phosphorus content of this water is expected within the next 300 years. If 
the site were decommissioned, it would still be suitable for agricultural purposes or rain-
fed forestry. 

Nitrogen 

The 14 ha overland flow area has been included in the design of the land treatment system 
for the purpose of reducing the quantity of nitrogen being applied to the trees to the 
amount that can be taken up by the trees and volatilized and denitrified in the surface soils 
(Figure 7.4). The proposed wastewater application rate falls well within the design 
parameters recommended in the US EPA manual (1981), but there is no experience in 
Australia with the performance of these systems. As a precaution, a further 6 ha of 
suitable land has been set aside that can be easily developed for overland flow treatment 
should nitrogen removal performance not be as efficient as predicted. 

Approximately 10% of the ultimate 43.7 t of applied nitrogen would percolate 
downwards from the overland flow area, the storage dam and the irrigated trees (Stage 2 
Study, Section 7.3). The 100 ha of rain-fed trees planted downstream of these facilities 
are expected to take up much of this nitrogen. 

The current legume pastures grown on the land treatment site are estimated to produce at 
least 150 kg of nitrogen per hectare per annum. This represents 65.5 t over the entire 
site annually, which is almost the same as the proposed initial wastewater loading (Figure 
7.4). Some of this is eaten by animals and leaves the site in animal products, while some 
is excreted as urea. However, about two-thirds of it is plant material which is broken 
down gradually by soil microbes. 
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Figure 7.4 NITROGEN BALANCE 



Therefore, the level of nitrogen leaching from the land treatment site is not expected to 
exceed that leaching from the current farms. 

Discharge commitment 

The investigations carried Out (Stage 2 Study, Section 7.4) indicate that the possibility of 
any nutrient discharge, especially in the short term, is very slight. However, there is 
some variability in the soils on the site, and although not indicated by the testing it is 
possible that preferred pathways for moisture penetration may exist in some areas. The 
Water Authority is confident that any discharge would be less than 3 t of nitrogen and 1 t 
of phosphorus per annum at full development, which is only 25% of the current 
discharge from the No. 2 treatment plant. The Water Authority would take action, as 
described in Section 8.2, to improve the treatment process if monitoring indicated that the 
discharge was likely to exceed these amounts in surface water and groundwater. 

Salinity 

The wastewater from Albany is estimated to have a TDS content of around 650 mg/L. 

In a normal year, the 770 mm of wastewater applied to the trees would be mixed with 
rainfall of 665 mm, resulting in an average salinity in the water entering the root zone of 
380 mg/L. 

At the full development flow of 6,000 kL/d, approximately 1,400 t of salt would be 
applied annually to the 300 ha irrigated woodlot. For a sustainable project, this quantity 
of salt would need to be leached away from the root zone. 

The irrigation regime that has been developed provides for 186 mm of water to percolate 
annually downwards from the bottom of the root zone at full development. This is 
slightly greater than the 171 mm average downward percolation calculated for the pasture 
currently established on the site. The 186 mm would provide a leaching factor for rainfall 
plus irrigation of 0.13, which would result in the salinity of the percolating water being 
2,800 mg/L. Irrigated E. globulus is quite capable of tolerating such a salinity in the 
bottom of the root zone. It is important that the soil moisture regime in the root zone of 
the trees be managed to achieve a leaching factor of around 0.10. 

This 186 mm of leachate per annum would enter the 35 m of groundwater above the 
Werillup Formation, which has salinities of 133-782 mg/L. The increased density of the 
leachate due to its higher salinity would cause it to pass slowly down into the 
groundwater, mixing on the way. It is estimated that it would take around 20 years 
before the increased salinity of the percolating water had any impact on the salinity of the 
groundwater. Because of the mixing that would occur, the impact is expected to be 
small. 

This groundwater currently drains towards the south and discharges into Seven Mile 
Creek. The velocity of the flow of the saline plume has been estimated to be around 
10 rn/a (Stage 2 Study, Appendix E). 
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The irrigated trees are generally over 200 m from Seven Mile Creek but at one point 
come within 100 m of the creek. Rain-fed trees would be planted in this area to take up 
any increase in seepage. An increase in salinity of the groundwater adjacent to Seven 
Mile Creek is possible within 20 years. Monitoring bores would be provided on the 
downstream side of the irrigated and rain-fed trees to measure any salinity increase. 

There are four bores drilled for stock water purposes on the south side of Gunn Road 
which are believed to draw water from sandy lenses in the weathered siltstone below the 
surface clays. It is possible that in the vely long term (100 years) the salinity of the water 
in these bores will increase to about 2,600 mgfL. This is still an acceptable quality for 
stock water for sheep, cattle, pigs and horses. 

Flood flows 

The system has been designed to achieve no overflow of the storage dam and no runoff 
from the irrigated trees in 90% of years. 

The modelling of the system has shown that, even in 1988 (the year of highest monthly 
rainfall), the system could be operated without overflow and with minimal runoff. This 
situation occurs because the highest rainfall events in Albany have occurred in May 
(260 mm) and June (224 mm) when the dam would be less than a third full 
(Figure 4.11). 

As shown in Figure 4.11, the storage would only approach full capacity, in a wet year, 
during the period September to November. In these months, the peak rainfall events have 
been less than 150 mm and the capacity of the irrigated tree area to take up water is 50% 
greater than in May and June. 

However, overflow and runoff would occur in extreme rainfall events, which occur late 
in the winter. 

The runoff from the irrigated trees would be of the same quality as that from normally 
grazed pasture and therefore would not pose any hazard (Victorian EPA 1991). 

The water in the storage dam would have been treated by the overland flow area to the 
following high standard: 

BOD 10-20mgfL 
suspended solids 10-20 mgIL 
total nitrogen 7-13 mgfL 
total phosphorus 10-11 mgfL. 

This is a better quality effluent than that produced by a normal activated sludge plant, and 
vastly better than the quality of the effluent currently discharged by the No. 2 treatment 
plant into Five Mile Creek. 

Bacteria numbers would decline further during storage. 
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In a flood event, this water would be further diluted by the flood waters entering the 
reservoir. Its discharge would therefore pose no health hazard and the infrequent 
discharge of a small quantity of nutrients would have minimal impact on the downstream 
wetlands. 

7.3.3 TRACE ELEMENTS AND HEAVY METALS 

The municipal wastewater discharged from Albany contains only minimal concentrations 
of trace elements and heavy metals which are below the values set out in the Victorian 
EPA Guidelines (Stage 2 Study, Section 12.4). Studies in the United States and 
Australia have shown that 80% of the trace elements and heavy metals applied in 
wastewater is adsorbed by the soil. 

It would take several hundred years at Albany before the adsorption capacity for heavy 
metals of the first 0.2 m of clay soil was used up (Victorian EPA 1991 ). 

7.3.4 MICRO-ORGANISMS 

Three classes of micro-organisms in domestic wastewater can be disease-producing in 
man and animals: 

bacteria 
viruses 
parasitic protozoa and helminths. 

The levels of these organisms would be significantly reduced during treatment at the 
No. 2 treatment plant. 

At the land treatment site, most of the bacteria, protozoa and helminths would be removed 
by the overland flow treatment process, and the remainder would die in the storage dam. 
The viruses would be adsorbed on to the soils in the irrigated tree area (Stage 2 Study, 
Section 12.3). 

All staff working at the No. 2 treatment plant and at the land treatment site would be 
required to maintain strict hygiene to prevent any transference of disease back into the 
Albany community (Stage 1 Study). 

7.3.5 ODOURS 

The extent of treatment proposed to be given to the wastewater at the No. 2 treatment 
plant would produce a wastewater with a composition below the accepted threshold for 
odour formation. There is a possibility of gas generation in the rising main, which could 
cause odours at the holding pond. This would be minimized by a below-surface 
discharge into the holding pond on the land treatment site. The discharge point at the land 
treatment site is 1.5 km from Albany Highway and the nearest house. Any slight odour 
generated at the discharge point of the rising main on to the site would dissipate over this 
distance. 
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7.3.6 ALBANY AIRPORT 

Provision has been made in the design to provide the height clearance at the end of the 
East—West Runway, as required by the Shire of Albany. This would be achieved by 
planting tagasaste (a grazing shrub that has a high evapotranspiration capacity) opposite 
the end of the runway. The trees behind this planting would be harvested as required to 
maintain the airport height clearance. 

The Civil Aviation Authority and local ornithologists have advised that the proposed land 
treatment system would not create a bird hazard for the airport (Stage 2 Study, 
Section 12.6). 

The proposed land treatment system would therefore not have any impact on Albany 
Airport. 

7.4 IMPACT ON THE DOWNSTREAM WETLANDS 

7.4.1 REDUCED STREAMFLOW 

As a result of the construction of the proposed land treatment system, water flow in the 
upper reaches of Seven Mile Creek, below the southern boundary of the land treatment 
site, is likely to decrease or cease. 

The impact of this is likely to be local, as the site contributes only 3-5% of the total flow 
in Seven Mile Creek. Other tributaries join the creek a few hundred metres downstream 
of the site and any degradation of wetland habitat is not expected to persist beyond this 
point. 

Similarly, although Five Mile Creek would be affected by the cessation of the 880 kL/d 
flow from the No. 2 treatment plant (which does not persist beyond 1,400 m 
downstream in summer), there are other tributaries contributing streamfiow that would 
mitigate this impact. 

Both creeks have been degraded by clearing for agriculture and by nutrient enrichment. 

Recent surveys have indicated that the ecosystems of both creeks are well represented on 
the south coast, and there have not been any regionally important or highly restricted flora 
or fauna identified there. Marbellup Creek, the next subcatchment, supports a more 
diverse range of habitats and species. 

7.4.2 REMOVAL OF NUTRIENTS 

As described in Section 7.1, the diversion of the wastewater from the No. 2 treatment 
plant would reduce the flow of nutrients into Five Mile Creek by 14.7 t of nitrogen and 
3.8 t of phosphorus annually. The small flow of phosphorus and nitrogen from the 
existing pasture on the proposed land treatment site is most likely to diminish or cease as 
the flow of water off the site decreases when the land treatment system is in operation. 
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This is likely to reduce eutrophication in the wetlands fed by Five Mile Creek and Seven 
Mile Creek as far downstream as Torbay Inlet. 

The beneficial impacts of ameliorating current eutrophication should greatly outweigh any 
small reductions in water input resulting from decreased streamflow in these two creeks. 

7.4.3 POTATO-GROWING ACTIVITIES 

Summer flow 

The current discharge from the No. 2 treatment plant is absorbed by the bed of Five Mile 
Creek above Link Road in mid-summer. The ability of the potato growers to maintain 
optimum water table levels for their summer crop would therefore not be affected by 
cessation of the present discharge. 

Flood flows 

The construction of the land treatment system would reduce summer flooding because the 
425 ha of eucalypts would dry out the soil to a greater depth than the existing pastures, 
and the contour mounds on which the trees would be planted would significantly slow 
runoff during summer storms. 

7.5 CONSTRUCTION IMPACTS 

7.5.1 SEDIMENT 

During construction of the elements of the project, it would be necessary to minimize the 
input of sediment into the streams in order to reduce environmental impact on the wetland 
ecosystem. Sedimentation is recognized as a major source of pollution in upland stream 
ecosystems (Appendix Q. 

Management of surface flows during construction should avoid any significant sediment 
loading above that normally derived from agricultural land. 

7.5.2 VEGETATION 

Extension to the No. 2 treatment plant would involve clearing only minor areas of native 
vegetation. 

The pipeline route has been selected to avoid remnant vegetation along the edges of roads 
and fencelines. 

Two significant areas of remnant vegetation on the land treatment site would be fenced 
and retained. Construction activities would have minimal effect on areas of native 
vegetation. 
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7.5.3 FAUNA 

Due to the absence of significant habitats for native vertebrate fauna on the proposed land 
treatment site, project construction would have minimal impacts on fauna through habitat 
loss. Construction activities are likely to have minor, short-term impacts on fauna 
through periodic increases in background noise levels. However, it is expected that fauna 
would soon become familiar with these activities, and there would be minimal long-term 
disturbance. Present agricultural land use has limited the ability of this land to support 
native fauna, and most of the species present are accustomed to co-existing with human 
activities. 

7.5.4 TRAFFIC 

The two sources of increased traffic during the construction phase would be from 
workforce commuting and construction-related deliveries of materials and equipment. 

Due to staging of the project, project-related construction traffic is unlikely to create any 
hazard to road users. 

7.5.5 NOISE 

Construction activities would result in periodic and short-term increases in current 
background noise levels. However, these are consistent with the existing farm activities 
in the area and hence are not expected to cause disturbance to adjoining residents. 

The primary source of noise during construction would result from site preparation, 
involving earthworks, dam construction and heavy tractor movements associated with 
shatter ploughing treelines. 

Exposure to noise by the construction workforce would be controlled by provisions of 
the Occupational Health, Safety and Welfare Act 1984. This Act outlines the measures to 
be adopted to ensure the general safety and welfare of the workforce, including those in 
relation to noise emissions. Protective hearing devices would be issued to appropriate 
personnel. 

7.5.6 DUST 

There is a potential for dust generation during construction where site preparation 
involving the use of heavy machinery is required. Dust suppression measures have 
become accepted practice for the site preparation and construction activities of most major 
projects. The principal method to be adopted would be the application of water from 
tankers and sprinklers. 

7.5.7 LOCAL COMMUNITY INFRASTRUCTURE 

The construction workforce is expected to peak at thirty people, and most of these would 
be drawn from the local community. 
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There is sufficient daily, weekly or long-term accommodation in the Albany area to cater 
for the needs of the construction workforce. 

7.6 SUMMARY OF ENVIRONMENTAL IMPACTS 

The marine and wetland habitat near Albany would be improved when the No. 1 and 
No. 2 treatment plants ceased discharging their waste into King George Sound, Five 
Mile Creek and the wetland near Emu Point. 

The proposed land treatment system would have minimal impact on the environment 
because: 

the amount of water entering the groundwater through downward percolation would 
be similar to that currently entering from the pasture established on the site; 

the phosphorus in the wastewater would be adsorbed on to the soils under the site 
for over 300 years; 

only 10% of the nitrogen in the wastewater would enter the groundwater, and some 
of this is expected to be taken up by the rain-fed trees; 

the salinity in the wastewater would be slowly leached into the groundwater, where it 
would have minimal effect. 

The 3-5% of the flow in Seven Mile Creek currently contributed by the land treatment site 
is expected to diminish and ultimately cease. In addition, the flow of Five Mile Creek 
would be slightly diminished when the No. 2 treatment plant ceased discharging treated 
wastewater into the creek. The impact of these reduced flows on the downstream 
wetlands of Lake Powell and Torbay Inlet would be more than offset by the benefit 
derived from the reduction in current nutrient input to Five Mile Creek from the No. 2 
treatment plant. 

7.7 TIMING OF THE IMPACTS 

7.7.1 DISCHARGES 

The current discharges of treated wastewater would cease according to the following 
schedule: 

King George Sound December 1994 
Five Mile Creek December 1996 
Emu Point wetland December 1996. 

7.7.2 RUNOFF 

Runoff from the 275 ha of pasture currently established on the part of the land treatment 
site to be first planted with trees would virtually cease 2 years after planting. The impact 
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of the rain-fed trees on the water table under the valley floor is likely to be significant 
within 5 years. The flow in Seven Mile Creek would be affected by these two impacts. 

7.2.3 GROUNDWATER QUALITY 

Other impacts would result from groundwater movement and associated changes to the 
water table, which would occur over a very long time-span. For example, it would be 
around 20 years before the more saline water percolating down from the root zone of the 
trees started to affect the salinity of the groundwater. As the horizontal flow in: the 
groundwater system is quite slow, it would also be 20 years before any change occurred 
in the salinity of the groundwater seeping into Seven Mile Creek. 

The salinity of the groundwater under the site would gradually increase, and it is possible 
that in the long term (100 years) the salinity would increase to around 2,600 mgfL. 

7-16 



Chapter Eight 

ENVIRONMENTAL MANAGEMENT 

8.1 NO. 2 TREATMENT PLANT 

Water Authority policy aims to prevent any development within buffer zones unless it is 
compatible with the siting of a wastewater treatment plant. 

The proposed approximately 500 m buffer zone is considered the minimum requirement 
for the type and size of the future plant proposed at the No. 2 treatment plant. However, 
it is possible that odours would be generated, from time to time, that exceeded the 
acceptable limits at the nearest odour-sensitive premises. If this were to occur, the 
following action could be taken: 

The most likely source of odours would be the proposed sludge lagoons. While the 
sludge would be aerobically digested in the extended aeration tank, additional 
stabilization could be achieved by constructing separate aerobic digesters. 
Alternatively, the sludge lagoons could be decommissioned and replaced with a 
mechanical dewatering system that was vented to an odour-control device. 

Inlet works could be covered and vented to an odour-control device. 

It is considered most unlikely that the aeration tanks would ever require complete 
covering and venting. However, anoxic zones could be covered if required. 

Provided aeration is adequate, only minimal odours are expected from the temporary 
aerated pond plant. 

8.2 LAND TREATMENT SYSTEM 

The land treatment system is the part of the proposed wastewater treatment and disposal 
system that has the greatest potential for environmental impact. Like most wastewater 
treatment systems, it is a biological system and its performance is affected by weather 
conditions. 

The main parameters affecting performance are as follows: 

Overland flow area: temperature and, to a lesser extent, rainfall. 
Slow-rate irrigated woodlot area: rainfall, evaporation and soil moisture storage. 

The age of the trees also affects performance. 
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The engineering design of the land treatment system has incorporated a high degree of 
flexibility in the application rate to cope with the fluctuations in weather conditions 
expected at Albany. A storage dam has been provided to allow irrigation to be reduced 
during the winter months and stopped during periods of heavy rainfall. 

Fail-safe provisions are also included so that the environment would not be affected by 
power or mechanical failures. If the overland flow pumps failed, the holding pond would 
overflow into the storage dam, and if the irrigation pumps failed, the wastewater would 
remain in the dam. The installation would be connected into the alarm system associated 
with the Water Authority's pumping stations. 

The operating objectives of the land treatment system are: 

to achieve no runoff in 90% of years; 

to limit downward percolation to the amount required to maintain root zone salinity at 
a sustainable level; 

to adsorb on to the soils all the phosphorus in the wastewater for over 100 years; 

to remove sufficient nitrogen in the overland flow area so that 95% of the remainder 
can be removed or taken up in the irrigated woodlot. 

The extensive studies carried out in the Stage 2 Study have shown that these objectives 
can be achieved if: 

the moisture content in the root zone of the irrigated trees is maintained within the 
envelope shown in Figure 4.12; 

the water levels in the storage dam are operated in accordance with the curves shown 
in Figure 4.11. 

Operation in accordance with these guidelines should produce: 

no change in the amount of water entering the water table on the site 
less runoff from the site than occurs with the current farming regime 
a reduction in flood flows from the site 
no increase and a probable decrease in the discharge of phosphorus from the site 
no increase and a probable decrease in the discharge of nitrogen from the site. 

8.2.1 MONITORING PROGRAMME 

A detailed monitoring programme (Appendix D) based on the Victorian EPA Guidelines 
is proposed, to monitor whether the elements of the land treatment system are performing 
as designed. 

The amount of water stored in the root zone of the irrigated trees is the most critical 
element of the system, and it is proposed that this be automatically measured several times 
daily, using installed moisture probes, and recorded in the control computer. 
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Variations in the water table on the site are the other important indicator of system 
performance. However, the response of the system to such changes would be slow and 
masked by seasonal variations. Monitoring bores would be established, with readings 
being taken monthly and quality being measured quarterly. 

The outflow from the site into Seven Mile Creek would be measured daily at Gunn Road 
and quality would be measured monthly. 

The performance of the overland flow area is best determined by comparing the nitrogen 
concentration in the incoming wastewater with that of the outflow into the dam. It is 
proposed that these measurements be taken monthly once the process is established. 
More frequent monitoring would be carried out as necessary at commissioning and for the 
first 3 months of operation. 

Soil and leaf samples would be tested every 3 years to confirm the predicted levels of 
phosphorus adsorption and nitrogen uptake. Provision has been made in the operating 
budget both for a skilled employee who would undertake this monitoring and for the 
costs of the analyses. 

8.2.2 ACTION PLAN 

This monitoring system is designed to give early warning of any variations from 
predicted behaviour. Actions that would be taken if variations were observed are set out 
in the following sections. 

Nitrogen removal 

If nitrogen removal in the overland flow process were less than predicted, the wastewater 
application rate would be lowered and the daily time of operation increased. 

If a serious deficiency of performance developed, the following action would be taken: 

the additional 6 ha of land available would be provided with irrigation facilities; or 

changes would be made to the operation of the aerators on the ponds at the No. 2 
treatment plant to achieve more denitrification; or 

the construction of the new activated sludge plant planned for the year 2000 could be 
advanced. 

Water balance 

If monitoring revealed a rising water table, runoff or higher than predicted levels of 
downward percolation, this would indicate that: 

the expected evapotranspiration was not occurring; or 
the root zone moisture storage was less than indicated by the tests; or 
the infiltration rate was lower than measured. 
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In these circumstances, the following actions could be taken: 

expansion of the area under irrigation by: 

- 	in the short term, deferring harvest of 50 ha 
- 	bringing forward the planting of the final 50 ha planned for 2009 
- 	planting further trees on adjacent land; 

construction of another dam on the potential dam site identified on the western 
tributary of Seven Mile Creek to increase the volume of wastewater that can be 
stored in winter and thus enhance the flexibility of wastewater application. 

8.2.3 CONTINGENCY PLAN 

The two events most likely to cause a dramatic drop in performance of the land treatment 
system are insect attack and fire. Both of these could dramatically reduce the 
evapotranspiration capacity of the irrigated trees. 

Some provision for a reduction of evapotranspiration due to mild insect attack has been 
made in the design by the use of a conservative figure for this parameter. 

It is intended to join with CALM and other landholders in an insect watch scheme that 
would give early warning of insect attack in the district and allow spraying to be 
organized. 

A number of safeguards against fire have also been included in the design; these are 
detailed in Chapter 9 of the Stage 2 Study. In addition to. such normal safeguards of 
firebreaks and the prohibition of smoking amongst the trees, these include the planting of 
the fire-retardant species tagasaste on vulnerable boundaries and the construction of 
numerous dams that would be kept filled with wastewater. 

However, if either severe insect attack or fire occurred, the following actions would be 
possible: 

The water balance studies show that if all of the normal quantity of wastewater was 
applied to bare soil in the irrigated tree area, in the following year only approximately 
25% would run off. Downward percolation would increase to 750 mm. The 
overland flow through the ash between the mounds would remove some phosphorus 
and nitrogen from the runoff. 

The overland flow treatment process produces an effluent of a higher quality than 
that produced by most activated sludge plants, that is: 

- BOD 	 10-20mgfL 
- 	suspended solids 10-20 mg/L 
- 	total nitrogen 	7-13mg/L 
- 	total phosphorus 10 mgfL. 

Therefore, part of the flow could be discharged, in the short term, down through the 
extensive wetlands in Seven Mile Creek with probably less impact on eutrophication 
in Lake Powell than the present discharge from the No. 2 treatment plant. 
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Insect attack 

Spraying with insecticides is the first line of defence against insect attack. Such attack is 
rarely continuous, and the trees usually recover their leaves within 6 months. If insect 
attack became a continuing problem, the species of tree being grown could be changed at 
harvest time. A species trial in conjunction with CALM is proposed, to evaluate the 
performance of other species under wastewater irrigation. This would allow a quick 
decision on species to be made if necessary. 

Other actions that could be taken if a very severe insect attack occurred, and if short-term 
discharge into Seven Mile Creek were considered unacceptable, are: 

construction of a temporary irrigation system in the part of the adjoining Water 
Supply Reserve 20948 draining into Seven Mile Creek and irrigation of the native 
vegetation; 

construction of a storage dam on the potential dam site on the western tributary of 
Seven Mile Creek to allow storage of the wastewater until the leaves grew again on 
the trees. 

Fire 

If a severe fire occurred, similar action could be taken except that the vegetation in the 
Water Supply Reserve would probably have been destroyed at the same time. In this 
case, until the trees grew again or were re-established, the percentage of wastewater that 
was unable to be disposed of on the woodlot could possibly be sprayed, with the owners' 
permission, on to pastures on adjoining farms. The wastewater would be chlorinated at 
the pump station and therefore would pose no health risk, and would have considerable 
value as a fertilizer. 

8.2.4 OTHER ISSUES 

Noxious weeds 

The Water Authority would co-operate with the Agriculture Protection Board to control 
any noxious weeds on the site. In particular, the area of variegated thistle that exists on 
and above the storage dam site would be closely monitored and sprayed when 
appropriate. 

Albany Airport east—west runway clearance 

The tagasaste and E. globulus planted opposite the east—west runway of Albany Airport 
would be harvested in rotation to ensure that the Shire of Albany's runway clearance 
requirements were met at all times. 
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Chapter Nine 

SUMMARY OF COMMITMENTS 

9.1 WASTEWATER DISCHARGES 

9.1.1 NO. 1 (KING POINT) TREATMENT PLANT 

Discharge from the No. 1 treatment plant would cease in December 1994. 

9.1.2 NO. 2 (TIMEWELL ROAD) TREATMENT PLANT 

Discharge from the No. 2 treatment plant into Five Mile Creek would cease in December 
1996. 

9.1.3 LAND TREATMENT SITE 

The nutrient discharge from the land treatment site in groundwater or surface water would 
not exceed 1 t of phosphorus and 3 t of total nitrogen per annum. 

9.2 NO. 2 TREATMENT PLANT 

The existing No. 2 aerated pond treatment plant would be upgraded to a capacity of 
3,500 kL/d by December 1994. 

The treatment facilities would be further upgraded, enlarged or replaced as necessary to 
meet further demand, depending on their performance and that of the land treatment 
system. 

From December 1994, the volume of wastewater pumped daily to the land treatment site 
would not be less than the volume of water diverted from the No. 1 treatment plant. The 
volume pumped would be gradually increased as the trees grew on the land treatment site, 
until discharge into Five Mile Creek ceased in December 1996. 

The aerated pond plant and any subsequent upgraded or new plant would be managed and 
operated in such a manner that: 

noise levels from the plant complied with the noise limits likely to be set by the EPA; 
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offensive odours would only be detectable at the nearest odour-sensitive premises on 
rare occasions; 

the wastewater from the plant did not create odour problems on the land treatment 
site. 

Appropriate remedial action would be taken if noise or odour reached unacceptable levels. 

Sludge from the plant would be disposed of in accordance with the proposed Australian 
Water Resources Council Draft guidelines for sewerage systems—Sludge management or 
by a method approved by the Health Department of Western Australia. 

Earthworks for the new aerated pond and storage pond would be carried out in a manner 
that minimized increased sediment flow into Five Mile Creek. 

9.3 LAND TREATMENT SYSTEM 

9.3.1 CONSTRUCTION 

Establishment of woodlot 

Establishment of the woodlot would be carried out in an environmentally responsible 
manner. 

In particular, shatter ploughing and mounding would avoid developed watercourses and 
would be managed to minimize increased sediment flow into Seven Mile Creek. Fifteen 
metre wide buffer zones would be maintained on each side of the creek. 

The spraying of herbicide for pre-emergent and post-emergent weed control would be 
closely managed to avoid pollution of Seven Mile Creek or overspray on to adjoining 
properties. 

Earthworks 

Earthworks for the construction of the storage dam and tracks and roads on the property 
would take place during the summer. The drainage discharge from disturbed areas would 
be diverted on to areas of established pasture to minimize increased sediment flow into 
Seven Mile Creek to the satisfaction of the EPA. 

The generation of dust would be suppressed by the use of water tankers. 

9.3.2 OPERATION 

The land treatment system would be managed and operated in accordance with the 
National Health and Medical Research Council and Australian Water Resources Council 
guidelines (1987) for land treatment of wastewater, or as otherwise approved by the 
Health Department of Western Australia. 
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Overland flow area 

The overland flow area would be operated to remove the nitrogen content in the incoming 
wastewater to a level that resulted in not more than 106 kg/ha of total nitrogen per annum 
being applied to the area of trees irrigated. 

Storage dam 

The storage of wastewater in the dam would be managed so that no overflow of the dam 
occurred in 90% of years. 

Irrigation system 

The operation of the irrigation system would be managed in a manner that: 

achieved no runoff in 90% of years; 

achieved moisture levels in the effective root zone of the trees sufficient to limit 
downward percolation to the amount required to ensure root zone salinity was 
maintained at a sustainable level; 

optimized evapotranspiration by the trees. 

Monitoring 

The performance of the system would be monitored in accordance with the programme 
set out in Appendix D. 

Insect attack 

The Water Authority would join with CALM and other landholders with tree plantations 
n the Albany area to monitor insect activity in order to provide early warning of insect 

build-up. 

If serious insect attack appeared likely, the Water Authority, in conjunction with CALM, 
would develop and implement a plan to control the attack. 

Fire 

The Water Authority would: 

maintain firebreaks on the site to the satisfaction of the Bush Fires Board; 

keep all fire dams on the site full of water during summer; 

provide and maintain fire control vehicles on the site to the satisfaction of the Bush 
Fires Board; 
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ensure that Water Authority employees were trained to handle fire incidents; 

ensure that staff complied with the provisions of the Bush Fires Act 1954; 

prohibit smoking in the areas planted with trees. 

9.3.3 CONTINGENCY PLANNING 

If the land treatment system failed to perform to design, the Water Authority would, as 
necessary: 

expand the overland flow and irrigated tree areas 
construct an additional storage dam. 
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Chapter Ten 

CONCLUSIONS 

The proposal to upgrade the existing No. 2 treatment plant and to subsequently treat the 
wastewater from this plant at a land treatment site adjacent to Albany Airport is an 
environmentally acceptable way of treating and disposing of wastewater from the town of 
Albany until 2020. 

The proposal would enable the cessation of wastewater disposal into King George Sound 
in 1994, is recommended by the EPA. In addition, the current discharge of nutrients into 
Five Mile Creek, which flows into Lake Powell and Torbay Inlet, would cease in 1996. 

The Water Authority has made a commitment that at full development in 2020, the 
nutrient discharge from the land treatment site, in surface water or groundwater, would 
not exceed approximately 25% of the current discharge into Five Mile Creek. The 
investigations carried out indicate that there is a high probability that discharge of 
nutrients would be minimal. 

The cessation of the discharge into Five Mile Creek, together with the development of the 
land treatment system using overland flow through pasture and slow-rate irrigation of 
trees, would cause a small decrease in the flow in Five Mile Creek and Seven Mile Creek. 
However, any adverse effects from this on downstream wetlands would be more than 
offset by the reduction in nutrient discharge. 

The establishment of the land treatment system would not significantly alter the present 
amount of water entering the regional water table. Flood flows down Seven Mile Creek 
would be slightly reduced. 

The land treatment system would not generate any odours; nor would it create a bird 
hazard for Albany Airport. 

The impact on neighbouring properties of the upgrading of the No. 2 treatment plant 
would be extremely small. To minimize generation of odours, only aerobic treatment 
processes would be used on this site, and the proposed purchase of land to provide an 
adequate buffer zone would ensure that inappropriate development did not occur too close 
to the treatment plant. 

The Water Authority would ensure that the level of noise at the treatment plant boundary 
complies with the requirements of the EPA and that offensive odours are only rarely 
detected at the nearest odour-sensitive premises. 

The route of the rising main from the No. 2 treatment plant to the land treatment site 
would be selected to avoid remnant vegetation where possible and to minimize 
disturbance to land owners. 
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Appendix A 
REFERRAL DOCUMENTS 



General Manager 
Water Authority of WA 
629 Newcastle Street 
LEEDERVILLE WA 6007 
ATTENTION: Peter Moore 

89/91 
Mr 0 Bott 

DISPOSAL OF TREATED DOMESTIC SEWAGE EFFLUENT TO LAND 
OR SEA, ALBANY (Assessment number 654) 

Under Section 38(6) of the Environmental Protection Act, it is necessary for the Minister 
for the Environment to formally nominate a proponent as being responsible for the above 
proposal which is subject to environmental impact assessment. 

With respect to this proposal I wish to advise you that the Minister has nominated 
Water Authority of WA as the proponent. 

2 
RADSippe 
DIRECTOR 
EVALUATION DIVISION 



WESTERN AUSTRALIA 

MINISTER FOR THE ENVIRONMENT 

HON MINISTER FOR WATER RESOURCES 
(Water Authority of WA) 

DISPOSAL OF TREATED DOMESTIC SEWAGE EFFLUENT - LAND OR SEA 
ALBANY 

An appeal was lodged in objection to the level of assessment for the above proposal. 

Regulation 9 of the Environmental Protection Regulations requires that the proponent 
be advised of the outcome of an appeal. 

To satisfy that requirement I have enclosed the summaiy paper for Appeal Number 
91/157, a copy of which will be available to the public in the Environmental Protection 
Authority's library. 

BOB PEARCE MLA 
MINISTER FOR THE ENVIRONMENT 

enc. 

29 OCT 1991 

18th FLOOR, ALLENDALE SQUARE, 77 ST GEORGES TERRACE, PERTH, W.A. 6000 TELEPHONE 325 9422 FAX. 325 5621 



APPEAL DECISION SUMMARY 

APPEAL NO: 	 91/157 

APPELLANT: 	 Shire of Albany 

PROPONENT: 	 Water Authority of WA 

PROPOSAL: 	 Disposal of treated domestic effluent, land or sea - Albany 

NATURE OF APPEAL: 

The appeal is lodged in objection to the level of assessment set at PER for the above 
proposal. 

GROUNDS OF APPEAL: 

The proposal should be assessed at the level of Environmental Review and 
Management Programme to better reflect the extraordinary local community 
concern over the re-use and disposal of treated sewerage. Also, an ERMP will 
provide better opportunities for the community to comment. 

2 	There appears to be two principal options for effluent disposal, agro-forestry and 
shoreline discharge at Sand Patch. Other options should be evaluated so that the 
ocean disposal option is not considered as a fall-back position should agro-forestry 
prove to be environmentally unacceptable. 

DECISION OF THE MINISTER: 	Dismissed 

DATE OF DECISION: 	24 October 1991 



Water Authority 
of Wetem Australia 

Your Ret 50112  
Our Ret A25 172  

Enquiries 
MR P MOORE 

Tele Direct 
420 2555  

629 NEWCASTLE STREET 
LEEDERVILLE W.A. 
Postal Address. P.O. Box 100 Leederville 
Western Australia 6007 
Telephone: (09) 420 2420 Telex, AA 95140 
Facsimile (09) 420 3200 

P 
ENVIRONMENTAL PROTECTION AUTHORITY 
1 MOUNT ST 
PERTH 6000 
Attention: Mr G Bott 

Dear Geoff 

DISPOSAL OF TREATED DOMESTIC SEWAGE EFFLUENT ALBANY 
(ASSESSMENT No 654) 

I refer to the above proposal. 

Since our application of September 6 and your response of 
September 16 the Water Authority has completed further work on 
this project and we are satisfied that the "Land Treatment and 
Disposal" option is viable. I therefore request that our 
proposal be modified to be a proposal for "Land Treatment and 
Disposal" only. 

The ocean disposal options will it is expected be identified 
in the environmental impact assessment report when discussing 
options considered and a further application will be made if 
they become the preferred option for any reason in the future. 

Should you wish to discuss this request please ring me on 
420 2555. 

Yours sincerely 

P MOORE 
PROJECT MANAGER 
October 14 1991 

pm-a-48 

USE WATER WISELY 



General Manager 
Water Authority of Western Australia 
629 Newcastle Street 
LEEDERVILLE WA 6007 

Attention: Mr P Moore - Project Manager 

Your ref. 

Our ref. 

- 	Enquiries: 
50112 
Geoff Bott 

PROPOSAL: 	Disposal of treated domestic sewage effluent 
(Assessment No 654) 

LOCATION: 	land or sea, Albany 
ASSESSMENT: Public Environmental Review 

Thank you for your letter of 6 September 1991 referring the above matter to the 
Environmental Protection Authority. 

The Authority has decided that the likely environmental impacts are sufficient to warrant 
formal assessment of the proposal under the provisions of the Environmental Protection 
Act. The level of assessment has been set at Public Environmental Review (PER). 

There is a 14 day appeal period on this decision, closing 4 October 1991. During this 
period anyone may lodge an appeal with the Minister for the Environment, accompanied 
by the required $10 fee, requesting him to consider directing the Authority to increase the 
level of assessment. 

A formal assessment means that you are required to interact with the Authority to identify 
potential environmental impacts, and then submit to the Authority plans for managing 
those impacts. The Authority will then assess the proposal and report to the Minister for 
the Environment A copy of the Authority's Report will be sent to you when released. 

The Environmental Protection Act requires that no decision should be made to allow or 
implement this proposal until the Environmental Protection Authority has reported to the 
Minister for the Environment, and the Minister has authorised implementation or 
otherwise. 

It is necessary for the Minister for the Environment to nominate a company, agency or 
person responsible for the project. Accordingly, would you please advise by return mail 
the full name and title of the registered company, or if not a registered company, the full 
name and title of the agency or person responsible for the project. 

RADSippe 
DIRECTOR 
EVALUATION DIVISION 

Environmentat 

1 6 SEP 1991   	 Protection Authority 



ENVLRONMENTAL PROTECtiON AUThORiTY 	 ASST NO 	FILE No 
OFFICE USE ON1,.Y 

PROPOSAL APPLICATION 

This is not a legal document. Its put-pose is to provide sufficient, relevant information to enable the EPA to set an 
appropriate level of formal assessment for a proposal referred to the EPA under Section 38 of the Environmental 
Protection Act 1986. 

PROPONENT 
Submitted by 	The Water Authority of Western Australia 
Address for corres
--------------------------------------------------------------------------------------

pondence  

Proponent's contact person...r 14-rtre 	 PositionPrt tarrr Phone NO429 2555 

PROPOSAL 
Title of proposal--AlZANY F1'E1A-iJiPL=JJDISRJSALSYSTEM 
Des cr i pt i o n jJjthjgrowth of lbanjaixLas 	n1tfJj, EPA I estigatioa. into 
the -sta f bariyJarbcxxr —WJ.utho--------i&ingPt Wastewater 

.ireatnnP1ant.. D ree..alrrnative rsa1&am leio& imestigated-ialxl. - 
JisposaL .usiog..agmforrestTIj and  a.- -horeline. ('fl -dischargeat...SaixL Prrh. - - - 

---------------------------------------------------------------------------------------

Include an indication of the scope of the proposal (area, production capacity, duration etc as appropriate). 

LOCATION (Attach a location map) 
Proposal site 

Current zoning IWRAL 	 Distance to nearest residence or urban area_.Lm___ 
Adjacent land uses - ..FEBMI EQ& IANftDIS 	L ST& 	EcEANJJSSL. - - - - 
Site description JJ/A.--------------------------------------- 
---------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------- 

SERVICES 
Water supply: Quantity required_J 

Source 
Transport effects 	 N/A ------------------------------------------------------ 

Other major utilities needed (power, sewerage etc) 	 - 	 - - 

ENVIRONMENTAL IMPACTS 

Nature of Activity 	 Environmental Impact 	 Proposed Management 

Secoixlary Treated 	 * Nutrient iiipact on 	Site Selection & ------------------------------------------------------------------ 
nt charg, 	 -rcxIr%1wa-ter 

--------------------------------- 
--

OdOLW -----------------------------  ------------------- - 	SitSecthy&tn 
------------------- — -cSens-itve Areas 	-Site Selection 

OTHER ENVIRONMENTAL ISSUES 
Are there significant risks and hazards associated with the proposal? 	- 	 If so attach details. 
Describe public awareness of proposal and opposition, if any PUblic Meetuiis& Briefus: Support 
fcLarKl -Dispc 	CpL siticzitoSan1 -Patch 

Give brief details of any relevant environmental studies already undertaken 	 - 
£elinlilLStudyJntaoptiona J yKittilLgLtEra. EPA s. 	.Albany 

Attach details of any other significant environmental impacts. See Tifnetable attached. 

Date 	— LJ_ - ------------------ Signed 



TIMETABLE TO MEET DEC 1994 COMMISSIONING 

Completion of site investigations 
	

Oct.. 1991 

Obtain EPA approval 
	

Jan. 1992 

Obtain access to land 
	

Feb. 1992 

Complete earthworks 
	 May 1992 

Complete initial plantings 
	

Sep. 1992 

Complete second phase of planting 	 Sep. 1993 

Irrigate the site with effluent 
	

Dec. 1994 



Appendix B 

EPA GUIDELINES 



GUIDELINES FOR PUBLIC ENVIRONMENTAL REVIEW 

Land disposal of treated domestic wastewater - Albany 

These guidelines are prepared for the Public Environmental Review (PER) for the proposal by 
the Water Authority to land dispose of treated domestic wastewater. 

These guidelines are a checklist of issues which the EPA considers should be addressed in the 
PER. They are not exhaustive and other relevant issues may arise during the preparation of the 
document, these should also be included in the PER. 

The form of the document is a matter for the proponent and the consultant, however, a sample 
of subject headings is attached. As the proposal is based on several distinct parts, that is the 
upgraded wastewater collection and treatment, and treated wastewater disposal, the PER will 
need to provide sufficient information to allow the EPA to undertake an assessment of each of 
these aspects. 

A copy of these guidelines should appear in the PER. 

	

1. 	 SUMMARY 

It is desirable to provide a brief summary of: 

need for the proposal; 
scope of the PER; 
salient features of the proposal; 
location of the preferred site; 
an analysis of the likely impacts and their significance; 
alternatives considered (include economic, social and environmental considerations); 
environmental monitoring, management and safeguards and commitments thereto; and 
conclusions. 

	

2. 	 INTRODUCTION 

The PER should include a brief explanation of the following: 

identification of the proponent and responsible authorities; 
background and objectives of the proposal; 
brief details of and timing of the proposal; 
brief details of social impact studies that have been conducted; 
details of land procurements/zonings pertinent to the preferred location; 
relevant statutory requirements and approvals; and 
scope, purpose and structure of the PER. 

NEED AND PLANNING FOR THE DEVELOPMENT 

The PER should examine the justification for the project at local and regional levels. 

EVALUATION OF ALTERNATIVES 

A discussion of alternatives to the proposal, including similar or alternate technologies, sites, 
land area requirements, treatment processes, disposal options and a summary of the likely 
impacts and costs should be given. The discussion should also consider various methods of 
managing the quality and quantity of off-site losses and a summary of the likely off-site losses 
based on existing land use. The rationale for choosing certain alternatives should be clear. 
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Specific evaluation of the likely environmental impacts, social impacts and costs associated with 
ocean discharge of the wastewater should be included. 

Where appropriate the environmental impacts and off-site losses of similar projects located 
elsewhere in Australia should be summarized. Comparisons between these projects and the 
proposal should be made. 

S. 	 DESCRIPTION OF PROPOSAL 

The PER should include details of the: 

overall concept and life expectancy of the project; 
location; 
implications for existing wastewater treatment plant/s and infrastructure; 
sources and criteria for acceptability of wastes that will enter the treatment plant/s 
(including existing sources and anticipated future sources); 
relationship, if any, to the proposed industrial waste treatment/disposal strategy; 
proposed land uses, land tenures, land zonings, and a clear distinction between 
boundaries of private and public land (as it applies); 
regional and local planning context; 
project layout and woodlot management; 
irrigation strategy; 
nature, volume and composition of liquid and gaseous discharges from the site; 
methods of disposal or treatment of drainage and storm water, and any back-up 
systems; 
auxiliary services (e.g. power, pipeline, etc); 
control and staging of project;• 
construction schedule and methods of construction; 
construction workforce and accommodation 

6. 	 EXISTING ENVIRONMENT 

The PER should provide an overall description of the environment of the preferred site and 
surrounding areas. The PER should then concentrate on the significant aspects of the 
environment that are likely to be affected by the development. Only the habitats, ecological 
systems, communities and individuals which could be influenced should be defined. 

The following should be addressed: 

Physical: 

topography; 
hydrology, including surface and subsurface flows; 
soil profiles, including a summary of relevant physical and chemical analysis; and 
landscape value. 

Biological: 

remnant native vegetation; 
regionally important and/or rare, endangered or geographically restricted flora and 
fauna 
ecosystems and habitats; and 
location of nearby wetlands and fringing vegetation. 

Human: 

wetland use, refer to "A guide to wetland management in Perth" (EPA, Bulletin 374); 
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land use and current land tenure of the proposed site and surrounding land; 
public access; and 
existing land uses and fertilizer application regimes. 

The PER should, where appropriate, take cognisance of any. other developments proposed for 
the general area. 

PUBLIC PARTICIPATION AND CONSULTATION 

A description should be provided of public participation and consultation activities undertaken 
by the proponent in preparing the PER. This should outline the activities undertaken, the 
timetable for activities, the groups or individuals involved and the objectives of the activities. A 
summary of concerns raised should be documented. This discussion should be cross 
referenced with issues mentioned in Section 9 and should clearly indicate how each of these 
concerns has been addressed. 

ENVIRONMENTAL IMPACTS 

This is the most important part of the PER and should show the overall effect of the proposal 
on the environment, both during and after construction and operation of the facility. 

An assessment of the resilience of the habitats to alteration should be made. Impacts should be 
quantified where possible. Criteria for making assessments of their significance should be 
outlineci 

Impacts on downstream water resources should be made by comparing discharges from 
existing disposal/land use practices to discharges from the proposed development. Specific 
reference to the anticipated changes in the Timewell Road treatment plant discharges to Five 
Mile Creek should be included. Detailed nutrient budgets for the site should also be provided. 

The following potential impacts should be included: 

effect on surface water and ground water quality, with particular emphasis on 
downstream environments and water users (with specific reference to Seven Mile Creek 
and Five Mile Creek); 

effect of trees on regional groundwater, 
effect on nearby wetlands including fringing vegetation (with specific reference to Lake 
Powell and Torbay Inlet); 

effects of odours on nearby residents; 
effect of off-site nutrient losses. A comparison between pre-existing nutrient losses, both 
from the proposed site and the existing treatment plant/s, and the likely losses under the 
proposed development strategy; 

sludge disposal from the treatment plant/s; and 
effects of any proposed changes to the existing wastewater treatment/disposal 
infrastructure, including changes to treatment plant capacities and construction of power 
lines, pipelines, roads,etc. 

The final synthesis should include an assessment of the significance and timing of the various 
potential impacts. 

9. 	 ENVIRONMENTAL MANAGEMENT 

An environmental management programme should be described on the basis of, and cross-
referenced to, the synthesis of potential environmental impacts. 

The purpose of the overall management programme is to demonstrate the manner in which 
environmental impacts can be reduced. Therefore, performance standards or criteria should be 
defined, especially for those elements of the project that may alter over time. 

Printed 30/1/92 



Special reference should be made to the likely changes in the nutrient loadings to the 
watercourses near the site, including Lake Powelllrorbay Inlet and Five We and Seven Mile 
Creeks. 

Wetland impacts should be minimized. Any unavoidable loss of wetland habitat or function 
should be identified and addressed in this section. Authorities responsible for wetland 
management should be clearly identified as should management administration, costs and 
funding. 

Elements of monitoring and the environmental management programme should include the 
impacts identified in Section 8. 

Emphasis should be placed on the manner in which monitoring results will lead, where 
appropriate, to. amendments to the management programme. 

Environmental safeguards and contingency plans should be described. 

Procedures for reporting the results o monitoring and management to appropriate authorities 
should be given. 

It is important that specific commitments are given to all components and procedures of the 
management programme. 

10 	 SUMMARY OF COMMITMENTS BY PROPONENT 

Where an environmental problem has the potential to occur, the proponent should cover this 
potential problem with a commitment to rectify it. Where appropriate, the conirnitment should 
include: (a) who will do the work, (b) what the work is, (c) when the work will be carried out 
and (d) to whose satisfaction the work will be carried out. 

CONCLUSION 

An assessment of the environmental acceptability of the project, in terms of its overall impact on 
the environment and in the context of the proposed management programme, should be given. 

REFERENCES 

All references used in the PER should be listed. These references need to available to the public 
through normal sources. 

13 	 APPENDICES 

Glossary - definitions of technical terms, abbreviations should be included. 

PER Guidelines- a copy of these guidelines should be included in the document. 

Ancillary, technical or lengthy information related to discussion in the text. 
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GENERAL 

The limited capacity of the existing wastewater treatment plant at Timewell Road, 
Albany (an aerated oxidation pond system) necessitated the development of a new 
facility. The Land Disposal option adjacent to the upper reaches of Seven Mile Creek, 
incorporating a tree plantation, forms the basis of a Public Environmental Review 
(PER), as set by the Environmental Protection Authority (EPA). 

The "Guidelines for Public Environmental Review" identify a number of biologicall 
environmental issues relevant to the PER: 

A pre-impact assessment of the wetlands of Seven Mile Creek. 
An assessment of the effects of reduced discharge and associated 

modifications to the water-table of Five Mile Creek. 

SEVEN MILE CREEK 

Section 6 (existing environment) of the "Guidelines" outlines four biological 
components to be addressed: 

remnant native vegetation 
regional important and/or restricted floral fauna 
ecosystems/ habitats; and 
location of nearby wetlands and fringing (riparian) vegetation. 

FIVE MILE CREEK 

Section 8 of the "Guidelines" on environmental impacts additionally highlights the need 
to outline the possible effects of de-commissioning the Timewell Road facility on the 
downstream environments of Five Mile Creek. 

CUMATE 

Both the winters and summers of the Albany region are mild (Figure 1) with high 
humidity. Although the majority of rainfall occurs during winter, summer rainfall is 
high (Figure 2) and the number of wet days averages almost one in two for the year 
(Beard 1981). 
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FIGURE 1. Mean and median monthly rainfall for the Albany regional airport (data 
plotted and analysed from Beard 1981). 
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FIGURE 2. Mean maximum and minimum monthly temperatures for Albany. 

The Albany region is composed of a plain escalating gradually from the coast to further 
inland. Within the plain are entrenched valleys containing small, short streams draining 
to the south coast. The headwaters of the streams, including Five and Seven mile 
creeks, are about 60 -70m above sea level. Sand dunes have formed by the action of 
prevailing winds on the coastal margins of the plain, impounding some swamps (e.g. 
Lake Powell) and inlets (Beard 1981). 

ECOLOGICAL HISTORY 

Since European settlement, the catchment of Lake Powell has been substantially 
modified by agricultural land practices, diversion of surface waters and introduction of 
non-endemic species. 

In 1894, the Murray Cod (Maccullochella peeli (Mitchell)) was introduced to Lake 
Powell where it established a self-supporting population until the 1960's (Morrissy 
1970). In 1914 the water of Seven Mile Creek was described as exceIlent quality" until 
a drain was constructed to empty Ewart Swamp into the creek. The increased drainage 
of the swamp resulted in oxidation of marcasite (a crystalline disuiphide of iron) and 
excessive acidification to the extent where the pH of the drain water was measured at 
2.68 and about 5 in Lake Powell (Morrissy 1970). 

During the late 1940's Marron (Cherax tenuimanus) were introduced into Marbellup 
Creek. Marron are not considered endemic to this habitat type and both their 
introduction to the catchment and the degradation of water quality due to the excessively 
low pH, were implicated in the disappearance of the Murray Cod from the Lake Powell 
system (Morrissy 1970). 
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SAMPLING PROGRAMME 

The aquatic ecosystem was assessed downstream of the existing treatment plant at 
Timewell Road (Five Mile Creek) and downstream of the proposed site on the upper 
reaches of Seven Mile Creek. Both streams form a confluence as a second-order stream 
at Grasmere Drain before flowing into Lake Powell and, in turn, Torbay Inlet. Another 
stream system (Marbellup Creek) was assessed, outside the direct influence of the 
existing and proposed treatment plants. The data from this stream assists in the 
assessment of the environmental significance of Five and Seven mile creeks at the sub-
regional scale. 

The sampling and assessment of the status of the aquatic ecosystems and associated 
vegetation was based on seasonally limited information. To adequately sample the 
aquatic macroinvertebrate and fish communities, the systems would need to be sampled 
on a seasonal basis. Similarly, the flora was sampled on one, brief occasion (late 
spring). Many of the Declared Rare Flora (DRF) from the Albany region are 
herbaceous species, which can only be properly sampled when flowering (i.e. late 
winter/ early spring). This study therefore represents a "snapshot" of the aquatic 
ecosystem and associated flora during late spring 1991. 

FIVE MILE CREEK; HABITATS 

The existing treatment plant at Timewell Road is situated on a first order reach of Five 
Mile Creek. Immediately downstream from this site, the catchment has been 
substantially cleared, although there is some remnant nparian vegetation in localised 
pockets. This clearing has probably increased stream flow and resulted in channelised 
flow and some stream-side erosion. Further downstream, there is an increase in the 
covering by remnant riparian vegetation and the stream becomes more typical of an 
upland forested stream with characteristic riffle-pool sequences. The high levels of in-
stream algal growth is atypical of upland streams and a direct result of the downstream 
transport of nutrients and subsequent enrichment from the treatment plant at Timewell 
Road. 

FAUNA 

The upstream reaches of Five Mile Creek were characterised by a low 
macroinvertebrate species diversity (Table 1; full species listing in Appendix A). High 
diversity is usually associated with water of high biological quality, where trophic 
structure and biological processes are being maintained (Pielou 1974, Magurran 1988). 
The species collected e.g. the cladoceran Daphnia sp., the water bug ?Paranisops, the 
water beetle Rhantus suturalis and the gyrinid ?Aulonogyrus sp. are typically found in 
lentic (still water) or disturbed lotic (flowing water) ecosystems. The "blackwater" 
streams draining into the south coast are typically characterised by a low species 
diversity. Appendix B shows the comparison species diversity from a range of aquatic 
ecosystems in south-western Australia. Typical upland forested streams of the northern 
Janah Forest contain about 140 macroinvertebrate species compared to Five Mile Creek 
with about 11 (Appendix B). 

The downstream reaches of Five Mile Creek showed some "recovery" towards a more 
typical stream fauna (e.g. the occurrence of the amphipod Perthia acutitelson and a 
hydroptilid Tnchoptera), although overall the number and type of species collected was 
low, atypical of an undisturbed upland stream ecosystem. 

Groups of macroinvertebrates generallY associated with forested upland streams of high 
water quality e.g. Ephemeroptera, Plecoptera, and Trichoptera (Hynes 1960, Hynes 
1970, Storey et al. 1990) were either not sampled, or under-represented, further 
indicating the degraded nature of the upland stream system. 
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TABLE 1. The diversity of macroinvertebrates (excluding the Chironomidae) and the 
numerically dominant species from the 5 stream sites sampled. 

SITE NUMBER OF SPECIES (MOST 
ABUNDANT SPECIES) 

FIVE MILE CREEK (UPSTREAM) 11 (Dap)5ia sp.) 
FIVE MILE CREEK (DOWNSTREAM) 14 (Rhantus suturalis) 
SEVEN MILE CREEK (UPSTREAM) 10 (Austroclziltonia subtenuis) 
SEVEN MILE CREEK (DOWNSTREAM) 12 (Perthia acutiteLson) 
MARBELLUP CREEK 18 (Palaemonetes australis) 

1I) 

The survey of the flora outlined the the dominant assemblages. Where Five Mile Creek 
flows through pasture lands (principally upstream of South Coast Road) the water 
course is bordered by grazed stands of the reeds Juncus microcephalus and Isolepis 
prolifera. Some remnant patches (<iHa) of a low-heath occurred on waterlogged soils 
slightly uphill of the creek. This heath is dominated by Callistemon speciosus, 
Leptospermumfirinum, Lepidosperma sp. and Schoenus sp.. At South Coast Road the 
riparian vegetation is characterized by scattered Agonis juniperina (Native Cedar), 
growing over a thick understorey of C. speciosus, L. firmum and Agonis linearifolia. 
Wet paddock margins supported the reeds Juncus microcephalus, J. palidus, J. 
articulatus and I. prol i/era. A stand of remnant vegetation adjacent to the creek 
comprised a dense thicket to a height of about 3 metres and lacked a typical understorey 
of perennial species. This thicket was dominated by the species A. linearifolia, 
C.speciosus and L.firmum. 

SEVEN MILE CREEK 

FAUNA 

The upland reaches of Seven Mile Creek were dominated by the amphipod 
Austrochiltonia subtenuis. This species is common in nutrient enriched, degraded river 
and stream systems (Bunn & Davies 1992). The downstream section of the creek had 
more typical stream fauna including the Gilgie Cherax quinquecarinatus, the Marron 
Cherax tenuimanus and a dragonfly larvae Hesperocordulia berthoudi. A full taxonomic 
listing, including authorities, is presented in Appendix A and comparisons with other 
biogeographic areas in Appendix B. 
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The upstream reaches of Seven Mile Creek were characterised by a dense riparian 
vegetation constrained between parallel drains on either side of the water course. 
Beyond these drains pasture species dominated. The 3 metre high riparian thicket 
comprised a scattered overstorey of Acacia sp. over an understorey of Leptospermum 
firmum, Callistemon speciosus, Agonis linearifolia and Phebalium argenteum. The 
banks of the water course were extensively invaded by exotic Blackberry and 
Tamarisk. The wet, parallel drains supported grazed stands of Juncus microcephalus, 
J. palidus, Isolepis prolifera and Lepidospenna sp.. 

Downstream, Seven Mile Creek supported three distinct vegetation formations. Valley 
slopes supported a Jarrah, Eucalyptus marginata, low-forest (see Beard 1981), with 
associated Allocasuarinafraseriana and Banksia grandis. The broad valley floor had a 
dense riparian vegetation, characterized by dense stands of the Jointed Reed, Baumea 
articulaza, adjacent to the stream. Above and beyond the Baurnea was an impenetrable 
thicket including Agonis spp., Phebalium argenteum, Leptospermum firmum, 
Callistemon speciosus, Juncus palidus and scattered 'Melaleuca sp.. Between the 
riparian vegetation and the Jarrah low-forest, was a low (<1.5m) heath growing on 
waterlogged soils. While this heath is species rich it appeared to be dominated by strata 
of Leptospermum firmum, L. ?podanthum, A. linearifolia, C. speciosus, Leptocarpus 
sp. and Lepidosperma sp.. 

MARBELLUP CREEK 

FAUNA 

This creek was sampled to assist in the evaluation of Seven and Five mile creeks on a 
sub-regional context. Marbellup Creek is considered to be of higher environmental 
quality than the other two creeks sampled, possibly due to a history of less nutrient 
enrichment and catchment clearing. Marbellup Creek contained a higher 
macroinvertebrate species diversity than the other creeks sampled (Table 1, Appendix 
A) including the freshwater shrimp Palaemonetes australis, the freshwater mussel 
Westraiunio carteri, the ephemeropterans Baetis soror, Neboissophiebia occidentalis 
and the trichopterans Smicrophyla.x ausiralis and Ecnomus turgidus. These species are 
common to streams and rivers of the jarrah and karri forests (Davies el at. in prep.). 

Upstream of the South Coast Road, riparian vegetation was reduced by grazing, to an 
overstorey of Agonis linearifolia and the introduced Tamarisk, with scattered 
Phebalium argenteum and Leptospermum ?podanthum. Reeds were not common but 
included Gahnia trifida, Juncus palidus and J.microcephalus. Downstream, vegetation 
was denser and ungrazed. The height and shape of the stream banks, however, 
prevented the establishment of reeds. 

1 This species of Melaleuca could not be identified, although Beard (1981) found that 
M. cuticularis is common in this region. 
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LAKE POWELL 

The lake was fringed by dense stands of the cosmopolitan Typha orientalis, and the 
Jointed Reed, Baumea articulata. On the drier ground, scattered stands of Agonis 
juniperina were recorded. 

Lake Powell shows evidence of nutrient enrichment with a substantial phytoplankton 
bloom, supporting a well developed zooplankton community, dominated by Daphnia 
sp. and Micronecta sp. (Appendix A). The nutrient enrichment from the combined 
flows of both Seven and Five mile creeks has resulted in substantial algal growth of 
both filamentous and blue-green species (Microcystis aeruginosa; pers. comm. Dr D. 
H. Edward, The University of Western Australia). Less eutrophic wetlands of the 
south coast usually have low algal production and, as a consequence, a depauperate 
zooplankton community. 

The lake, due to nutrient enrichment, supports a large population of the mainly algal-
eating species, the Mountain Duck (Tadorna ta4ornoides). 

WATER CHEMISTRY 

At all sites, the water was characterised by saturated levels of dissolved oxygen and 
values of pH ranging from acidic water in the upstream section of Seven Mile Creek 
and Lake Powell (- 5.8 pH units) to slightly alkaline in most of the other sites (Table 
2). Nutrient concentrations aside, all the parameters summarised in Table 2 indicate 
water of high biological quality. 

TABLE 2. Water quality parameters associated with each study site. 

SITE OXYGEN TEMP pH VELOCITY 
SMile Creek (upstream) 8.1 mg/I 16.90C  7.12 12 cm/sec 
5 Mile Creek (downstream) 8.8 mg/I 16. 9°C 7.28 11 cm/sec 
7 Mile Creek (upstream) 9.9 mg/I 15.50C  5.85 15 cm/sec 
7 Mile Creek (downstream) 9.4 mg/I 17.20C  7.18 8 cm/sec 
Marbellup Creek 10.5 mg/I 17.8 0C 16.84 18 cm/sec 
Lake Powell 8.5 mg/I 19.20C  15.83 10 cm/sec 

NUTRIENTS 

The elevated nutrient levels at Five Mile Creek (downstream from the treatment plant) 
and Seven Mile Creek (downstream from catchment clearing and other land-practises 
including a piggery) results in elevated algal growth, particularly in the more open 
sections of the stream where light penetration is high. 

There is a high fertiliser application in the upper sub-catchment of Seven Mile Creek, 
however, none of the applied fertilisers were nitrogen based, this nutrient being 
supplied by legume cropping. This fertilizer application results in total phosphorus 
concentrations in Seven Mile Creek attaining about 14x to that of a similar "control" 
site. 

The biological processes and material cycling in typical upland streams is dominated by 
the inputs of detritus from the surrounding catchment (Cummins 1974, Bunn & Davies 
1990), algal material is seldom used as a food resource by fauna in south-western 
Australian streams (Davies & Atkinson in prep.), therefore much of this algal material 
would accumulate and enter the detrital food chain, unprocessed by the resident fauna. 
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Five Mile Creek below the treatment plant has very high levels of both phosphorus 
(total P= 8.8 mg/L) and nitrogen (total N= 29.0 mgIL)2. These nutrients are reduced by 
release into the broad wetlands at the head of Five Mile Creek, where the combined 
effects of the adsorption capacity of the substrate, take-up by the macrophytes and, to a 
lesser extent, the phytoplankton substantially reduce nutrient levels. These levels are 
substantially reduced, after 1.4km of swamp, by 64% (total P) and 72% (total N). 

Table 3 shows the nutrient status of the downstream ecosystem, at the confluence of 
Five and Seven mile creeks; Grasmere Drain, Lake Powell, Torbay main drain and 
Torbay Inlet, and for assessment outside the direct impact of the existing and proposed 
treatment plants, Marbellup Creek. All levels of nutrients were high and using the 
wetland classification based on nutrient status (Table 4) all systems measured were 
eutrophic. The N/P ratios were calculated using the mean values of Total N and Total P 
(Table 3). A typical ratio of N/P for algae and aquatic plants is 7:1 (Wetzel 1975). 
Therefore as the N/P ratios for Five and Seven mile creeks, Grasmere Drain, and Lake 
Powell is less than 7:1, nitrogen is probably the limiting nutrient for plant growth. In 
contrast, in Torbay Inlet (N/P ratio= 11:1) phosphorus is probably limiting. Total 
phosphorus showed a reduction in concentration from Grasmere Drain downstream 
into the Inlet (Figure 3). 

TABLE 3. Nutrient status and Total N/ Total P ratios3. Values represent means 
(SEM; standard error of the mean) and ranges. All values mg/L. Most of these data 
were collected from 6/1989 to 1/1990. 

SYSTEM Total P Total N I NO3-N INH3-N IN:P 
mg/L  

Marbellup 0.165 (0.18) 0.842 (0.18) 0.03 (0.01) 0.03 (0.02) 5: 1 
Creek 0.04- 0.39 0.52- 1.30 0.02- 0.04 0.02- 0.04  
Grasmere 0.380 (0.08) 1.625 (0.30) 0.41 (0.13) 0.08 (0.03) 4: 1 
Drain 0.30- 0.46 0.90- 2.20 0.02- 0.63 0.02- 0.16  
Lake 0.265 (0.20) 1.043 (0.31) 0.02 (0.00) 0.06 (0.02) 4: 1 
Powell 0.07- 0.46 0.46- 1.80 0.02- 0.02 0.04- 0.07  
Torbay main 0.221 (0.02) 1.650 (0.19) 0.05 (0.01) 0.06 (0.02) 8: 1 
drain 0.05- 0.46 1.30- 2.20 0.03- 0.07 0.02- 0.09  
Torbay 0.106 (0.02) 1.154 (0.22) 0.03 (0.01) 0.16 (0.06) 11: 1 
Inlet 0.03- 0.190 0.50- 1.80 0.02- 0.06 0.02- 0.11  

TABLE 4. Classification of the trophic status of lakes on the basis of nutrient 
concentrations (based on Wetzel 1975). 

CATEGORY Total P 	Total N 	I Inorganic N 
ug/L  

Ultra-oligotrophic <5 <250 <200 
0ligo- 5-10 
rnesotrophic  

250-600 200-400 

Mes0- 
eutrophic 

10- 30 300- 1100 300- 650 

Eutrophic 30- 100 500 - 15000 500 - 1500 
Hyper- 
eutrophic 

>100 >15000 >1500 

2The information is the average from the Water Authority of Western Australia 
monthly analyses from June 1989 to June 1990. 

Source of information; Mr G Ron, EPA. 
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FIGURE 3. Mean values (+ 1 SE) for Total P and Total N. All values are mg/L. 
FISH 

TABLE S. The occurrence of fish species at each study site. Taxonomy follows Allen 
(1982, 1989). 
SITE Edelia 

viltata 
Galariella 
munda 

Gakuias 
occidentalis 

Pseudogobius 
olo rum 

Bostockia 
porosa 

5 Mile Creek (upstream) X 
5 Mile Creek (downstream) X 
7 Mile Creek (upstream) X 
7 Mile Creek (downstream)  X  
Marbellup Creek X X  X 
LakePowell X X  X  
1-'ive species 01 fish were collected and returned to the water (Table 3): the Native 
Minnow (Galaxias occidentalis), the Pygmy Perch (Edelia vittata), the Nightfish 
(Bostockia porosa) and the Mud Minnow (Gakuiella munda). All these species are 
widely distributed in the south-west of Western Australia, although the Mud Minnow is 
more restricted and is typically found in temporary water. The fish collected represents 
a reasonably diverse community, typical upland streams of the jarrah forest contain 
about 3 species with the lower rivers containing an additional 5 species including the 
introduced species Gambusia affinis (Pusey etal. 1989). 

None of the collected species from the appears on the Department of Conservation and 
Land Management Schedule (CALM 1990) of rare or endangered fauna. Other species 
not collected but which may be present include Galaxiella nigrostriata, Lepidogalaxias 
salamandriodes, Galaxias truttaceus (however it is unlikely to be present in these 
smaller streams) and Balstons Perch (Nannatherina ba&oni). 

Three species of adult Amphibia were identified by their calling sounds; Crinia glauerti, 
Litoria adelaidensis and Litoria moorei. None of these species is considered rare or 
restricted in distribution in south-western Australia (Main 1965, Barker & Gngg 1977). 
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FUTURE IMPACTS 

The reduction in stream discharge from Seven Mile Creek due to the proposed treatment 
plant and tree plantation, is estimated to be about 3- 5%4  The impact of this reduction 
in flow on the aquatic environment is expected to be minimal. Reductions in discharge 
rates by about 20-30%, due to impoundment for a hydro-electnc scheme, have been 
shown to have no measurable impact on the functioning or structure of an upland 
stream community. 

With the de-commissioning of the treatment plant on Five Mile Creek, the flows into 
the head of the creek will be reduced to zero by 1997. The downstream extent of the 
effects of the cessation of flow depends on the inputs from smaller tributaries within the 
catchment. There appears to be many smaller tributaries that would supply flow 
maintaining the integrity of stream flow during some seasons. Similarly, there appears 
to be substantial "sheet" surface water flow across the catchment that may maintain 
flow at the head of the creek. If the de-commissioning results in the formation of a 
temporary stream, a cosmopolitan fauna, typical of intermittent streams, will be 
established. The aquatic species in the sections of the stream that would be affected by 
the changing of the system from permanent to temporary, would transport by drift (by 
macroinvertebrates) or active movement (by fish) to the more permanent, downstream 
sections of the stream. 
During construction of the proposed plant, minimising the inputs of sediment into the 
streams will reduce the environmental impacts on the downstream wetland ecosystem. 
Sedimentation is recognised as a major source of pollution in upland streams, adversely 
affecting both the structure and function of the aquatic ecosystem (Bruvsen & Prather 
1975, Campbell 1982). 

SUMMARY 

First order lotic ecosystems are numerous and well represented on the south coast. 
Both Five and Seven mile creeks have been impacted and degraded by previous land 
practises. Marbellup Creek, the next sub-catchment immediately to the west of Seven 
Mile Creek, on preliminary assessment was less degraded, and supported a more 
diverse fauna than the other streams and is considered of higher environmental 
significance. Both Five and Seven mile creeks have been adversely effected by 
catchment clearing and nutrient enrichment. Typical undisturbed streams of the south 
coast are characterised by very low nutrient levels, and as a consequence, a stream 
community highly adapted to these conditions. The limited assimilative capacity of the 
streams to process the nutrients means that much of the material is exported 
downstream into the eutrophic Lake Powell. The lake is more typical of urbanised 
wetlands on the Swan Coastal Plain in supporting an abundant zooplankton community 
and algal-eating bird species. Although lentic (lakes etc) ecosystems generally have an 
increased capacity to "filter" nutrients through biological processes, there is still a 
reasonably high net export of nutrients into Torbay Inlet5. 

No rare or highly restricted flora/ fauna was observed or collected, although the 
"snapshot" study imposes limitations on the sampling of the seasonal components of 
the system. On a regional context, the areas sampled contain a "sub-set" of the fauna 
typically found less disturbed streams and lakes of the south coast. Although the 
nutrient enrichment has resulted is some localised increases in species diversity (e.g. 
the Daphnia and Micronecta in Lake Powell) these are generalist, cosmopolitan species, 
and as such, do not have a high conservation value. 

' Source of information; John Abbott; Kinhill Engineers. 
5The assessment of the nutrient levels of these systems were based on information 
supplied by P Scales of Kinhill Engineers. 
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These systems studied have similar nutrient status and wetland classification as the 
Wetlands of the Swan Coastal Plain. The reduction in nutrient inputs into the urbanised 
wetlands is the prime management strategy for the enhancement of their environmental 
Significance (Davis & Rolls 1987). With the dc-commissioning of the existing treatment 
plant and the Land Disposal option on Seven Mile Creek, there will be a reduction in 
nutrient inputs into the downstream system, enhancing the functioning of the aquatic 
ecosystem, and possibly leading to a recovery to a more typical stream and lake aquatic 
community. Any land practice resulting in mitigation of the downstream transport of 
nutrients into Lake Powell and subsequently Torbay Inlet should be a management 
priority. 

SEVEN MILE CREEK 

The upstream ecosystem of Seven Mile Creek has been substantially disrupted by 
agricultural practises, resulting in nutrient enrichment. Due to the resultant algal growth 
and the probable lack of detrital inputs from the cleared catchment, the functioning of 
the ecosystem is atypical to undisturbed forested, upland streams which are detrital-
based systems. Some remnant stands of Jarrah remain in localised areas. The 
downstream sections flow through dense heathiand, typical of valleys on the south 
coast. The structure of the riparian vegetation and the reduction in catchment clearing 
result in a more typical stream ecosystem, with reaches of characteristic riffle-pool 
habitats. At this preliminary stage, no regionally important or highly restricted floral 
fauna has been identified. Although the surveys were, by necessity, limited in their 
scope, particularly the seasonal vanation to both the flora and fauna. 

FIVE MILE CREEK 

This stream is similar in structure and biology to Seven Mile Creek, although the 
nutrient status of Five Mile Creek indicates a higher degree of enrichment. The result of 
dc-commissioning the plant on Timewell Road on the stream ecosystem is expected to 
be minimal and due to the effect of downstream tributaries, probably highly localised. 
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APPENDI CES 

APPENDIX A. systematic taxonomic listing of species' occurrences in each stream 
system. Numerical species codes (Davies et al. in prep.) are shown. FIVE = Five Mile 
Creek, SEV = Seven Mile Creek, MAR = Marbellup Creek, POW= Lake Powell. 

TAXA (AUTHORITY) 	 CODE FIVE 	SEV MAR POW 

Mermithidae 030000 X X 
MOLLUSCA 050000 
BIVALVIA 
Hydriidae 050100 
Westraiunw carteri Iredale 050101 X 
Planorbidae 050300 
Physastra sp. 050301 X 
ANNELIDA 
OUGOCHAEFA 060000 X 	X X X 	X 
HIRUDINEA 
Richardsonianidae 080100 
Richardsonianidae sp. 080101 X 	X 
ARTHROPODA 
CRUSTACEA 
OSTRACODA 100000 
Cyprididae 100100 X X 
AMPHTP()DA 130000 
Gammaridae 130100 
Perthki acuritelson Straskraba 130103 X 	X X 
Austrochiltonia subtenuis (Sayce) 130201 X X 
DECAPODA 140000 
Parastacidae 140100 
Cherax quinquecarinatus (Gray) 140101 X 
Cherax tenuinianu.s (Smith) 140103 X 
Palaemonidae 140200 
Palaemonetes ausiralis Dakin 140201 X X 
CLADOCERA 300000 
Daphniidae 300200 X X 
INSECTA 
EPHEMEROPTERA 160000 
Baetidae 160200 
Baetis soror Ulmer 160201 X 
Leptophlebiidae 160100 
Neboissophiebia occidentalis Dean 160101 X 
ODONATA 170000 
ANISOPTERA 
Corduliidae 170300 
Hesperocordulia berthoudi Tillyard 170301 X 
Hemicordulia tau Selys 170303 X X 
HEMWFERA 180000 
Conxidae 180100 
Micronecta sp. 180101 X 
Agraptocorixa sp. 180102 X 
?Sigara sp. 180103 X 
Notonectidac 180300 
?Paranzsops sp. 180301 X 
DIPTERk 220000 
Tipulidae 220400 X X 
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Limoniinae sp.A 220402 X 
Culicidae 221100 X X 
Chironomidae 220200 X X X 	X 	X 
Simuliidae 220100 
Simulium ornatipes Skuse 220107 X X X 
Empididae 220500 
Empididae sp.A 220502 X X 
TRICHOPTERA 240000 
Hydrobiosidae 240300 
Taschorema pallescens (Banks) 240302 X 
Hydroptilidae 240400 X 
Ecnomidae 240100 
Ecnomus tergidus Neboiss 240106 X 
Hydropsychidae 240500 
Smicrophylax australis (Ulmer) 240501 X 
COLEOPTERA 250000 
Dytiscidae 250200 
Rhantus ?suturalis (MacLeay) 255204 X X X 
Allodessus bistrigatus (Watts) 255224 X X X 
Gyrtnidae 250500 
?Aulonogyrus sp. 250502 X 
Hydrophilidae 250600 
Hydrophilidae sp.I 255602 X X 

APPENDIX B. 	COMPARISONS WITH OTHER SYSTEMS 
Number of macroinvertebrate species from a range of methodologically comparative 
studies in Western Australia. 

SPECIES SYSTEM REFERENCE 
12 5 MILE CREEK This Study 
14 7 MILE CREEK This Study 
18 MARBELLUP CREEK This Study 
URBANISED WETLANDS ON THE SWAN COASTAL PLAIN 
24 LAKE JOONDALUP Davis & Rolls (1987) 
40 LAKE MONGER Davis & Rolls (1987) 
49 LAKE JANDABUP Davis & Rolls (1987) 
55 NORTH LAKE Davis & Rolls (1987) 
62 LAKE THOMSON Davis & Rolls (1987) 
RURAL WETLANDS IN SEMI-DISTURBED CATCHMENTS 
31 COLLIE WEI'LANDS Streamtec (1991b) 
44 ISWANTHENLAKE Cale & Edward (1990) 
UPLAND STREAMS OF THE JARRAH FOREST 
138 CRONIN BROOK Davies (unpubl. data) 
139 CANNING HEAD WATERS Aquatic Research Laboratory 1986b 
142 FOSTER BROOK Davies (unpubi. data) 
150 HARRIS RIVER Streamtec (1990b) 
LOWER RIVERS OF THE NORTHERN JARRAH FOREST! SWAN COASTAL 
PLAIN  
134 SOUTH DANDALUP Aquatic Research Laboratory 1986c 
138 LOWER CANNING Aquatic Research Laboratory 1987 
EPHEMERAL STREAMS OF THE NORTHERN KWONGAN 
67 MULLERING BROOK Streamtec (1991a) 
96 MT LESUEURI HILL RIVER. Streamtec (1991c) 
SALANISED LOWER RIVER OF THE NORTHERN JARRAH FOREST 
69 	I HOTHAM RIVER I Bunn & Davies (1992) 
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Appendix D 
MONITORING SYSTEM 

D.1 INTRODUCTION 

Monitoring of a well-designed and operated land treatment system should be undertaken 
in a manner that serves as an early warning system and helps optimize the operation of the 
system's individual components. The programme must also provide performance 
monitoring data to fulfil regulatory requirements. The results of this type of monitoring 
can help to avoid the onset of problems and may lead to significant operation and 
maintenance savings at the same time (Bastian 1978). 

The Victorian EPA Guidelines generally follow this approach and have been used to 
develop a monitoring programme appropriate to the scale of the proposed land treatment 
system. 

D.2 INCOMING WASTEWATER MONITORING 

D.2.1 FLOWS 

The Water Authority monitors the flow of major wastewater pump stations on a daily 
basis. This monitoring programme would be extended to include the pump station 
delivering the treated effluent from the No. 2 treatment plant to the land treatment system. 

D.2.2 WASTEWATER QUALITY 

The Water Authority monitors the quality of the incoming wastewater and the treated 
effluent from the No. 2 treatment plant on a monthly basis, testing for suspended solids, 
BOD, pH, ammonium, total nitrogen, total phosphorus and TDS. More frequent 
operational monitoring of the dissolved oxygen content is carried out to optimize the use 
of the aerators on the primary ponds. Annual testing for heavy metals, iron, calcium, 
magnesium and sodium is also undertaken. 

This testing programme would continue but, because of the monthly variation in calcium 
and magnesium levels and the importance of hardness for operation of the drip irrigation 
system, hardness would be included in the monthly monitoring regime. 

FIN 



D.3 LAND TREATMENT SITE MONITORING 

D.3.1 FLOWS 

On the land treatment site, monitoring of flow and water quality would be undertaken as 
follows: 

Flow would be monitored daily at the pumps supplying the overland flow area and 
the drip irrigation area. 

Outflow from the site would be measured daily at the V-notch gauging weir on 
Seven Mile Creek near Gunn Road. 

D.3.2 WASTEWATER QUALITY 

Wastewater quality would be measured according to the following programme: 

monthly in the outflow from the overland flow area: for BOD, suspended solids, 
total nitrogen and pH; 

monthly in the storage dams: for pH, total nitrogen, total phosphorus, TDS and 
hardness; 

monthly at the proposed Seven Mile Creek gauging weir: for mobile elements that 
indicate the presence of wastewater from the land treatment system, such as electrical 
conductivity, total nitrogen and phosphorus. Additional sampling in peak rainfall 
events should be undertaken. 

D.3.3 SUBSOIL WATER 

The design of the land treatment system is based on the measured saturated hydraulic 
conductivities of the subsoils. The management objective of the application of 
wastewater to the irrigated woodlot is to minimize runoff and also to minimize percolation 
to the level needed for salinity control in the root zone. Runoff would be monitored at the 
Seven Mile Creek V-notch gauging weir. 

The soil moisture probes installed in each 10-15 ha tree block as an aid to irrigation 
scheduling would provide a daily operational check that soil moisture and the drip 
irrigation system were functioning as designed. 

Movements in the water table under the irrigated woodlot area, the overland flow area and 
the rain-fed tree area would provide the most easily measured indication of whether the 
total system was behaving as predicted. A number of the exploratory bores have been 
equipped for water table monitoring. Monthly monitoring of the water level in these, as 
well as of electrical conductivity, would commence on project approval, to provide 
background data on natural water table movement and quality. 

The 40-50 m deep bores (A2, A3 and A4) would be maintained and augmented by two 
bores sunk to approximately 20 m, as shown in Figure D.1. 
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Ten additional bores to 15 m would be constructed in the overland flow and irrigated 
woodlot areas, downstream of the dam and in the rain-fed area, as shown in Figure D. 1. 
Initially, the water level in these bores would be measured quarterly in January, April, 
July and November. The electrical conductivity of the water would be determined at the 
same time. Samples of the water in the bores should be analysed annually for total 
nitrogen and total phosphorus, unless the electrical conductivity measurements indicate a 
change in composition. Quarterly samples should be analysed if composition change is 
indicated. 

D.3.4 SOIL MONITORING 

In accordance with the recommendations of the Victorian EPA Guidelines, the soils in the 
overland flow area and the slow-rate irrigated woodlot would be monitored every 3 years. 
Two samples from the overland flow area and one sample per 50 ha management unit of 
trees would be analysed for pH, electrical conductivity, exchangeable cations, nitrogen, 
phosphorus, potassium, total cation concentration and sodium adsorption ratio. 

D.3.5 PLANT MONITORING 

Some leaf tissue analysis of the trees would be undertaken every 3 years to confirm that 
nitrogen uptake was continuing as predicted. 
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absorption 
	 The penetration of one substance into the inner 

structure of another. 

adsorption 	 The adherence of the atoms, ions or molecules 
of a gas or liquid to the surface of another 
substance. 

activated sludge treatment plant 	A treatment plant in which aerated bacteria from 
recycled sludge convert the organic component 
of wastewater into bacterial mass and stabilized 
compounds such as nitrates, sulphates and 
carbon dioxide. 

aerated primary pond 	 A pond that is equipped with an aerator (usually 
a rotating paddle) and receives untreated 
wastewater. The aerator accelerates the normal 
treatment process, which takes place in waste 
stabilization ponds. 

amphipod 
	

An order of small crustaceans. 

auger holes 	 Holes sunk with a small, post hole borer-type 
auger to obtain soil samples from the top 1 m 
of soil. 

backlog sewerage 	 The provision of reticulated sewerage to 
dwellings and commercial properties that 
currently use septic tanks for wastewater 
treatment. 

biological slimes 
	 Slimes created by bacterial reaction with some 

of the components in the wastewater. 

'blackwater streams 	 Water usually of a high pH and with low, light 
penetration, which are often caused by tannins 
in the water. 



borrow pit 
	

A pit from which earth is taken to construct a 
dam. 

denitrification 	 The breakdown of nitrates by bacteria resulting 
in the release of free nitrogen. This process 
takes place under anaerobic conditions. 

downward percolation 	 The term used in this report to describe water 
from the bottom of the root zone of pasture and 
trees draining through the unsaturated zone 
above the water table. 

drip irrigation 	 Irrigation through emitters (drippers), which 
deliver the water directly into the soil above the 
root zone of the plant. 

ecosystem 	 The physical and biological systems in an area. 

effluent 	 The treated wastewater discharged from a 
treatment plant or process. 

eutrophication 	 Enrichment of a body of water by the input of 
organic material or surface runoff containing 
nutrients. It leads to an increase in the growth 
of aquatic plants and to excessive algal growths 
which can smother higher plants, reduce light 
intensity, produce toxins that kill fish, or cause 
deoxygenation of the water. 

evapotranspiration 	 The actual total loss of water from an area by 
evaporation from the soil and water, and by 
transpiration from vegetation. 

facultative secondary ponds 

ferruginous 

hydraulic conductivity 

Wastewater stabilization ponds that provide 
secondary treatment to wastewater by a 
combination of anaerobic and aerobic 
processes. 

Containing iron. 

The volume of water per unit of time flowing 
through a unit crosssection of earth. 

land treatment system 	 A system that utilizes the filtering, bacterial and 
adsorbent properties of soil and vegetation to 
remove impurities from wastewater. 



leaching 	 The washing of organic and mineral salts into a 
lower layer of soil by percolating water. 

macro-inveterbrate species 	 Animals, usually over 1 mm in length, without 
backbones. 

mounding 	 The process of building continuous earth 
mounds on which trees are planted to improve 
the drainage of the soil in the root zone of the 
seedlings. 

municipal wastewater 	 Wastewater from dwellings, institutions, 
commercial premises and light industry. It 
does not include industrial wastewater 
discharged from industries that use large 
amounts of water. 

overland flow process 	 A land treatment process in which wastewater 
is treated by causing it to flow in a shallow 
sheet through a pasture. 

pan evaporation 	 The measured evaporation from the standard 
meterological evaporation pan used in 
Australia. 

pedlace 	 The faces of the blocks of soil (peds) common 
in clay soils. 

phytoplankton bloom 	 A population explosion of microscopic aquatic 
plants. 

preferred pathway 	 Channels in the soil through which water can 
pass much more rapidly than by percolation. 
The most common channels are old root 
passages and insect burrows. 

pretreatment 	 Treatment of wastewater in a primary or 
secondary wastewater treatment plant prior to 
treatment in the land treatment system. 

riffle-pool sequences 	 A rocky shoal that causes rapids. 

riparian vegetation 	 Vegetation growing on the bed and banks of 
watercourses. 

shatter ploughing 	 A means of breaking up the soil to a significant 
depth by pulling a ripper tyne with a winged 
blade through it. 



sorption 
	

A surface phenomenon which may be either 
absorption or adsorption. 

spreading basin 	 A basin constructed to allow water to be spread 
evenly over an area of land as an aid to 
infiltration. 

stratigraphic sequence 
	

The sequence of the strata of soil at any given 
site. 

surface irrigation 	 The irrigation process in which water is spread 
over the surface of the soil. Furrow and flood 
irrigation are examples of this process. 

surface runoff 
	

Runoff of water during rainfall over the surface 
of the soil. 

trickling media filters 	 A filter system used in wastewater treatment 
that allows water to trickle down over stones or 
artificial media in an aerated tank. Slimes build 
up on the stones or media during this process. 

turkey nest storage 	 A dam constructed to store water above the soil 
surface by building a bank (usually circular) 
around an area. 

well injection 

woodlot 

zooplankton 

1 in 100 year rainfall event 

The process of moving into the gaseous form. 

The balance between incoming and outgoing 
water (in any form) in a process or on a land 
area. 

The injection of water down wells or bores into 
an aquifer. 

A term commonly used in Australia to describe 
a plantation of trees. 

Small (usually less than 1 mm) animals that 
live in the water column. 

A rainfall event that is calculated (from existing 
records) as likely to occur, on average, only 
once every 100 years. It can always occur next 
year. 

volatilization 

water balance 

90 percentile wet year 	 The year with a rainfall that is calculated (from 
past records) to be exceeded by only 10% of 
the years. 



90 percentile wet year 	 The year with a rainfall that is calculated (from 
past records) to be exceeded by only 10% of 
the years. 
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Appendix G 

ABBREVIATIONS 

GENERAL ABBREVIATIONS 

EPA 
Kinhill 
PRI 
SEC WA 
IDS 
US EPA 
Victorian EPA 
Water Authority 

biochemical oxygen demand 
Conservation and Land Management 
Environmental Protection Authority 
Kinhill Engineers Pty Ltd 
phosphorus retention index 
State Energy Commission of Western Australia 
total dissolved salts 
United States Environmental Protection Agency 
Victorian Environment Protection Authority 
Water Authority of Western Australia 

TECHNICAL ABBREVIATIONS 

cm centimetre 
ha hectare 
kg kilogram 
kg/ha kilogram per hectare 
kL kilolitre 
kLJa kilolitre per annum 
kL/d kilolitre per day 
km kilometre 
LTO (in figures) Land Title Office 
m metre 
rn/a metre per annum 
mgfL milligram per litre 
niL millilitre 
ML megalitre 
mm millimetre 
mnila millimetre per annum 
t tonne 
% per cent 
RL (in figures) height above mean sea level 
tg/L micmgram per litre 
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