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I. 	SU1MARY AND CONCLUSION 

The Water Authority of Western Australia is currently proposing 

to redevelop the existing Victoria Dam on Munday Brook. 

Redevelopment is considered necessary due to the age and 

condition of the existing dam and is timely in view of current 

residential and rural development pressures being placed on the 

associated water catchments. 

A new larger structure is proposed to replace the existing dam 

and gain additional valuable water yield. 	Preliminary 

investigations have identified the most economical size and 

location for a new dam. The opportunity also exists to develop 	10 
a pumpback supply on Bickley Brook using the additional storage 

capacity available in the new Victoria Dam to store the winter 

flows from the lower Bickley catchment. 

A preliminary environmental review has revealed that the area 

to be impacted by the redevelopment scheme, whilst highly 

disturbed, supports a surprisingly diverse flora and fauna. 

Clearing additional land would therefore contribute to the 

incremental loss of Northern Jarrah Forest and Darling Range 

habitat. No conservation reserves are impacted, nor have any 

species of rare flora been identified despite searches of the 

area for species which might be expected to occur in such a 

location. Six species of fauna gazetted rare are believed to 

use habitats which will be impacted by the project. 	However, 

only one species, a skink, is restricted in habitat to riparian 

vegetation of the type most severely impacted by this project, 

whilst a further two, both birds, use principally the 

streamline and lower slope vegetation communities. All three 

species have wide distributions in the Darling Range. 

Rationalisation of the Water Authority's catchment management 

policies for the Bickley Catchment will permit some further 

development within the assimilative capacity of the environment 

to produce water of an acceptable quality. Some review of 

existing land use practices will be required and appropriate 

modifications made to ensure that water quality is not 

compromised. 
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In conclusion, the Water Authority considers the 

Victoria-Bickley redevelopment scheme an appropriate use of an 

existing resource within gazetted water catchments. 	Whilst 

some environmental cost is attached to the redevelopment, it is 

believed to be acceptable when compared to the benefits which 

will result from the project. 
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2. 	INTRODUCTION 

2.1 	Existing facilities 

Victoria Reservoir Dam is situated on Munday Brook 

approximately 1.8 kilometres upstream of the confluence of 

Munday and Bickley Brooks (Figure 1). The dam was constructed 

in 1891 by the City of Perth Water Supply Company, and was the 

first to supply Perth. The Victoria Reservoir has a storage 

capacity of 0.86 x 10 cubic metres, a surface area of 

approximately 18 hectares and a system yield of 

2.9 x lOc  cubic metres per annum. 

The Munday Brook watershed, known as the Victoria Catchment, 	10  
lies above Victoria Dam and covers 3 711 hectares in area. The 

mean annual streamf low of Munday Brook, above the Victoria 

Reservoir, is 5.0 x 106  cubic metres. 

Bickley Brook Dam is situated on the Bickley Brook 

approximately 1.6 kilometres downstream of the confluence with 

Munday Brook (Figure 1). The dam was constructed in 1921. The 

Bickley Reservoir has a storage capacity of 0.106 x 106  cubic 

metres, but due to poor water quality and low head has not been 

used for water supply since 1936. Since 1944 it has been used 

for recreational purposes, including swimming. 

The Bickley Brook watershed lies below and to the north of the 

Victoria Catchment and covers an area of 1 436 hectares. 	The 

mean annual streamflow of the Bickley Brook not including 

overflow from Victoria Reservoir, is 3.0 x 106  cubic metres. 

2.2 	The proposed redevelopment 

The Water Authority of Western Australia is proposing to 

redevelop the existing Victoria Dam. Redevelopment is 

considered necessary due to the age and condition of the 

existing dam structure and is timely in view of current 

residential and rural development pressures being placed on the 

associated water catchments. 
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Victoria Dam impounds water flowing down the Munday Brook above 

the confluence with Bickley Brook. With the establishment of a 

new larger Victoria Dam the potential also exists to 

economically harvest water from Bickley Brook. 	This can be 

achieved by the establishment of a pumpback facility on the 

existing Bickley Brook Dam, pumping water back to the new 

enlarged storage. Together these two facilities are termed the 

Victoria-Bickley Redevelopment Scheme. 

Preliminary water resource and economic planning studies 

indicate that the optimum size for the new Victoria Dam and 

reservoir is considerably larger than the existing facility. 

The principal statistics related to the elements of the 

redevelopment scheme are presented at Appendix 1. 

The main components of the scheme are: 

- 	the new Victoria Dam 

- 	the Bickley Pumpback Scheme 

- 	a new gravity outlet main 

together with associated works, including upgrading of local 

roads. An upgrading of the Water treatment facilities is 

planned for the site in the late 1990s. 

2.3 	Timing 

The Water Authority's proposed timing for establishment of the 

Victoria Dam project is as follows: 

call tenders 	 March 	1990 

award contract 	 August 	1990 

complete new dam 	 May 	1991 

a 	commission project 	 November 1991 

The completion of the new Victoria Dam by early May 1991 will 

enable storage of water during the 1991 winter. Other minor 

contracts will be let in time consistent with meeting the date 

for commissioning the project. 
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The programme for the Bickley pumpback commences in October 

1992 with completion by the winter of 1993 in time to achieve 

some yield from the Bickley catchment. 

The major upgrade of treatment plant is intended to be carried 

out in the second half of 1996. 

The outlet mains amplification is expected to proceed in two 

stages, with the first stage completed in 1991/92 and the 

second stage towards the end of the decade, depending on the 

rate of growth of peak demand. 

2.4 	Environmental review 

The Water Authority has initiated an environmental review in 

order to establish whether there are any significant 

environmental constraints to the project and to permit 

integration of environmental information into detailed design. 

In view of the project nature and scale, the Water Authority 

referred the proposal to redevelop the Victoria-Bickley source 

to the Environmental Protection Authority for its advice on the 

environmental acceptability of the proposal. EPA, in response, 

requested the preparation of a Notice of Intent addressing the 

proposal. 

No specific or cumulative environmental impacts have been 

identified, which the Water Authority believes would preclude 

the project as proposed. 	Management initiatives are proposed 

(Section 6) in order to minimise adverse impacts and optimise 

beneficial opportunities associated with the redevelopment. 

The advice of the EPA and the Minister for Environment, as to 

the environmental acceptability of the Scheme, is now sought. 



3. 	NEED FOR THE REDEVELOPMENT SCHEME 

There are three factors principally responsible for the current 

proposal to redevelop Victoria Dam. 

3.1 	Dam safety 

Whilst Victoria Dam has not been demonstrated to be unsafe, its 

design and condition do not meet current Australian standards 

for large dams. Remedial work has been undertaken during the 

winter of 1988 to bring the safety of the structure up to a 

satisfactory interim standard. However, it is not considered 

technically or economically feasible to bring the dam into 

4 	compliance with desirable standards. 

The only feasible action is to decommission the dam structure. 

Without replacement, this would entail a yield loss to the 

metropolitan water supply system of 2.9 x 106  cubic metres per 

year. The development of an alternative source of supply 

including supporting infrastructure would be required. Loss of 

the Victoria Dam source would also present operational problems 

in supplying Kalamunda and Lesmurdie during the summer. 

3.2 	Demand for water 

The demand for water in the Perth Metropolitan Water System 

(PMWS) is currently increasing at a rate of about 5 million 

cubic metres per year. This increase in the demand for water is 

due to both increases in population and in per capita 

consumption. To meet this increase in demand the Water 

Authority's objective is to plan the development of new sources 

at the minimum long term cost to the consumer, consistent with 

maintaining a level of service acceptable to the community. 

The results of these planning processes are contained in the 

Source Development Plan (SDP)(Mauger, 1989). The SDP identifies 

the possible future water sources and recommends the type of 

development and scheduling of the schemes to meet projected 

demands for the next 25 years. The SDP's Sources Development 

Timetable, Appendix 2, includes a range of groundwater sources, 



major reservoirs, pumpback dams and pipehead dams. The 

implication from these planning studies is that a number of 

sources will have to be developed and that, if for some reason 

one particular source is not developed, another source will 

have to be constructed to meet the demand. 

However, a number of factors can affect the rate at which 

sources have to be developed, including the following: 

The Water Authority aims to minimise demand (the 'need' 

for water) through its water conservation strategy. 

Reducing the growth in demand has the effect of 

deferring the need for new sources with both 

environmental and economic benefits; 

Some water needs can be satisfied with a lesser quality 

water than is supplied for potable purposes through the 

MWS. For example, groundwater from private bores is an 

attractive alternative to the MWS for private irrigation 

in many parts of the Perth area. Re-use of waste water 

and the use of drainage water for industrial purposes 

could become increasingly important as a source of 

second class water which can reduce demands on the MWS; 

Forest thinning and the greenhouse effect are both 

factors which will affect the rate of development of 

sources. 

These and other factors will play a role in modifying the 

demand for water in the longer term, involving readjustments in 

the SDP to meet the demand for water current at that time. Any 

deferral of a project for reasons other than reduced demand for 

water require the development of an alternative source. In the 

shorter term the redevelopment of the Victoria Dam and the 

Bickley Pumpback scheme is economically sound and appears 

environmentally acceptable. 



3.3 	Bickley Brook catchment use 

Although Bickley Brook has been a declared catchment since 

1921, it has not been used for public water supply since 1936 

due to poor water quality and the source's low pressure. The 

construction of the new Victoria Reservoir provides the 

opportunity to economically harness the yield from the Bickley 

Catchment. The larger storage at Victoria can be used to store 

the poorer quality water from Bickley Brook, providing longer 

detention times in the storage and greater dilution. The 

additional yield thus developed makes the combined scheme more 

economically attractive. 

If the Bickley Pumpback is not proceeded with, the pressure for 

the development of other land uses on the catchment is such 

that the yield from the resource may have to be forgone for 

some time. Development of the water resource would still be 

possible, but any significant deterioration in water quality 

which occurs as a result of any change of land use would make 

the resource less economic to develop. 



4. 	THE REDEVELOPMENT PROJECT 

The proposed redevelopment scheme entails removal of the 

existing Victoria Dam following construction of a new larger 

dam approximately 300 metres upstream. This would be combined 

with a new gravity outlet main connecting it to the trunk main 

system. The new outlet main will follow the route of the 

existing pipeline. A pumping station connected into the 

existing pipeline, would be established on the existing Bickley 

Brook Dam, pumping water back to the new Victoria Reservoir. 

Figure 2 is a schematic plan of the project. The elements of 

the scheme are described below. 	The scheme is still in the 

process of detailed design and therefore the descriptions given 

could change as investigation and design proceed. 

4.1 	Victoria Dam and Reservoir 

4.1.1 Alternative sites 

A number of locations were considered for establishment of the 

dam. The proposed location, approximately 300 metres upstream 

of the existing wall provides optimum storage characteristics. 

The next best alternative from a water supply perspective is 

immediately downstream of the existing dam. 	This provides 

similar storage characteristics to the upstream site, but at a 

marginally higher cost of supply. Construction at this 

location would, however, necessitate construction of a new pump 

station and treatment plant as the existing facility is 

situated on the location of the new dam wall. 

A number of other locations have been reviewed, both further 

upstream and downstream. None provide the same cost 

effectiveness of construction and operation nor do they provide 

the same storage efficiency (volume to surface area ratio). 

Therefore detailed site feasibility investigations have not 

been pursued. If a compelling reason arose for rejecting the 

favoured site then further consideration could be given to 

these options. 
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.1.2 Dam and reservoir characteristics 

The proposed dam (Figure 3) will be of roller compacted 

concrete construction, in the order of 36 metres high above 

existing ground levels with a full supply level of 202 metres 

AHD and storage of around 10 x 106  cubic metres. Surface area 

of the reservoir would be approximately 87 hectares. 	This 

compares with approximately 500 hectares for Canning Dam. 

System yield benefit from the scheme (including the Bickley 

Pumpback described in Section 4.2) would be 6.4 x 106  cubic 

metres per annum of which 4.7 x 106  cubic metres is 

attributable to the Victoria Catchment (i.e. does not include 

purnpback yield). 	The existing reservoir produces a system 	10  
yield benefit of 2.9 x 10

6  cubic metres. The cost of the new 

dam and associated works is approximately $21.6 million. 

4.1.3 Associated works 

The existing Victoria Dam will be partially demolished leaving 

a remnant structure as a reminder if the first major storage 

dam in Perth. 	Material from the demolished dam will be 

disposed of in the new reservoir basin below full supply level. 

Landscaping of the disturbed area downstream of the new 

Victoria dam will be integrated with the overall planning for 

the project. 	Current planning suggests that the area will 

include a managed passive recreation and observation area 

combined with rehabilitation of disturbed areas to self 

sustaining native vegetation typical of the area. 

The existing 'closed' Water Authority access road, between the 

Dam and Masonmill Road as well as Masonmill Road as far as 

Canning Road, will be upgraded. 	This will entail widening 

approximately 2.5 kilometres of road to provide for 

construction traffic, dam and reservoir operation and 

controlled public access up to the new dam location. 

Construction access to the works area will involve upgrading an 

existing forest track to the reservoir basin upstream of the 

new dam. This track will be rehabilitated after construction 

is completed. 
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Road use by construction traffic will continue to be discussed 

Lhe local authorities with the aim of minimising impacts 

on local residents. 

The existing treatment plant, pump station and main pipeline 

below Victoria Dam will be utilised for the new scheme. 	The 

existing pipeline will be used to pump up from the existing 

Bickley storage to the new Victoria Reservoir. A new parallel 

pipeline will be laid in two stages to deliver the larger 

scheme yield into the metropolitan system. 	The first stage 

involves building 4.0 kilometres of pipeline from the new 

Victoria Dam to join the existing pipeline at the Bickley Dam 

site. The second stage, at a time yet to be determined, will 

extend the new higher capacity pipeline to join the trunk main 

from Canning Dam. Current planning suggests that the pipeline 

will be buried, but a final decision has not been made. 

Much of the bulk aggregate and cementitious material for the 

dam wall will be supplied from normal commercial sources. 

Works programmed for the coming summer would be limited to site 

establishment, including road upgrading and construction of 

power, water and communications services and removal of forest 

products. 

4.2 	Bickley Dam Pumpback 

4.2.1 Alternative arrangements 

A more detailed review of the range of alternatives for 

developing this source is presented at Appendix 3. Briefly the 

options range from continuing to forgo any yield, developing 

the source under various catchment management constraints using 

direct injection to the water supply system following treatment 

to or a pumpback arrangement. 	Abandoning the source is not 

considered logical as it represents a significant loss of 

potential yield from a gazetted catchment, requiring the 
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advancement of the Source Development Timetable at a cost of 

about $12 million. 

Developing the source, which is of poorer quality due to land 

use practices in the partially alienated catchment, requires 

determination of the best compromise between the various land 

uses and the alternative methods of realising the yield 

potential utilising various qualities of water. The land use 

management options range from acquiring all alienated land in 

the catchment; the implementation of more appropriate controls 

on polluting activities; to the extreme case of permitting 

total alienation of the catchment and attempting to then treat 

the Bickley water to a standard acceptable for use in the water 

supply system. 

Water from this source could be harvested either by direct 

injection to the water supply system following various levels 

of treatment dependant upon water quality, or by pumping it 

back to Victoria Reservoir where the retention and dilution 

capacity of the reservoir would assimilate water of lower 

quality than could be accepted directly into the supply system. 

Even with this dilution factor, there is clearly a limit to the 

quantity and quality of water which could be utilised in this 

manner. 

The preliminary analysis of 'realistic' conceivable options 

(Appendix 3) revealed a significant cost difference between the 

various combinations of catchment management and water 

development methods. The most economic option is to manage the 

catchment to permit additional development compatible with 

water supply objectives whilst restricting incompatible 

practices and harvesting the water by pumpback to Victoria 

Reservoir without treatment. 

A number of alternative locations for the pumpback dam and 

reservoir were considered, located downstream of the confluence 

of the Bickley and Munday Brooks. However, following remedial 

work currently being undertaken, the existing Bickley Brook 
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reservoir is considered to be the most appropriate location, 

involving the construction of a pumping station adjacent to the 

reservoir formed by the dam. 

This alternative has the least physical impact on the natural 

environment. 

The existing Bickley Brook Dam is a thirteen metre high 

concrete arch/gravity dam with a reservoir volume of 106 000 

cubic metres. The existing pipeline will be used in 

conjunction with a pump station to transfer the water up to the 

new Victoria Dam Reservoir. 

44 	System yield benefit from the pumpback will be around 1.7 x 106 

cubic metres per annum, contributing to the total scheme yield 

benefit of 6.4 x 106  cubic metres. 

Capital cost of the pumpback facility would be around $2 

million. 

4.2.3 Associated works 

Hardinge Road will require upgrading for construction and 

operational access between White Road and the Ministry of Sport 

and Recreation camp. 	The road will be upgraded and widened, 

and discussions are proceeding with the local authority on the 

appropriate standards. 
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5. 	THE ENVIRONMENT, PROJECT IMPACTS AND THEIR SIGNIFICANCE 

5.1 	Social environment 

5.1.1 Declared catchment areas 

Both Victoria and Bickley Catchment areas are declared under 

the Water Authority Act. Victoria Catchment was gazetted on 

August 15, 1923. Bickley Catchment is divided into two 

catchment areas: 	Bickley Brook Catchment Area, gazetted on 

February 16, 1912; and Lower Bickley Brook Reservoir Catchment 

Area, gazetted on August 18, 1923. 

5.1.2 Local government 	 10 

Bickley Catchment lies predominantly in the Shire of Kalamunda 

(90.8%), with a small section (9.2%) in the City of Gosnells. 

Victoria Catchment lies predominantly in the Shire of Kalamunda 

(92.6%) with small sections in the City of Gosnells (3.2%) and 

the City of Armadale (4.2%). 

5.1.3 Land tenure and use 

The Water Authority is generally modifying and adapting its 

policy towards development and subdivisions on its catchment 

areas. The present aims of the various planning agencies is to 

maintain the current rural setting and water quality, while 

still allowing some scope for subdivision and development based 

on lot size and land capability via a rural strategy. In some 

catchment areas this may result in very little change to 

present policies, but in others the changes could be more 

significant. 

Victoria catchment 

Victoria Dam was constructed in 1891 and the water supply 

scheme was the first to supply Perth. The catchment (Figure 1) 

covers 3 711 hectares in area, of which 82 hectares or 2% 
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privately owned. Of the 11 private lots in the catchment, 9 

lots are smaller than 5 hectares (ranging from 0.2 to 4.9 

hectares) and are mostly cleared for orchards. The remaining 2 

lots are of 23.5 hectares and 8.8 hectares and about half of 

the total area of these lots is cleared for orchards. 

Due to the near pristine conditions of the catchment and the 

high water quality, the Water Authority has always opposed any 

further land development in this area. 

Although this policy will be reviewed, the required data is 

currently not available and no decisions have been made. 

However, it is believed that the small number of existing lots 

do not have the capability for significant further development. 

The Water Authority will probably continue its current 

opposition to further development on the catchment. 	This 

should not affect the current land use and agricultural 

activities of private land owners in the catchment. 

Bickley catchment 

Bickley catchment lies below the Victoria Catchment (Figure 1) 

and covers an area of 1 436 hectares. 	The Bickley Brook 

Reservoir Dam was constructed in 1921 and its reservoir was 

used to supply Perth from 1921 to 1936. Due to poor water 

quality and low head, the reservoir has not been used for water 

supply since 1936. 	Since 1944 it has been used for 

recreational purposes, including swimming. 

In 1988, the Water Authority conducted a survey of land use and 

land ownership of the catchment area. Over an area of 1182 

hectares, extending east on Bickley Brook catchment from the 

confluence with Munday Brook, 60% of the land is owned or 

controlled by the state. The remaining 40% (470 hectares) is 

privately owned, consisting of 79 lots, mostly in the upper 

Bickley Brook area. Nearly half of the private land, (211 

hectares), has been cleared for orchard planting (143 

hectares), horticulture (15 hectares), pasture (28 hectares) 

and other activities (25 hectares). 
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Although the water in the catchnient has not been used for 

public supply since 1936, the Water Authority has always 

preserved this water resource for future use. 	To prevent 

further deterioration in water quality, due to land 

development, the Water Authority has been purchasing private 

land for rehabilitation and has been opposing any further land 

subdivision or activities which may cause adverse effects to 

the water resource. 

However, with the new draft policy introduced by the State 

Planning Commission (SPC) on the management of rural land use, 

the Water Authority is now prepared to consider further limited 

land development in the gazetted catchments provided that the 

land is capable of coping with additional pollution loads and 

the local authorities are to be involved in preparing and 

administering additional land use policies. The principle is 

to preserve the current rural setting and the water quality 

while still allowing some scope for land subdivision. 	Within 

this context the Water Authority has been working closely with 

the Shire of Kalamunda in revising its original Hills Orchard 

Study Proposal. 

Impact on Downstream Users 

The development of the project is expected to have a negligable 

impact on downstream water users. Pumping of water from Bickley 

Dam will occur during winter months when there is surplus 

streamfiow and minimal useage. There will be no impact on 

summer flows. 

Hills Orchard Study 

The Hills Orchard Study, prepared by the Shire of Kalamunda, is 

the first of the new Local Rural Strategies required by the SPC 

to manage rural land use and development. The study, completed 

in February 1988, aimed to review existing development 

requirements and constraints and to formulate guidelines for 

future land use, development and subdivision of privately owned 

land within the hills area of the Shire of Kalamunda. 
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The Study recommends a new zoning strategy which significantly 

changes the current zoning practice. Under the current 

District Planning Scheme No. 2 (1984), the Hills Orchard Area 

is zoned into seven main categories: Rural, Intensive 

Horticulture, Urban, State Forests, Regional Open Space, Local 

Reserve and Private Clubs and Institutions. 	The minimum lot 

size for the Rural Zone is 4 hectares while 12 hectares is the 

minimum lot size for the Intensive Horticulture Zone. 	The 

study now proposes to replace the current zoning policy for the 

Rural Zone and the Intensive Horticulture Zone by five new 

categories: 

Rural Agriculture Zone: covers existing orchard areas, 

44 	minimum lot size of 12 hectares; 

Rural Conservation Zone: 	covers mainly uncleared 

bushland areas, minimum lot size of 12 hectares; 

Rural Landscape Interest Zone: covers the current 

pasture and hobby farms, minimum lot size of 6 hectares; 

Rural Living Zone: 	covers areas of which most of the 

lots are of small size, 0.6 to 2 hectares. The zone is 

essentially a Special Rural Zone, and will have minimum 

lot size of 2 hectares. 

Residential Bushland Zone: 	covers small lots adjacent 

to the existing residential areas, minimum lot size of 

0.4 hectare. 

The minimum lot size of the first two new Rural Zones was 

amended in July 1988 to 6 hectares. 

In responding to the proposed new zoning strategy the Water 

Authority recognised the Shire's intention to preserve the 

rural setting in the area, but expressed its concern for the 

possible detrimental effects on the water resources. 	The 

Authority suggested that land capability information, such as 

those recently compiled by the Department of Agriculture, 



together with additional consideration of pollution risk of 

overland flow by septic tank effluent in winter, should be 

taken into consideration for any proposed land development. 	A 

number of other factors also require consideration. The 

proposed smaller agriculture lots with intensive planting may 

introduce higher levels of nutrients to surface streams. 	The 

building of new private dams over main water courses would 

reduce water yield, especially in the low rainfall years. 	In 

addition, the Water Authority noted that it will not support 

any subdivision to lot sizes of less than 1 hectare, unless 

deep sewerage is to be introduced. 

The Water Authority has subsequently conducted meetings and 

field visits with the staff of the Shire of Kalamunda and also 

with the Department of Agriculture. Comments on the zoning 

policy and appropriate control strategies have been forwarded 

to the Shire for further revision of the Study's Proposal. 

General agreement has been reached between the Shire and the 

Authority on the large rural lots which may be acceptable for 

further subdivision. Of 15 large rural lots in the Bickley 

Catchment Area, 13 lots have been identified as having 

potential for development (Figure 4). Further work on defining 

subdivision lines and building envelopes will be developed in 

conjunction with with the Shire during 1989. Once finalized 

and approved by the SPC, the results of the Study will be 

incorporated into the Shire's Town Planning Scheme. 

In addition, the Water Authority and the Shire will continue to 

monitor the water quality of Bickley Brook to assess the impact 

of land development on the water resource. 	If significant 

deteriorating trends are apparent or if annual nutrient 

concentrations, at or near where the resources are being 

developed, approach 0.02 mg/L total phosphorous or 5 mg/L total 

nitrogen, then reassessment of the zoning policy and review of 

the Town Planning Scheme will be required. 
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Victoria-Bickley management plans 

As part of this co-operative approach to land use planning and 

management, the Water Authority is preparing a management plan 

for the privately-owned land in the catchment area. 	The 

management plan considers a wide range of options, from 

complete control of the catchment to complete abandonment of 

the resource. It recommends the use of the resource as part of 

the pumpback scheme while still allowing limited private 

development. The recommended strategy is consistent with the 

Water Authority's response to the Shire of Kalamunda on its 

Hills Orchard Study. The main features of this management 

.1 	strategy are: 
The Water Authority continues to work with local 

authorities on finalising an integrated approach in land 

planning within the catchment to protect the current 

land use and water resources. 

The Water Authority will work jointly with the 

Department of Agriculture and individual landowners to: 

ensure that the intensification of orchards 

(trellissing) does not increase the risks of water 

and land deterioration; 

improve current fertiliser usage so that nutrient 

leaching to stream water is minimised; and 

reduce the risk of pollution from the leakage of 

on-site storage of chemical and petroleum products. 

The emphasis will be on co-operation with the landowners 

through joint working groups with the Department of 

Agriculture. This proposed work is not greatly different from 

current activities of the Authority and is unlikely to cause 

any adverse effect to the existing activities of the local 

landowners. 
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Impacts on private land use 

In summary, the proposed redevelopment of Victoria Dam and the 

pumpback scheme in Bickley Catchment should not affect the 

current land use activities of the local land owners. 	The 

Water Authority will continue its current policy on opposing 

further development of private land in the Victoria Catchment 

to preserve the near pristine conditions of the water resource. 

The Authority has been working closely with the Department of 

Agriculture and the Shire of Kalamunda, to develop a new zoning 

policy, with appropriate controls which allows limited land 

development in the Bickley Catchment area while still 

4 purposes. 

preserving the current water quality levels for public supply 

5.1.4 Mining 

Both the Bickley and Victoria Catchments lie within the Alcoa 

mining lease. No mining is planned for the area until at least 

well into the next century. 	Within the Victoria Catchment 

there is a quarry situated near Springdale Road, to the south 

of the catchment. 

5.1.5 Recreation 

There is currently a high level of recreational activity in the 

Bickley/Victoria area due to its proximity to large population 

centres. In particular this is concentrated in the Bickley 

Valley where the public lands provide the opportunities. 	Most 

of the existing recreation in this area is passive in nature. 

However, camping, horse riding and, to a lesser extent trail 

bike and 4 wheel drive off-road activity is occurring. 

The Victoria-Bickley Redevelopment will create two distinct 

catchment management areas (see Figure 1): 
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The existing Bickley Dam and catchment up to the 

new Victoria Dam - Area 1; 

The Victoria Catchment virtually as existing - Area 

2. 

In this redevelopment programme the Water Authority will be 

drawing up a catchment management plan based on the following 

philosophies: 

Area 1 	Management strategies for this area can be divided 

into two broad groups: 

- the immediate area around the existing Bickley 	I. 
Brook Dam and the associated recreational 

facilities; 

- the remainder of the catchment; 

and will be split seasonally between when pumpback 

is occurring and when it is not. 

Around the existing Bickley Brook Dam some 

additional control measures will be required. 

While the detailed management activities will be 

agreed with the local authority, the Department of 

Youth, Sport & Recreation and with CALM, the 

following general principles will apply. Due to the 

risk of infection from amoebic meningitis and other 

pathogenic organisms which occur in unchiorinated 

reservoirs, swimming will not be encouraged at any 

time. Direct body contact with the water in the 

reservoir is to be avoided when the pumpback scheme 

is operating. This means that swimming will 

generally be prohibited from late May to the end of 

October. As these are the colder months this is 

not expected to create any significant conflict. 

Effluent from the septic systems associated with 

the Youth camp and the picnic area will be 
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intercepted and disposed of downstream of the 

Bickley Brook Dam. 	Improved solid waste disposal 

facilities and control of runoff will be required 

to manage the area. 

Over the balance of the catchment some forms of 

passive recreation will be permitted widely through 

the year. Camping associated with these activities 

will be permitted by agreement during the "no use u 

period. The current potentially polluting 

activities of horseriding and club controlled trail 

biking will only be permitted if they can be 

accommodated without detriment to the catchment and 

may be restricted seasonally. Uncontrolled trail 

bike and 4 wheel drive off road activity will not 

be permitted. To enable this to be achieved the 

Water Authority will be seeking the closure of 

Hardinge Road from the Youth Camp to Masonmill 

Road, with the land being vested in State Forest or 

the Water Authority as appropriate. 

Area 2 	As a Class 2 catchment, passive recreation can be 

widely accommodated. Water basin contact is to be 

avoided. Wild camping will not generally be 

permitted in the catchment. 	Horseriding is to be 

restricted to defined tracks once created and will 

not be permitted prior to this occurring. 	Trail 

bikes and 4 wheel drive off road activity will not 

be permitted. 	Other social activities such as 

firewood gathering and the like will be permitted 

subject to the Department of Conservation and Land 

Management's regulations and provided they do not 

lead to erosion. 

In general the Water Authority's attitude to recreation in this 

area resulting from the redevelopment will provide a minimum of 

impact to existing legitimate users. 
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The Authority's interests will best be served by the healthy 

continuance of the natural environment. The area provides an 

ideal experience for bushwalking and related activities, in a 

relatively open bushland setting. This is one of the area's 

greatest values and is a use that the Water Authority will be 

supporting into the future. 

5.2 	Natural environment 

5.2.1 Landform, vegetation and flora 

A preliminary review of the landform, vegetation and flora of 

the project area was undertaken in July/August 1988 by Havel 

Land Consultants. Following changes to the proposed location 	is 
and size of the new Victoria Dam, Havel Land Consultants were 

requested to review their report and advise the Water Authority 

of any changes to their earlier conclusions. Their report and 

subsequent letter are presented at Appendix 4 and this account 

draws directly upon that work. 

Landform 

The Bickley Brook Pumpback location and areas upstream as far 

as the existing Victoria Dam fall into the Helena landform. 

Upstream of the Victoria Dam, the area which would be inundated 

by an enlarged reservoir should be classified as Myara 

landform. 

Vegetation 

Consistent with the underlying landforms, the vegetation of the 

Victoria-Bickley Catchment has affinities with North Dandalup 

but the drier climate creates vegetation complexes intermediate 

between those of the Canning and Helena Catchments. The Helena 	I 
(Low/Medium) vegetation complex below Victoria Dam is not well 

represented in conservation reserves whilst the Murray 

(Low/Medium) complex above the dam is considered adequately 

represented. 
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Aridlysis of site vegetation types indicates extreme 

heterogeneity due to variability in topography and soil 

conditions. The area below Victoria Dam is also highly 

disturbed by clearing, grazing, earthmoving and fires. 	Above 

Victoria Dam the vegetation is less fragmented and has 

recovered substantially from considerable past disturbance due 

to clearing, grazing, earthworks, logging and more recently 

drought and wildfire. 

Dieback disease is still responsible for severe disturbance in 

the area of catchment studied, being most noticeable on the 

lower slopes of the valley extending into the upland 

vegetation. Drought stress has also caused obvious 

deterioration in the vegetation on shallow soil rocky slopes, 

principally the R and G site-vegetation types. The "phreatic" 

vegetation of the Munday Brook is narrow, poorly developed and 

highly disturbed. 

Flora 

The flora of the project area is different from the other major 

valley systems studied recently for the Water Authority (Havel, 

1987) due mainly to its position close to the edge of the scarp 

and lower effective rainfall. The area contains a surprisingly 

diverse flora. 

The field investigations associated with Havel Land 

Consultants' preliminary study specifically sought species 

gazetted in the Schedule of Declared Rare Flora, but despite 

this attention no such species were identified. 	The only 

gazetted rare species with known populations near the 

development, Thelymitra stellata, is unlikely to grow within 

the area of disturbance due to its preference for soil types 

found higher in the landscape (Havel, 1989). 

No aquatic flora was observed in Munday Brook between the 

Victoria Dam and the stream's confluence with Bickley Brook. 

Downstream of that confluence to the pumpback dam one pool 



26 

containing aquatic vegetation was noted by Havel (1989). 	That 

pool contained a high proportion of filamentous algae 

indicating nutrient enrichment, probably due to agricultural 

activity upstream. The relative absence of aquatic vegetation 

is principally due to the steep, rocky nature of the streams 

with little development of poois and a history of strong 

disturbance by grazing, fire and engineering works. 

Project impacts 

Filling of the larger Victoria Reservoir will inundate the 

entire Myara (Murray/Lower Yarragil) landform unit on the 

Munday Brook and eliminate the Murray vegetation unit from this 

valley. Construction of the Pumpback Dam and pipeline from 

Victoria Reservoir will further disturb the Helena landform and 

associated vegetation. 

No flora species currently gazetted as being rare, in need of 

high level monitoring or requiring research were identified 

during the preliminary field surveys. 

Due to the poor development of both aquatic and phreatic 

vegetation below Victoria Dam, the new dam development is not 

expected to cause any significant impact. Work undertaken by 

Havel (Havel, 1988b), to assess the impacts of damming on 

survival of downstream phreatic vegetation, suggests that 

damming has little effect on the persistence or quality of 

vegetation of the streamlines. By virtue of the location of 

dams on the edge of the Darling Scarp in areas of high rainfall 

and steep slope, direct runoff below the Dams is sufficient to 

support the existing vegetation under normal climatic 

conditions. 

Significance of impacts 	 I 
Havel (1988) concluded that it was highly probable that the 

Myara landform found on Munday Brook was to be found on other 

small streams draining the western edge of the Darling Scarp. 

Wells and King (in press) working for the Department of 
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Agriculture have recently mapped many occurrences of the Myara 

landform in the Darling Range. Munday Brook is far from a 

pristine example, having suffered considerable disturbance in 

the past. 	Any value for preservation as a representative 

example of the Myara landform and associated vegetation is 

therefore questionable. 

The vegetation units to be impacted by the project are already 

highly disturbed, diminishing their value for long-term flora 

conservation. The vegetation complex to be most severely 

impacted, the Murray L/M, is represented to internationally 

accepted minimum criteria within existing reserves managed for 

conservation. 

5.2.2 Fauna 

A preliminary review of the vertebrate fauna of the project 

area was conducted by Ninox Wildlife Consulting in July/August 

1988. Their report is presented at Appendix 5 and this account 

draws directly upon that work. Ninox (personal communication, 

Ken Youngson) do not believe that the changes in Victoria Dam 

location and reservoir size affect the conclusions of their 

work and report. This results from the broad nature of Ninox's 

original literature review and field survey which extended well 

beyond the original and revised reservoir boundaries. 

Species diversity 

"During the course of the field survey 26 species of bird, 4 

native mammals, 2 introduced mammals, 3 amphibians and 1 

reptile were recorded. With the addition of cryptic species, 

passage and seasonal migrants and unrecorded residents, the 

study area is expected to support 94 species of bird, 19 native 

mammals (including bats), 5 introduced or feral mammals, 11 

amphibians and 44 reptiles." 

"This potentially large number of species, some of them 

gazetted as rare or endangered, is unusual in the metropolitan 

area." (Ninox, 1988.) 
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Fauna habitat 

"Most activity in terms of species richness and abundance was 

concentrated in the vicinity of the stream-zones feeding the 

reservoir." "The riparian vegetation of the Darling Range 

typically shows this pattern (Dunlop et al., 1987) since its 

complexity, dense structure and the presence of water makes 

available a greater number of faunal niches than the 

surrounding vegetation communities. Further, the bulk of the 

more specialised vertebrate fauna of the Darling Range tends to 

be associated with streamzones." (Ninox, 1988.) 

The granite/heath, wandoo/granite and jarrah woodland 

vegetation communities further up-slope are progressively less 

significant as fauna habitats. 

Gazetted rare species 

No gazetted rare species were detected during the field survey. 

However, based on other distribution records and knowledge of 

habitat requirements, a list of six species likely to occur in 

the project area has been compiled. Of these six, one, Dell's 

Skink is restricted to the riparian vegetation and two others, 

the Red-eared Firetail and the Crested Shrike-tit, rely heavily 

upon the streamline and lower slope habitats. 

Project impacts 

Stream zone riparian vegetation and the associated faunal 

communities will be the most heavily impacted by the project. 

In particular, species whose life cycles and migratory patterns 

are strongly linked to stream zones would be expected to show 

some local reduction in abundance due to loss of habitat. 

Eighteen species potentially using the project area are 

primarily restricted to the riparian habitats and could 

therefore be expected to show some decline. More generally, 

the loss of habitat will impact, to a lesser extent, species 

with broader habitat requirements. 
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Species living in the existing Victoria Reservoir, such as the 

Long-necked Tortoise, are likely to be most severely affected 

if sudden changes in pond size are experienced. 

Significance of impacts 

The true significance of the impact on fauna is difficult to 

judge and is best placed in perspective by addressing the 

conservation status of the fauna species and the habitat 

itself. 

A significant decline has occurred in the area and in the 

conservationvalue of the Darling Range and Northern Jarrah 

01 	Forest since European settlement. Loss of the area to be 

cleared and inundated for this project, whilst comparatively 

small, will be cumulative with that impact. As the available 

habitat declines so will the numbers of animals dependent upon 

that habitat. 

If the gazetted list of rare species is accepted as the best 

indicator of those species in need of special protection, then 

this project will directly impact the principal habitat of 

three species and less intensely an additional three species. 

However, none of these species is restricted to the habitat to 

be cleared for this project, nor the immediate vicinity, but 

the project will contribute further to the pressure upon the 

species. 

Strategies to reduce these impacts as much as is feasible will 

be developed as part of the management plan proposed in Section 

6 of this report. 

5.2.3 Reserves 

The project will not impact any reserves set aside for 

conservation. Two reserves (10601 and 21172) subject to System 

6 Study recommendations M78 and M79 (Department of Conservation 

& Environment, 1983) exist within the catchments under review, 

one each in the Victoria (M79) and Bickley (M78) Catchments. 
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Both are well upstream of the project areas and will not be 

adversely impacted directly or indirectly by the projects. The 

catchment management plan proposed in Section 6 will in fact 

address the opportunities available to WAWA to contribute to 

achieving the recommendation of the EPA System 6 Report. 

5.3 	Aboriginal sites 

The Water Authority has engaged consultants to investigate and 

advise on aboriginal sites of the project area in order that 

the Authority may comply with the Aboriginal Heritage Act 

(1972-1980). The consultant's report has been forwarded to the 

Western Australian Museum. 

I 
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6. 	MANAGEMENT COMMITMENTS 

A number of specific practices can be adopted to minimise 

adverse impacts on the environment and maxirnise benefits from 

the project. These are summarised below. 

The Water Authority will continue to review catchment 

management policy for the Bickley Catchment in order to 

facilitate reasonable land development within the 

assimilative capacity of the environment and its 

capacity to yield water of acceptable standards. 

The Water Authority will, in consultation with 

appropriate authorities prepare a plan for the 

management of recreational activities on Bickley 

Reservoir. 

The Water Authority will develop environmental 

protection guidelines and incorporate these in contracts 

for the construction of all works associated with this 

Redevelopment Scheme. 	Principal contractors will be 

briefed on the environmental guidelines prior to 

commencing work. 	These guidelines will be aimed at 

minimising impacts of the construction of the project on 

vegetation, fauna and water quality. 

The Water Authority will develop an integrated landscape 

and rehabilitation plan for the project area, 

incorporating public access and use. Clearing and 

rehabilitation prescriptions will be prepared for all 

areas to be disturbed by the project, including: 

- 	the new pipeline from Victoria Dam; 

- 	the existing Victoria Dam site upstream to and 

incorporating the new Victoria Dam; 

- 	all project dedicated works areas not ultimately to 

be inundated by the new reservoir; 

- 	the reservoir basin; 

- 	all road construction and upgrading. 
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The Water Authority will minimise adverse impacts and 

utilise opportunities created by project construction, 

by: 

- 	facilitating efficient forest product utilisation 

during essential clearing, this includes early 

advice to and consultation with CALM; 

- 	consultation with the Kalamunda and Gosnells Shires 

to minimise impacts of construction traffic; 

- 	sealing access roads which would cause dust 

nuisance to residents; 

- 	informing all effected residents of any blasting 

operations; 

- 	disposing of all rubbish in accordance with local 

Council bye-laws. 

The Water Authority will prepare catchment management 

plans for both Bickley and Victoria Catchments including 

the following objectives: 

- 	managing the catchment to protect water quality 

whilst recognising the potential to contribute to 

conservation of natural features of the Darling 

Range and Northern Jarrah Forest; 

- 	within practical limits minimise vegetation and 

fauna disturbance associated with dam, pipeline and 

reservoir operation; 

- 	wherever feasible, protect and if possible enhance 

habitat values of the catchment; 

- 	within the powers of WAWA, incorporate specific 

details for the management of the two reserves 

010601 and C21172 subject to System 6 

Recommendations M78 and M79. 	

I 
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APPENDIX 1 

PRINCIPAL STATISTICS OF THE PROPOSED 

REDEVELOPMENT SCHEME 



PRINCIPAL STATISTICS OF PROPOSED 

REDEVELOPMENT SCHEME 

1. 	Pumpback 

Location 
	 The existing Bickley Brook 

Dam 

Catchment Area (km2 ) 

Ave Annual Streamf low (106  m3) 

Reservoir Storage Volume (106 m3  

Reservoir Surface Area (ha) 

Streambed RL (m AHD) 

Full Supply Level (m AHD) 

Rising Main Length (km) 

Rising Main Diameter (mm) 

Pumping Rate (MLd) 

Yield Benefit (106 m
3  p.a.) 

Streamf low Utilisation (draw/inflow) 

14.4 

3.0 

0.106 

2.6 

63 

77 

4.0 

574 (existing) 

40 

1.7 

0.57 

2. 	Main Dam 

Location 
	 300 metres upstream of the 

existing Victoria Dam 

37 

5.04 

11.3 

87 

167 

203 

36 

2.24 

4.7 

Catchment Area (km 2 ) 

Ave. Annual Streamf low (106 m3) 

Reservoir Storage Volume (106 m3) 

Reservoir Surface Area (ha) 

Streambed RL (m AHD) 

Full Supply Level (m AHD) 

Bank Height (m) 

Storage/ave. annual streamf low 

Yield Benefit (from dam alone) (106 m3) 



37 

'I 	 APPENDIX 2 

SOURCE DEVELOPMENT PLAN 

'MOST LIKELY' TIMETABLE 



Most Likely Source Development Timetable 

(includes G & AWS System) 

As per 1988 Review of Source Development Plan, with revision to 1994/95 made in August 1989 
All units Millions of Cubic Metres per Annum 
D.A.W.-Deep Artesian Well 	G.W.-Groundwater Scheme 	P.H.-Pipehead 	P.B.-Pumpback 	ST-Stage 

Groundwater 
Forecast 	 Interim 	System Reduced System Surplus 

Year 	Unrastrict- Sources Commissioned 	 Quota 	Yield 	Yield 1  Yield 	Yield 
ad Demand 	(Operational) 	Scheme 	Total 	Benefit Benefit 

1986/87 218.7 Storage Reservoirs: 
Canning. Serpentine. 
South Dandalup.Wungong 

(Restricted Outlet) 
Churchmans ,Victoria, 
Mundaring. 
Pipeheads/Pumpbacks: 
North Dandalup P.M. 
Lower Helena P.B. 
Groundwater Schemes: 
Gwelup 12.0 
Mirrabooke 22.0 
Wanneroo 21.2 
Jandakot ST 1. 5.3 
Deep Artesian 12.0 72.5 252.6 33.9 

1987/88 223.6 251.7 28.1 
1988/89 225.8 Wanneroo D.A.W. 1.5 2.0 2.0 

Pinjar ST 1 G.W. 	Pt 1 6.3 80.3 7.0 6.9 259.7 34.9 
1989/90 233.4 258.7 25.3 
1990/91 240.6 Pinjar ST 1 G.W. 	Pt 2 6.4 86.7 5.5 5.4 

Delete Victoria Dam -3.1 -3.0 260.2 19.6 
1991/92 247.3 259.2 11.9 
1992/93 252.7 Victoria/Bickley Dam Redev 5.8 5.7. 

Deletion of North 
Dandalup P.M. -10.6 -10.2 253.8 1.3. 

3.993/94 258.0 Conjurunup Creek P.M. 4.5 4.4 
Jandakot ST 2 G.W. 4.0 90.7 4.7 4 261.7 3.7 

1994/95 263.4 North Dandalup Dam (part) 8.0 7.7 268.4 5.0 
******************* end of August 1989 revision ************************************************** 

1995/96 255.7 267.4 11.7 
1996/97 260.8 266.9 6.1 
1997/98 266.5 North Dandalup Dam (add) 6.0 5.8 271.7 5.2 
1998/99 271.9 North Dandalup Dam (add) 3.0 2.9 273.6 1.7 
1999/ 276.7 North Dandalup Dam (add) 1.9 1.8 

2000 000ralong P.B. 4.4 4.2 278.5 1.8 
2000/01 281.5 Araluen P.B. 1.2 1.1 

Pinjar ST 2 Q.W. 	Pt 1 3.6 4.0 3.8 
Raise Mundaring 92.3 0.0 0.0 282.4 0.9 

2001/02 286.4 Lower Serpentine P.S. 4.6 4.3 
Raise Mundaring 	(part) 3.0 2.8 288.4 2.0 

2002/03 291.1 Lexia G.W. 5.5 6.9 6.5 
Raise Mundaring 	(add) 98.8 1.0 0.9 294.7 3.6 

2003/04 296.2 Marrinup Brook P.B. 6.1 5.7 299.3 3.1 
2004/05 301.5 Pinjar ST 2 G.W. 	Pt 2 3.6 102.4 4.0 3.7 301.9 0.4 
2005/06 306.8 Pinjar ST 3 C.W. 5.6 6.0 5.6 

Raise Mundaring (add) 108.0 3.0 2.8 309.1 2.3 
2006/07 311.3 North Dandalup Main Amp 2.9 2.9 

Dirk Brook P.B. 3.5 3.2 314.1 2.8 
2007/08 316.6 Jandakot South ST 1 G.W. 3.1 3.3 3.0 

Jandakot South ST 2 G.W. 3.1 114.2 3.3 3.0 318.9 2.3 
2008/09 321.1 Ycal ST 1 G.W. 6.1 120.3 6.7 6.2 323.9 2.8 
2009/10 326.6 Yeal ST 2 G.W. 6.1 6.4 5.9 

Raise Mundaring 	(add) 126.4 3.0 2.7 331.2 4.6 

2010/11 331.6 Lower South Dandalup P.S. 2.3 2.1 332.1 0.5 
2011/12 336.7 Barragoon ST 1 G.W. 4.8 6.0 5.4 

East Mirrabooka ST 3 G.W. 2.0 133.2 1.5 1.4 337.7 1.0 

Assumed yield reduction by 2040 due to climate change. 
- Surfacewater Sources 	20 . 
- Groundwater Sources 	20 . 
Assumes Wungong Tunnel and Outlet Pipes Completed to South West Highway. 

I 



APPENDIX 3 

BICKLEY BROOK WATER SUPPLY 

DEVELOPMENT OPTIONS 



BICKLEY BROOK WATER SUPPLY DEVELOPMENT OPTIONS 

A number of water supply options for varying degrees of 

catchment development were examined for Bickley Brook. The 

water treatment costs associated with each level of catchment 

development were estimated, and the results are presented in 

the table attached. 

The Bickley Brook catchment above the likely pumpback dam 

site at the confluence of the Bickley and Munday Brooks is 

mostly alienated (840 ha or approximately 71% of total). 117 

ha of Crown Land is vested in the Water Authority. The Water 

Authority has also purchased 253 ha and replanted these areas 

with native trees. The remaining 470 ha of alienated land is 

privately owned and actively used for horticultural 

production. The existing streamwater quality is marginal, 

due to the private land use. 

The six options examined were as follows: 

Remove all horticultural activity from the catchment by 

purchasing all private land and replanting with native 

trees. Although this would improve the existing stream-

water quality, the high cost of the land purchases would 

not be offset by reduced water treatment costs. There 

would also be strong opposition from the affected 

landowners. 

Allow limited additional development of privately owned 

land. The current policy of opposing all new proposed 

subdivisions would be eased slightly to allow limited 

additional development of private land which has the 

capacity to absorb additional pollution loads. Water 

Authority land would be retained as is. 



The stream water quality should remain at its current 

'marginal' level. However, once the Bickley water is 

diluted by pumping it to an enlarged Victoria Reservoir, 

the only treatment that should be required is 

chlorination. This is the lowest cost and hence the 

preferred option. 

Allow limited additional development of private and 

Water Authority land. Private land development policy 

to be the same as for option 2, but in addition, the 

Water Authority would sell its land and allow it to be 

developed to a level similar to the private land. 

61 	The streamwater quality would deteriorate with 

additional pollution loading from the former Water 

Authority land. Additional treatment such as 'direct 

filtration' would be required and this additional cost 

more than outweighs the likely land sale benefits. 

Also, sale of Water Authority land is likely to lead to 

increased pressure for full development of private land 

which would further reduce streamwater quality. 

Allow full development of private land. The Water 

Authority would remove all water quality related 

objections to private land development, but retain its 

own land as is. 

Streamwater quality would be similar to option 3 and 

additional treatment such as 'direct filtration' would 

be required. This option is slightly more expensive 

than option 3, since it offers no land sale benefits to 

the Authority. 

Allow full development of private and Water Authority 

land. The Water Authority would sell its land and 

remove all water quality related objections to land 

development in the whole catchment. 



This would lead to a significant reduction in stream 

water quality and require full conventional treatment 

before being pumped to Victoria Reservoir. This option 

is about the same cost as option 4, since the additional 

treatment costs are roughly balanced by the sale of the 

Water Authority land. 

(6) Abandon the stream as a water resource. The Water 

Authority would abandon the resource and advance other 

projects on the 'Source Development Programme' to make 

up for the 1.7 million cubic metres per year shortfall 

in yield. 

Water Authority land would be sold and all water supply 

constraints on full development of the whole catchment 

removed. Thus streamwater quality would be the same as 

for option 5. 

This is the most expensive option, indicating that even 

with very poor water quality, requiring full treatment, 

the resource is still worth retaining as a water supply 

source. 

option 2 is clearly the Water Authority's preferred option. 

It has the lowest overall cost and allows some additional 

development of private land. Any further development of land 

(private or Water Authority) above this level of activity 

would lead to significant increases in water treatment costs. 

option 4 would, for instance, cost the Water Authority about 

$360 000 per year more than option 2. There are also greater 

health risks, as the increased loading of pesticides, 

insecticides, petroleum products and fertilizer nutrients may 

not be able to be removed by a conventional treatment 

process. 

Direct injection of Bickley water into the supply system was 

also evaluated as an alternative supply scheme to pumping the 

water back to an enlarged Victoria Reservoir. However, this 

alternative is consistently more expensive than the pumpback 

scheme due to the higher level of treatment required on the 

undiluted water (see attached table). 



The direct injection alternative has two potential 

environmental benefits; no pumpback main required and 

reduced storage volume in the new Victoria Reservoir. 

However, the pumpback main would be constructed in disturbed 

land of relatively low environmental value (see report by 

Havel) alongside an existing pipeline and the alternative 

would not reduce the size of the reservoir to any significant 

extent. Hence the potential environmental benefits of the 

direct injection alternative are considered to be marginal 

and do not outweigh its large additional cost. 

B!CftEY OE 
	LOF)4ENT 

COMPONENT 00T4 )PV) TOTAL 2051 
L 	SE 	$CHEME TYPE 	WP.TEP 	I 

TRE.TMENT 	Struct. Pipeline Fupirig Treat.iiert. Lard FVT 	CO4TCM ANNUAL  

$M $M SM $M $M SM 	S/cm SM/Yr 

1.04 1.14 2.33 0.29 3.20 8.01 0.29 0.496 
W.Outh. -  keep 	Purpbeci 	- 

IPrivate- buy all 

1.04 114 2.33 0.29 - 4.81 	1 0.17 0.258 

2 	W,Outh. -  keep 	(a 	Pumphack 	- 

Private- 	limited 
1.04 1.04 2.33 6.11 - 10.53 0.38 	1 (.652 

aiitionei deveiopvent 	ft) i'irect 	direct 
Injection 	filtrat.icn 

1.04 1.14 2.33 6.11 -1.70 8.93 0.32 	1 0.553 

3 	IW.Auth. 	sell 	(a) Fumpback direct 

Private- 	limited 	 filtration 
1.04 6.15 1 70 10.87 9 Ii 612 

j t 	c 	1 	devirpmet 	(mi 	Dir 	t 	ct-i' 	1 1 f4 

Irection 	full 	t.reatmt.. 

1.04 1.14 2.33 0.38 
4 	uth.-  keep 	Ia) 	umcback direct 

IPriae 	full 	 flratiori 
1.04 1.04 .33 21.67 - 24.09 0.94 1.614 

additional deveiomCrt 	tO Oirect 	advanced I 
lrie:t.ior 	treatment 

---------------------------------------------- 
8.15 -1.70 10.97 040 0.679 

5 	W.uth. 	i1 	ia 	Pupback:orVertiCrii 1.04. 14 2.33 

Private-  full 	 full 	treat.nt. 
1.04  1.04 2.53 21.67 -1.70 24.39 0.88 1.509 

additional deveiopent 	ft1 	t':rect. 	advanced 	; 

iriectiori 	treatment 

13.70 

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

12.00 0.43 0. 743 	1 
the 6 	0.uth. - mcii 	4baridon 	resource- ; I 

Private- 	u11 	avarce the SOP tc,rePiacCI 

adt1or,ai devioPcrt 

1.717 ucla - annual 
7,747 - PVTO6) 
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SIIIIMARY. 

- Pim*iinary Survey UI trie v mcwria - icKley proiect area. exam rriatrori UI 3i am iiUi.U01 uor uu0 
as nc study o :e!e'ant published Information has led to the oflowng oonoluoor:o: 

the area is Inr 	 annng Darn an 	ndaringtemediate between C 	 dM 	Wer. 

21 n terms at landlormo the area does not tit well into the publiohed categorcs and has same 
arirrnw with Portn Danaaiuo. in that lateritic breakawa's occur in the vaiievs rnaooe'j as tne 
Murray 3ndTorm. The pumpbac part of the project falls into. the Helena landfcrm the eargernent 
UT the victoria reservoir rnainiy into the Murray landform. 

31 The vegetation oi the area consists of drier variants of the Murri and Helena comolex tnan 
shown on the System 6 maps. It has been strongly disturbed in the past by clearing, gra:ng, 
iogwno, construction of a dam. oloelines, ditches, roads and an electricity transmission iine, 
wldfires, drought, dieback and recreation. The disturbance is much stronger in the repurchased 
orivate properties oeiow Ymctoria reservoir than in the State forest above it, where the &ronuest 	16  
disturbance is that due to jarrah dieback. There has been a strong invasion of exotics, particularly 
in tne arazed areas. 

'11 The flora of the oroiect area is auite rich, with a strong develooment of soecies characteristic of 
the Dar!ng Scarp region. Some of these are endemic to the region, but no species recorded s 
uazetted as rare, in neea of high level monitoring or in need of research. 

5i Inc oroiect ooes not encroacn on any reserves proposed in the System 6 stuu'. 

61 .itnouon i.ne oroiect will aifect some local variants of landforms 3niO veaet3tiori. 'sic irnoaci. is not 
osno1ce.red t be ot 	io1ent sign1cance to prevent advancement to the next stage a planning, 
uartmcuiar'iv as a 11011 UCOI'CC of aisluruarice nas aireaay taken 013cc in the oromecr. area. 

I 
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1 .IP4IRODUCTION. 

Havel Land Consultants have been engaged by the Water Authority of Western Australia,through the 
t-'rincipai Consuitants ian Pounc & Associates, to carry out the preliminary investigation of tne 
ikelv impact of the above scheme on the landforms, vegetation and flora of the area, to serve as an 

inout to a oreuiminarv environmental review, 

OBJECTIVES. 

Inc soecification for the lOCK is to review the iandform, vegetation and flora resources of inc 
prcject area, based on the currently documented information and site inspection invol\'ng 
restricted oata recoroing and analysis to verify or ammerto the existina descriptions or tnese 
teatures. Based on this inlormatron a report is to be prepared which documents: 

,all the ndicrm, vegeteton and flora of these are-as which might be impacted by the proect; 

b]a prelim mar', predictcn at the nature and magnitude of project impacts upon these components ct 
inc environment 

ojan ooinion as to the sionilicance of the orolect imoacts in terms of natural environment resource 
aflooaton and adequacy,  01 provision for the conservation 01 the components 01 the en'.'Ircr.mer:t 
imoactea oy tne pro)ect.  

fIETHODS. 

A field inspection of the area likely to be affected was carried out jointly with WAWA staff and trie 
Principal Consultant, On the basis of this inspection, and of the study of relevant maps and air 
photos, it was concluded that although the area likely to be affected is relatively small in comoarison 
with other areas investigated in recent years, the heterogeneity of vegetation is such that the 
available vegetation maos are of too small a scale and do not accurately reflect the real situation. 

For this reason a pr000sai was submitted to the Authority that a preliminary surv', consistirto of 
wdely spaced transects, should be carried out and used as a basis of the preliminary evaluaton of 
the imoact, if it is subsequently considered necessary to carry out a more complete evaluation or' the 
impact, the completed transects can be supplemented by additional transects to make possible 
detai lea niaooina 01 me veoetation types  and full ennumeration of soecies. The ar'adient airectea 
transects are considered to be the most effective method for gathering ecological information in 
natural resources surveys sucri as this [Oillison and brewer, 196151 as they maxim ise the chances ci 

ng up the lull range of variation within the area under nvestigat1on. The overall str3te',' or 
inc survey is tne same as that useo on earlier environmental assesments für the /\utnoiv by Inc 
consultants [Hovel Land Consultants, 1 987 & 19881, 

The need for some deta led fieldwork was lurther indicated by the fact that some species endemo to 
tne reaior were formerly listea as rare and endangered [Patrick & H000er. I 9ô2; Rye 	HoPoer. 
I9I] and are still stedosrequirnghigh priorIty mcmtorngor further research 
'ALrl,i 	]. ihese species are unlikely to be detected by brief or casual inspection, 

total of I 5 transects iFioure 1] was surveyed uo to this stage. everai of tnese were reiiu Cv 
short transects covering the area likely to be traversed by the pumpbeck pipeline but two across-
the -valley transects covered the likely locations of the pumpback dam and six across-the-valley 
and two half transects covered the area likely to be inundated by the enlargement of the Vctcra 
reservoir. 

The methods of survey and recordina were identical to those used for the larae Four Alternative 
o' o"I 	r,,i rro,'tI l-Jc,c,1 I rnr$ i"nr'ei itrtc i Q7 S. 1 Qs 	1 	rd t 	r1$ 	r.r' h'o 	+ôrir+ô.' 

SL'..RIUI 	 ,, 	RI'. J I JI 	'V 	I 11.1 ¼I LJ ILl 	tJI I,JU I Lull 	- J , LA 	- .iJJ LI 11.1 .l IL LJLl Li LiL4 	, 
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Th 	c:'i3tcfl ocHected 	cludes t0pOCr3pr/ an oos s 
C:uH'tIUN OF the tUbtiitiUFr itO Structure ana its comoosiuon ihi suecs were ioertiieu U 

to 	1el1 nv -enborium developed by the consultants Ten pre'ioO 	oJecto 	c1eo ro 
e'riousiv recoraeo were roentinea ov reference to tire Flora ui me ertn eaiori rircriir 	t 

O 	3rd the JensuO of Yascular Plants Ut Western AustralIa IGreen, 198] and wh5r necossan.'. 
ov reFerence to inc State Herbarium. At this staae the data nas not vet oeen fully anaivseu in uetai 
but the pre mnary 	is adequate to lulfil the objectives specified by the Authortv. 

The sIgnfIcance of the impact has been assessed by reference to the system of reserves established 
in System 6 [eot conservation and Environment, I 983]. 

4. RESULTS. 

4.1. Landforms. 

On the landform and soils maps for System 6 [Churchward & McArthur, 19801 that part of the 
prolect comprising the pumphock dam and the pipeline is correctly placed in the Helena landform. 
Although above the )unction of the Bickley and Munday Brooks the incision of the Mund,' ''alley s 
less aeeo than oeiow it, there is a high degree of exposure of the underlying grarirtic, aoierrtic ano 
gneissic rock and a poor development of the tree stratum up to the Victoria reservoir, indIc3tng 
shallow soi is ana hence a hian deoree of dissection, which characterise the Helena landform. 

The existina Vrctorio reservoir and its enlargement are shown on the System 6 maos to fail entirely 
wthn the Murray landfcrm, whch, though less deeply incsed into the laterito landscape than the 
helena iarioscaue, is nevermeless an erosional surface. On-the-around surveys of tne Muriaay 

rook and itc,  trbutares reveal a somewhat different situation, namely that relatve!v short 
arstance uostream mom tne oresent level of inundation lateritic breakawavs occur in trie vaiievs, 
:ndcating the upper level of dissection. Above the breakaways the valley floors tend to he under!on 
dv lateritic oavements anu are less steep. The aresence of the laterite is also reflected in tne man 
lc','el of debac occurrence on the tower slopes, which s not typical of the Murray landform but s 
Quite common on Inc iarraV landform. However the middle S1ODCS of me valleys are aeneraiiv 
oteeper than o the case tor Yarragil. 

!n the North Dandalup survey [Havel Land Consultants,1987J McArthur used the new term M','ara 
lanoform for this situation, which he considered to be common on the smaller streams drainirra tire 
western margin of the Darling Plateau. The drop of the streambed from the latertc plateau down to 
the coastal plain is steeoer in the case of the ickley-Munday BrooKs than in the case of the North 
Dandalup River, and of course much steeper than in the case of the major streams such as the Helena 
or Murray, on wnich tne original landform nomenclature is based. 

Another feature of the Munday Brook is the strong assymetry  of the valleys, which is reflected in 
the cross section of the valleys and the occurrence of dieback, and hence presumably in the extent of 
inc underlying laterite pavement. This is particularly pronounced on the main fiunday brook 
branch, but is also seen in the minor tributaties on the south bank of the reservoir, 

4.2 Vegetation. 

4.2, 1. Vegetation complexes. 

As the vegetation maps [Heddle at @], 1980] are basically an interpretation of the landform maps in 
The iiaht of an isohvetai maos and field insoections, the departures described above also occur in the 
vegetaton maps. They are turther accentuated by the inadequa/ at the isohyetal maps to reflect all 
inc climatic features that influence moisture availability. In a recent as vet unouoiisheo articie 
13e1ntll H press has pointed out that the mean total summer evapotr3nspratcn rseo 
snjnrficarrtiv north of the Murray River and that this rise accelerates east or Perth, this means that 
the Munday Brook catchment is significantly drier than the Canning and Dandalup catchments even 
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wthn the same Isohyets.fhis is reflected in the occurrence of wandoo [ £t'1o16's W,'av] not only 
on the Helena surface out also on the remnants of the Murray surface on tne oeriohery of trie 
reservor, It means that the Murray complex in the Munday brook catchment has greater atflnit',' 
witn mat in the 	Helena tnan in Canning, and should 	perhaps be  reclassified as iiurrv and 5ini000ri 
complex in low to medium rainfall instead of the present classification at Murr,' complex n 
rneoiurn to man rainfall. This lS also indicated by the absence of types C and Tori me siooes. 

The veoetation of the Munday-ickley cotchment thus has affinities with the North Darioaiuo 
catchment n terms ot' the underlying landforms, and is Intermediate Ifl terms of the clmatIo 
influences oetween Cannina anu Helena. 

4.2.2. SIte- vegetation types. 

The survey of the transects has gwen the opportunity to describe the vegetation at the next level Ci 
aelinition that of Have] s site-vegetation types{ Have], I 975 a & bj, wnich cannot oe uone solely 
tram the aerial photo interpretation, The outstanding feature of the project area is the strong 
rroamentatioriof trie veaetauon on the erosional surfaces. Thougn the veactation on tne sue Ui tIiC 
pumpback dam and along the pipeline falls, apart from the stream vegetation of type C, wthn the 
bracket of R 6 and M there is little duplication between the eight transects. 

The original heterogeneity due to topography and soIls is further accentuated by the aeoree of 
disturbance due to clearing, grazing, earthmoving and wildfires. In the more extreme cases the 
shruo and nero storv has been largely replaced by exotics. This is consistent with the fact that tne 
bulk of the land in this section consists of repurchased grazing properties. It is sometimes difficult 
to decide whether the severe crown damage and even death are due to wildfires or drought, or to We 
combination of both, as both of these adverse factors are favoured by the steepness of the slopes. The 
strong development of exotic weeds which dry up each summer no doubt also contributed to the high 
frequency of wildfires. 

Above the dam wall the vegetation is less fragmented and its pattern is determined by the steepness 
of tne terrain and by topographical position. The original disturbance due to clearing. araziria, 
construction of numerous ditches and logging which took place prior to or at the time of the 
construction of the dam, has been greatly reduced with the long passage of time. The disturbance due 
to wildfires and drought is also less evident above the dam wall, presumably due to the milder 
siopes, aeeoer soils ano the reduction in the intensity and frequency of wilofires Dv orescribed 
burnng 01 the State forest.f he most severe disturbance above the dam is now the dieback dsease, 
refered to earlier. Its occurrence aooears to be strongly site -dependent. 

Inc aominant vegetation woes are C and CO along the streamlines ano S and 1 on the uoianas, Tie 
!cwcr 5iC8C are occupied by P, W or M according to the steepness of the slope an texture ct the 
soti. it is the tvoes W ano P, aria to a lesser degree S that have been most affecteo by the uieoac 
dlsease. The extensve ditch construction on the periphery of the dam has mainly affected types C, W 
and H. The vegetation of the rocky slopes is of the R and 6 types and it is in triese that the orouant. rias 
had the greatest Impact. The sIte-vegetation types are arranged in sequences whch resemble those 
of the Canninu ano Helena catcnments. Due to the past stability of the inunoation ieveis in we 
reservoir, and very long period since construction, there is a strongly developed band of sedgeland 
along the snoreilne, thougn this will now change due to the lowering of the spiiiwav. 

4. 3. Flora. 

Aithouoh the full enumeration of species is not feasible at this stage, the data so far collected 
indicates that the number of species is quite high. Compared to previous surveys of the Four 
Alternative Resources certain sets of species are absent, such as those characteristic of the maior 
valleys in high rainfallitypesO, 0 and TI and broad valleys in low reinfall[types A, B, E, H and y] 
respectively. On the other hand several species new to the data base have been collected, which are 

19 
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Cescribec in the F 1  ora VIf the Perth Region as occurring mainly, or even exc1usvely, :fl the Drrg 
scaro or the aoiacent western edge of the Darling Plateau. The site-vegetation tvoes in wnicri riev 
ocour are manly P. and (3, indicating that the project area is closer to the Darling Scarp than any of 
those previously surveyed. A list of the new species is given in Appendix I. Some of tnese, such as 
.4st'otL- /'os, have quite a narrow range of occurrence and can be looked on as endernics, b 
none is listed in any list in the revised Schedule of the Declared Rare Flora, Search for the know n 
species from the revised Schedule [LM, 19871 whose range of occurrence could be reasonably 
exoectea to cover the Bickley-Munday catchment and some of which have been recordea on orevious 
surveys, has so far failed to locate any of these, The list of these species is contained in Appendix 2. 
in addition several exotic weeds were identified which were as yet not incorporated in the data case. 
This possibly reflects the long European occupancy of the project area and the high degree of 
disturbance. 

5. NATURE AND MAGNITUDE OF PROJECT IMPACTS, AND THEIR SIGNIFICANCE. 

5.1. Impact on landforms. 

The main impact of the construction of the pumpback dam and the associated pipeline will be on the 
Helena landform. It is a common landform amply represented in existing reserves below the 
Mundaring Weir, oetween the main Serpentine Dam and the Serpentine pipehead, below the 
proposed North Dandalup Dam and in the western part of the Lane Poole Reserve, as well as in the 
Collie valley to the south and theAvon valley to the north. Apart from a steecer streamoea aroaient 
the Mundi-8ickley valleys are not sufficiently different from the other valleys to justify specie! 
concern. 

The Impact of the larger 'Victoria reservoir will be the Inundation of virtually the entire occurence 
of the Murray landform on the Munday Brook, as well as the partial inundation of the lower portion 
of the Yarragil landform, which could be jointly considered as the newly named Mvara ianidform. As 

the two landforms are separated by distinct lateritic breakaways, they make up an interesting and 
unusual combination. It is highly probable that a similar combination will be fouria on other small 
streams that drain the western edge of the Darling Plateau, and that this combination ',as &readv 
been inunooted in other small reservoirs near the edge of the olatecu, such as Churchman Brook, 
Waroone, Drake Brook and Logue Brook. The magnitude of the impact of the enlargement is lessened 
by the Tact that the extensive ditches dug in this landform within the proposed inundation airea' 
constitute a major perturbation. 

5.2. Impact on vegetation. 

The main impact of the pumpback dam and the associated pipeline wil be an additional disturbance of 
an aireacty strongly disturbed Helena vegetation complex. The significance of the impact depends on 
whether the project area is considered to fall into the medium to high rainfall variant [Helena 
M/HJ which on the whole is well represented in the reserves to the south 126.8 of the total area of 
the complex within the region], or into the low to medium rainfall variant [Helena L/M] which is 
inadequately represented in the reserves to the north other than in the Avon Valley [Dept. 
Conservation and Environment, 1983]. On the System 6 maps it is included in the former, but field 
indicators [wan000 woodlands, shrub species] favour the latter. Value of the proiect area to long 
term flora conservation is diminished by the high degree of disturbance, both past (clearing, 
grazing, pipelines) and present [powerlines, wlldfires, recreation]. 

Inc impact of the pipeline can be reduced by following the existing pipeline from the Victoria 
reservoir and by avoiding the southern bank of the Munday Brook, which is steeper and less 
disturbed. A oumoback dam located near the Munday -Bickley iunction would nave lesser imoect 
than dams located further downstream, where the vegetation is less disturbed. 

	

m,r, 	r'+ r$ +h o 	,,omônt of the V +r,r'1 	oc'ornr' 	ho thø 	r'+'l 	 af the  
1II 	JUI 	'I_IU_". 	 JCII5LtI¼ Vt 	Itt 	tt..,..tJI IU I V 1 t YVII 	III I_)s. 	 It 	UU, I,I,IIIIIISJIVII VI 	,- 

Murray vegetation complex, which on the maps is shown to be the medium to high rainfall climatic 
variant [Murray M/HJ, but in the field shows greater affinities with the low to medium variant 
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[Murray and Bmdoon L'M]. This is in common with the bulk of the earliest built dams, which tend 
to utilise me favoura1e conditions for dam construction which occur at the uostream limit ot me 
Helena landfcrm [Havel 9 7S c] so that the main inundation occurs in the Murray landform. Ac n 
tre case of me Helena comolex, the low rainfall variant is not as well reoresenteu in tne reserves 
[5.7] to the north as the high ranfall variant is represented in the reserves to the south [2J, 
out even me former level oi reoresentation meets the internationally acceotea minimum criterion 
of 	o the area 	naHv covered by the aven vegetaton type. The bulk of the area hkc!v to 
airecteu fl5 Dec11 strongly disturoed in me past, though it has recovered 'uite well. 

5.3. Impact on flora. 

As the proJect  area talls within the range of occurrence of several species gazetted as being n need 
of high level monitoring or requiring research, the project has some potential to affect them 
adversely. However, even some quite detailed field surveys have so far failed to locate any of these 
soecies within the areas likely to be affected either by construction of dams and DiDelines or ov 
inundation. The surveys have, however, discovered some species endemic to the region whch have 
not been recorded on any of the previous surveys, but these are not gazetted in the revised 6cheduie 
and appear to be locally quite common, such as As/ro/ome t/isurn The failure to find any gazetted 
species cannot be taken as a proof of their absence at this stage of the investigation, as on previous 
surveys only few individuals or small colonies of the gazetted species were ultimately found. 

5.1. Impact on existing and proposed reserves. 

The pr000sed activities do not impinge on any of the reserves considered in System 6 [L'eot. 
Conservation and Environment, 193,which occur either upstream [proposal M78, reserve no. 
C I Ob I ; or000sai 1179, reserve no. C 21172] or downstream [proposal 11601 from the oroieci.ea 
works, eoept that prapcsal M80 refers to the floristic importance of the northern sde of eoke 
valley anu recommenas that no further roads be built in the valley. This does not aooear tO DC 
relevant to the southern cde of the valley on which the present access road to the proect ste s 
iocateo, as it is aireav very strongly  disturbed. 

6.0. OVERALL EVALUATION OF THE IMPACT. 

The Viotcra -Bickley project presents some minor problems in overall evaluation of the lmpaCt on 
t he anojorms, veaetation and flora, in terms of the total area affected it is not of any urCat 
significance. Even f the entire area likely to be affected were instead declared an A- class reser'.'e 
its duanutative contribution to the reserve system would, except for the Helena [ Ll 1-11 comoiex. oe 
quite nsgnificant. Even the value at Helena complex addition would be greatly reduced by the hgh 
degree oi disturbance, both past and present. 

Inc oifficulty in reaching a clearcut conclusion arises out of two factors alreav discussea 300ve: 

a] The landforms in the area do not fit neatly into the categories defined in the Atlas 01 Natural 
Resources compiled for the System 6. The question then arises whether every variarcn can be 
catered for in the system of reserves, or whether It even should be catered for, as the landforms of 
the region form a continuum with an almost endless range of variation. Some of the variations are 
so subtle that they were overlooked in the original compilation of the maps, are barely mappable on 
the regional scale and can only be discovered by detailed surveys, more often than not only 
undertaken as Dart of environmental project assesment. 

01 [he veaetation of the area is intermediate between the cateoories used in the compilation of me 
maps, and the project area sts on a climatic boundary. The field survey suggest that t would fit 
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better in a category dilferent to that in which it has been placed on the 5ystern 6 maps. it poses tne 
same ouestiorr as in the case of the land forms - can, or even should, every minor variation ne 
catered for in the reserve system, given that the various categories are only man-made oubdvoons 
of a iarae natural continuum? 

AS for me conservation of individual plant species, the basic problems in givino an unauaiifieo 
decision on the value of the project area are these: it falls within the range of occurrence of severe! 
gazetted soecies but these have so far not been found despite some detailed search. Some ericemics 
have been found, but these are not considered to be endangered despite their restricted range of 
occurrence. 

in summing up, there apoears no overwhelming environmental obstacle to the circiect from the 
point of !andforms, vegetation and flora. Some basic decisions may, however, need to be made to 
assist with this and other environmental impact assesments. 
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NEWLY RECORDED SPECIES NOT OBSERVED ON EARLIER SURVEYS FOR WAWA. 

SPECIES NAME 	 HABITAT DESCRIPTION EX REGIONAL FLORA 

Acaca teretifola Darling Scarp and Range 
stroloma foliosum endemic to Darling Scam, Kalamunda to Gosnells 

Adi anturn eth icp cum' near creeks throughout southwest 
oronia ovata Darling Range northwards from Gosnells 

Burtoni 	sc3bra coastal plain and Darling Range 
Carex preissn coastal plain and stony hillsides in Darling Range 
Dampiera coronata common on Darling Scarp 
Daviesia costata widespread in Darling Range but rarely collected 
Dioscorea hastfolia Darling Scarp and Range 
6astrolobium soathulatum Darling Scarp and Range 
*GladioIus angustatus South African exotic 
Haemodorum simplex wet sites on coastal plain and Darling Range 
*Hesperantba falcata South African exotic 
Hypoxis oiaoeiia shallow soils over granite 
Kennedia stirhngii heavier soils in Darling Range and on the Scarp 
Juncus subsecundus coastal plain and Darling Range 
Lomandra spartea common in jarrah forest 

omanoma brittanil poorly known from jarrah forest 
*OxaIis corymbosa South American exotic 
Oxylobium cuneatum Darling Scarp and Range, laterite and granite 
*plantago lanceolata European exotic 
Petroohile seminuda widespread in Darling Range 
Templetonia biloba coastal plain and Darling Scarp 
inomasia macrocarpa on or near Darling Scarp 
Tribonanthes longipetala swamps on coastal plain and Darling Range 
Verticordia pennigera coastal plain and Darling Scarp on granite 

* exotic species 

I 



I 
	

11/8/1988 

APPENDIX 2. 

GAZETTED SPECIES WHOSE RANGE OF DISTRIBUTION COULD INCLUDE 
MUNDAY AND BICKLEY BROOK. 

SPECIES NAME 	 RANGE OF DISTRIBUTION 

A} DECLARED RARE FLORA 

Acaca anom&a 	 Darling Range, Muchea to Kalamunda 

] TAXA FOR HIGH PRIORITY MONITORING. 

oronia tenuis 	 *Helena ValIey,Lesmurdie Falls, Oakley Dam 
Grevfllea drummondi 	 *widpread in Darling Range 
Lasioetalurn oracteatum 	 *along Darling Scarp, Greenmount to CanniriQ Dam 
ynaphea pmnata 	 locally abundant along Darling Scarp 

C] TAXA IN NEED OF URGENT SURVEYS 

Aotus condifolia 	 *Red Hill, Byford, Canning Dam 
Darwinia pimehodes 	 John Forrest NP, Walyunga,Darling Scarp and Range 
Oastroiobium eoacrioides 	 *Darling Range near Perth 
Stylidium rigidifolium 	 Darling Scarp and Range near Perth 

* recorded on earlier surveys 

() 



Hevel Land Consultants, 
1327 Wnneroo Road, 

Wanneroo, 6065. 
28/ 4/igag. 

The Manager, 
Water Resources Planning, 
Water Authority of Western Australia, 
P0 Box 100,Leederville,WA,6007. 

ENVIRONMENTAL STUDIES FOR THE BICKLEY-VICTORIA PROJECT. 
VEGETATION. 

Att.Mr. 1. Pound. 

Dear Sir, 

As requested in discussions with your staff, we are hereby submitting on update of 
the above studies 

The requirements for the update,-are understood to be the evaluation of the impact of 
enlarging the Victoria reservolr,the construction of a pipehead dam on the Bickley 
Brook and their connection by a pump-back pipeline. The update is necessitated by 
the decision to move the wall of the dam upstream and to raise the level of 
inundation as compared to the earlier proposal, which was covered by our 
preliminary report submitted in 1986. 

As you are aware It is normal for our survey transects to go beyond the maximum 
level of inundation, so that the slight rise proposed has been already accounted for 
on most of the transects. However there still remains the question whether 
additional transects should be surveyed upstream of the highest transect, 
particularly in the main valley, to account for the rise. I do not be] ieve this to be 
necessary, as the transects covering the headwoters E 9, 13, 151 were close to the 
previous upper level of inundation. 

In the case of the main valley, which is the only one in which there will be 
significant additional flooding of the valley floor because of its mild gradient, the 
high level of dieback occurence at and above transect 13 has already greatl.y 
reduced the conservation potential of the additional area likely to be inundated. Due 
to the relatively steep gradients of the tributary valleys the additional flooding due 
to raised level of the dam will be minor. The additional streamline habitat loss 
would also be reduced by the fact that at and above transects 9, 13 and 15 the 
vegetation of this type forms a relatively narrow band along the stream. 

We stressed in our previous report that because of our anticipation that rare 
species might be present in the Victoria - Bickleg locality, we conducted a careful 
search, yet failed to find any gazetted species within the area surveyed. As a further 



check we have recently contacted Dr. S. Hopper's section at CALM, Woodvale. The only 
gazetted rare species with known populations near the Victoria - Bickley project is 
the orchid The] ymitro stellota, recorded near the Cohunu Wildlife Park. it can 
apparently be confused with the more common T. luscolutea, of which it was 
previously a subspecies. It is distinguished by larger and more strongly coloured 
flowers. As it flowers in late spring, no check or further search would be possible at 
present, However, Its preference for sandy or gravelly soils over laterite makes its 
occurrence within the moderately strongly dissected damsite, with its loamy soils., 
and along the plpelirie,located on even steeper, predominantly stony slopes, unlikely. 

As the survey of the pipeline in the autumn of 1988 consisted of numerous transects 
which run upsiope from the stream, there was ample opportunity to observe the 
condition of the aquatic vegetation downstream from the Victoria Reservoir to just 
below the proposed new pipeheod dam below the Munday-Bickley Brook confluence. 
The most striking impression was the relative absence of aquatic vegetation as 
compared with Canning and North Dandalup dam, due presumably not only to the 
absence of large perennial pools on the Mundag Brook with its steeply sloping rocky 
streambed, but also the high level of past disturbance by grazing, fire and 
engineering activities. The additional Impact of the larger new dam on the Munday 
Brook is therefore unlikely to have a significant effect on aquatic vegetation. Below 
the confluence of the Munday and Bickley Brook at least one population of aquatic 
vegetation was observed in a small but possibly perennial pool, but it appeared to be 
strongly influenced by the agricultural activities taking place upstream on Bickley 
Brook, as it contained high proportion of filementous algae, observed in analogous 
situation below the Wungong Dam. 

In conclusion, we do not consider that the raising of the reservoir level would cause 
significant additional impacts onihe vegetation not already covered by our earlier 
report. 

As regards the management of the reservoir and its surroundings after the 
constructi on, we offer the following suggestions: 

11 Management of the vegetation on the margins of the reservoir. 
The existing Victoria reservoir already contains secondary fringing vegetation, 
chiefly dominated by Eucalyptus rudis. Should prolonged periods occur between 
complete fillings of the reservoir, analogous development to that described by us 
from headweters Ic the Canning and Wungong reservoirs can be anticipated, except 
that the area subject to revegetatlon would be markedly smaller. The clearing of the 
margin of the new reservoir should therefore be related to the anticipated rate of 
filling. 

21 Disposal of the rubble from the existing Victoria dam. 
Return to pristine conditions of the zone between the existing and proposed dam 

wall would be very difficult. As the downstream environment of the existing dam is 
already strongly modified, It would probably not even be appropriate. It is therefore 



suggested that the upper portion of the existing dam wall be levelled upstream into 
the former reservoir basin, and the lower portion of the wall converted into a 
causeway over the stream, which will be probably required by the Water Authority 
and by the State Energy Commission, whose major powerilne crosses the stream 
near-by. It would also serve as a historical monument to the eldest water supply dam 
in Western Australia. The debris pushed into the former reservoir basin could then be 
covered by topsoil borrowed from the margins of the new reservoir basin, and 
revegetated. 
There are two options for revegetatlon: 
a) A restoration of the original vegetation of C - W - R - 11 types recorded in the 
vicinity during our survey. 
bi A perkiend or arboretum of exotic species, along the lines of the Jacoby Park 
adjacent to the Mundering reservoir. 
The choice between the two alternatives would no doubt be strongly influenced by 
what level of recreation is planned for the area. Alternative a) would be less 
compatible with high level of recreation, and more difficult in view of the already 
high levels of exotic weed infestation just below the existing dam wall 

We are available to advise the Authority on the revegetation, if required. 

Yours faithfully, 

Havel Land Consultants. 
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S U M M A R Y 

The Victoria Reservoir catchrnent was assessed for 

vertebrate fauna in late July, 1988. During the brief 

field survey 26 species of bird, 6 marrirnals, 3 amphi-

bians and 1 reptile were recorded. With the addition 

of cryptic species, passage and seasonal migrants and 

unconfirmed residents the area is expected to support 

in the order of 94 species of bird, 24 species of 

mammal (including bats and introduced species), 11 

amphibians and 44 reptiles. 

Actual and provisional species records were assigned 	 is 
to five major vegetation communities, and it was found 

that riparian habitats were the most productive and 

environmentally sensitive locations. Six gazetted 

species are almost certainly present in the area and 

three of these are liable to be affected by inundation 

of their specialised habitats. 

The impact 	of the project on 	fauna as a whole is 

reviewed and it is considered that 	18 species will be 

displaced or show reduced numbers as a 	direct result 

of 	enlarging 	the 	present reservoir. Strategies to 

lessen impact are discussed and centre on reducing the 

amount of clearing in the upper reaches of the new 

reservoir and reducing the frequency of burns in the 

remaining areas 	of 	riparian habitat. 
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1.0 	 INTRODUCTION 

Redevelopment of the existing Victoria Dam is 

necessary due to the age and condition of the existing 

str..2cture. A Water Authority of W.A. assessment of the 

most cost effective dam size indicated that a dam and 

reservoir significantly larger than the existing 

structure and pond would represent the most desirable 

development from water supply and economic perspec-

tives. 

To establish the environmental consequences of such a 

procosal a preliminary environmental evaluation was 

cornrrissioned by the Water Authority of W.A. The 

Principal Consultant appointed to the project 

initiated a number of studies to enable a balanced 

review of the potential environmental impacts, as 

input to Water Authority of W.A. planning, and as the 

basis for a referral to the Environmental Protection 

Authority. 

This report provides an assessment of the conservation 

status of the vertebrate fauna of vegetation communi-

ties surrounding the existing Victoria Reservoir. It 

is proposed to increase the area of the reservoir from 

around 15 ha to approximately 75 ha such that sections 

of valleys east and south of the current reservoir 

full supply level will be inundated. In addition, a 

pumpback scheme is planned downstream from the conf-

luence of Bickley and Munday Brooks, with a pipeline 

upstream to the new Victoria Reservoir. 

	

1.1 	STUDY OBJECTIVES 

The major objectives of this study were to provide an 

inventory of: 
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- 	the vertebrate species records gathered during the 

field inspection; 

- 	recent published and unpublished fauna records 

from the vicinity of the reservoir; 

- 	provisional records of seasonal migrants or cryp- 

tic species likely to be found should an intensive 

survey be conducted; 

anz to review and assess: 

- 	fauna declared as 'rare, or otherwise in need of 

special protection'; 

- 	geographically restricted species or outlier popu- 

lations; 

- 	the relationship between vertebrates and the plant 

communities present, in order to identify habitats 

of significance; 

- 	the potential impact of increasing the area of the 

reservoir, and establishing a pumpback on Bickley 

Brook. 
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2.0 
	

M E T HODS 

2.1 FIEL SURVEY 

A one day field inspection of the study area was 

carried out on July 29, 1988 by the principals of 

Ninox assisted by a work-experience graduate from 

Murdoch University. Six foot-transects were conducted 

in and beyond the area subject to future inundation or 

impact (Figure 1). Where access was available a 

vehicle was used to gain as much coverage as possible. 

During the survey all active vertebrates or signs of 

I
their presence were recorded and assigned to the vege-

tation community in which they were sighted. The 

current condition of each vegetation community/ 

vertebrate habitat was also noted. 

2,2 VEGETATION 

Apart from certain species, fauna are not unduly 

influenced by vegetation sub-units and in general move 

freely through and beyond ecotones. For this reason 

several vegetation communities have been grouped in 

text and in Appendix 1. Codings follow Havel (1975a). 

Expanded descriptions of communities can be found in 

Flora and Vegetation (this report). 

2.3 DATA SOURCES 

The principal source of data for this report is the 

series of intensive fauna surveys of the Darling Range 

comrdssioned by the Water Authority of W.A. (Dunlop et 

al., 1987). Other primary sources are: a computer 

search of vertebrate fauna records carried out by the 

W.A. Museum; Dell, 1983; Dell & How, 1988 and 

Sedcwick, 1944. Geographic distribution patterns and 
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taxonomy follow Blakers, Davies & Reilly, 1984 

(Birds); Strahan, 1983 (Mammals); Storr, Smith & 

Johnstone, 1981, 1983, 1986 (Reptiles); Tyler, Smith & 

Johnstone, 1984 (Amphibians); and Allen, 1982 (Fish). 
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R E S U L T S 

During the course of the field survey 26 species of 

bird, 4 native mammals, 2 introduced mammals, 3 amphi-

bians and 1 reptile were recorded. With the addition 

of cryptic species, passage and seasonal migrants and 

unrecorded residents, the study area is expected to 

support 94 species of bird, 19 native mammals (inc-

luding bats), 5 introduced or feral mammals, 11 

amphibians and 44 reptiles (Appendix 1). This poten-

tially large number of species, some of them gazetted 

as rare or endangered (see Section 4.4), is unusual in .1 	the metropolitan area. It is evident therefore that 
the Victoria Reservoir and its immediate environs have 

some significance to the conservation of fauna. 

Most activity in terms of species richness and 

abundance was concentrated in the vicinity of the 

stream-zones feeding the reservoir; and it is evident 

that the addition of the provisional list of species 

(Appendix 1) will accentuate this feature. The 

riparian vegetation of the Darling Range typically 

shows this pattern (Dunlop et al., 1987) since its 

complexity, dense structure and the presence of water 

makes available a greater number of faunal niches than 

the surrounding vegetation communities. Further, the 

bulk of the more specialised vertebrate fauna of the 

Darling Range tends to be associated with stream-

zones, and it is this group which will absorb the main 

impact of inundation. 
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4.0 	PROJECT A R E A 	EVALUATION 

	

4.1 	REG:cNAL CONSERVATION STATUS 

In any assessment of the significance of an area to 

fauna it is important that zoogeographic consider-

ations are reviewed. A pioneer in this field was 

Baldwin Spencer (1896) who recognised three major, 

distinct, zoogeographic sub-regions in Australia. His 

concept took into account broad faunal distribution 

patterns which aligned fairly well with the wetter 

south-eastern zone of Australia (Bassian Sub-region), 

the northern, hot, wet, coastal area (Torresian 

Subregion), and inland, arid Australia (Eyrean Sub-

region). 

Spencer's concept was carefully considered by Serventy 

and Whittell (1976) who examined bird distributions in 

Western Australia and concluded that there was a need 

to define a fourth, and much smaller sub-region: the 

south-western corner of Western Australia where an 

intermingling of two faunas, the Eyrean and Bassian, 

occurred. The Victoria Reservoir catchment is situated 

within this small South-West sub-region. The South-

West has several species identical to those found in 

southern Victoria but which no longer have a con-

tinous distribution across the continent. More impor-

tantly, however, it supports several endemic species 

with no equivalent populations in Eastern Australia. 

Examples recognised by Serventy and Whittell as being 

of special significance are: Western Rosella 

Platycercus icterotis, Red-capped Parrot Purpur- 

eicephalus spurius, Baudin's Cockatoo Calyptorhynchus 	
I 

baudinii, White-breasted Robin Eopsaltria georgiana, 

Western Thornbill Acanthiza inornata and Western 

Spinebill Acanthorhynchus superciliosus. All of these 

endemics have been recorded or are likely to be 

present in the project area (Appendix 1). 
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Consideration has also been given to evaluating the 

importance of different regions for other fauna]. 

groups. Storr (1964) confirmed that the distinctness 

of the South-West for reptiles paralleled the situ-

ation previously indicated for birds and believed that 

geographical influences, especially the presence of a 

large belt of forest-covered laterite, explained some 

of the speciation which had occurred in reptiles and 

frogs. The discontinuous distributions of some 

reptiles and birds from the Western Australian Wheat-

belt to the east and the Swan Coastal Plain to the 

west can also be attributed to this feature. In 

examining the distribution patterns of south-western 

reptiles Chapman and Dell (1985) concluded that a 

south-western sub-region encompassing the area south 

of a line from Shark Bay to Israelite Bay was not 

valid since many species with wide distributions in 

arid Australia extended well to the west and south of 

this line. They instead drew attention to a much 

smaller region within the South-West. This area has a 

number of mesio-temperate elements from south-eastern 

Australia as well as a significant number of endemic 

species. Examples of the latter are Leiolopisma 

trilineatum, Ctnotus labillardieri, C. delli, 

Diplodactylus polyophthalmus, several snakes from the 

genera Notechis and Rhinoplocephalus and the frog 

genera Crinia and Ranidella. All these endemic 

reptiles are listed for the Victoria Reservoir 

catchment. 

Several mammals are also endemic to the South-West. In 

many cases they do not fit into the South-Western sub-

region outlined for reptiles but have a larger 

distribution defined by the line from Shark Bay to 

Israelite Bay. Examples of these are the Brush Wallaby 

Macropus irma and the Honey Possum Tarsipes rostratus. 

Others are restricted to the South-West sub-region 

either because of their specialised habitat 
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requirements or because their geographic range has 

contracted since European settlement (see following 

section). 

Heavier rainfall coupled with a higher clay content in 

the soil has resulted in denser understoreys in the 

southern portion of the Darling sub-region in the 

South-West Botanical Province (Beard, 1977). This, and 

other influencing factors, has produced a fauna 

peculiarly adapted to an unique environment (Mulchahy, 

1980). The South-West of Western Australia, partic-

ularly the heavier forested portion, is therefore an 

area of great zoogeographical significance and a 

number of species have evolved in its mesio-temperate 

environment which provided refuge as the continent 

became increasingly arid. Its proximity to large 

centres of population, the presence of valuable 

mineral deposits and timber resources, however, has 

placed its very limited area under ever-increasing 

development pressure. 

4.2 LOCAL CONSERVATION STATUS 

The Victoria Reservoir catchment is briefly mentioned 

in the System 6 Report (1983) where it is recommended 

that the W.A. Water Authority prepare a management 

plan for Reserve C21172 giving consideration to the 

conservation of flora and fauna. Very little specific 

information is available for the reserve but its size, 

vegetation communities and generally good condition 

show that it has a fairly high potential as a fauna 

conservation area, provided that it is managed 

adequately. This aspect is particularly important for 	
I 

semi-pristine areas in close proximity to Perth since 

such locations are under greater developmental 

pressure. 
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Apart from a few species of bird which have benefitted 

fro -. European settlement of the Darling Range e.g. 

Australian Magpie Gymnorhina tibicen, Magpie Lark 

GraLina cyanoleuca, Yellow-rumped Thornbill Acanthiza 

chrvsorrhoa, most have been adversely affected. 

Hab:tat specific passerine birds have in some 

ins.ances declined dramatically. Typical examples are: 

Whize-breasted Robin Eopsaltria georgiana, White-

browed Scrubwren Sericornis frontalis, Red-winged 

Fairy-wren Malurus elegans, Southern Emu-wren 

Sti iturus mala churus, Tawny-crowned Honeyeater 

PhyL.donyris melanops, Rufous Tree-creeper Climacteris 

4 

	

	
rufa and Red-eared Firetail Emblema oculata. All of 

these are listed for Victoria Reservoir, and all have 

strcrg links with stream zones. Mammals have also 

suffered a decline, among these being the Western 

Quc.J Dasyurus geoffroii, Brush-tailed Phascogale 

Phas:ogale tapoatafa, Southern Brown Bandicoot Isoodon 

obesi1us and Brushtail Possum Trichosurus vulpecula. 

Species such as the Quokka Setonix brachyurus have 

disappeared entirely from the northern portions of 

Rance and the Numbat Myrmecobius fasciatus is close to 

local extinction. The gecko Gehyra variegata and the 

dracn Ctenophorus ornatus are restricted to surface 

grarie and are dependent on exfoliate slabs. Both 

species have declined and some populations have been 

exterminated on granite outcrops by removal of 'moss 

rock for garden decoration (Dell, 1983). 

The combination of too frequent burning (accidental or 

plarned), pastoral activity, damming of streams, 

housing development, mining and the presence of many 

intrDduced predators has resulted in a greatly 

modified Darling Range environment and a marked 

decLine in fauna populations. The most important local 

sigrJficance of areas such as the Victoria Reservoir 

catciment is that such less developed areas have the 

capacity to act as strongholds for species which have 

lonc since disappeared from the adjacent Swan Coastal 
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Plain. Specific locations within the catchment which 

are of special significance to fauna are discussed 

below. 

4.3 	HABITATS OF SIGNIFICANCE 

While the Victoria Reservoir catchment can only be 

realistically viewed as an integrated, interdependent 

whole, Munday and Bickley Brooks and their riparian 

habitats stand out as being important for the 

following reasons: 

- 	stream zones are of critical importance to the 	 10 
life cycles of several species of amphibians, fish 

and aquatic invertebrates; 

- 	the deeper loamy soils favour species of reptiles 

which have burrowing rather than surface habits, 

or are dependent on deep litter; 

- 	the dense vegetation, higher humidity, and overall 

productivity advantage habitat specific fauna such 

as the Red-eared Firetail, Yellow-footed 

Aritechinus Antechinus flavipes and Southern Brown 

Bandicoot; 

- 	in comparison to other habitats, stream zones are 

poorly represented per unit area, vulnerable to 

silting and wildfires and have undergone more 

adverse changes than any other habitat in the 

Darling Range (Dell, 1983). 

The following criteria have been used to scale the 

vegetation communities/fauna habitats in descending 

order of significance: species richness and abundance; 

sensitivity to modification; regional and local 

representation; frequency of gazetted species. 
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TABLE -. Rankinq of the Victoria Reservoir vegetation 

communities based on their fauna conser- 

vation significance. 

Rank 	Vegetation Community Code 	Description 

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

1 	CQ, CM 	 Riparian 

2 	W 	 Ripariari 

3 	R, RG 	 Granite/heath 

4 	M, MG 	 Wandoo/Granite 

5 	S1  P 	 Jarrah woodland 

01 	4.4 GAZETTED SPECIES 
No rare species were observed during the field survey. 

however, the following gazetted animals are likely to 

be recorded given detailed field studies. Their pre-

ferred habitat type is given and those species subject 

to impact from inundation are marked with an asterisk: 

Western Quoll Dasyurus geoffroii 

Habitat types - all vegetation communities. 

Peregrine Falcon Falco peregrinus 

Habitat types - all vegetation communities. 

Crested Shrike-tit Falcunculus frontatus * 

Habitat types - CQ, CM, W, M, MG. 

Red-eared Firetail Emblema oculata * 

Habitat types - CQ, CM, W, M, MG. 

Dell's Skink Ctenotus delli * 

Habitat types - CM, W. 

Carpet Snake Morelia imbricata 

Habitat types - all vegetation communities. 
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5.0 	IMPACT OF TUE PROJECT 

Preceding sections stress the importance of streams 

and riparian habitats in the Darling Range. It is 

these areas and their faurial communities which will be 

most seriously affected by the dam. In particular, 

species whose life cycles and migratory patterns are 

strongly linked to stream zones will show some local 

reduction in abundance due to loss of habitat. The 

extent of this is difficult to quantify without 

further field studies. In Appendix 1, 18 species 

listed as being primarily restricted to riparian 

habitats will be affected. A typical example is the 

Red-eared Firetail. Immeirnan (1960) and Dell (pers. 

comm.) indicate that sedges such as Lepidosperma 

angustatum form a large part of this bird's diet, and 

that the seed which these plants retain over a long 

period sustains the Firetail through several seasons. 

The Victoria Reservoir is unusual in that large areas 

of the sedge Leptocarpus scariosus have been estab-

lished over the extended period since this dam was 

built. Inundation of this food source and that present 

in the upstream riparian habitats will adversely 

affect the Red-eared Firetail. As this bird invariably 

nests in trees close to streams its breeding will also 

be restricted by clearing. 

The above example, of which there are several, applies 

to habitat specific animals. Generalists will also be 

affected by loss of habitat and territorial disrup-

tion. Further attrition of habitat in areas close to 

Perth should be given serious consideration in view of 

its long term, adverse effect on local fauna popul-

at ions. 

It is probable that several hundred or more Long-

necked Tortoises Chelodiria oblonga are resident in the 

reservoir as well as populations of fish and aquatic 
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invertebrates. 	Depending on the 	size and depth of 	the 

water body left 	after 	draining, 	these animals 	will 	be 

subject to stress from overcrowding, heat exhaustion 

if the pool is shallow and perhaps de-oxygenation of 

the water. Mortality is likely 	to be high. 

5.1 	IMPACT REDUCTION 

Given that the area of the dam will be increased, very 

little can be done to ameliorate its effect. Minimis-

ing clearing in the upper reaches of the valleys will 

help and ensuring that remaining areas of riparian 

01 	habitat are protected by firebreaks from cyclic pre- 

scribed burning or wildfires for at least 15 years, 

would assist in enabling fauna to absorb and recover 

from the effects of nearby inundation. 

A gradual downstream release of water prior to con-

struction of the new dam wall should prevent scouring 

of aquatic vertebrate and invertebrate habitats. This 

should be scheduled a month or so before and after the 

normal winter flow pattern. 

Ensuring that a large enough body of water is left 

behind after draining may assist in reducing mortality 

of aquatic fauna. This aspect may require monitoring. 

5.2 RECOMMENDATIONS 

It is recommended that: 

- 	further opportunistic fauna studies are carried 

out to produce a reliable inventory of species for 

the proposed management plan; 
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- 	specific attention is paid to the current status 

of gazetted species such as the Red-eared Firetail 

in the catchment area; 

- a plan is developed to anticipate and cope with 

the potential of fauna mortality when the reser-

voir is drained. Valuable data on a stable mature 

system could be gathered at this point and coord-

inated with a tertiary institution student 

project. It is possible that larger species could 

be relocated to a nearby dam such as Bickley 

Reservoir. 
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APPENDIX 1 List of vertebrates recorded or expected to 
occur in the vegetation communities of the 
Victoria Reservoir catchment. 

D & S = Dam and Shore. Vegetation codes can be 
expanded by reference to Flora and Vegetation 
(this report). 

R = recorded 
	

X = expected to occur 
S = recorded signs, 	A = predominantly aerial 

e.g. scats 
	 f = introduced species 

VEGETATION COMMUNITIES: 
CQ 	M R S 
CM W MG RG P 

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

BIRD SPECIES 
----------------------------------- 

DROMAI IDAE 
Dromaius novaehollandiae, 	Emu 	X X 	X 	X X 

PODICIPEDIDAE 
Poliocephalus poliocephalus, 

Hoary-headed Grebe 
Tachybaptus novaehollandiae, 

Australasian Grebe 

PHALACROCORACIDAE  Phalacrocorax sulcirostris, 
Little Black Cormorant 

P. melanoleucos, 
Little Pied Cormorant 

ARDEIDAE 
Ardea novaehollandiae, 

White-faced Heron 

ANATI DAE 
Cygnusatratus, 	 Black Swan 

Tadorna tadornoides, 
Australian Shelduck 

Anas superciliosa, 

	

Pacific Black Duck 	X 

A. gibberfrons, 	 Grey Teal 	X 

Chenonetta jubata, 	Maned Duck 

Biziura lobata, 	 Musk Duck 

D 
& 
S 

X 

X 

X 

x 

X 

R 
X 
X 
X 
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APPENDIX 1 - cont. 

VEGETATION COMMUNITIES: D 
CQ 1 R S 	& 

------------------------------------------------------------ 
CM W MG RG P 	S 

BIRD SPECIES 
-----------------------------------

ACCIPITRIDAE 
Lophoictinia isura, 

Square-tailed Kite A A A A A 
1-laliastur sphenurus, Whistling Kite A A A A A 

Accipiter fasciatus, 	Brown Goshawk A A A A A 

A. 	cirrhocephalus, 
Collared Sparrowhawk A A A A A 

Aquila audax, 	Wedge-tailed Eagle A A A A A 

Hieraaetus morphnoides, 
Little Eagle A A A A A 

FALCON I DAE 
Falco peregrinus, 	Peregrine Falcon A A 	A 	A 	A 

F. 	longipennis, Australian Hobby A A 	A 	A 	A 

F. berigora, Brown Falcon A A 	A 	A 	A 

F. 	cenchroides, Australian Kestrel A 	A 

TURNICIDAE 
Turnix varia, Painted Button-quail X X 	X 	X 	X 

RALLIDAE 
Porzana tabuensis, 	Spotless Crake 	X 
Fulica atra, 	 Eurasian Coot 	 X 

CHARADRI IDAE 
Charadrius ruficapillus, 

	

Red-capped Plover 	 X 

C. melanops, 	Black-fronted Plover 	 X 

COLUMBIDAE 
Phaps chalcoptera, 

	

Common Bronzewing 	X X X X X X 

CACATUIDAE 
Calyptorhynchus magnificus, 

	

Red-tailed Black-Cockatoo 	R 	R R X 	R 

Calyptorhynchus sp., 

	

White-tailed Black-Cockatoo 	X 	X 	X X 	X 

Cacatua roseicapilla, 	Galah 	 X 	X 	X 	X 

I 
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APPENDIX 1 - cont. 

VEGETATION COMMUNITIES: 	 D 
CO 	M R S & 
CM W MG RG P S 

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

BIRD SPECIES 
----------------------------------- 

LORIIDAE 
Glossopsitta porphyrocephala, 

Purple-crowned Lorikeet 	X X 	X 	X 

PLATYCERC I DAE 
Purpureicephalus spurius, 

Red-capped Parrot 
Platycercus icterotis, 

Western Rosella 
Barnardius zonarius, 

Port Lincoln Ringneck 

Neophema elegans, 	Elegant Parrot 

CUC(JLIDAE 
Cuculus pallidus, 	Pallid Cuckoo 
C. pyrrhophanus, Fan-tailed Cuckoo 
Chrysococcyx basalis, 

Hors field' s Bronze-Cuckoo 
C. lucidus, 	Shining Bronze-Cuckoo 

STRIGIDAE 

Ninox novaeseelandiae, 
Southern Boobook 

X X R X R 

X X X X R 
X 

X x x x x 
X X X 	X 

X X X X X 
R X X 	X 

X 

TYTON I DAE 
Tyto alba, 	 Barn Owl 
	

X 

PODARG I DAE 
Podargus strigoides, 

Tawny Frogmouth 

AEGOTHEL I DAE 
Aegotheles cristatus, 

Australian Owlet-nightjar 

ALCEDINIDAE 
Dacelo novaeguineae, 

Laughing Kookaburrat 	X X 	X 	X 

Halcyon sancta, 	Sacred Kingfisher 	X 	X 	X 	X 	X 
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APPENDIX 1 - corit. 

VEGETATION COMMUNITIES: D 
CQ NI R S 	& 

------------------------------------------------------------ 
CM W 	MG RG P 	S 

BIRD SPECIES 
-----------------------------------

MEROPIDAE 
Merops ornatus, 	Rainbow Bee-eater A A 	A A A 	A 

HIRUNDINIDAE 
1-lirundo rieoxena, 	Welcome Swallow A A 

Cecropis nigricans, 	Tree Martin A A 	R A R 	R 

£IOTACILLIDAE 
Anthus novaeseelandiae, 

Richard's Pipit X X 

CAMPEPEAGIDAE 
Coracina novaehollandiae, 

Black-faced Cuckoo-shrike 
	

X X 	X X X 

MUSCICAPIDAE 
Petroica multicolor, Scarlet Robin 

P. goodenovii, 	Red-capped Robin 
Eopsaltria georgiana, 

White-breasted Robin 

E. griseogularis, 
Western Yellow Robin 

Falcunculus frontatus, 
Crested Shrike-tit 

Pachycephala pectoralis, 
Golden Whistler 

P. rufiventris, 	Rufous Whistler 

Colluricincla harmonica, 
Grey Shrike-thrush 

Myiagra inquieta, 
Restless Flycatcher 

Rhipidura fuliginosa, Grey Fantail 
R. leucophrys, 	Willie Wagtail 

MALURIDAE 
Malurus splendens, 

Splendid Fairy-wren 

M. elegans, 	Red-winged Fairy-wren 
Stipiturus malachurus, 

Southern Emu-wren 

X R X 	R X 
X X 	X 

X X 

X 	 X 

X X X 	
1. 

R 	R R X 
R X X 

R 	X X X 

X 	X X 
R 	R R R  

I 

X 	R X X X 

X 	R X 

X 
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APPENDIX 1 - cont. 

VEGETATION COMMUNITIES: D 
CQ M R S 	& 

------------------------------------------------------------ 
CM W MG RG P 	S 

BIRD SPECIES 
-----------------------------------

ACANTUIZIDAE 
Sericornis frontalis, 

White-browed Scrubwren X X X X X 
Smicrornis brevirostris, Weebill X X R X R 
Gerygone fusca, 	Western Gerygone X X R R 
Acanthiza apicalis, 

Inland Thornbill R R R X R 

A. inornata, 	Western Thornbill R R R X R 

4 	A. Yellow-rumped Thornbill X X X 	X 

NEOSITTIDAE 
Daphoenositta chrysoptera, 

	

Varied Sittella 	X 	R 	X 	X 

CLIMACTERIDAE 
Climacteris rufa, 

	

Rufous Treecreeper 	X X 

MELIPHAGIDAE 
Anthochaera carunculata, 

Red Wattlebird X X X X 	X 

A. chrysoptera, 	Little Wattlebird X X X 

Lichenostomus virescens, 
Singing Honeyeater X X 

Melithreptus lunatus, 
White-naped Honeyeater X R R X 

Lichmera indistincta, 
Brown Honeyeater X R R X 	R 

Phylidonyris novaehollandiae, 
New Holland Honeyeater R P. R X 

P. nigra, 	White-cheeked Honeyeater X X 
P. melanops, 

Tawny-crowned Honeyeater X 

Acanthorhynchus superciliosus, 
Western Spinebill X R R X 	R 

EPHTHIANURIDAE 
Ephthianura albifrons, 

White-fronted Chat 	 X 	x 
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APPENDIX 1 - cont. 

VEGETATION COMMUNITIES: 	 D 
CQ 	M R S & 
CM W MG RG P S 

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

BIRD SPECIES 
----------------------------------- 

DICAEIDAE 
Dicaeurn hirundinaceum, 

Mistletoebird X X X 	X 

PARDALOTIDAE 
Pardalotus punctatus, 

Spotted Pardalote R R R 	R 
P. striatus, 	Striated Pardalote R R R 	R 

ZOSTEROP I DAE 
Zosterops lateralis, 	Silvereye R R R 	X 	R 

PLOCE I DAE 
Emblema temporalis, 

Red-browed Firetailt X X X 	 X 

E. oculata, 	Red-eared Firetail X X X 	 X 

GRALLINIDAE 
Grallina cyanoleuca, 

Australian Magpie-lark X 

ARTAM I DAE 
Artarnus cyanopterus, 

Dusky Woodswallow 	A A A A A A 

CRACTICIDAE 
Gymnorhina tibicen, 

Australian Magpie 

Strepera versicolor, Grey Currawong 

CORVIDAE 
Corvus coronoides, Australian Raven 

N. 
X X X 

X X X X X X 



24 

APPENDIX 1 - cont. 

	

VEGETATION COMMUNITIES: 	 D 
CQ 	M R S & 
CM W MG RG P S 

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

MAMMAL SPECIES 

TACHYGLOSS I DAE 
Tachyglossus aculeatus, 

	

Short-beaked Echidna 	X S X 	X 	X 

DASYUR I DAE 
Dasyurus geoffroii, 	Western Quoll X X X X 	X 	X 

Phascogale tapoatafa, 
Brush-tailed Phascogale X X X 

Antechinus flavipes, 
Yellow-footed Antechinus X X X X 

Sminthopsis sp., 	Common Dunnart X X X X 	X 

PERAMELIDAE 
Isoodon obesulus, 

Southern Brown Bandicoot X S X 

PHALANGER I DAE 
Trichosurus vulpecula, 

Common Brushtail Possum X X X 

BURRAMYIDAE 
Cercartetus concinnus, 

Western Pygmy-possum X X X X 

MACROPOD I DAE 
Macropus irma, 

Western Brush Wallaby X X S 

fuliginosus, 
Western Grey Kangaroo S S S S 	S 	X 

MOLOSSIDAE 
Tadarida australis, 

	

White-striped Mastiff-bat 	A A A A A A 

Mormopterus planiceps, 

	

Little Mastiff-bat 	A A 	A 	A 	A 	A 

VESPERTILIONIDAE 
Nyctophilus major, 

	

Greater Long-eared Bat 	A A A A A A 

gouldi, 	Gould's Long-eared Bat 	A A 	A 	A 	A 	A 



R 	R K K X 	K 

R K 

X X 

X X K 

X X 

X 

K 	K X K K 	X 

K 	K K K X 

R 

K K 

I 

25 

APPENDIX 1 - cont. 

VEGETATION COMMUNITIES: D 
CQ £1 R S 	& 

------------------------------------------------------------ 
CM W MG RG P 	S 

MAMMAL SPECIES 
-----------------------------------

N. geoffroyi, 

Lesser Long-eared Bat A A A A A 	A 

Chalinolobus gouldii, 
Gould's Wattled Bat A A A A A 	A 

Falsistrellus mckenziei, 

Great Pipistrelle A A A A A 	A 

Eptesicus regulus, 
King River Eptesicus A A A A A 	A 

MIJRIDAE 

Hydromys chrysogaster, 

Rattus rattus, 

Mus musculus, 

CANIDAE 

Canis familiaris, 

Vulpes vulpes, 

FELIDAE 

Felis catus, 

SUIDAE 

Sus scrofa, 

Water-rat 	X 	 X 

Black Ratt 	K K 	X 	 X 

	

House Mouset 	K X 	X 	X 

	

Domestic Dogf 	X X X X 	K X 

Foxt S X X K S K 

FeralCatt X K X X X X 

FeralPigt S S X 	X X 

AMPHIBIAN & REPTILE SPECIES 
----------------------------------- 

LEPTODACTYLIDAE 	 Frogs 

Crinia georgiana 

Geocrinia leai 

Heleioporus barycragus 

H. eyrei 

H. inornatus 

H. psammophilus 

Limnodynastes dorsalis 

Pseudophryne guentheri 

Ranidella glauerti 

R. pseudinsignifera 
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APPENDIX 1 - cont. 

VEGETATION COMMUNITIES: D 
CQ M R S 	& 

------------------------------------------------------------ 
CM W MG RG P 	S 

AMPUIBIAN & REPTILE SPECIES 
----------------------------------- 

UYLIDAE 

Litoria adelaidensis X X 

L. moorei X X 

CHELUIDAE 	Side-necked Tortoises 
Chelodina oblonga X X 

GEKKONIDAE 	 Geckos 

4 	Crenadactylus 0. ocellatus X X 

Diplodactylus granariensis X X 

D. polyophthalmus X X X 

D. spinigerus X X 

Gehyra variegata X 

Oedura reticulata X 

Phyllodactylus rn. marmoratus X X X X 

Phyllurus milii X X X 

PYGOPODIDAE 	Legless Lizards 
Aprasia pulchella X X 

A. repens X X X 

Delma fraseri X X X X X 

D.grayii X X X X X 

Lialis burtonis X X X X X 

Pygopus lepidopodus X X 

AGAMIDAE 	 Dragon Lizards 

Ctenophorus ornatus X 

Pogona m. minor X X X X X 

SCINCIDAE 	 Skinks 

Cryptoblepharus plagiocephalus X X R X X 

Ctenotus delli X X 

C. 	fallens X 

C. labillardieri X X X X X 

Egernia kingii X X X 

B. 	luctuosa X X 

E. napoleonis X X X X X 

Hemiergis i. 	initialis X X X X X 

Leiolopisma trilineatum X X 

Lerista distinguenda X X X X X 
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APPENDIX 1 - cont. 

VEGETATION COMMUNITIES: 	 D 
CQ 	NI R S & 
CM W MG RG P 5 

AMPHIBIAN & REPTILE SPECIES 

Menetia greyii X X X X X 

Morethia obscura X X X X X 

Tiliqua r. rugosa X X X X X 

VARANIDAE 	 Monitors 

Varanus gouldii X X X X X 	X 

V. rosenbergi X X X X X 	X 

V. 	t. 	tristis X X X X X 

TYPHLOPIDAE 	 Blind Snakes 

Ramphotyphlops australis X X X X 

R.pinguis X X X X 

R.waitii X X X X 

BOIDAE 	 Pythons 
Morelia spilota imbricata X X X X X 

ELAPIDAE 	 Elapid Snakes 

Acanthophis antarcticus X X 

Notechis scutatus occidentalis X X X 

Pseudonaja a. affinis X X X X X 	X 

Rhinoplocephalus gouldii X X X X X 

R. nigriceps X X X X X 

Vermicella bertholdi X X 
V 	mifit X X 

FISH SPECIES 
----------------------------------- 

GALAXIIDAE 	 Native Minnow 

Galaxias occidentalis 	 X 	 X 

PLOTOSIDAE 	Eel-tailed Catfishes 

Tandanus bostocki, 	 X 	 X 

PERCICHTHYIDAE Australian Perches 
Bostockia porosa 	 X 	 X 




