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Appendix A 

7F1 P 
GUIDELINES 	 I 

PUBLIC ENVIRONMENTAL REPORT 

PROPOSED NORTHERN TERMINAL - PINJAR TRANSMISSION LINE 

The guidelines identify issues that should be addressed within the Public 

Environmental Report (PER). They are not intended to be exhaustive and the 

proponent may consider that other issues should also be included in the document. 

The PER is intended to be a brief document; its purpose should be explained, and the 

contents should be concise and accurate and able to be readily understood by 

interested members of the public. Specialist information and technical description 

should be included where it assists in the understanding of the proposal. 

Where specific information has been requested by a Government Department or Local 

Authority, this should be included in the document. 

This section should contain a clear and concise summary of the document. 

INTRODUCTION 

- 	Background, objectives and scope of the proposal 

- 	Identification of the proponent 

- 	Location and timing of the proposal 

- 	Relevant legislation requirements and approval processes 

- 	The EIA process 

NEED FOR THE PROPOSAL 

Describing the rationale for the project and the broad costs and benefits to the 

proponent, the State and the community. 

THE PROPOSAL 

A description of the important elements of the proposal including both construction 

and operation. 



-2- 

ALTNATIVES 

An evaluation of the alternative routes considered, and a description of the process 

leading to the selection of the preferred route, including the factors which led to 

alternative routes being rejected should be addressed. 

THE EXISTING ENVIRONMENT 

A description of the existing environment, including the physical, biological and social 

elements should be given. This section should also include a statement on existing 

and future land uses, and any associated land use implications. 

ENVIRONMENTAL IMPACTS 

Predicted environmental impacts to be addressed include: 

- 	visual impact 

- 	impacts on historic, archaeological and ethnographic sites 

- 	biological impacts 

- 	impact on resources 

- 	the impact of electro-magnetic radiation (EMR) 

- requirements for clearing of vegetation and justification for clearing 

requirements 

- 	impacts during construction 

- 	long term impacts during operation. 

This section should show the overall effect on the environment and the region. 

Where possible effects should be quantified and uncertainties highlighted. 

ENVIRONMENTAL MANAGEMENT 

Appropriate management techniques for minimisation or amelioration of adverse 

impacts to be discussed. The objectives, scope and details of the management 

programme should be described. Assignment of responsibility for environmental 

management should be stated and commitments for implementation given. 
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Monitoring proposals should be described as well as how the environmental 

management programme will be adapted in response to monitoring results. Procedures 

for reporting results of monitoring should also be discussed. 

Discussion of the results of a programme of public information dissemination, 

including a review of comments received should be included. 

CONCLUSIONS 

A brief synthesis of the proposal, the receiving environment, the likely impacts on 

that environment and the management procedures that are proposed. 
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1. 	INTRODUCTION 

	

1.1 	THE BRIEF 

The State Energy Conumission Thtstern Australia (SECWA) proposes to 
construct a new gas turbine power station at Pinjar, about 40km north 
of the Northern Terminal and 12km west of ?tichea. The station will 
be approximately at the point of divergence of the existing 
Muchea-Eneabba and Muchea-Yanchep 132kV sub-transmission lines. 

In July 1988 SECWA commissioned K.A. Adam and Associates to carry out 
the task of identifying corridors for two 330kv transmission lines 
between Northern Terminal and the coastal plain north of Perth, and a 
corridor and route for a 132kV transmission line to link the proposed 
power station and Northern Terminal. 

The Brief was originally based upon the assumption that the Overseas 
Telecommunications Commission (UC) radio communication facilities at 
Cullacabardee, about 5 kilometres north of Northern Terminal, was 
classified as a Category B facility in terms of its sensitivity to 
man-made noise. azbsequently it became known to SECWA that the C1TC 
high-frequency receiving facility was regarded by OX as a Category A 
facility, requiring a much higher level of separation from sources of 
interference, including overhead electricity transmission lines. 

Consequently the Brief was broadened to take in a much more extensive 
area of investigation, in order to minimise any violation of CYTC's 
separation requirements. The Study area is shown, in its regional 
context, at Map 1. 

	

1.2 	THE NEED FOR THE TRAZMISSION LINES 

Following submission of a Notice of Intent (Bowman Bishaw and 
Associates, April 1988) the Environmental Protection Authority (EPA) 
has given its approval to the proposed gas turbine power station at 
Pinjar. 

When the generation station at Pinjar is established a high capacity 
transmission interconnection will be required between the station and 
Northern Terminal at Ballajura. This interconnection with Northern 
Terminal will provide back-up and support to SEG1A' s metropolitan 
sub-transmission and transmission systems. 

SEOA has identified the need for three double-circuit transmission 
lines between Northern Terminal and Pinjar. In the short term a 
double-circuit 132kV transmission line will be required. 
Subsequently there will be a need for two double-circuit 330kV 
transmission lines. Ideally these lines would be between one and 
three kilometres apart. 

There are no realistic alternatives to a strong, direct 
interconnection between Northern Terminal and Pinjar. 

Construction of the first transmission line is prograirured to coxmrence 
in the third quarter of the 1989 calendar year. 

secwal: secwal . rpt 	 1 
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The objectives of the present Study are essentially to: 

- recrtinend the methodology, design criteria and principles for 
corridor and route selection appropriate to the region north of 
Perth; 

- reconinend a transmission line corridor and route for the 132kv 
line between Northern Terminal and Pinjar; and 

- prepare and evaluate options for the two 330kV transmission line 
corridors from Northern Terminal to the coastal plain north of 
Perth. 

For practical purposes the 330kV corridors have been taken as linking 
Northern Terminal and Pinjar. 

The Study is to review and b..iild upon the work of the report "Power 
Transmission South Vstern Pustralia" (Seddon and Polakowski, 1977) 
as it may apply to the region north of Perth. 

The Study report is expected to be incorporated in an environmental 
document for assessment by the Environmental Protection Authority 
(EPA). The report has been designed, therefore, to form, with as 
little ndification as possible, the first part of a two part 
document. 	The second part, essentially the assessment of 
environmental inpats and their management, is to be prepared by 
other consultants. Concurrently, the environmental report will deal 
also with transmission lines north of Pinjar. 

1.4 CONSTRUCTION 

The interconnection between Pinjar and Northern Terminal will be 
constructed on double-circuit structures. 	There is a strong 
likelihood that the structures will be of the lattice steel tower 
type. 'Dowers will typically be spaced at up to about 400 metre 
centres. 

¶Lrpica1 tower structures are shown at Figure 1. The 132kv double- 
circuit towers will typically be between 26m and 30m in height. 

Double-circuit 330v towers with overhead earth will be between 35m 
and 42m in height. 

In certain situations where it is necessary to reduce the height of 
the towers - for exanple in the vicinity of aircraft take-off and 
landing approach areas - it is possible to reduce the tower height by 
about 4.5m or 5.Om by deleting the overhead earth. 

A double-circuit 330kV line can be arranged as two separate single-
circuit lines of about 25m height. 

Construction of the lines will be undertaken by contractors under 
SECcA supervision. 

secwal: secwal . rpt 	 3 
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2. THE PROCESS OF CORRIDOR 

AND ROUTE SELECTION 

2.1 	REVIEW OF PCEWRFS 

2.1.1 General 

Over the past twenty or so years there have been marked changes in 
awareness of and attitude to major engineering works, particuarly, 
perhaps, those of public utilities. Power transmission lines have 
been no exception. During that tine there has been increased 
sensitivity to their inpact, firstly on property, subsequently on 
landscape and townscape, and more recently on the natural 
environment. 

Where once it would have been sufficient for the SECWA to select 
transmission line routes essentially on the basis of cost and 
engineering constraints it has progressively had to take into account 
the sensitivities and views of other groups in the carmunity. 

The SECWA has responded positively to the successive challenges that 
have been posed. The 1977 report by Seddon and Polakowski (Power 
Transmission, Western South Western Australia: A Review of Route 
Selection Procedures. George Seddon and Polakowski. State Energy 
Coimiission of Western Australia, April 1977) was somewhat ahead of 
its time, both in recognising environmental values and in 
establishing a methodology for corridor and route selection and 
assessment, and principles for route design. 

Of course, it is very much in the interest of SECWA to be perceived 
by the conmunity at large asa "good neigitour" since such a 
perception will create the goodwill necessary to cttain the support 
and cooperation needed to enable it to do its work effectively. 
Further, SEOqA' s role in the corporate State structure requires that 
it be congnisant of and respect a broader scale of values than it 
might pursue in isolation. 

Nevertheless there will be significant conflicts between the 
legitimate objectives of SECWA and those of other groups within the 
coninunity, and the process of determining corridors and routes for 
transmission lines needs to take account of these. 

The consultant's Terme of Reference for this Study state: 

"The Coirinission believes that its earlier route review selection 
procedure for transmission lines in South Western Australia 
(Report: Seddon and Polakowski, April 1977), was a successful 
document and provided the basis for powerline develorent south of 
Perth." 

1).iring the course of this study we have therefore kept under review 
the methods used by Seddon and Polakowski to determine line corridor 
selection and also principles for siting of transmission line routes. 

We have also examined the methods reported in a conparatively recent 
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study carried out for the Electricity Ccmnission of New South Wales 
(r'bunt Piper to Marulan Transmission Line Environmental Impact 
Statement. Kinhill Stearns, 1987). 

In addition we have taken note of the corridor selection and design 
guidelines published by the Qieensland Electricity Generating Board 
(Powerline Iute Location G.iidelines. QEGB, 1984). Extracts from 
Seddon and Polakowski and the QEGB Qiidelines are at Appendix 2. 

2.1.2 Seddon and Polakowski, 1977 

Seddon and Polakowski, of the Centre for Environmental Studies, 
University of Melbourne, were canmissioned by the SECWA to undertake 
an assessment of transmission line route planning procedures in 
general and to suggest appropriate policies and design philosophies 
for future 330kv transmission lines in the coastal plain. At the 
same time they were asked to review the Muja-Forrestdale route; 
suggest the most appropriate Muja-Southern Terminal route, and 
coninent generally on the SFJ3'A' s 330kv transmission system from an 
aesthetic standpoint. Their work was thus set in the context of 
southwestern Western Australia. 

Their work clearly established a procedural framework, working from 
the general planning description and criteria through a process of 
evaluation to choice of corridor. thoice of route follows choice of 
corridor. As the report states: 

"The choice of corridor should precede route selection, which is 
the process of precise location of an easement within a corridor 

route selection primarily requires detailed attention to 
technical and design criteria, although the broader economic, 
social and conservation criteria are still relevant at the 
detailed design phase." 

In setting criteria for corridor selection Seddon and Polakowski 
noted the emphasis that had been placed hitherto on visual and land 
use considerations, and pointed to the importance of not dismissing 
ecological criteria, notably the spread of phytopthora (die-back 
disease) and increased salinity in water catchments. 

While noting the inevitably subjective nature of the relative 
importance of various criteria the report stresses the value of 
making these explicit, and puts the following fozward (page 2): 

Relative Importance 
(high) 
(low) 
(high) 
(high) 
(high) 
(high) 
(medium) 
(high) 
(high) 
(medium) 
(high) 
(medium)  

Alternative corridors evaluated according to: 
least disruption to htn settlements 
least disruption to agric. practices 
least disruption to forestry practices 
least disruption to extractive practices 
least disruption to recreation uses 
least disruption to natural systeme 
least visual impact 
least impact upon projected uses 
least financial investment 
maximum utilisation of rights-of -sy 
greatest system reliability 

1. greatest accessibility. 

secwa2:secwa2.rpt 	 6 



The next stage in the process outlined by Seddon and Polakowski is 
that of cciiparative evaluation of alternative corridors. 	The 
procedure involves ascribing an "iir,ortance value" to each selection 
determinant or criterion, and setting out the impact of each on each 
corridor, as shown in the following table extracted from the report 
(page 22): 

a) a) a) 
a) > > > 
o a) a) a) 
Ca) 

4J 

Ct 
CL 
E E E E 

SELECTION DETEMflW1S - - - - 
Disruption to human settleirents H L L M 
Disruption to agric. practises L L L M 
Disruption to forestry practices H M M L 
Disruption to extractive practices H L M L 
Disruption to recreational uses H L M L 
Disruption to natural systems H M H L 
Visual impact M L L M 
Impact upon projected uses H N L L 
Financial Investaent H H L L 
Utiisation of rights-of-way M L L M 
Systems reliability H M M H 
Accessibility M M L M 

H 	High CO —O C 

M Medium a) .- a) 
T 	Tr.z 4-' 	'- 4-' 11L 

N Negligible 
(flL 
M O 

C. 
a)O 

IlL 
a)O 

WL) L)L) L) 

Each corridor is described and evaluated in a written analysis which 
covers comparative advantages and disadvantages. 

No attempt is made to quantify the process of evaluation, nor does 
the report address the question of how alternative corridors are 
generated in the first place. 

The report addresses in some detail the question of route analysis 
and design, and sets out "design principles and planning criteria" 
for route design. It also incorporates "tower design and sitir 
guidelines" taken from "Design O.iide: Aesthetic Qjidelines 
for Electric Transmission" (Southern California Edison, 1972). Both 
of tbese are reproduced at Appendix 2 of this report. Collectively 
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they provide a sound set of design criteria for transmission line 
routes, as relevant now as they were in 1977. 

2.1.3 Kinhill Stearns, 1987 

The report "?'bunt Piper to Marulan Transmission Line. Environmental 
Inpact Statement" (Consultants: Kinhil Stearns. Electricity 
Ccgtnission of New Suth Wales, 1987) contains a very detailed 
exposition of the process of selection of the proposed 550kv 
transmission line route. 

The process is sununarised in Figure 2, taken from the report. 

As described in the report the process was a rigorous one, as well as 
being courehensive and thorough (and, doubtless, expensive). 

The following brief cartnents touch on aspects of the adopted 
methodology which may be relevant to the present study. 

Firstly, the report places great emthasis on the spatial aspects of 
route selection factors: in nearly all cases these are mapped and 
given a set of values in terms of the degree of constraint they pose 
for transmission lines. The process followed is very much akin to 
sieve-mapping techniques, which lend themselves to a geographic 
information systems approach. 

Secondly, the process rigorously identifies the source of selection 
factors in terms of the interest groups to whom they are of concern. 

Thirdly, the selected factors themselves were derived from a process 
of consultation with identified interest groups, including the 
Electricity Coirinission, the general public (as a result of 
suhedssions), the Departmsnt of Enviroiiint and Planning, and other 
public authorities. 

Fourthly, the route selection factors were weighted with respect to 
one another on a 4 point scale from "Extreme Importance" to "No 
Importance" after subjecting them to scrutiny by a nuirber of interest 
groups and assessing the perceived importance of each factor to each 
group. The groups included the Electricity Coninission, conservation 
groups, local interest groups and others. 

Fifthly, four alternative "route concepts" were developed from a 
carposite route suitability map fonmilated on the basis of the 
weighted factors. 

Sixthly, the alternative route concepts were evaluated in two ways. 
Firstly, a matrix was prepared, evaluating the potential effect of 
each route on each factor, according to a four-point scale rang ir 
from least to most potential effect. Secondly, a concise written 
evaluation, in table form, was also prepared, sunimarising the factors 
as they applied to each route. 

If a rigorous numerical evaluation of alternatives was made it was 
not illustrated in the report. 
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Finally, it sIx)uld be noted that the report does not draw a deep 
distinction between "corridor" and "route"; the process was devised 
to elicit the best route. The extent to which this route would be 
refined and developed in detailed design is not clear. 

2.1.4 Oens1and Electricity Generating Board, 1984 

In 1984 the Q.ieensland Electricity Generating Board published 
"Powerline 1ute Location Guidelines", a manual setting out in sane 
detail the process of defining the location of transmission line 
corridors and routes. 

The Guidelines identify three stages in the process of route 
selection: 

- defining the study zone; 
-. selection of a corridor; and 
- defining a finite location for the route. 

The Guidelines set out a nuzrber of factors to be considered in the 
process of reduction of the study zone to one or more feasible 
corridors. 

The Guidelines set out a sinpie "Ecialuation Summary" to accompany 
written evaluations of alternative corridors. This is essentially a 
matrix allowing for numerical scoring of alternative corridors 
against individual determinants. The matrix provides for a numerical 
weight to be applied to each determinant, enabling the evaluation to 
be sensitive to differing sets of values. 

The Guidelines then deal with "finite location", that is, with 
selection of a transmission line within a corridor, by reference to a 
nuither of design and technical criteria. 

Msthetic guidelines for transmission line location are set out in 
graic form. These are founded on principles similar to those set 
out by Se&lon and Polakowski, and are reproduced at Appendix 2. 

2.2 	W'L11) OP THIS S'IUIY 

2.2.1 Sme Cbeervations on Process 

It is apparent from a review of other transmission line studies that 
they have much in camiron, in terme of miethods adopted. For example, 
all stress the need to begin with an examination of regional 
influences and criteria. All stress the importance - perhaps the 
inevitability - of identifying alternatives and undergoing a process 
of evaluating them against stated criteria. 

The' distinction between broad corridors and precise routes is also 
generally a coniron factor. 

Finally, all recognise that there are established design principles 
which ought to be applied to detailed route design. 
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Most reported discussion of transmission line selection conveys the 
impression of a rather linear process, whereas in practice the 
process is implicitly a somewhat cyclic or iterative one, as is 
cairn with caxplex problem-solving. For example, the study area 
cannot be identified witlxut reference to the major factors 
influencing the outcome, but these cannot be determined witIx)ut an 
assumed study area in the first place. After detailed investigation 
it may be found necessary to extend or reduce the area of 
investigation. In the sane way, the process of evaluation may 
generate a need for further investigation, and so on. 

One further observation may be made relating to the process of 
transmission line selection. In very few reported studies is the 
process of generating corridor or route options explained. 
Potential solutions do not automatically emerge from the process of 
factor or constraint analysis. There is a creative or design process 
involved, which involves the makirj of informed judgenents and the 
synthesis of a nunter of different factors • 	These potential 
solutions need to be evaluated - tested for performance - against 
specific criteria. There is a very close relationship between the 
factors which are brought into play to generate potential solutions 
and the criteria which are used to evaluate the solutions. If it 
were possible to construct a perfect linear spatial problan-solving 
model, the twin processes of selection and evaluation would be able 
to be merged. This is in fact what occurs when constraints are so 
heavy as to admit of only one solution, or so absent as to allow the 
most direct solution. 

2.3 	THE ?iDOP2ED APPH 

The method adopted in this Study is to carry out the process of 
corridor and route selection in several well defined stages: 

Identification of the study area (Section 3.1); 

Identification of relevant factors affecting corridor and 
route selection (Section 3); 

Selection of alternative corridors (Section 4); 

Evaluation of alternative corridors (Section 5); 

Selection of Preferred Corridors for the 132kV line and for 
the two 330kv lines (Section 5.4); and 

(7) 	Selection of the recarnended route for the 132kV line 
(Section 6). 

Details of the methods used are set out in each section. It is worth 
noting here, however, that because of the complexity of the task - 
due to the complexities of current and future land use, the 
variability of the physical and social character of the region, and 
the uncertainty associated with some of the major constraints - no 
simple method of selection and evaluation of corridors is feasible. 

secwa2:secwa2.rpt 	 11 



The report, therefore, explores as far as it can, the factors which 
have a bearing on the routing of transmission lines, identifies a 
nunger of different options and suboptions, and then evaluates them 
according to different criteria. 

The evaluation method is part-numerical, part-discursive, because 
some factors are susceptible to numerical analysis, while others are 
not. 
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3. CORRIDOR AND ROUTE SELECTION FACTORS 

3.1 	ID1IFICATI1 OF s'iuiff AREA 

Map 1 shows the ntropolitan regional context within which the study 
is set. It shows how the proposed site of the Pinjar gas turbine 
power station relates to the Northern Terminal, major transmission 
lines and other terminals and power stations, and the spread of 
existing urban deveio*ient in the Region. 

Map 1 also identifies the location of some of the more obvious major 
constraints on transmission 1 me develont, notably the Overseas 
Telecanirunications (OTC) installation, the RAAF Pearce base at 
Bullsbrook, the RAAF receiving installation (3'IU) and some major 
regional reserves. 

The boundaries of the area of investigation are determined by the 
constraints iirçosed by the following factors: 

- existing and coninitted major urban deve1oint areas; 
- the presence of sensitive receiving installations at arc and 37U; 
- regional parks and recreation reserves; and 
- areas identified in the Environmantal Protection Authority System 

6 Study (EPA, 1983). 

Each of these factors inoses an extreirely high level of constraint, 
generally clained to be totally prohibitive of the presence of major 
transmission lines within defined areas. 

It was necessary, therefore, to define the Study area in broad enough 
terns to ensure that acceptable corridors and routes could be found 
within it. 

The western boundary of the area of investigation is determined 
primarily by existing and coir,nitted urban develoiinent, as reflected 
in the Metropolitan Region Schen (MRS). 

The southern boundary is determined by the obvious factors of 
existing urban developrent and the fact that the transmission lines 
must run north from Northern Terminal. 

The northern extremity was determined essentially by the need to 
ensure that lines approaching Pinjar from the east could provide 
sufficient clearance for aircraft in the vicinity of RAAF Pearce. 

The eastern extent of the Study area has been determined by the 
constraint sought to be inçosed by OTC. This is elaborated on later. 
In brief, when the Study was first coirinissioned OTC was believed to 
require a relatively snail radius of exclusion around it, which would 
have confined investigation to potential corridors aligned between 
OTC and 31(1. Subsequently, OTC gave notice that a much larger zone 
of exclusion would be required, and the area of investigation had to 
be extended to allow for corridors east of RAAF Pearce. The presence 
of the Walyunga National Park and Darling Scarp has required that the 
Study area extend sufficiently far east to ensure viable corridors 
along the Darling Plateau. 
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Selection of these factors to delimit the area of investigation 
required a degree of judgement. Had subsequent investigations 
revealed factors requiring a broader area, it would have been 
necessary to backtrack. Accordingly, within reason, the Study area 
was conservatively and broadly defined. The boundaries have not been 
rigidly followed in the detailed investigations carried out. Where 
sensible the factor under investigation has affected the extent of 
land covered. 

3.2 	RFXIONAL LAM)FORMS, SOILS AND G3)LOGY 

The significant landforms, soils and geology of the Study area are 
shown on Map 2 and Figure 3. A broad description of the landform 
types that occur within the study area are given in this section. 
Evaluation of landform types that will be encountered is necessarily 
conducted at both broad scale and in detail as construction methods 
and costs are affected by land stability, slope and alignment whilst 
operation and maintenance will be influenced by these factors as well 
as others, such as inundation risk. 

The information provided here is based on reports and mapping 
canpiled by the Geological &irvey of W.A. (1986) and the Departhnt 
of Conservation and Environment (1980). 

In broad terms the study area can be considered to include two 
physiographic units: the topographically subdued Swan Coastal Plain 
and the heavily dissected Darling Plateau. The division between 
these units is marked topographically, geologically and 
geanorphologically. For convenience, the study area has been broken 
into three sectors for description: 

The Western Sector includes those areas that lie entirely in dune and 
sanlain terrain of the Swan Coastal Plain; 

The Central Sector includes those areas that lie between sandplain 
terrain and the base of the Darling Scarp and contain landforms and 
soils associated with alluvial processes; and 

The Eastern Sector includes those areas that lie within the Darling 
Plateau and Darling Scarp. 

Western Sector 

The western part of the study area includes Swan Coastal Plain 
landforms that can be broadly described as topographically subdued 
sand plain and aeolian dune terrain. Local variations occur in 
places where unconfined groundwater is very shallow, enabling 
wetlands to develop, and where alluvial silts and clays lie close 
beneath the surface sands, causing damp or wet conditions during 
winter. 1\Io principal landforms can be recognised: 

- the Bassendean Dune landform; and 
- the Southern Rivers landform. 
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The Bassendean landform comprises dune terrain and deep grey-white 
siliceous sands, whilst the Southern Rivers landform consists of 
sandplain and dune terrain with grey-white siliceous sands overlying 
alluvial silt and clay sediments. 	The two landforms are 
distinguished largely by the type of wetlands they contain. 
Bassendean Dine landform contains wetlands with peaty sediments 
whereas the Southern Rivers landform contains wetlands with clayey 
sediments reflecting the presence of alluvial sediments at relatively 
shallow depth. Localised short term inundation is a feature of 
Southern Rivers landform in some locations, although for the most 
part drainage develorinent has flood potential largely under control. 

In general engineering terms, landforms within the western part of 
the study area are well suited to transmission lines, as their 
topographic characteristics are amenable to the plement of towers 
in linear alignment and foundation conditions are generally suitable 
for tower construction. Localised occurrences of wetland sediments 
need to be avoided in the location of tower structures and therefore 
may require minor route deviation. 

Central Sector 

The central part of the study area includes dune and sandplain 
landforms, together with a transition area where coastal plain 
sandplain and dune terrain gives way to landforms and soils of the 
alluvial plains formed at the base of the adjacent plateaux. In turn 
these landforms are bounded to the east by undulating colluvial 
deposits and eroded steep slopes of the Darling Scarp. Six landform 
types occur within the central part of the study area. The 
Bassendean and Southern Rivers sandplains and dune terrain are 
flanked to the east by the fluviatile Swan, Yanga, Beermullah and 
Gjildford landforms. The Forrestfield landform carçrising foothills 
of the Darling Scarp is also encountered. The fluviatile deposits are 
poorly drained and in specific locations may undergo short term 
flooding. 

As with the Western part of the study area, the Central area contains 
landforms well suited to transmission lines. The topography is quite 
featureless and will generally allow towers to be aligned in linear 
form. Areas requiring special consideration include the valleys and 
terraces of the Swan River, Bennett Brook and Ellen Brook where 
slope, flood potential and the geotechnical nature of shallow 
sediments need consideration. 

Eastern Sector 

The eastern part of the study area includes upland and valley 
landforms of the Darling and Dandaragan Plateaux. The landforms 
encountered in these physiographic units are vastly different from 
the topographically subdued aeolian and alluvial formations of the 
coastal plain. Landforme of the plateaux are the residual products 
of planation and dissection of a vast ancient lateritised plateau. 
Rnnants of the ancient surface occur in the form of uplands with 
lateritic duricrust underlain by kaolinitic clays and granite 
bedrock. The adjent valleys have colluvial sandy and gravelly 
soils on the slopes, occasional outcrops of the granitic basement 
sediments and localised deposits of alluvium. 
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Topographically the plateau landforms are a hundred or so metres 
higher above sea level than the coastal plain and feature persistent 
undulation which is gentle on the uplands and may be steep on the 
valley slopes. Major and minor valley landforms are traversed in 
which slopes are camcnly 3-10% and 10-30% or slightly more 
respectively. Very steep slopes are encountered in deeply incised 
river valleys of the major plateau drainages or sharp breakaways", 
between upland and valley landforms. 

Eight landform types are encountered within the eastern part of the 
study area. They are listed and described bela,: 

Darling Plateau 

Darling - 	scarp 
Dwell ingup - 	lateritic upland 
Yalanbee - 	lateritic upland 
Helena - 	major valley 
Yarragil - 	Murray - major valley 
Cookalin - 	mincr valley 

tsTragan Plateau 

Mogunber 	- lateritic upland 
Reagan 	- scarp 

From an engineering perspective the upland valley landforms of the 
eastern part of the study area are less suited to transmission line 
construction than are the central and western parts. Tower alignment 
needs to take careful consideration of topographic form, which will 
inevitably require directional changes in the transmission line 
route. The location of individual towers may also be constrained by 
foundation conditions on clayey valley slopes, and span 
considerations in locations where the transmission route crosses 
deeply incised valleys. 

3.3 	REGIL LA!SCPIPES 

3.3.1 Significant Tarca.pe Features 

In broad terms the area of study comprises a section of the basically 
flat coastal plain and the Darling escarpment with the 3an River 
Valley cutting through the latter and then running along its base. 

Very little of this broad landscape has retained its original 
vegetation cover, although the land on and east of the escarxnt is 
generally the least disturbed. 	The clearance and subsequent 
developent of the land has in some cases enhanced it or opened up 
attractive longer views, and has in others degraded it to the point 
where it is perceived as ugly. 

The quality of the landscape is therefore very variable, but the 
range of quality is not so much determined by natural features as by 
the level of human disturbance. 	Again in the very broadest terms 
the most important natural features - the 3Qan River and the 
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escarpnent - are on the eastern side, and the level of disturbance is 
greatest to the west. 

The three most significant landscape features are the Darling 
Ecarrment, the Swan River, and the Gnangara plantation. 

The Darling Escarpment is the most visible of these features, not 
only in terms of its size, but also by virtue of the location along 
its base of the Great Northern Highway througut the whole of the 
study area. Not only is it highly visible, but, because of its 
richly varied topography and its patterning of vegetation cover, it 
is also of the highest quality. 

The 3tian River and its inmediate margins is in itself more variable 
in quality. Through its deeply incised gorge it has a wildness and 
ruggedness all of its own (particularly in winter) and as it emerges 
from the escarpnent it wanders through its own silt deposits before 
settling into a deep, broad, still bed through the coastal plain. 

For the most part the jirmediate margins are intact, but the land on 
either side has been cleared to make use of its fertile alluvial 
flats, and then treated with very mixed sensitivities. Along its 
length it has been subjected to dumping of brickworks wastes, to 
overworn and badly managed recreation areas, to carefully tilled 
vineyards, to rich alluvia], pastures, and to residential developxnts 
ranging from the quaint to the vulgar. 

The Qangara Pine Plantation is the dominant cultured landscape by 
virtue of its enormous area and the virtual total elimination of the 
natural landscape. Because it is so particularly dense its size is 
not appreciated from ground level unless the observer moves through 
it rather than just along its margin. Its area can be appreciated 
from the escarprent but the view is tempered by distance. 

It is tempting to regard the plantation with less favour than the 
other features because of its mass and its hc*icgeneity, and perhaps 
because it is an imposition on the natural landscape. To do so is to 
neglect its very real and quite distinct qualities, which, again, 
canrx,t be appreciated from a vehicle moving along its edge. 

To the west of the plantation the landscape is gently undulating with 
low lying wetlands between rolling dunes. This is a different 
landscape again, being largely cleared and presenting views which 
vary in depth and in quality. It is less striking than the 
escarpient or the river valley, but in many ways more subtle. The 
generally less attractive nature of this landscape is due to the 
generally less impressive scale of its natural cover and often poor 
husbandry in cleared areas. 

At the other geographic extreme the landscape to the east of the 
escarprent is deeply incised with clearing in some broader valleys 
and on some wider plateaux, but otherwise largely tree covered. Both 
in its cleared and uncleared state it is of very high quality indeed. 
Whilst it is less visible than the escarprent itself its intrinsic 
qualities are just as high and in some cases (such as parts of the 
Chittering Valley) higher. 
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The landscapes of the Study area, together with an assessment of 
their quality, are shown on Map 3. 

3.3.2 VIsually Exposed Areas 

The degree of visual exposure of an area is a significant factor 
because the visibility of a transmission line is the main criterion 
by which the piblic judges its acceptability. 

In assessing the iirpact of a transmission line on the landscape the 
extent and degree of visibility (or aesthetic impact) is, of course, 
only one factor, albeit the most important for most people. 

The determination of visibility is by a corrbination of landform and 
vegetation cover. 

The study area breaks into five very broad units from west to east: 

- the coastal dunes with intervening wetlands; 
- the broad expanse of flat coastal plain; 
- the Swan River valley (and Ellen Brook to a lesser extent further 

north); 
- the escarpient; and 
- the deeply incised forest land to the east. 

The coastal dunes have the potential for low visibility if routes are 
kept at a distance from the viewpoints and roads. Even where they 
are cleared of their low vegetation cover there is still the 
possibility that the route can be picked through low areas with 
intervening high ground (so long as the low areas are not wet). 

The coastal plain offers no such topographical screening and depends, 
if it is to absorb the line visually, on vegetation cover or 
distance. The natural cover of banksia and puddybark is not high but 
is reasonably dense and if it is close to the viewpoint, is quite 
adequate as a screen. Much of the area of study, however, has been 
developed as a cournercial pine plantation. This has a very high 
potential for screening, depending on the crop rotation. For the 
first ten years from planting the screening effect would be no better 
than the native scrub, and for the first five years it would be less 
effective. Since much of the Gangara plantation is going to be 
cropped during the life of the line it should not be assumed that the 
whole solution can be found here without some consideration of 
plantation management. 

The river valleys across the plain do not offer much in the way of 
visual screening potential. As is normal in the flood plain they are 
not deeply incised but the waters meander through shallow courses in 
their alluvial flats. The meandering also makes their relatively low 
courses a poor proposition for a line route, as does the likelihood 
of occasional flooding. 

The escarpnent is the most exposed element of the landscape, because 
it is the major topographical feature, because it is substantially 
cleared, and because the math Great Northern Highway is never far 
from its base. 
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The only moderation of exposure here cares from the degree of 
vegetation cover close to the Highway viewpoint. In fact this is 
quite extensive, particularly as there is a likelihood that clay 
extraction will take place along the intervening strip, and will be 
screened from the road. This is already happening in sane cases. In 
tJper and Middle Swan buildings perform the same function. 

East of the escarInt the high proportion of uncleared land and the 
deeply incised topography present the highest potential to screen the 
line route. There are also very few roads and public viewpoints. 

In this area it is not visibility that will dictate the acceptability 
of a route as much as the quality of the landscape and the degree of 
physical damage necessary to build and maintain the lines. 

3.3.3 Areas of High Scenic Value 

All landscape types have an intrinsic scenic value, but judgements 
are inevitably subjective, which makes them difficult to defend 
against cbjective statements of need. 

There are, however, well documented public preferences for 
landscapes, and rather than put forward personal opinions these 
preferences are offered as a means of assessing the area of study. 

Of all landscapes, water margins are the most preferred. Falling or 
rapidly moving water is the highest, followed by large expanses of 
still water, and then by smaller expanses of still water. 

This suggests that, within the area of study, the river gorge through 
the forest and escarnent would be the most preferred, followed by 
open water bodies to the west, and then by the major river courses of 
the Swan Valley and Ellen Brook. 

Broken landscapes are preferred to flat open expanses, which suggests 
that the dunes to the west and the escarpnent and hills to the east 
would be preferred to the flatter coastal plain between them. 

This is also a factor in determining length of view, because long 
views are preferred to short ones. The other determinant here is 
vegetation cover. The iitplication is that long views to or from high 
ground are valued, therefore placing the escarpment highest in the 
preferences from the topographic viewpoint, since it is seen from the 
greatest distarce. 

Because trees are so highly valued, both as specimens and in 
woodlands, vegetation cover is also iirortant, even though it may be 
a negative in the preference for long over short views. Trees around 
water are highly rated, and a long view with trees is preferred to a 
long view without them. 

There is a further consideration here. That is that the preference 
studies were done on the eastern seaboard of the United States 
(Schaffer 1965) and in Scotland (Tothy 1970). It is likely that 
slightly different values would be attributed to vegetation cover in 
Western Australia in 1988, because of our climate and the increasing 
awareness of the effects of overclearing. 
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The effect of this is that local opinion would favour tree cover to 
the extent that it might demonstrate weaker preferences for long 
views in forme of the benefits of shade and shelter. 

Because of this there is likely to be greater support for preserving 
views of the tree lined river and brook than of the open water of, 
say, Lake Qangara or Joondalup, and for the forested hills over the 
rolling dunes. 

Western Australians also have a strong preference for native forest 
over plantation forests, which is an emotive issue but a real one. 
Very few people ever venture into pine plantations to experience 
their very specific qualities, and it is likely that, if they did, 
and if they were less heavily influenced by the conservation lcbby 
and media, this antipathy could change. (The public preferences 
expressed in the United States and Scotland did not make a 
distinction because native forests have been largely removed in the 
former study area and almost completely in the latter.) 

Since this area of study is in Wstern Australia in 1988, however, 
and since the chosen criterion of quality is public preference, it is 
likely that native forest would be preferred to plantation pines. 

3.3.4 Thysically Vulnerable Landscapes 

Some landscapes are intrinsically more vulnerable than others to any 
form of physical damage, and others are more drastically affected by 
power lines specifically. 

Construction of power lines is itself potentially damaging with the 
need to take heavy equipment on to the site of every tower, and to 
install large foundations. In broken country the scars tend to 
remain. 

The longer term implications, however, are very variable indeed. In 
cleared areas with established pasture the only long term physical 
impact is the 'footprint' of the individual towers. In less 
accessible areas there is a need for a permanent maintenance track 
along the line route, and in uncleared areas there is the need for a 
permanent clearance to ensure continuity of suWly  and maintenance. 
Within the area of study the most forgiving landscapes from this 
viewpoint are therefore the flat open pastures on the coastal plain 
and perhaps also the flatter slopes of the dune landscape to the 
west. 

The wetter areas, which will be avoided where possible for other 
reasons, also need to be treated with caution. It is necessary in 
such areas to construct access tracks for the construction equipment 
and to ensure access for maintenance purposes. The tracks and the 
construction pads at the tower base are therefore left in place. In 
very steep country the construction tracks and pads are difficult to 
construct, often requiring major earthworks and blasting. These 
tracks and tower bases are retained to ensure future access, and 
invite use by recreating public in four-wheel drive vehicles. 
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The erosion potential of these earthworks is very high in some areas, 
leading to down-slope destruction of vegetation and to possible 
stream turbidity if it remains uncontrolled. 

Where there is tree cover the worst scarring of all takes place as 
the line route is cleared and re-grth discouraged, leaving a 
considerable swathe through the forest (whether it is natural tree 
cover or plantation forest). 

Where tree cover occupies wet ground or steep hillsides a carination 
of these elements occurs. 

XSI s*I;  (' 

3.4.1 Areas with Ecological Conservation Value 

The presence of ecological systeme worthy of conservation represents 
a primary constraint to. the location and alignment of transmission 
lines. 

The primary reference material utilised in this Study has been: 

- Conservation Reserves for 1stern Australia. 7he tarling System - 
System 6, Part II Recoirmendations for Specific Localities 
(Department of Conservation and Eiwironment, 1983); 

- Regional Management Plan 1987-1997, brthern Forest Region 
(Department of Conservation and Land Management Western Australia, 
J.,oIJ; 

- Planning for the Future of the Matropolitan Region (State Planning 
Connission, 1987); 

- Environmental Significance of Wetlands in the Perth to 3inbury 
Region (W.A. Water Resources Council, 1987). 

- Colour aerial photography covering the Study area at a scale of 
1:25,000. 

Areas of ecological and conservation significance are shown on Map 4. 
The areas marked on the map are listed in ¶Lble 3.4, whIch also 
surauarises the desirable ecological features of each location and 
proposed future management. Further areas that have ecological 
value, but may not necessarily be as vital to the success of the 
conservation strategies that have been adopted by the regulatory 
authorities, are also identified in Table 3.4. For the most part, 
these areas constitute stands of natural vegetation that have escaped 
previous agricultural clearing prograrrires. 

An essential ingredient of any management plan for conservation 
reserves is that the population and species diversity of biological 
catirrunities is maintained and if possible enhanced. In simple 
practical terns this requires the preservation of vegetation 
structure, species conosition of flora and fauna conutunities, soil 
stability and water relations, and the special protection of any 
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M13 Whitasan Park 	 EPA, SPC, WRW 

M8 Wanneroo Wetlands 	EPA, WAWRC 
Eastern Chain 

M9 Melaleuca Park 	 EPA, SPC, CALM 

U 
U 	 Pine Forest 111N 	WANRC  

M4 Ridges MPA 	 PLE 
MPA 

East Gangara 12, 13 	WAWIRC  

Bennett Brook 

M17 Ellen Brook and 
Nin aamp Nature 
Reserves 
Upper Sean 

Ellen Brook  

M19 an River to 
Coildford to Walyunga 

Jane Brook Na. 1 

M18 Waiyunga 
National Park 

t15 Pearce Aerodrone 

M14 Reserve Bullsbrook 
aillthrodc 

C25 Naund Springs Muchea 

W, SPC 

EPA 

EPA, SPC, WAWEC 

EPA, CALM, SPC 
WAWRC 

EPA 

EPA 

EPA 

plant or animal ccrrrunities known to be under stress. The ability of 
conservation reserves and other ecologically significant areas to 
sustain the effects of concurrent usage for transmission, needs to be 
assessed in relation to these requirexrnts. 

Conservation reserves are not inherently well suited to concurrent 
usage for major transmission lines. At specific locations it may be 
possible to construct and maintain transmission lines without 
effective detrinent to conservation objectives. 	However, the 
preliminary selection process for transmission corridors has treated 
both statutory conservation reserves and recaiiiendat ion areas as 
zones of exclusion. 

Table 3.4 sets out identified areas of conservation value within the 
Study area. 

TABLE 3.4: AREAS OF CCNSERVATICN VALUE 

Area Nsee/ 	 Reference 	 Conservation and 	 Proposed Management 
Location 	 Ecological Attributes 
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Vegetation, flora, fauna 
wetlai, open space 

Vegetation, flora, fauna 
wetlar, open space 

Vegetation, flora, fauna 
wetlands  

Wetlands, vegetation, fauna 

Vegetation, flora, fauna 
landscape, opens space 

Wetlands, vegetation, fauna 

Wetland, vegetation, fauna 

Tortoise, fauna 
habitat, wetlands 

Wetland 

Fringing vegetation 
permanent river 

Natural watercourse 
friogiog vegetation 

Vegetation, flora, fauna, 
landscape 

Vegetation and flora 

Vegetation, flora, fauna 

Pare flora 
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Regional Park (XE 1983) 
Metropolitan Park (C 1987) 

Regional Park (XE 1983) 
Nature Reserve (CALM 1987) 

Menagesnent Priority Area 
Conservation of flora, fauna 
landscape (XE 1983) 
Metropolitan Park (SPC 1981) 

State Forest (CR111 1987) 

Menagesnent Priority Area for 
conservation of flora, fauna 
and landscape. 
Regional Park (XE 1983) 

Freehold land privately 
wned. 

Metropolitan Park (SPC 1987) 

Protection of gazetted 
rare fauna and flora 

Regional Park (XE) 
Metropolitan Park (SPC) 

Freehold land privately 
oseed 

Regional Park (XE) 
National Park (CALM) 
Metropolitan Park (SPC) 

Managee "  CoimEnwealth 
Lfence p.1r.8es, 
maintenance of vegetation 
cover (XE) 

Conservation of flora 
and fauna (XE) 

Protection of conservation 
value 



3.4.2 Vegetation Co1ezes 

While many parts of the Study area have been wholly or partly 
cleared, there are also a rnmber of areas where himian develonent has 
been minimal and the indigenous vegetation remains. These range from 
small, isolated patches of vegetation in areas where landform or 
location has favoured agricultural developint, urban expansion or 
forestry, to larger tracts in areas where land has been unsuited to 
large scale develont as a result of flood risk, soil type, slope 
or remoteness of location. 

The descriptions of vegetation type given in this section are broad 
and only brief nention is made of the degree of clearing that has 
occurred. Unless it is specifically stated it can be assunQd that 
the description of vegetation given in the following sections refer 
principally to remnant stands. 

As in the case of landform, in relation to vegetation it is 
convenient to consider the Study area as consisting of three sectors 
- western, central and eastern - as the distribution of vegetation 
ccupiexes between these areas results at least partly from the 
analogous distribution pattern of landform and soil types. 

tscriptions are based on the work of the Heddle, Loneragan and Havel 
(DCE 1980), together with analysis of 1:25,000 scale colour aerial 
photography and brief field inspections. 

The stern Sector 

The western sector has been substantially cleared for agriculture 
and forestry. The central-western and south-western parts of the 
Study area, in particular, have mostly been cleared. The north-
western area still contains relatively large tracts of native 
vegetation in good condition. 

The vegetation conplexes that are found in the western portion of the 
Study area, in either remnant patches or stands of larger extent, are 
described below. 

The Southern River Colex conprises open woodlands of Eucalyptus-
calophylla - E.-marginata and Banksia spp. (marri - jarrah - 
banksia), together with woodland of E. rudis - Melaleuca 
rhaphiophylla (flooded gum - swanp paper bark) along creek beds and 
drainage lines. Within the Study area, iriich of this complex has been 
cleared for pastoral purposes so that only dunce of the large trees 
and patches of vegetation within wet ground remain. For the most 
part understorey vegetation has been couletely removed from these 
areas. 

The Bassendean Cciiplex Tbrth - vegetation ranges from a low open 
forest and low woodland of Banksia spp. - E. todtiana to low woodland 
of Melaleuca spp. and sedgelands, which occupy the moister sites. 

The Bassendean Ccp1ex - rth - Transition Vegetation Ccnclex - 
ccitiprises a transition conpiex of low open forest and low woodland of 
Banksia spp. - E. todtiana (Banksia - prickly bark) on a series of 
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high sand dunes. The understorey species refect similarities with 
both the Bassendean - North and Karrakatta Ccinplex - North vegetation 
cc*xçlexes. 

Understorey species within areas of deep pale yellow and deep pale 
grey sands include Boronia purdieana, Scholtzia involucrata, 
Leucopogon conostephio ides, Calectasia cyanea, Conospermum stoechadis 
and Jacksonia floribunda. Localised patches of yellow sand are 
indicated by the presence of species such as Mesanelaena stygia and 
Synaphea polynorpha. 

Karrakatta Cclex - North consists of predominantly low open 
forest and low woodland of Banksia spp. - E. todtiana (Banksia - 
prickly bark). Banksia attenuatea and B. menziesii are praninant 
with the occasional B. ilicifolia on the lower slopes. Cannon 
understorey species include Conosperninn triplinerviuxn,. Hakea 
trifurcata, 1sonQlaena stygia, Eremaea pauciflora, E. friirbiata, 
Jacksonia stembergianna, Stirlingia latifolia and Calothairnus 
sanguines. 

The Pinjar Ccizlex ranges from a woodland of E. marginata - Banksia 
(jarrah - banksia) on the upper dune slope to a woodland of E. rudis-
M. pressiana and sedgelands in the depressions. The area differs in 
the degree of develorzient of swamp vegetation associated with semi- 
permanent and permanent lakes. 	Other plants camkn in these 
depressions include Regelia ciliata, Hakea varia, Leptospermum 
ellipticuni, Hypocalyirina angustifolium and species of Baunea, Juncus, 
Scirpus and Leptocarpus. 

The Central Sector 

The range of vegetation complexes found within the central parts of 
the Study area reflect the presence of alluvial soils and landforms 
along the boundary between the sian Coastal Plain and the Earl ing 
Scarp. 	The inherent suitability of the alluvial soils for 
agriculture, particularly viticulture and grazing, has resulted in 
large scale clearing within these areas, such that for the most part 
only reunant patches of the indigenous vegetation complexes remain. 
The vegetation of the sandplains and dunes has been less extensively 
cleared. The vegetation complexes that occur within the central 
study area include the following: 

The Southern River Complex and Bassendean Ccqlex North, as above. 

The Bassendean Complex - Central and South ranges from woodland of E. 
marginata - Casuarina fraseriana - Banksia spp. (Jarrah - Sheoak - 
Banksia) to low woodland of Melaleuca spp. and sedgelands on the more 
moist sites. This complex also includes the transition from E. 
marginata to E. todtiana (prickly bark). The three banksia species 
B. attenuata, B. graridis and B. irenzesii are conucn on the upper 
slopes whilst B. ilicifolia, B. littoralis and M. preissiana are 
cannon on the low lying moister soils, where E. calophylla replaces 
E. marginata in dominance. Other plant species include Kunzea 
vestita, Hypocalynna angustifoliuzn, Adenanthos obovatus and 
Verticordia spp. 
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The Karrakatta Co,ilex - rth - Transition Vegetation Cclex has 
affinities with the Bassendean-North, Eassendean-Ibrth-Transition and 
Karrakatta-Ibrth as they all support a low open-forest and low 
woodland of banksia-prickly bark. 	Floristically, this calex 
differs from the others in the dominance of the understorey species 
which reflect the presence of yellow sand at various depths. CcEmon 
understorey species on these yellow sands include tsanelaena stygia, 
Synaphea po].ymorpha, Calothannus sanguineus, Erenaea pauciflora, E. 
fitthriata, Jacksonia floribunda, Conospermum stoechadis and Acacia 
sphacelata. In addition there are small pockets of grey sand which 
surport species such as Leucopogon conostephioides, Scboltzia 
involucrata and Boronia purdieana. 

Alluvial Plains 

The Beernvllah Coulex includes extensive stands of swamp sheoak 
(Casuarina obesa) on the moister flats. Elsewhere on the Swan 
Coastal Plain smaller stands and isolated plants of swamp sheoak are 
found on Yanga and Swan ccmlexes. Despite agricultural clearing, 
remant understorey species still include fiakea varia, H. prostrata, 
Hypocalynta angustifol ium, Leptospernvm ellipticum, Beaufortia 
squarrosa, Regelia ciliata and Viminaria juncea. These species, 
unlike C. obese are widespread and occur in the moister low-lying 
areas of a large section of the Darling System. Minor components on 
the wetter areas include a closed-scrub of Melaleuca sw., and 
occasional Actinostrobus pyramidalis and on the small rises an open-
woodland of marri-wandoo-jarrah. 

The Yanga Cciilex is similar to Beeriaillah on the low-lying flats, 
. 	 where a low open-forest of swamp sheoak (C. obese) occurs, with 

S 	 patches of tinostrobus pyramidalis and Melaleuca s. (including M. 
lateritia and M. hairiilosa). On the drier sites of Yanga the 
vegetation reflects the adjacent Coonant)idgee and Bassendean 
ccmplexes, with the resulting mixture of a low open-forest of 
banksia-prickly bark and an open-woodland of marri-banksia, the 
latter being on the moister low-lying areas. 

The Swan Ccuzplez is dominated by a woodland of E. rudis-M. 
rhaphiophyfla, with localised occurrences of low open-forest of C. 
obese and M. cuticularis. This vegetation was subject to early 
disturbances associated with the settlennt of the south-western 
corner of Vkstern N.istralia, therefore there are only a few reitriant 
undisturbed areas. 	Other plants present include species of 
Leptocarpus, Juncus, Cyperus, Schoenus and Scirpus. 

The Qiildford CcaQlex is dominated by a mixture of an open-forest, in 
sections a tall open-forest, of marri-wandoo-jarrah and a woodland of 
wandoo, with minor cciiponents including the fringing woodland of E. 
rudis-M. raphiophylla along the streama and the rare E. lane-poolei. 
Most of this area has been subject to logging and clearing since 
European settlenent. E. lane-poolei is restricted in the main to the 
G.iildford unit between Keysbrook and Cardup in the Darling System. 
Beyond the boundaries of the Darling System this rare species is 
known to occur near Jurien Bay. The other remnant plant species in 
this complex include Banksia grandis, Kingia australis, Xanthorrhoea 
preissii and species of Hardenbergia and Hibbertia. 
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The Coonathidgee Ccqs].ex consists of vegetation ranging from a low 
open-forest and low woodland of prickly bark-banksia (E. todtiana-B. 
attenuata-B. nenziesii-B. ilicifolia) with local admixtures of B. 
prionotes, to an open-woodland of marri-banksia. The former reflects 
the drier conditions found on the sands in the north. The floristic 
ccqosition of the understorey of this complex has affinities with 
the Reagan complex of the Dabdaragan Plateau. Cn the ncister low-
lying soils marri açears as an emergent aning the Banksia spp. to 
form an open-woodland. Cciwu plant species in the understorey 
include Persoonia coomata, Stirlingia latifolia, 1&iytsia floribunda, 
sanelaena stygia, Casuarina humul is, Calothannus sanguineus, 

Hibbertia hypericoides and species of Conospermuxn and Petrophile. 

Darling Scarp and Foothills 

The Forrestfield Cciilex is dominated by an open-forest of marri-
wandoo-jarrah on the heavier gravelly soils and of jarrah-marri-
sheoak on the sandier soils. The complex is dissected by a series of 
streame which suçort a fringing woodland of E. rudis-M. 
rhaphiophylla. The open-forest of marri-wandoo-jarrah now 
aroximates a woodland as a result of logging and clearing since 

European settlemant. Pennant plant species on these gravelly soils 
include Banksia grandis, Xyllum occidentale, Dryandra sessilis, 
Macrozamia riedlei, Xarithorrhoea preissii and species of Hibbertia. 
On the sandier soils there are rennant pockets of the jarrah-marri-
sheoak open-forest with cr,non species including B. attenuata, B. 
grabdis, Stirlingia latifolia, ?somelaena tetragona and !)iytsia 
floribunda. 

U 
	

nie Darling Scarp Cclex includes a large variety of flora on a 
unique geological feature. Although this vegetation complex, which 
coincides with the Darling Scarp unit, has not been subdivided, 
several features are evident. These include the dominance of wandoo 
along the entire length of the Darling Scarp; the admixture of marri 
and the occurrence of the geographically restricted butter gum (E. 
laeliae) on the northern areas. The vegetation ranges from a low 
open-woodland of wandoo with admixtures of marri, butter gum and 
nountain gum, through low open-forest of C. huegeliana, through 
heath, through herblands of Borya nitida to lithic complex (on the 
granite rocks). 	Shrub species include Thanasia glutinosa, 
Verticordia acerosa, Hakea incrassata, H. stenocarpa, Grevillea 
bipinnatifida, Hovea pungens, Goodenia fasciculata, Petrophile 
biloba, Conospermum huegelii and Grevillea endilcherana. 

The Eastern Sector 

The eastern part of the Study area, nominally considered to be those 
parts east of the base of the Darling Scarp, has vegetation that is 
dominated by jarrah-marri forest and wandoo woodland. 	The 
distribution of vegetation complexes and plant ccm.inities is 
strongly related to landforms and soils, and on this basis a nurrber 
of complexes can be readily recognised. Whilst the dominant strata 
of 	the coanon vegetation complexes normally contain jar rah, marri, 
yarn (E. patens) or bullich (E. megacarpa), variation of the 
understorey floristic composition enables the different complexes to 
be distinguished. 
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agricultural developrent has resulted in widespread clearing, 
particularly within valley landforms. However s, there are good stands 
of vegetation within uncleared blocks of farmland, on ridges that 
have lateritic duricrust, on the sides of valleys where the slope is 
very steep, and within the Walyunga and Avon National Parks. The 
vegetation conçlexes that occur within these areas are as follows. 

Lateritic Upland 

The Iiellingup Coulex, in medium to high rainfall, consists of open 
forest of E. marginata-E. calophylla. 

71 Yalanbee Ccirlex, in low rainfall, consists of woodland of E. 
wandoo-E. accedens and less consistently an open forest of E. 
marginata-E. calophylla. 

Valleys 

The aelena Cc*xlex, in medium to low rainfall, has vegetation ranging 
from a mixture of open forest of E. marginata-E. calophylla to 
woodland of E. wandoo through heath and herbland to lichens on the 
granitic rocks. 

Murray and Bindocn Cciiplex, in low to medium rainfall, includes 
wandoo woodland on the valley slopes, intermixed with some open-
forest of jarrah-marri-yarri and a woodland of E. rudis-M. 
rhaphiophylla on the fringes of the water courses. 

!be Yarragil Cc*iplex (MinhimuiIn Develo*xent Swançs), in medium to high 
rainfall, has open forest of E. marginata-E. calophylla on uer 
slopes with admixture of E. patens (yarn) and E. rregacarpa (illich) 
on the valley floors. 

7he Coolakin Ccqlex, in low rainfall, is dominated by woodland of 
wandoo with a mixture of E. marginata-E. calophylla (jarrah, marri 
and yarn). 

The Pindalup and Yanragil Ccq)lex, in low rainfall, has open forest 
of E. marginata-E. calophylla on slopes and open forest of E. wandoo 
with sane E. patens on the lower gullies. 

Liaragan Plateau 

Latenitic Upland 

7he igu±er Cciplez - South has open woodland of E. calophylla, with 
some admixture of E. marginata and a second storey of E. todtiana B. 
attenuata-B. menziesii-Be iicifolia. 

Scarp 

The ragan Cctplex vegetation ranges from low open woodland of 
Banksia spp.-E. todtiana to closed heath, depending on the depth of 

- soil. 
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3.4.3 Rare Flora 

There are several locations within the Study area where populations 
of gazetted rare or high priority plants are known to exist. As it 
is CALM policy not to publish the precise location of these 
populations, only a general indication of location has been given on 
Map 4. However, the precise locations of relevant plant populations 
has been referred to in detailed route planning. 

Gazetted species of rare flora and high priority flora within the 
Northern Forest Region are listed in Appendix 1 • CALM has advised 
also that pre-construction transmission line route surveys should 
include a flora survey for relevant species listed in Appendix 1 to 
augnnt existing surveys. 

Al]. locations known to contain gazetted rare or high priority flora 
species are treated as exclusion zones for construction of 
transmission lines. 

3.4.4 Rare Fauna 

Investigation of the presence of gazetted rare or geographically 
restricted fauna within the Study area necessarily referred to the 
location of relevant habitats, rather than to the locations of 
populations. The preservation of habitat through the establisiient 
of appropriate conservation reserves is the approach to protection of 
relevant fauna species that has been adopted by the State governnent 
regulatory authorities. Therefore the location of the statutory 
conservation reserves (for exauple, the Ellen Brook Nature Reserve 
which supports the Western Swamp Tortoise Pseudanydra uirbrina) as 
noted in 3.4.1!  are the relevant constraints to transmission that 
have been observed by the corridor identification process. 

3.4.5 Diebk 

Dieback is a major plant disease of concern. The disease is fatal to 
many native plant carninities on lateritic soils and poorly drained 
soils within the south west of the State in the Departiient of 
Qnservat ion and Land Managenent (CALM) northern forest regions. 

Although the Study area is considered to be outside the primary 
"disease risk area" identified by CALM (CAll! 1987) dieback is known 
to occur at specific locations within the Study area and can be 
further introduced and/or spread by inappropriate clearing and 
construction procedures. 

The location of transmission corridors will not be constrained by the 
presence of land infected with or susceptible to dieback as such. 
However, the acceptability of installation and maintenance of 
transmission equipnent within any chosen route will depend on the 
incorporation of procedures that minimise risk of site infection and 
spread. 	These involve preconstruction "disease interpretation 
survey" of the the transmission route and appropriate hygiene 
practice in the deploynent of machinery, earthrks and scheduling. 
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The CAU4 has developed procedures to minimise risk of dieback 
infection spread which will need to be incorporated in the SEGJA' s 
transmission line installation procedures. 

3.4.6 Salinity 

The salinisation of rural land that has resulted from the clearing of 
land for agriculture is a well recognized phenaenon in Western 
Australia and is a cause for significant environnental, econanic and 
social concern. The installation of new transmission lines will 
require land to be partially cleared in areas where the route 
traverses vegetation of height greater than 1.5m and hence offers a 
potential risk of increasing land salinisation. 

There are four factors which together indicate that installation of 
new transmission lines within the study area should not create any 
significant risk of additional land salinisation. 

Firstly, the occurrence of salt problenE resulting from clearing of 
vegetation is most strongly associated with land in the eastern 
Darling Range where annual rainfall is low and salt storage in the 
uçer sedinent profile is high. By conparison the Study area ncstly 
consists of Swan Coastal Plain landscape, together with a portion of 
the western - high rainfall - extent of the Darling Range. 

In neither case is salinisation potential considered significant. 

Secondly, clearing for agricultural purposes totally renves native 

U 	
vegetation whereas clearing for transmission line installation 

- 	 selectively rves vegetation higher than 1 .5m. 	Understorey 
- 	 vegetation need not be renved. Clearing for transmission line 

installation is not likely to result in the sane degree of change to 
rainfall infiltration as results from agricultural clearing. 
$.ibstantial increase in rainfall infiltration is a primary caronent 
of the salinization process. 

Thirdly, much of the Darling Scarp landform within the study area has 
already been cleared for agriculture, and has not resulted in 
significant salinisation. 

Fourthly, the area of land required to be cleared for transmission 
lines is very small conpared to areas cleared for agriculture. 
Further it is likely to be spread over a nuirber of localised 
catchnents, thus diffusing the potential for increases in groundwater 
level and stream salinity. 

3.5 	FrRY, AGMC0I&M AND WATER RESCXJS 

3.5.1 State Forest 65 

A large proportion of the Study area is occupied by State Forest 65 
(the Gangara and Pinjar Pine Plantations), the extent of which is 
shown on Map 5. 
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State Forest 65 consists largely of plantations of the coniferous 
tree Pinus pinaster that have been established on low fertility soils 
of the Bassendean and Southern Rivers landforms. Most of the areas 
within the State Forest boundaries have been planted out with 
pinaster over a period of some decades. The plantation contains 
stands of various stature and density (and therefore economic value) 
as determined by age and previous management (such as thinning). 
There are also areas that have been recently harvested as well as 
areas that have never been planted and still surc)ort  native 
vegetation, principally Barsia and Jarrah-Banksia woodland or open 
forest. 

The pine plantations contain a network of limestone forestry tracks 
which provide access for inspection, fire fighting, maintenance and 
harvesting. They also contain a network of fire breaks and a nurrer 
of light aircraft landing areas which are utiised by aircraft 
conducting fire surveillance and control and aerial fertilisation. 

The routing of transmission lines through the pine plantation will 
result in varying degrees of economic cost depending on the need to 
prematurely harvest trees, the loss of future production capability 
and the requirement to modify forest management procedures to 
accomnodate the transmission lines. 

The potential impacts of transmission lines on State Forest 65 are: 

- premature harvesting of crop trees; 
- loss of production area; 
- decreased maintenance efficiency due to realignment of existing 

: 

	

	 roads and firebreaks and possible creation of sub-optimal areas 
for management; 

- loss of aircraft landing areas; 
- adverse impact on management practices and hence on economics of 

the forestry operations; and 
- impacts on the WAWA Gangara Wund water resource. 

The most significant and enduring effects are likely to be on 
management practices. The economics of the forest are heavily 
reliant on aerial operations for fertilisation, fire-spotting and 
burning-off. The presence of a transmission line itself reduces 
potential for aerial operations. In addition, restrictions on flight 
paths may affect the location and nurrber of aircraft landing areas, 
and hence the potential for aerial burning-off and fertilisation. 

Further, the risk of "flashovert' from transmission lines (ionisation 
and arcing through atmospheric carbon) would restrict the type of 
burning-off for fire control in the vicinity of the line. This would 
be most acutely felt in the case of wildfire. 

From the State Forest point of view the preferred location for 
transmission lines is north-south through the forest, preferably 
along its western boundary. Any east-west crossing should, as far as 
possible, avoid fragmentation of the forest into subeconomic 
management areas. 
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3.5.2 agriculture 

?k)st of the cleared and partly cleared land within the Study area is 
used for agricultural purposes including: 

grazing of beef cattle, sheep and horses agistinent; 
orchards and market gardens; 
viticulture; and 
hobby farming. 

Land use for grazing is most cotrinon on the heavier alluvial soils 
along the base of the Darling Scarp and within the valleys of the 
Darling and tandaragan Plateaux. Grazing is also practiced on the 
southern rivers landforms in the central south of the Study area. 

Orchards are also largely confined to the heavier soils within these 
areas, whilst market gardens are cartcn within the sandy soil areas 
along the western fringes of State Forest 65. 

Viticultural activity is intensive within the aluvial plains and 
river terraces associated with the Swan River, at various locations 
along the base of the Darling Scarp and on sandy loam soils on the 
Reagan Scarp. 

Whilst the usage of land for grazing and agistment would not be 
significantly hindered by concurrent usage for transmission, and 
therefore does not constitute a significant constraint, vineyards and 
market gardens may well be disadvantaged by installation of tower 
structures. The loss of vines or fruit trees that would potentially 
be required.to  enable tower positioning within a vineyard or orchard, 
would have tangible costs arising from loss of vines and productive a 	 ground. The height of fruit trees within orchards may be a cause of 
concern in instances where they would be located beneath the 
conductors. Vegetation having a height greater than 1 .5m is normally 
removed from transmission easements prior to construction, although 
exceptions may be made, on the merits of the case. 

3.5.3 Water Resources 

The Study area contains a number of areas where the production of 
potable water is either a current or potential land use • These are 
shown in Table 3.5. 

A number of statutory reserves for the purpose of "Water" have been 
declared by State and local government statutory authorities, to 
protect the beneficial uses of these resources. These include the 
Wanneroo Groundwater Reserve, Wanneroo Public Water Supply Area and 
the Swan Groundwater Area. At the present time, the (angara 
groundwater mound is being used as a source of potable water for the 
metropolitan area. In addition to operating borefields at Mirrabooka 
and Wanneroo, a new bore field is currently under construction 
adjacent to Lake Pinjar, and a further bore field is planned for the 
Lexia area, as shown on Map 5. 
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TA&E 3.5: 	WATER RESOMICE AREAS 

Water Resource 	 'Ipe 

(i) 	Gangara groundwater nôund Currently utilised for piblic 
water supply and undergoing 
increasing 	developnent 	for 
abstraction 

 Jane Brook Catchtent Potential surface water catchnent 

 &isannah Brook Potential surface water catchment 

 Ellen Brook Potential surface water catcliient. 

The use of land within the catchnents noted above should not be 
significantly affected by the establisI-grnt of a transmission line and 
therefore water production should not be considered to be a constraint 
to corridor identification. However, in delineation of a transmission 
line route the presence of capital works associated with water 
production, for exauple production bores and pipelines, needs to be 
considered, especially in relation to tower placemant. Parallel 
routing of transmission lines beside water supply pipelines is 
normally avoided where possible. In instances where parallel routing 
cannot be avoided, cathodic protection devices are normally fitted to 
the pipeline creating additional costs to transmission line 
installatione 

3.6.1 ExIsting and Cotiinitted Urban Ivelcpnt 

Map 6 shows the extent of land which is already developed or 
conwitted for urban use • These areas are largely defined on the 
Metropolitan Region Schre (tIPS). 

Land in the illtediate vicinity of Ibrthern Terminal to its south, 
west and iirmadiate north is either developed or zoned for industrial 
purposes. 

Land in the area to the north as far as Hepburn Avenue and east as 
far as Tonkin Highway is also coninitted for urban - largely 
residential - develonent. Much of this land is covered by the 
Ballajura (Ibrth) Oitline Developint Plans Nos. 10, II and 12 of the 
Shire of Swan. 

The area inndiately east of Northern Terminal - Ballajura South - 
has been the subject of an Cutline Developxent Plan of the Shire of 
Swan. The plan covers the area bounded by Tonkin Highway, Hepburn 
Avenue, Ballajura North, tbrthern Terminal and Marshall Road. The 
Plan, which provides for residential developirent, was publically 
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advertised and sent to SEGA for coment in August 1988. The Plan 
makes allowance for the existing easement along Marshall Road. 

Urban development east of Tonkin Highway is confined to areas south 
of the 'brth Perimeter Highway. 

Other minor existing areas of urban development within the Study area 
are the townsites of t'tzchea and B.illsbrook East. 

An aboriginal fringe settlement - Cullacabardee - is located west of 
Beechboro Road, between Park Street and Coollcott Avenue. 

3.6.2 Potential Urban Areas: Preferred Matropolitan Strategy 

In Novenber 1987 the report "Planning for the Future of the Perth 
?tropo1itan 1g ion" (Peview Group to the State Planning Conmiss ion) 
was published. The report contains a Preferred Strategy for future 
metropolitan growth, to replace the Corridor Plan as a basis for 
future amendments to the Metropolitan Region Scheie. 

The Preferred Strategy outlines three major new urban development 
areas within the Study area. These are shown on Map 6. 

The first (Area 2 of the Preferred Strategy - East of nneroo Road) 
is a substantial area bounded by Wanneroc Road on the west, State 
Forest 65 on the east, Ipburn Avenue on the south, and Lake Pdams to 
the north. Part of this land would be a major industrial area, 
linking two existing industrial areas on 1nneroo Road and Qangara 
Road. 

I 	 The second (Area 3 of the Preferred Strategy - West Swan and 
Beecloro) comprises two parcels of land east of Tonkin Highway, 
between Whiteman Park and the S'zan Valley proper, separated by the 
RAAF coirinunications base at Caversham (formerly Caversham airfield), 
and running generally north-south. &isting 300kv lines pass through 
part of this land. 

The third area (Area 4 of the Preferred Strategy - Middle 3ian) lies 
along the foothills of the Darling Sarp between Toodyay Road and 
Walyunga National Park. This area at present consists of highly 
fragmented holdings, with a mixture of intensive rural activities. 

Between Areas 3 and 4 the 3ian Valley is proposed to remain Rural 
under the Preferred Strategy. 

All of these areas are likely to be taken up for urban - mainly 
residential - subdivision. Areas 2 and 3 of the Preferred Strategy 
are likely to precede Area 4 because of the difficulties of 
servicing, fragmented holdings, and political opposition to 
urbanisation in the Foothills areas generally. 

The urban development potential of Areas 2 and 3 is considered to 
ixrpose a high level of constraint on future transmission line 
development, with the proviso that an additional route might be added 
to the existing 330kV lines through that area. The potential 
urbanisation of Area 4 imposes a lesser but still significant 
constraint. 
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3.6.3 Otbar Potential Urban Areas 

In addition to the areas outlined in the 1view Group's Preferred 
Strategy there are at least two other major areas of land which are 
currently the subject of serious investigation or proposals for urban 
development. These are: 

- the Santa Maria Estate; and 
- the Ellenbrook proposals. 

The Santa Maria Estate area is owned substantially by the Crown and 
is currently under investigation by Landcorp. 

The area under investigation includes a substantial proportion of the 
total GTC site, allowing, however, for continued use and expansion of 
the circ operations, and for a 1 kilometer buffer against residential 
development around the reduced OTC site. The Landcorp study allows 
for extension of the ¶Ithkin Highway, bifurcating just south of 
Gnangara Iad, to the north east and south west. It also allows for 
a 200 metre wide transmission line corridor izimediately to the east 
of Tonkin Highway, to connect Ibrthern Terminal to Pinjar via the 
State Forest. The corridor would contain two double circuit 330kv 
lines and three 132kv lines. 

The proposals need to be taken seriously and represent a low level 
constraint on transmission line development. 

The Elle!trook proposals have been prepared by private sector 
interests. 

They cover an extensive area extending west and south from The Vines 
Estate at tJçer ajan. The area takes in large sections of Whiteinan 
Park and the Giangara Pine Plantation (State Forest 65). For clarity 
Map 6 shows only those sections which are not within Whiteman Park, 
existing urban zoned land, land designated urban in the Preferred 
Strategy, or areas allocated for non-urban uses (such as a proposed 
conservation area adjacent to the pine plantation). 

The proposals envisage substantial residential development, together 
with a town centre, golf resort, regional sporting venues 
incorporating Whitemen Park facilities, and the nature conservation 
area. 

The proposals have no formal status. Although likely to proceed to 
some degree they represent a very low level, if any, of constraint to 
transmission line development. 

Taking a long term view, as SE(3JA must, it arcears  likely that in 20 
years or so from now - when the population of the Perth region may 
well be double its present level - urbanisation will overtake other 
parts of the Study area. The whole of State Forest 65 and the 
(angara !'bund Groundwater area may conceivably become urban, and 
indeed has already been the subject of broad brush proposals for 
development by private sector interests. 

Similarly, the land between lake Pinjar and ?nneroo 1ad is likely 
to become urban also. 
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In the long term it is difficult to see the Overseas 
lecciuunicat ions Caiiniss ion land not eventually succurrbixig to the 

onset of urban growth. The sane may be true of the RAAF facility at 
Caversham. This land has already been the target of Housing Industry 
Association pressure for release for residential developient (1st 
Aiistralian, 12 November r  1988). 

3.6.4 'lbnkin Highway Extension 

There have been nuurous proposals over the years for the extension 
of !Irikin Highway, but no urgency to finalise them. However, it is 
clear that serious consideration is now being given to the quest ion, 
especially in the light of the Preferred Strategy and other proposals 
under consideration. 

It seens likely that an extension to the north-west will occur, 
skirting the west side of the State Forest • More problematic is the 
possible bifurcation towards the north-east and thence to Great 

rthern Highway. 

The possibility of transmission lines sharing a parallel or coiru*n 
corridor for at least part of the distance between Northern Trminal 
and Pinjar should be considered seriously, especially in the vicinity 
of trthern Terminal. 

The concept of large scale service corridors, within which major 
services such as transmission lines share space with major roads, is 
not by any neans new. It is understood that the Main Roads 
Departnent has not favoured such sharing in the past. 

R 	 However, there is much to be said for the idea, for several reasons. 
one of these is that it tends to minimise large scale disruptions to 
land use, particularly urban, parkland and forestry uses. 

Another is that the scale of major regional roads and of transmission 
lines are well matched. Against that is increased visual exposure of 
a transmission line running parallel to a major road. 

3.6.5 Rr4Rting  and Ccunitted 1.iral-identia1 Areas 

Existing rural-residential areas within the Study area are shown on 
Map 6. Three of these are within the Swan Valley - nley Brook, 
Whiteman, and The Vines-Belhus Estate. 

Within the Hills are three rural-residential areas. 

The Brigadoon Estate is the most substantial, extending from the 
railway north of Millendon and wraing around the southern and 
eastern edges of Walyunga National Park. 

The second area abuts the northern edge of Walyunga National Park. 

The third area lies further north, near Bullsbrook. 

Other rural-residential areas occur in the west of the Study area, in 
the Shire of Wanneroo. 
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These areas are considered to be a constraint on transmission line 
develoent. However, it suld be possible to plan for transmission 
line easements through sections of them which have not yet been 
subdivided, and in some cases through already subdivided and 
developed lots. 

3.6.6 Potential 1iral-1sidential Areas 

The only known significant potential rural-residential development 
currently being proposed within the Study area is a large scale 
extension of the northernnst of the three existing Special 1iral 
Zones in the Hills part of the Study area. This has been tentatively 
earmarked by the Shire of aran for future rural-residential 
subdivision. 

Other possible areas include inf ill between existing rural-
residential estates east of Whiteinan Park. 

These areas are considered not to offer a constraint to transmission 
line develorinent. 

Land ownership is a factor in corridor and route selection, although 
not necessarily a highly significant one. In general, publicafly-
owned land is to be preferred to privately-owned land, because of 
cc*çensation and political factors. most significant, however, are 
other factors, such as the purpose for which land is used. 

There are large areas of land in the Study area which are in public 
ownership, most ccitnitted to specific uses. Those of regional, state 
or national interest include: 

- State Forest 65; 
- Whiteman Park; 
- Walyunga National Park; 
- Pearce Air Base and its installations at Caversham and 3J; 
- The RMF bc*rting range (leased by the State to the Camonwealth); 
- Avon Valley National Park; 
- Lake Pinjar; and 
- Melaleuca Park. 

Because of its extent, location and use, as well as its ownerhsip, 
State Forest 65 has been viewed as a desirable location for 
transmission line corridors. 

3.8 	REEATICN AND TCMSM  

3.8.1 Existing Beg ional Becreat ion Areas 

Map 7 shows existing areas reserved for Parks and Recreation under 
the Metropolitan Region Scheme. These are: 
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— 'Whiteman Park; 
— Walyunga National Park and its Swan River extensions, including an 

isolated section south of Beihus; and 
— a small section of John Forrest National Park. 

In addition to these Map 7 shows other major recreation areas, 
including: 

— Avon Valley National Park 
— Melaleuca Park 
— The Swan River environs 

st of these areas have been created as possible recreation areas 
because of their natural attributes — for exaixle landscape, water, 
flora or fauna resources. In terns of their capacity to accept 
transmission lines they are considered both in terma of their 
significance as recreation areas and in terns of their other 
attributes. 

As recreation areas they are considered to inpose a high level of 
constraint, although sections of the extensive Whiteman Park, for 
exaiple, do not rate highly. 

3.8.2 Potential Regional Recreation Areas: The Preferred Metropolitan 
Strategy 

The report of the Review Group referred to in 3.6.2 contains, as part 
of the Preferred Strategy, proposals for an extensive Metropolitan 
Parks System. The proposed system envisages extensive additions to 

I 	 1_ 	 pma .1, ,i#1 	 -" 	 and a ccrehensive U 11% 	&&a £% 	 v 

linking of regional parks. 

The major proposed additional areas of parks are shown on Map 7. 
They include: 

— the Avon Valley National Park; 
— continuous reserves along the Avon and Swan Rivers, linking Avon 

Valley and Walyunga National Parks and other areas; 
— substantial extensions to Whiteman Park taking in Bennett Brook to 

the south and extending into State Forest 65 to the north; 
— the string of lakes to the west of the Study area (Lakes Adams, 

Mariginiup, Jandabup and Giangara); 
— creation of a massive new Qiangara Metropolitan Park (one of four 

proposed conglnarate Metropolitan Parks) out of Whiteman Park, 
the lakes, much of State Forest 65, the RUF b'bing range, and 
other areas covering, inter alia, the Pinjar Power Station site. 

There is some doubt as to how much significance should be attached to 
such broad proposals, because of the lack of qualitative information 
provided and because they are so broad. There is also some evidence 
of hasty preparation — for example discrepancies between different 
maps in the report of the Review Group. Consequently, with the 
exception of areas which are known to have distinctive recreational, 
landscape or conservation value, a relatively low level of constraint 
in relation to transmission lines has been postulated. 
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3.8.4 Specific 1gional 1creation Sites 

¶Ible 3.8 lists, respectively, existing developed recreational sites 
which are piblicafly and privately owned and managed, together with 
an assessnent of their level of usage. 

Those in urban areas are not included. 

&.E 3.8: 	REATIc* SITES  

Ication 	1sources 	 activities 	 Level 
of use 

PU&AIC 

Whitetnan Park Watercourse,landscape, Picnic and barbecue, walking ?ditnn 
(Mussell Pool) flora and fauna 	nature study 

(kangara Old Pine Plantation Picnic, walking horseriding Low 
Mill 

(angara Off road trail bike Unlicensed trail bike riding High 
irotor cycle tracks 
area 

Pine Drive Pine plantation Picnic/barbeque, walking Low 
picnic area 

Melaleuca Wildflowers, banksia Picnic, .bushwalk, nature study Medium 
Park woodland, fauna 

Pinjar Motor Off road trail bike Unlicensed trail bike riding High 
Area tracks 

Pinjar Pine plantation, Picnic,. bushwalk Low 
SettlenEnt historic buildings 

Swan River 	River foresbores, 	Watercraft, swinTninq, picnic High 
navigable waters 

Walyunga River; river gorges 
National natural vegetation 
Park and fauna 

Avon Valley River gorge; river, 
National natural vegetation 
Park and fauna 

PRIVATE 

Warineroo Motor racing 
Park Paceway circuit 

State Equestrian 
Equestrian Facilities 
Centre 

Caversharn Captive Fauna 
Wildlife 
Park 

barbeque, fishing, walking, 
nature study 

Watercraft, swiming, picnic High 
barbeque, bushwalking, nature 
study, lookouts 

Watercraft, picnicing, cairing High 
bushwalking, nature study 

Motor racing 	 High 

Equestrian activities 	High 

Fauna/vegetation/services 	MediunV 
High 
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3.8.5 Tourism  

The significance of tourism in the study area relates to three 
principal factors: 

- the passage through the study area of a nunter of arterial roads 
and other routes carrying significant nuxrbers of tourists; 

- the presence of a network of wineries and other points of interest 
within the interesting landscape of the Swan Valley; and 

- the scenic attractions of the Darling Scarp, Roagan Scarp and 
associated valley and plateau hinterland, and the Swan River. 

Scenic Routes 

A nuxrber of scenic routes of significance traverse the Study area. 
They are shown on Map 7. 

Brand Highway and Great !brthern Highway are the principal regional 
arterial roadway links between the Perth netropolitan area and the 
State's northern and north-eastern tourist destinations. Both enter 
the study area at Muchea, where they join and continue south along a 
route that follows flat or gently sloping land, at the base of the 
Darling Scarp. 

Toodyay Road is also an inçortant arterial roadway, providing a link 
between the netropolitan area and eastern and northeastern rural 
centres. 

In addition to these arterial routes, West Swan Road fulfills an 
izrortant role in providing local road access to tourist facilities 
and resources within the Swan Valley. Scenic routes within the study 
area utilized by tourist bus operators as well as private vehicles 
include Chittering Road and Gingin Road, both of which traverse land 
having high scenic açeal. Other scenic drives within the Hills area 
are Bindoon Road, Taylor Road, Clinton Road and Campersie Road. 

The standard gauge railway between Perth and the Eastern States also 
traverses the Study area, along a superb route that follows the Swan 
and Avon Rivers. 

The Swan River itself functions as a significant tourist route as 
well as destination. It is the focus of "wine cruises" that convey 
tourists and other social groups along the Swan River by boat to 
winery destinations in the Swan Valley. 

The Swan Valley 

In the Swan Valley a coirbination of attractive and interesting 
landscape, a well developed grape-growing and wine-making industry, 
and ready availability of fresh orchard products, has created 
significant potential for tourist-based developsnt and industries. 
Whilst recent investigations (Ernst and Whinney 1986) indicated that 
this potential has been poorly realised, there are develorxrent plans 
in place and in operation that have the thjective of strengtheing the 
iirç,ortance of tourism in the area. 

In addition to wineries, vineyards and orchards, the area contains a 
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nunter of buildings of historic significance. 

A network of heritage trails linking places of interest has also been 
proposed. For the most part the walkways follow the aligrurent of the 
aan River and traverse foreshore and river terraces. 

Irling Scarp 

The visual qualities of the 1rling Scarp, the Beagan Scarp and the 
adjacent undulating valley and plateau hinterland provide natural 
resources that have value to the region's tourist industry. Whilst 
services and facilities are not well provided for in this area, the 
scenic road routes are regularly utilized by tourist bus operators as 
well as sightseers using private vehicles. 

In all these cases the visUal exposure of transmission lines is 
perceived generally to be detrinental to the tourist function. Given 
the importance of tourism to the State's economy, areas falling 
within the foreground or middle ground view from these routes and 
locations constitute a significant constraint against transmission 
line construction. 

Map 5 shows identified mining and extractive industry sites in the 
Study area. 

The location and status of mining teneuents, including mining leases, 
exploration licences and prospecting licences on Crown land within 
the Study area was determined from records of the Mines Department. 
These are listed in able 3.9. 

Mining activity on private land is referred to as extractive industry 
and is administered by local authorities. &tractive industry sites 
have been identified from inspection of aerial photography and local 
knowledge. 

At the present time there are two active mines administered by the 
Mires Department and at least ten active extractive industry sites 
within the study area. The active mines are: 

- a sand mine for silica and aggregate sand at Qangara (Silica 
Sales Pty Ltd); and 

- a sand mine at Qangara (Bell Brothers Pty Ltd) 

Active extractive industry sites within the study area include those 
listed below. 

Granite quarry at Idhill (Pioneer Concrete); 

Clay and gravel pits and small granite quarries at 1dhill 
(Midland Brick); 

Sand quarries at Qangara Road (Monier, kireswest); 
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TA&E 3 • 9: MINIM T1S 

¶Lnennt Listing 	Status 
	

Licensee 

Exploration Licences (1) 
E70/7 87 
E70/562 

E70/653 

E7 0/7 95 
E70/629 
E70/479 

Mining Leases (2) 
M70/198 
M70/423 
M70/2l7 
M70/326 
M70/238 
M70/351 
M70/163 
M70/365 
M70/364 

Prospecting Licences (3) 
P70/834 
P70/837 
P70/840 
P70/841 
P70/842 
P70/843 
P70/812 
P70/811 

Mineral Lease 
ML7O/437 

Pending* Metana Minerals NL 
Pending* yost, Elsbury, &g1ish, 

Donucan Ncriiness Pry Ltd 
Pending* Ivensthorpe Mining and 

Investuent Ltd 
Pending* Metana Minerals NL 
Pending* Bell Basic Industries Ltd 
Pending* Bell Basic Industries Ltd 

Live 1985-2005 Bebich 
Pending*. 1stralian Sands Ltd 
Live 1985-2006 ACI Operations Pry Ltd 
Live 1988-2009 Stefanelli Deve1ozrnts P/Ltd 
Live 1988-2009 Bebich 
Pending* Law-Lvis, Brouschon 
Live 1988-2009 Bell Bros Pry Ltd 
Pending* Pilsley Investnents Pty Ltd 
Pending* Pilsley Investuents Pry Ltd 

Pending* 
	

Metana Minerals NL 
Pending* 
	

Metana Minerals NL 
Pending* 
	

Metana Minerals N. 
Pending* 
	

Metana Minerals NL 
Pending* 
	

Metana Minerals NL 
Pending* 
	

Metana Minerals NL 
Pending* 
	

tnier Ltd 
Pending* 
	

bnier Ltd 

Live 1970-1990 
	

Midland Brick Coip Pry Ltd 

Ibtes 
* 	The term "pendingu applies to a tenenent when an application has been 

lodged with the Mines Departixent and is awaiting approval. 
Exploration Licences are granted for a period of 5 years, renewable 
for periods of 1 year. Thereafter the teneient nust either be 
converted to a mining lease or relinquished. After the third year of 
currency, the size of exploration licence areas nust be reduced by 50% 
annually under the provisions of the Mining Act. 
Mining leases are granted for a term of 21 years and are renewable. 
Prospecting liceres are issued for a 2 year term being renewable for 
2 years. 
Mining tenennts are as at Decenter 1988. 

Source: Departnent of Mines 
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Clay pits at Muchea (Midland Brick); 

Clay pits at Middle S'Jan (IBT Pty Ltd); 

Clay pits at Upper Sqan (Bristile Pty Ltd, IBT Pty Ltd, 
Midland Brick, Pusey Investnents). 

A nuither of additional extractive industry sites such as gravel pits 
that are too small to be reliably located from the aerial photography 
may also be present. These sites would be identified during detailed 
route planning. 

It might be assumed initially that active mining and electrical 
transmission are incouatible lands uses, as there are many potential 
sources of niitual interference. - These include constraint of access, 
restriction to machinery nxvenent near towers and conductors, and 
occlusion of the ore reserves beneath tower structures. 

,wever, most of the active mining or extractive industry sites in 
the study area are quite small. It is therefore likely that these 
sites, or clusters of sites such as those at 1dhill or Muchea, could 
be included in a transmission corridor. An acceptable deviation 
around active mining or ore reserves could likely be developed within 
the corridor. 

The study area also contains large areas of land that are either 
undergoing exploration or are subject to exploration licence 
applications. In view of the large size of these licence areas and 
the relatively low probability of any particular location being found 
econoniicafly suitable to mine, exploration licence areas should not 
be considered a constraint to corridor or route identification. 

3.10 HITP1GE PIS 

3.10.1 Architectural and Historical Pieces 

Within the Study area there are a nunber of buildings and places 
listed by the National Trust. 	These are ccqaratively small 
buildings or sites, which can be taken into account at the route 
selection phase and do not impact at corridor selection level. 

3.10.2 Pboriginal Sites 

Discussions with the Aboriginal Sites Section of the WA ?tiseum 
indicate that no comprehensive data about aboriginal site within the 
Study area is held. 

Sites are generally small enough to avoid interference and hence the 
potential for aboriginal sites to constrain line transmission 
corridors is regarded as low. 

At the time of route design it will be necessary to obtain detailed 
advice from the Museum, and subsequently to undertake surveys to 
identify any sites of ethnographic or archaeological significance. 

secwal: secwa3 . rpt 	 49 



3.11 RADIO COMMMCATICKS  

3.11.1 General 

Radio ccatminication facilities, 	particularly high frequency 
receiving facilities, are highly sensitive to a nunber of background 
noise factors, including high voltage transmission lines. The siting 
of Radio Cciirwnications Facilities is dealt with in a recent 
Australian Standard - AS 3516 .1-1988. AS 3516.1 sets out guidelines 
for siting, but emphasises at the sane time that: 

"the Standard is not intended as a substitute for consultation 
between the authority involved and concerned parties, but as a 
basis from which meaningful discussions may proceed. It should be 
emphasised that the Standard cannot specify the practical 
requirements at every site due to the wide variety in types of 
service intended, geographical and environmental situations and 
the interaction which may occur and for this reason the Standard 
should not be applied without reference to the parties concerned." 

The Standard sets out three categories of HF long-distance receiving 
stations - A, B, and C - according to the primary purpose of the 
receiving system and in ascending order of level of tolerance to man-
made noise. The Standard sets out generally acceptable levels of 
man-made noise for each category and defines appropriate separation 
distances from conmn sources of noise, including roade overhead and 
transmission lines. 

-.-. 750kV 
500KV 
330kV 

- 220KV 
132 kV 

o 	2 	4 	6:8:10 	12 
	

14 	16 	10 	20 

DISTANCE. W. 

Source: Australian Standard AS 3516.1 - 1988 
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The Standard specifies maxixriim levels of site noise of -30B ,41/m 
(rns/kHz) and -5dB ,u/m (rnE/kllz) for Category A and Category B 
facilities respectively. 

The Standard specifies (Figure 1, p11) that within a certain distance 
(Zone A) of a receiving facility no sources of man-made noise should 
be present. For Category A and Category B facilities this distance 
is 1.8km and 0.2 km respectively from the site boundary. In Zones B 
and C (that is outside Zone A) the separation distance is specified 
according to the type of man-made noise, and is maasured between the 
facility itself and the road or transmission line. 

Figure 4, extracted from AS3516.1, gives separation distances for 
overhead power lines of various voltages within Zones B and C. 

In terms of Category A and B facilities and the transmission lines 
proposed in this Study the crude separation distances can be 
tabulated as follows: 

TA&.E 3.11: 	SEPARATION DI19A1CFS FOR HF RH(IIVIM FACILITIES 

Line Size 	 Category 	of 	Facility 
A 	 B 

132kV 	 6.5km 	 1.15km 
330kv 	 9.6km 	 2km 

As can be readily be appreciated there is much greater significance 
in the distinction between category of facility than there is between 
transmission line sizes. The classification of the facility becones 
of prilTe iirortance in considering how closely a transmission line 
might reasonably be constructed to a HF radio receiving facility. 
Since choice of category is siuply enpirically derived from coinnnly 
acceptable levels of man-made noise, in practice it might be 
reasonable to refer back to an acceptable noise level, and derive the 
appropriate distance from that. 

Five other factors can be significant also: 

- the point from which the separation distance is taken; 
- localised factors affecting noise transmission; 
- the type of transmission line equipnent; 
- the directionality of the receiving installation; and 
- the extend to which the site is already degraded because of noise. 

Reflecting on these factors it becones apparent why the Standard 
sets out to offer guidance only, and stresses the need for 
consultation. 

Recognising these factors A93516.1 g.ialifies the specific separation 
distances: 
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"The distances shown in Figures 1 to 4 should be considered a 
basis for negotiation. In determining actual separation 
distances for particular sites, factors such as the following 
should be considered in a technical assesnt jointly 
conducted by the affected authorities: 

Required or existing site noise based on regular noise 
monitoring. 
Level to which the intervening terrain attenuates the 
noise. 
Presence of overhead power and telephone lines which could 
act as carriers of noise. 
Performance characteristics of the antenna system. 
Limit to which it is practicable for the conirunications 
operator to control sources of man-made noise in the near 
vicinity of the site. 
Ability of receiving system to reject interference. 
1gree of previous site degradation due to the location of 
noise and intereference sources. 
Likely future growth of noise sources." 

Radioconutunication facilities within the Study area, together with 
various separation distances, are shown on Map 8. 

3.11.2 Overseas ¶releconiain.tcations Ccmini gsion Facility 

The Overseas Teleccmmunications Cou,nission (OTC) has a major 
ccminications facility located açroximately 5km north of the SECWA 
Northern Terminal, at Cullacabardee. The facility includes: 

- two separate satellite earth station operations; 

- the control centre for the Australian end of the 
Australion/Indcnesiona/Singapore (A. I • S.) cable and associated 
microwave facilities; and, 

- high frequency radio operations between Australia and marine 
craft, including the 24-hour-a-day monitoring of maritime distress 
frequencies - the Safety of Life at Sea (S.O.L.A.S.) Service. 

It is the third function which has most significance for this Study, 
since it involves reception of frequently-weak, long-distance, high-
frequency radio signals, in what may be life-threatening situations. 

SEGA has been corresponding with OrC since 1973 with respect to the 
corridor requirements for the major Northern Terminal switiching 
station. This switching station was energised at 132kV in 1965 and 
at 	33 0kv in 1975. In 1973 arC nominated a clearance between the 
facility and future trannission line(s) of 1.6km, based on the 
guideline recaiundat ions of the Australian Inter-Departnental 
Telecc*rirunicat ions Advisory Coninittee. 	These guidelines were 
subsequently superseded by the Code of Practice for the Installation 
of Power, Telephone and Remote Control Cables near Ground Radio 
Stations - Fbruary 1977 (which specified recc*mended restrictions on 
overhead conductors up to a voltage of 132kv). 
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In correspondence dated May 1981 OTC quoted the requirrent for a 
clearance of 1.6km for 132kV lines, and introduced for the first time 
a recolmEndation for 4km clearance for 330kv lines. 

In april 1988, OTC quoted clearance requirements of 6km for 132kV 
lines and 9.5km for 330kv lines, based on the requirements for a 
Category A Iceiving Station as outlined in the new Australian 
Standard AS 3516.1-1988, referred to in 3.11.1 above. 

Over this time the O'rC facility has been progressively upgraded, as 
has Northern Terminal. Both are currently proposing yet further 
expansion. 

At the present time Northern Terminal has several 330kv transmission 
lines within 5-6 km of the receiving facilities at OTC. There are 
also three 132kV transmission lines within 1 to 2km of the receiving 
facilities. Thus the requirements for Category B facility are barely 
met at present, and those for a Category A facility are very 
substantially violated, as Map 8 illustrates. 

Additionally, urban growth has theoretically forced an increase in 
background radio interference levels in the vicinity of the arC 
facility, due to 22kV overhead distribution lines (which run to the 
OTC site boundary) as well as to increased road traffic and 
consequent ignition interference. 

Finally, it áhould be noted that the GrC receiving antennae are 
directional and oriented north to northwest. 

The situation poses a considerable dilejrca in terms of assessing the 
level of constraint which the presence of the arc facility 
realistically imposes on transmission lines out of Northern Terminal. 

Fcognising this difficulty, SEGA and arc have agreed to undertake a 
range of actions directed towards identification and mitigation of 
radio interference effects: 

- field surveys have been conducted in the vicinity of the arc 
facility to establish existing levels of background interference 
and an ongoing monitoring program has been established; 

- field surveys of other SEGA lines (not near OC) have been 
conducted for reference purposes; and 

- future transmission lines near arc (in the proposed corridor) will 
be designed so as to minimise radio frequency interference. 

It is understood that discussions may also have taken place between 
arc and the Air Force Office regarding a possible co-siting - 
presumably at Pearce - of receiving facilities. From the pressures 
on (YrC - not only from transmission lines but also encroaching urban 
develoinent - such a movemould be rational. 
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3.11.3 3TU (RMF Pearce) 

The Royal Australian Air Force operates a major radio receiving 
facility - 3W- located about 5km sst of the air base itself. 3TU 
has long been recognised by SEOA as a sensitive facility, and its 
status as a Category A facility is accepted without question. 

As a Category A facility the zones of exclusion around 3TU would be 
6.5km and 9.6km for 132kV and 330kV lines respectively. RAAF Pearce 
has requested a blanket 13km radius zone of exclusion around 3W 
based on a 42m high 330kv line. 

It should be noted that the existing Northern Terminal - Muchea 132kv 
wood pole line passes within 4km of 3W, that is, inside the 
separation distance recorrrrnded by AS 3516.1. 

Map 8 also shows the area of buffer zone around 3W acquired by the 
Air Force Office. 

This Study is proceeding on the basis that the AS 3516.1 separation 
distances should form the basis of transmission line location. 

3.11.4 Caversham Facility (RMF) 

The RAAF also operates a radio coiTinunication facility at Caversham, 
on the former airfield. It has requested a 1.4 km zone of exclusion 
around the site. The technical basis of this request has not been 
given, and hence it is not possible to evaluate whether or not it is 
reasonable. 

It 	should be noted that there are two existing 3 30kv lines just over 
1km from the site boundary and a 132kV line within about 0.5km. 

However, the distance to the antennae is greater and the existing 
lines are understood not to create problems. 

Caversham is also listed by the Civil Aviation Authority as a site 
for navigational aid and camiunication. Proposed installations such 
as transmission lines within 2km of such sites are required to be 
notified to the Civil Aviation Authority. 

As noted in 3.6.3 above the Caversham site has been the subject of 
pressure from the Housing Industry Association to release the land 
for urban (residential) developent. 

3.11.5 RMF Micr,ave Links 

In addition to the HF radio receiving and transmitting installations 
RAAF operates microwave links between Caversham and Pearce, and 
Pearce and the Kalamunda Telecom Tower • A 200m radius clearance 
around these links is requested. The existing 132kV line to Northain 
intersects both these links, aparent1y without detriment, so it is 
assumed that the microwave links do not pose a constraint on further 
corridors. 
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3.12 AIAFI' PI!EU 

3.12.1 RMF Pearce Air Base 

The RAAF Air Base at Pearce is one of the two busiest RAAF bases in 
Australia. 	It is also a major training base. 	Hence, its 
requirements for air safety - including clearance from transmission 
lines - are more stringent than might otherwise be the case. 

Map 8 shows the clearance areas requested by RAAF Pearce in respect 
of: 

- the Pearce aerodrome; 
- the Gingin aerodrcine; 
- the bciiting range; and 
- a low flying area east of the base. 

RAAF Pearce has advised that these assume 330kv transmission lines 
with 42m high towers. 

The exclusion areas requested in respect of Gingin and Pearce are a 
radius of 16km, which the Base states could be reduced to 13km with a 
30m tower height. They take no account of the actual flight approach 
and take-off paths and are acknowledged to be conservatively 
forirulated. 

It should be noted that three existing 132kV transmission lines and 
the proposed Pinjar Power Station all lie within the proposed areas 
of 	exclusion. 	Two of the lines - the ?4icbea-&ieabba and 
Yanchep-Muchea run east-west north of the bonting range and one - the 
Northern 	rminal-Muchea line runs approximately north-south. RAAF 
Pearce are understood to have advised that this latter line should be 
rencved altogether if it is proposed to upgrade it at any time. 

The main runway at Pearce is aligned north-south and the second 
runway is aligned south-west to north-east. The bo±ing range (which 
is also an ejection area) has north-south approaches. 

The Gingin runway is aligned approximately east-west. 

The alignments of the runways suggests that a more precise, 
technically-based, assessment is possible. In the absence of RMF-
based technical criteria we have applied civil aviation standards as 
set out by the Civil Aviation Authority, Western Australia Begion. 

Calculations based on these criteria are shown at Figure 5. These 
indicate that the short WE runway does not allow sufficient 
clearance for aircraft over the escarizent within the 7.5km defined 
area. In all other cases sufficient clearance exists outside the 
defined area to allow transmission lines. 

It is not possible, on the information available, to estimate 
clearance areas in relation to the barbing range and ejection area. 

In relation to Gingin aerodrome similar calculations have been 
prepared by Dames and Moore. These indicate that Gingin aerodrane 
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take-off and approach areas should not iringe on the existing power 
lines or on the Study area generally. 

Because the escarpment area is used as a low-flying training area for 
aircraft, and because of helicopter ceiling restrictions within 9km 
of Pearce, any proposed transmission lines on the scarp face east of 
Pearce would need to be examined closely to assess their 
acceptability. 

3.12.2 State Forest No. 65 (Gangara Pine Plantation) 

As noted earlier, the efficient management of the (klangara Pine 
Plantation depends on the extensive use of aircraft. For this 
purpose there are a nunber of aircraft landing strips within the 
State Forest. These are oriented both N-S and E-W, to take advantage 
of prevailing winds. 

Any transmission line through the pine plantation is likely to result 
in the loss of one or more landing strips, either directly or by 
affecting take-off and landing areas. 

The least inpact would be caused by direct east-west routes across 
the plantation, or by skirting around its edges. 

Again, it is noted that a 132kv line already exists within the 
plantation. 

There is some public and scientific controversy over the extent, if 
any, to which the health of individuals is affected by prolonged 
exposure (through residence, principally) to electric and magnetic 
fields surrounding transmission line conductors. 

Various international bodies, notably the World Health Organisation, 
the National Idiation Protection Board of the UK, and other nations 
including the USSR and the USA, have adopted various maxixrum 
acceptable values of field strengths. 

The thvirormiental Protection Authority of Western Australia 
cc*rinissioned a study of the subject from Scott and Furphy Pty. Ltd. 
Consulting &gineers. The study report "1view of High Voltage ELF 
Transmission Line Field and Wman Health Effects" was published in 
1987. 

The Scott and Furphy study included measurements of fields within 
existing high voltage lines in Western Australia. These showed that 
the maxinum electric and magnetic fields measured within easements 
were considerably lower than the reconmended limiting levels. In the 
case of electric fields the maxiirum field strength measured at the 
boundary of an easement was only 10% of the maxinum reconmended 
value. 
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It is worth quoting the Scott and Furphy report Conclusion in full: 

"Whilst a link between ELF electric and magnetic fields and human 
health remains neither established nor otherwise, the WHO and IRPC 
have reconmended conservative field values which are considered 
safe for various degrees of human exposure. A safety factor of 
about 10 has been adopted in setting these reconmanded maximum 
field strength values. Notwithstanding the above, an eminent 
stern Australian Medical Scientist has some reservations 

regarding the WHO approach to setting maxiirum ELF field values. 

The field values measured in and around SEGA ELF high voltage 
transmission lines and substations have indicated these to be well 
within the relevant international reconnended limits. 

Whilst the possible link between ELF electric and magnetic fields 
and human health will doubtless be fully established (or 
discounted) in the future, it would appear that in the interim, 
field levels in Wstern Australian installations will not 
constitute a threat to public health." 

The Public &ivironmental Iport for the Proposed Harvey-Kwinana 330kv 
transmission line, prepared by Dames and Moore for SEGi'A in 1988, 
also explored the question of field effects. Their report refers to 
proposed new - and more conservative - limits to be set by WHO. 

For the 330kV transmission line under investigation by Dames and 
Moore the highest magnetic field that could occur within the easement 
under emergency conditions would be less than 30% of the proposed new 
limit, and under normal conditions it would be less than 10%. The 
highest magnetic fields at the edges of the easement would be 2.5% of 
the limit. 

The highest electric field within the easement would be 80% of the 
recarixended limit, while at the edges it would be less than 10%. 

It is iiportant to note that these are levels within or at the edges 
of easements. Since neither dwellings nor activities involving a 
prolonged presence within an easement will be permitted any exposure 
levels to people should be negligible. 

3.14 SEPARATI! CF TPJQMSSION LIt 

Where feasible, transmission lines should be well separated from one 
another, for line security reasons. Were transmission lines share a 
conntn easement there is an increased risk of more than one line 
being rendered inoperative in the case of hazards such as wildfire 
and lighthing strike. 

For this reason the Brief refers to a separation distance of between 
1 and 3 kilcinetres. 

The more stringent requirement since placed on location of 
transmission lines by GTC has, however, greatly reduced opportunities 
for separation. 
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Other than the question of line security at least two other factors 
need to be taken into account in deciding whether to separate 
transmission lines or combine them in a ccrrnon easement. These are 
the inacts on land use and visual amenity respectively. 

Two separate 330kV lines will require two easements of 60m width, as 
conpared with a single easement of hOrn width. The difference 
between the two in terms of gross area affected is negligible. 
However, in the case of forestry, and perhaps other land uses, 
transmission lines may not only result in loss of productive area but 
also affect efficient management of the land by carving it up into 
less than optimal parcels. In such cases it is better to combine 
transmission lines. 

In terms of visual impact there are differences of opinion about 
whether it is best to combine or separate transmission lines. In 
part this may be because of the relatively subjective nature of the 
subject, but it may also be because the answer may depend on the 
nature of the land through which the transmission lines pass. 

In open, flat terrain any transmission line will be highly visible. 
However, a single line of towers is likely to have significantly less 
impact than two lines of towers grouped together. The visual impact 
in fact may be much less than half (if it were possible to quantify 
it). In addition, however the towers are spaced, from any given 
viewpoint the regularity of the tower spacing will tend to vary, with 
neighbouring towers at times appearing closer and at time further 
apart. The result is likely to be more visually chaotic and more 
noticeable than if the lines were separated by a considerable 
distance. It is stressed that the separation must be sufficient to 
ensure that the lines are not seen to have a combined impact. 

In well or heavily treed country the visual impact of two separate 
cleared easements will be nvch greater than of a single easement, not 
only for the obvious reason of a doubling of the loss of trees, but 
also the creation of two separate scars through the landscape. The 
effect will be accentuated in rugged or hilly terrain. 

Several different landscape types are present in the Study area, 
including some typical of those referred to above. 

Within State Forest 65 it will be desirable, f ran a forest rranagetnt 
point of view, to minimise the number of easements crossing the pine 
plantation, bearing in mind also the 132kv transmission line which 
exists at present. 
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k. POTENTIAL CORRIDORS 

4.1 GAr 

As noted in 2.2.1 above the selection of alternative corridors is not 
an autanatic process: it requires conscious choice and judgement. 

The process of corridor selection is greatly assisted by the correct 
identification of constraints and an understanding of the tolerance 
of those constraints to the presence of transmission lines. 

By their nature some constraints are absolute or are given absolute 
status in the fullest sense • In such cases the constraint area 
constitutes an absolute bar to the presence of transmission lines. 
These are important at the point of selection of potential corridors 
but of no significant interest thereafter. 

Sane constraints are absolute in the more limited sense that while 
the particular constraining attribute will either wholly escape or be 
wholly destroyed by the presence of transmission lines, its loss can 
ultimately be tolerated. 

In most cases, however, constraining factors are relative, both to 
one another and in terms of degrees of loss, violation or cost. The 
relativities are important at both the stage of selection of 
potential corridors, and the stage of evaluating alternatives. 

Where choices are heavily constrained, as they are in the present 
Study, possibly the most difficult aspect of corridor and route 
selection is determining the relative importance of vastly different 
factors, and making the necessary trade-off judgements. 

It is appropriate to underline at this point that there are no 
realistic potential transmission line routes which would cauply with 
the stated requirements of both ()IC and RAAF Pearce. Even leaving 
aside the fact that Northern '1rminal itself lies within the 
exclusion areas for O'1, the exclusion areas for aic and RAAF Pearce 
overlap considerably. To avoid these it suld be necessary for lines 
to be routed south of the North Perimeter Highway before finding an 
easterly or westerly path. Such options are not feasible. 

Choice of potential corridors has, therefore, been conditioned by 
judgements about what may be acceptable to C)TC and RAAF Pearce, in 
all the circumstances. 

4.2 	MAJCR D'rERMThJNrS 

The selection of potential corridors has ultimately been determined 
by reference to four basic options for GPC, and to adoption of a 
particular rationale in relation to the requirements of RAAF Pearce. 

The four options considered in relation to arc, and their 
consequences for transmission line corridors, are: 
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Full acceptance of OYC as a category A facility, 
(notwithstanding Northern rmina1 's present violation of that 
status). This entails corridors taking the shortest possible 
path away from C/PC, and skirting RAAF Pearce to the east. 

Partial acceptance of C/PC as a Category A facility, in view of 
the proximity of Northern Terminal and existing transmission 
lines. This basically entails identifying corridors for one 
or both 330kV lines to pass between C/IC and Pearce, with the 
maximum feasible separation from arc. 
rgard C/IC as a Category B facility. This was, of course, the 
original starting point for the Study. It entails fthdir 
corridors passing between C/PC and Pearce, possibly quite close 
to O1L, for all three transmission lines. 

Disregard the existence of C/IC altogether, that is, assume 
that it would be relocated. 

The rationale adopted in respect of RMF Pearce and its various 
facilities is: 

Full acceptance of 3W as a Category A facility, with only 
negligible violation of its area of exclusion tolerated. 

Acceptance of Civil Aviation Authority standards, with a 
considerable safety margin, in relation to aircraft take-off 
and approach areas. 

In the absence of technical standards, no particular clearance 
around Cave rshajn. 

In the absence of technical standards, a generally 
conservative approach to the low flying area around the 
boirbing range. 

In the absence of technical standards and the apparent non-
viability of take-off and approach across the scarp east 
of Pearce, no particular requirenEnts for height limitations 
there. 

In the case of itenE 3, 4 and 5 above, especially, it is expected 
that negotiations with the Air Force Office suld ocôur in due 
course, if necessary. 

Other major determinants of selection of potential corridors are set 
out in Section 3.6 of this report. 

4.3 

The various corridor options identified are shown on Map 10. For 
ease of description and subsequent evaluation each is divided into 
sectors, designated alphabetically. 
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The potential corridors are also grouped into Western and Eastern 
Corridors - those passing respectively west and east of RMF Pearce. 

A brief description of each corridor option and its rationale 
follows. 

Corridors WI, WIA and WEB 

Corridor WI is based on the assumption that arc would tolerate an 
additional 132kV double circuit line alongside the existing Northern 
Terminal-Muchea 132kV line. It follows the path of that line 
around the C1IC-SantaMaria site and then follows it into the 
Qiangara Pine Plantation for approximately 6km, before turning west 
across the pine plantation, towards its western edge, and keeping 
outside the 9.6km radius of exclusion from 3TU. At this point the 
corridor is wide enough to accornrrodate two well-separated 
transmission line easements, if desired. The corridor then turns 
north and along the east side of Lake Pinjar, remaining within State 
Forest. The corridor runs between !laleuca Park and the smaller 
lakes of the EPA's M8 (System 6) area. 

Corridor WIA is identical to WI except that the line would follow the 
existing transmission line for a further two to three kionetres 
before turning west. 

Corridor NIB is essentially the sane as WI but skirts to the west 
rather than the east of Lake Pinjar, again remaining essentially 
within State Forest 65, in this case the Pinjar Pine Plantation. The 
southern section of this part of Corridor lB is drawn sufficiently 
widely to locate a route either to the north or south of the Warineroo 
Golf Course. 

The convoluted aligrment of the existing route makes this corridor 
suitable only for a 132kV line. 

Corrisors W2, W2A and W2B 

Corridor W2 ass.mes that paralleling the existing NT-Muchea 132kV 
line is not acceptable to OTC (especially in the case of a 330kv 
line), or to SEGA (as being too convoluted for lattice towers). A 
330kV line could occur in this corridor if arc were to vacate its 
site or to accept a Category B classification. 

The line would utiise existing easements east along Marshall Road 
and north between Tonkin Highway and Beechboro Road. North of 
Kingsway Road the Corridor W2 options are, essentially as for Corridor 
Wi, although there is sufficient scope between Kingsway and Qiangara 
Road to swing westwards, particularly if Tonkin Highway were to be 
extended in that direction and the line were to parallel it. In the 
section between Kingsway and Giangara Road, the corridor takes in the 
western fringe of Whiteman Park. 

Any line within the corridor would need to be routed east of the 
Oillacabardee settlement. 
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Corridors W3 and W3B 

The W3 Corridor options are based on obtaining a 6.4km clearance from 
arc in as short a distance as possible. If arc then maintains a 
Category A classification these options suld still technically be 
limited to a 132kV line. Hosever, it suld be reasonable to accept a 
330kv line within this corridor. 

W3 runs parallel to the existing easement along Marshall Road. It 
turns north in the vicinity of Lord Street, along the eastern frire 
of Whj.teman Park and the west side of RAAF Cavershain, to the southern 
edge of the Gnangara Pine Plantation. The corridor then turns north-
west through the plantation in the vicinity of Wetherall Road, to 
join the route described in Corridors Wi and W2. 

Corridor W3B is identical to W3 except that it skirts around the west 
side of Lake Pinjar instead of the east. 

There is no Corridor W3A - the sub-option to follow the NT-Muchea 
line makes no sense in this case. 

Corridors W4 and W4B 

Corridor W4 is based on the assunption that O'IC is relocated or that 
it accepts limits on its site and a Category B classification. This 
is as direct a route as possible northwards out of Northern Terminal 
while avoiding residential develoinent in the locality. 	From 
Woollcott Avenue north the corridor is the same as Corridor W2. A 
line within this corridor would reed to be routed west of 
Cullacabardee settlement. 

Corridor W4B irorporates the sub-option west of Lake Pinjar, as for 
corridors lB, 2B and 3B. 

Corridor W5 

Corridor W5 is based on achieving a 9.6km clearance from (Y]X for as 
great a distance as possible. 

As for Corridor W3 it parallels the existing easement along Marshall 
Road. It then turns north-northeast west of West Swan Road passing 
along the eastern fringe of RAAF Caversham and clear of West Swan 
Road. It passes to the west of The Vines and Belhus special rural 
areas then turns west through the (angara Pine Plantation to join 
Corridors Wi and W2 described above, whence its clearance from C1ITC is 
again reduced. 

Corridors E6 and E6A 

The eastern corridors are all based on the possibility that (YIC may 
rigidly require adherence to the Category A facility separation 
distances, except of course to the extent to which Northern Terminal 
itself is within those distances. 

Corridor E6 is the same as W5 between Northern Terminal and a 
location iirirediately west of The vines special rural area. At this 
point it heads north-east, skirting the RMF 9.6km exclusion area 
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until it crosses Ellen Brook between ¶Iin Swanps and Ellen Brook 
Wildlife Sanctuaries (M17 of EPA' s System 6 Fport). At the 
foothills of the Darling Scarp, just north of the Walyunga National 
Park entrance, the Corridor heads northwards, ascending the scarp 
face at a location on the southern part of Lot 7 Great Northern 
Highway (northwest end of Walyunga National Park). The cliith up the 
Scarp is mostly hidden by a spur to the west of this area. This 
section of the corridor inpinges by up to 1 kilometre on the 9.6km 
exclusion area from the RMF 3TU receiving station. Qice on the 
plateau the corridor skirts the eastern side of the existing Special 
1iral Zone north of Muchea. From Muchea the corridor parallels 
existing lines to the Pinjar site. 

Corridor E6A follows the sane direction as Corridor E6 with the 
exception that it remains on the plateau for some distance before 
descerxing the Scarp at a more northerly location. 

Corridors E7 and E7A 

The E7 Corridor options are in part based on the possibility that E6 
is not acceptable to RAAF Pearce, or the Walyunga National Park or 
RMF caversham. 

Corridor El takes a direction east along Marshall Road to the Swan 
River. The crossing of the river might follow either the existing 
330kv Wundowrie line, or another route immediately north of this. The 
corridor travels eastwards to the Scarp and thence heads northwards 
along the foothills to the Walyunga National Park. From this point 
to Pinjar, Corridor E7 is the same as Corridor E6, and E7A as E6A. 

Corridors E8 and E8A 

The E8 Corridor options are in part based on the possibility that in 
addition to objectives to E6, a foothills route may not be 
politically or otherwise acceptable. 

Corridor E8 is identical to El from Northern Terminal to the base of 
the Scarp just north of Toodyay Road. At this point it asceixs the 
Scarp to the South of It. Cakover and heads north-northeast across 
the Darling Plateau, passing well to the east of Walyunga National 
Park and the. Brigadoon special rural develonent. The corridor 
crosses the Avon River northeast of Walyunga Lookout, close to the 
confluence of the Brockmnan and Avon Rivers, and turns north-east to 
join the route for Corridors E6 and El on to Pinjar. Corridor E8A 
corresponds to Corridors E6A and E1A. 
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5. CORRIDOR EVALUATION 

5.1 !.miaI) 

The method of evaluation adopted here involves both written 
discussion of alternatives and a numerically scored matrix. 

The reasons for this are simple enough. Sctne factors are not easily 
quantified, and in other cases it is not appropriate to attempt to 
quantify them. Compliance with the separation distances set out in 
A5 3516 & 1 - 1988 is a good example. In the first place the 
separation distances will either be carlied with or not - there is 
little scope for degrees of compliance. At the sane tine the 
standard itself stresses that the distances are guidelines to a 
nwther of technical and other factors. 

Another reason is that the evaluation trust take account of the 
complexity of the task • The study aine to identify not one but three 
corridors, for transmission lines of two different capacities. It 
must also take into account the desirability of separating 
transmission lines, and the acceptability of canbining them. The 
written evaluation deals essentially with the advantages and 
disadvantages of each corridor. The numerical evaluation deals, in 
as objective a way as possible, with a comparison of the relative 
perfornence of each corridor against a series of criteria derived in 
turn from a set of objectives. 

Each corridor has been analysed sector by sector in terms of the 
various factors. In the case of the numerical evaluation a score has 
been assigned to each sector based on a qualitative assessment 
together with a quantitative measure of the extent to which the 
factor occurs, generally related to the length of the sector. 
Inevitably, and appropriately, the length of a corridor has a 
significant influence on its score. 

To assist the process a notional route has been prepared for each 
corridor. These are shown at Map 11. 

5.2 	OBJBCTIVES AND CRITERIA FOR EVALL?.TI( 

5.2.1 Classification of thjectives 

For clarity and to enable different biases to be applied to 
assesrent, objectives and criteria for selection have been 
categorised according to differing emphasis of source. 	The 
categories and the relevant objectives are suninarised as follows 

SEWA cbjectives 

Ci) 	Ma.ximise reliability of operation 
Minimise compensation, construction, maintenance and 
operating costs 
Minimise political and comunity opposition 
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Eoonanic thjtives 

Minimise costs to catinunity (see (ii)) 
Minimise iirpact on econanic use of land including 
residential, agricultural, recreation, extractive 
industry, forestry etc 
Minimise impact on tourism industry (see (x)) 

&ivircnnntal Cbjectives 

Minimise loss of native flora and fauna 
Minimise impact on wetlands and other environmentally 
sensitive areas 
Minimise risk of spread of dieback, soil erosion and 

' 	 increased salin' 

Social thjectives 

Minimise impact on landscape/visual intrusion 
Minimise inpact on recreation (see (v)) 
Minimise impact on heritage 
Avoid interference to radioccitinunications 
Minimise impact on aircraft nvement 

5.2.2 Criteria for Nuurical Evaluation 

Not all objectives are capable of being translated into a numerical 
evaluation. 

As far as reasonable criteria have been derived from objectives and 
scored against potential corridors in an evaluation matrix. The 
distilled criteria for this purpose are: 

SECWA Criteria 
Cost 
Reliability 

Econanic Criteria 
Land Use Impacts 

Environantal Criteria 
Impact on native vegetation and environmentally sensitive 
areas 

Social Criteria 
Landscape and visual iirpact 

The derivation of the assessment of these criteria is set out below. 

The other - non numerically-scaled - criteria are dealt with in the 
written evaluation. 
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5.2.3 Derivation of Values for Criteria 

Cost 

Distance is the basic surrogate for cost, but rrlist be qualified 
according to construction difficulty. 

The cost of transmission lines in standard ground conditions is of 
the fol1ciing order: 

132kV D.C. $130,000 per km 
330kV S.C. $185,000 per km 
330kV D.C. $315,000 per km 

Under difficult foundation conditions costs could increase by around 
$100,000 per km. Ieavy clearing and difficulty of access would 
substantially further increase these figures. 

Each corridor has been evaluated according to its comparative length, 
with a factor applied to reflect difficulties of construction. Three 
broad engineering criteria were brought into the calculation of 
construction difficulty: foundation conditions; risk of inundation or 
erosion; and ease of alignment. 

Foundation suitability is based on soil and slope factors. Dry sand 
on flat land is a very suitable foundation. 1cky surfaces, 
including duricrust and granite outcrops, are less suitable, due to 
the possible cost of blasting or excavation. 	Clay soils, 
particularly wet clays, are least suitable, due to risk of 
subsidence, slipping or swelling. 

Ease of route alignment depends on topography. Flat, topographically 
featureless land is highly suitable. By comparison steeply sloping 
or deeply dissected land has been rated as least suitable due to the 
probable requirGTnt for meny route deviations. 

For the purposes of the evaluation it has been assumed that 
maintenance costs are reflected in capital costs. 

1liability 

Each corridor has been scored in relation to the linear extent of 
exposure to potential bushf ire hazard. 

land Use Iuçts 

Each corridor has been scored in relation to the extent to which the 
corridor passes through areas of intense or valued land use, 
including urban (residential), intensive rural and rural-residential, 
pine forest, pasture, extractive industry and recreation and tourism 
areas. Each of these is assigned a comparative value depending on 
the extent to which a transmission line is likely to impact on either 
econcinic production or land value. 
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Inçt on Native Vegetation 

The factors that require consideration are the floristic and 
structural characteristics of native vegetation; the conservation of 
native vegetation; and the degree of disturbance of vegetation. 

The conservation value of native vegetation results from differences 
in species diversity, function as fauna habitat or representation in 
conservation reserves and national parks under varying conditions. 

The degree of disturbance to native vegetation depends in part on the 
structural form of the vegetation. Transmission easements are 
cleared to remove all vegetation that has height greater than 1 .5m. 
Therefore tall forest vegetation with little understorey will undergo 
greater structural disturbance fran clearing than heath formations or 
low open woodland with a species rich understorey. 

Consideration of these factors create sane difficulties in conparing 
the relative acceptability of clearing vegetation of different 
structural form, floristic composition and condition. Traditional 
environmental management principles suggest that minimization of the 
reduction of species diversity should be considered paramount. 
However, this does not take account of the broader aspects of 
conservation value. The suitability analysis used in this 
investigation relies mostly on the length of transmission line route 
to be cleared and the known or apparent condition of the vegetation. 

These factors were determined by analysis of colour aerial 
photographs at scale 1:25,000, by reference to existing technical 
literature describing the vegetation complexes that occur within the 
corridor sectors, and brief field inspections. &ibjective assesnt 
of the comparative value of vegetation types with regard to species 
diversity was also noted in the scoring process. It is assumed that 
any occurrences of gazetted rare or geographically restricted flora 
can be avoided by sensitive transmission route planning should these 
be identified in pre-construction vegetation and flora survey. Desk 
top investigation of the location of gazetted rare plant populations 
indicated that there is one such population within a corridor. The 
precise location of this population is known to the study team but is 
not identified here, for reasons of security. 

EnviMnmental1y Ssitive Areas 

Each corridor was scored according to the extent to which System 6 
recarinendat ion areas and other environmentally sensitive areas are 
likely to be adversely affected. Each area was assigned a value and 
the linear extent of impact was measured together with that value. 

landscape and Visual Inpt 

Utilising the values assigned to landscape units in Map 3, taken 
together with the length of corridor involved in each landscape unit, 
a comparative measure of impact was obtained for each corridor. 

The values obtained take into account the following four factors, as 
discussed earlier in this report: 
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- the intrinsic quality of the landscape; 
- the capacity of the landscape to visually absorb a line; 
- the capacity of the landscape type to physically absorb a 

line; and 
- the degree of visibility of a line in the landscape. 

This method is seen as having advantages over those which rely only 
on visibility of the line. The same line with the same degree of 
visibility is less acceptable in a beautiful landscape than in a poor 
one. 

Also some landscapes because of their topography and vegetation cover 
have a greater ability to absorb a line visually than others. A line 
may be fully exposed to view but have a low visual impact because it 
is seen against a backdrop of hillside or vegetation. The same line, 
the same distance from a viewpoint, could have a high visual impact 
if seen against the sky. 

The physical impact of a line is not only created by towers but also 
by the anount of clearing necessary for the line and for a 
maintenance track. A flat, well drained, pastoral landscape, for 
example, suffers very little from construction or maintenance. A 
forest section, or one traversing wet country, or extremely broken 
terrain, results in permanent and severe scarring. 

5.2.4 Scoring MetId 

In each case a score has initially been assigned to each corridor in 
respect of its performance against a particular criterion. In most 
cases, because impact is being measured, the poorer the performance 
the larger the score. For example, the highest cost corridor is the 
worst performer in relation to that factor. 

The initial scores have then been converted to a score out of ten by 
inverting the values and assigning a score of 10 to the best 
performing corridor. 

These scores are set out in Table 5.3A. 

5.2.5 }mrical Weighting of Criteria 

The comparative weight which is given to any given criterion is 
probably the most difficult judgement to be made in evaluating 
alternatives. In the numerical evaluation it is possible (indeed 
necessary) to expose a set of values in any given evaluation. For 
this reason four separate evaluation matrices have been prepared, to 
reflect both unweighted scores and different sets of values held by 
three different interest groups. The three assumed interest groups 
are: 

SEXWA; 
Enviramental groups; 
The Canzriinity as a whole. 
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The process is, of course, subjective. Nevertheless it serves a 
useful purse in testing the sensitivity of alternatives to 
different sets of values. 

5.3.1 Nmrical Evaluation 

b1es 5.3A, 5.3B, 5.3C and 5.3D set out the results of the numerical 
evaluation. These show unweighted scores and scores weighted to 
reflect SEGqA, environmental and callnunity value-sets respectively. 

We have adopted the convention that the higher the score the more 
acceptable the corridor. 

TABLE 5.3A 

EVALUATION N A T RI X - U N W 2 I G H T 2 0 SCORES 

CITERIA 	WEIGHT 1 1A 18 2 2?. 2B 3 3B 4 4B 5 58 6 6?. 7 7?. 8 8?. 

SEOA 
Cost 10 9.7 8.8 9.7 9.5 8.8 8.2 7.5 10 9 7.4 6.9 5 4.9 4.6 4.5 3.5 3.4 
1l lability 7 7 7 7 7 7 10 10 7 7 5 5 5 5 5 5 4 4 

EcQ4ZIIC 
Land Use 5.9 5.8 4.5 10 9.6 6.5 8.1 5.7 6.8 5.0 6.4 4.8 4.7 4.7 4.1 4.1 4.1 4.1 

EWIiAL 
Vegetation, 10 9.5 9.6 9.7 9.2 9.4 9.2 8.9 10 9.5 7.5 7.2 7.5 7.0 9.4 8.6 5.3 5.0 

t1and etc 

SOCIAL 
Landscape 10 9.3 8.6 9.4 9.3 8.2 7.7 6.8 10 8.6 7.0 6.3 3.8 3.7 3.8 3.6 3.5 3.4 

1IP.LS 43423946454043394439.3330262527262020 

The unweighted scores give the following ranking: 

Score 40-plus 	Corridors 2, 2A, 4, 1, 3, lA, 2B 
35-39 	 3B, 00, lB 

All eastern options scored less than 30. 
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TA&E 5.3B 

EVALUATION MATRIX - SECWA B I A S 

RRIEOR OFricNs 

'ITERIA 	WEIGWr 1 	1A 	lB 	2 2A 2B 3 38 4 48 5 58 6 6A 7 7A 8 8A 

SA 
Cast 	4 40 	39 	35 	39 38 35 33 30 40 36 30 28 20 20 18 18 14 14 
i1iabUity 	4 28 	28 	28 	28 28 28 40 40 28 28 20 20 20 20 20 20 16 16 

ECCNCMIC 
LandUse 	1 6 	6 	5 	10 10 7 8 6 7 5 6 5 5 5 4 4 4 4 

EMID01E2TAL 
Vegetation, 
Wetland etc 	2 20 	19 	19 • 19 18 18 18 18 20 19 15 14 15 14 19 17 11 10 

SIAL 
Landscape 	3 30 	28 	26 	28 28 25 23 20 30 26 21 19 11 U U 11 11 10 

TOTALs 124 	120 	113 	124 121 113 122 114 125 114 92 86 71 70 72 70 56 54 

Scores weighted to reflect a SELIJA bias give the following ranking: 

Score of 120-plus Corridors 4, 2, 1, 3, 2A, 1A 

	

115-119 	 3B, 4% 1B, 2B 

All eastern options scored 72 or less. 

TP&E 5.3C 

EVALUATION MATRIX - ENVIRONMENTAL BIAS 

ORRIWR OFVINS 

QUTERIA WEIG1W 1 1A lB 2 2A 2B 3 3B 4 48 5 5B 6 6A 7 7A 8 8A 

SFL4A 
cost 	1 10 10 9 10 10 9 8 8 10 9 7 7 5 5 5 5 4 3 
I1iability 1 
	

7 	7 	7 	7 	7 	7 	10 10 7 	7 	5 	5 	5 	5 	5 	5 	4 	4 

EceOtIC 
LandUse 1 
	

6 6 5 10 10 7 8 6 7 5 6 5 5 5 4 4 4 4 

ENVIRcrAL 
Vegetation, 

t1and etc S 
	

5048 4848 46 47 46 45 50 48 38 36 38 35 47 43 27 25 

SCCIAL 
Landscape 3 
	

30 28 26 28 28 25 23 20 30 26 21 19 11 II 11 11 11 11 

103 99 95 103 101 95 95 89 104 95 77 72 64 61 72 68 50 47 
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Scores weighted to show an environuntal bias give the following 
ranking: 

Score 100-plus 	Corridors 4, 2, 1, 2A 
95-99 	 1A, 1B, 2B, 3, 4B 

No eastern option scored more than 72. 

TA&E 5.3D 

EVALUATION MATRIX - COMMUNITY BIAS 

ORRI1X3R OPrIce4S 

RITRIA WEIGIVI' 1 lÀ lB 2 2A 28 3 38 4 48 5 50 6 6A 7 7A 8 OA 

SA 
Cost 	1 10 10 9 10 10 9 8 8 109 7 7 5 5 5 5 4 	3 
Peliabiityl 7 7 7 7 7 7 10 10 7 7 5 5 5 5 5 5 4 	4 

EXX!1IC 
Land Use 	2 12 12 9 20 19 13 16 11 14 10 13 10 9 9 8 8 8 	8 

VIIOIiDAL 
Vegetation, 
Wetland etc 3 30 29 29 29 28 28 28 28 30 29 23 22 23 21 28 26 16 	15 

SCCIAL 
Landscape 	5 50 46 43 47 47 41 39 34 50 43 35 32 19 19 19 18 18 	17 

tttALS 	 109 104 47 113 111 98 101 91 111 90 83 76 61 59 65 62 50 	47 

The coninunity value weighted scores produced the following ranking: 

Score 100-plus 	Corridors 2, 2A, 4 
100-1.09 	 1, LA, 3 

No eastern option scored more than 65. 

Corridor W2 enrges from this process as a clear winner, with W4 a 
consistent second. Third ranked are WI. and W2A, followed by W3. 
However, it must be noted that in most cases cozparatively little 
separates the top-ranked corridors. 

There is a "watershed" at W5, which consistently scores below 
corridors WI. to W41  but also above all eastern corridors. 

It must also be noted that Wi and W2A are not suitable for 330kv 
double-circuit lines. 
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5.3.2 Discussion of Alternatives 

Corridor Wi 

At approximately 37.5km Wi is, with W2, alnst the shortest and least 
costly corridor. Only W4 is shorter, by one kilometre. W1A and W1B 
are longer by 1 and 4.5 kilometres respectively. 

Wi would only be suitable for a 132kV line. It is essentially a 
route rather than a corridor initially, as it shares an easement for 
several kilanetres with the existing 132kV single-circuit wood pole 
transmission line. While this is understood to be feasible it may 
not be a great advantage because of the number of angles involved. 
The easement passes between two newly planned residential 
developnents, in which steel lattice towers would be unwelccine. 

In other respects W1 and its variations are identical to corridors W2 
and W4, and their variations. 

Corridor W2 

Corridor W2 utilises the already agreed easement between Beechboro 
Road and ¶Itnkin Highway. North of Qangara Road it is initially 
totally within pine plantation. Its impacts on human settlements and 
land uses other than forestry are very low. 

Depending on the selected route alignment, W2 might share a service 
corridor with the Tonkin Highway when the Highway extends to the 
north and northwest. 

As with Wi and W4, W2 could also share an easement with the existing 
132kV wood pole line north from Kingsway for up to 10.5 kilcinetres 
(W2A) or about 7.5 kilonetres (W2). again, as with Wi and W4, this 
corridor is only suitable for a 132 kv route because of its proximity 
to O'I, unless arc either vacates its site or accepts a category B 
classification. 

W2 extends over the western fringe of Whiteman Park and the eastern 
fringe of the Santa Maria/CIPC land, which is currently under 
investigation for future urban deve1oinent. Although a line would be 
fairly visible in the landscape the landscape itself is not 
outstanding, and the backdrop of trees in Whiteman Park would provide 
a reasonable degree of screening. The line could also be located 
within Whiteman Park, parallel to Beechboro Road. The only component 
of the Park facilities affected would be the International Shooting 
Complex. A line would fit comfortably between the complex and the 
road with a suitable buffer space for tree planting. However, a 
likely scenario is also an alignment parallel to Tonkin Highway, 
possibly sharing a service corridor. In that situation a substantial 
well-treed buffer would be desirable. 

From north of Gangara Road to the RMF bcirbing range W2 is aliicst 
totally within pine plantation, which provides excellent visual 
screening. W2B, skirting the west side of Lake Pinjar, would also be 
inside the pine forest for most of its length. East of Jaxxlabup Lake 
the corridor is wide erxugh to allow for separation of a kilometre or 
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more for two separate 330kv lines if necessary. The major adverse 
impacts of W2, W2A and W2B would be loss of pine forest production. 

The cost of a 330kv D.C. line in W2 might be of the order of $12m, 
with an extra $lm for W2B. 

W2 remains outside the 9.6km separation distance from 3J, but within 
the extensive separation area requested by RMF Pearce. It would not 
need to approach closer than 2km to the site boundary of C1I'C, which 
should be acceptable for a 132kV line and, depending on technical 
factors, also for a 33 0kv line. The receiving facility at (YC is 
oriented in the opposite direction to the corridor. 

within W2 it would be possible to minimise impact on the pine 
plantation, by keeping to the western edge of the pine plantation 
from the vicinity of Jandabup Lake northwards. In the context of the 
need for three routes this advantage may be diluted if the other 
route or routes has to be separated by a kilanetre or more. 

Corridor W3 

A major difference between W3 and W2 is that W3, skirting the east 
rather than the west side of Whiteman Park, is sane 7km longer, and 
would cost sone $2m extra, for a 330 kv D.C. line. 

W3 would have a greater impact on human settlement. There is 
insufficient spare capacity in the existing easenent along Marshall 
Road east of Beechboro Road, so a 330kv line would be located north 
of Marshall Road passing through a variety of agricultural uses, and 
turning north through rural-residential develoinent sst of Lord 
Street, and thence into Whiteman Park. 

There may be sane difficulty gaining acceptance of the potential 
impact on Whiteman Park and RAAF Caversham. The corridor encompasses 
the east fringe of the Park and the western edge of Caversham. The 
precise impact on Caversham is not known, although the corridor 
impinges on the requested area of exclusion. 

A route within Whiteman Park from Barrow Street north to a point 
short of the main entrance to Whiteman Park would be relatively 
unobtrusive against the topography and tree background, if well 
separated from Lord Street. The line should avoid impacting on the 
entrance to the Park opposite Youledean Street, either by diverting 
across Lord Street and the corner of the Caversham site, and thence 
north, or deeper into the Park. 

North of Youledean Road as far as Park Street the impact on the 
pasture land of either Whiteman Park or the land to the east of it 
would be acceptable. Assuming Lord Street were to be extended in 
future a suitable buffer area would be necessary. 

North of Park Street to Gnangara Road the land west of Lord Street is 
in Whiteman Park. The landscape is not exceptional, and the 
scattered tree cover, with a more substantial backdrop of trees would 
modify the impact of a line set well back from Lord Street. In a 
metropolitan park dedicated to a range of recreational uses and with 
a variety of structures, including railway lines, the presence of a 
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transmission line would not be incongruous, especially given the 
relatively unexceptional quality of the landscape within the 
corridor, and its use for grazing. 

On the east side the land is developed with rural-residential lots, 
including some substantial houses. The landscape is relatively bare. 
An alignnent to the rear of these properties (which front Lord 
Street) would be feasible, although exposed. 

As for W2 most of the balance of W3 is within State forest. The 
corridor meets the Qtangara plantation in the vicinity of Lord 
Street. It would be easily possible to avoid any adverse impact on 
the two recreation areas in the vicinity, (angara Old Mill and Pine 
Drive Picnic area. 

As for W2 the environmental impact of W3 is very low. Although some 
rnnant wetland occurs within the corridor it would be easily 
possible to avoid any adverse impact. 

Corridor W3 has the advantage of being substantially outside the 
6.4km separation distance from alt. Of necessity it is still within 
9.6km of arc, in order to maintain 9.6km separation from 3'IU. In 
this respect it represents the optinum between alt and 311U. It 
should be acceptable to both. 

Corridor W4 

Corridor W4 is feasible for a 330kv line if GrC vacates its site, or 
if it accepts a Category B classification and is prepared to heavily 
compranise on separation distances. 

W4 is included here for evaluation because it represents the most 
direct route out of Northern Terminal. As for Wi it would cut 
through future residential deveiopnent north of Northern Terminal. 
It is one kilanetre shorter than WI. and W2. 

Although the corridor north of Woollcott Street is the sane as for 
W2, in practice a line in W4 would prably take a more westerly 
alignment (i.e. closer to the OPC site) as far as the pine 
plantation. Thereafter the corridors are identical. 

Corridor W5 

Corridor W5 is aroximately 49.5km long - about 12km longer, and 
perhaps $4m more expensive, than W. 

The corridor follows W3 east from Northern Terminal to a point south 
of RMF Caversham, before skirting Caversham and passing well west of 
West Swan Road, along the western fringe of the Swan Valley. 

Its principal advantage is that it achieves a 9.6km separation from 
O'lt for much of its length, although this is of doubtful value, given 
existing intrusions within that separation distance. 

Its principal disadvantages are its length - and hence cost - and its 
impact on the Swan Valley. Although not unduly obtrusive, as seen 
from West Swan Road or from within the Valley generally, it would 
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have a marked impact on human rural-residential use of land in the 
Valley. 

Cnce clear of the Swan Valley the impact of W5 is low. It passes 
through open agricultural land before entering the (kangara pine 
plantation and thence to Pinjar, following the path taken by the 
other western corridors. 

It would not be difficult to find a route to avoid areas of wetland 
and remnant native vegetation within the corridor. 

The Eastern Corridors 

The sole advantage possessed by the eastern corridors over the 
western corridors is that they take the shortest feasible route out 
of Northern Terminal to clear the 9.6km separation distance from CIIC, 
and thereafter maintain it. 

All pay a substantial penalty for this, in terms of cost, and 
environnental and other iirçacts. 

The least costly of the eastern corridors would be about 50% more 
expensive than the most expensive of the western corridors, and about 
double the cost of W2. The most expensive eastern corridor would be 
about treble the cost of W2. 

Corridor E6 

At 61.5km E6 is the shortest of the eastern corridors, but about 7km 
longer than the longest of the western corridors. 

In coninon with E5 it has a substantial part of its length through the 
fairly intensively developed land on the west fringe of the Swan 
Valley. 

In this location the corridor' s western edge coincides in part with 
the eastern edge of proposed future urban areas. Consequently a 
route should be feasible at or near the interf ace between rural-
residential and urban develoiznt. 

In the main E6 avoids serious conflict with other existing areas of 
rural-residential develoirent altbough there is scattered developsent 
within the corridor, and the corridor passes through the eastern edge 
of a special rural develorunt at Bullsbrook. 

The impact of E6 on rural-residential land use is about double that 
of. 

E6 crosses Ellen Brook at Upper Swan and the Avon River at a point 
2km northeast of Walyimga National Park. 

E6 has a comparatively low impact on areas of conservation value. It 
passes between the Ellen Brook and Twin Swamps nature reserves. It 
does, however, intrude into the northwest corner of Walyunga National 
Park, largely because no other location offers the possibility of 
clirrbing the scarp face relatively unobtrusively, taking advantage of 
the topography. 
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Environmental and visual impact on the plateau is lower than it might 
have been, due to the broken topography, and the fact that much of 
the land has been cleared and is utiised for grazing. Scattered 
tree cover provides screening. 

Altogether about 30km of E6 is in cleared farmland. Hence the impact 
on economic land use is not as substantial as might have been 
expected of a corridor in the trling Scarp and plateau. 

Nevertheless a transmission lire within E6 would be highly visible 
for much of its length. 

A 12 kilometre section of the three eastern corridors inmdiately 
east of Pin jar Power Station would involve clearing of the native 
vegetation. Apart from the loss of the vegetation the visual impact 
would be significant, due to the topography and the limited height of 
the vegetation. Some idea of the impact could be gauged from the 
effect of the two existing 132kV wood pole lirs in this corridor. 

Much of corridors E6, E7 and E8 lies in close proximity - within 7 to 
10 kiometres - of Pearce Air Base, and may come into conflict with 
the low-flying area designated east of the base. It is not possible 
to test the precise extent of conflict. The corridors pass through 
the substantial area of exclusion requested by RAAF Pearce, but no 
technical basis for the exclusion zone is available as yet. 

The 	subopt ion E6A offers an alternative route for part of the 
corridor. Its impact is virtually the same. 

Corridor El 

Corridor El has much in coirinon with corridor E6, including all but 
about 12km of their length. El is about 2.5 kiouetres longer. The 
major differences - and some similarities - derive from the fact that 
while E6 traverses the west side of the Swan Valley El passes along 
the east side, in the foothills of the Darling Scarp. 

In addition to the crossings of the Avon River and Ellen Brook El 
involves crossing the Swan River (twice) and also Susannah Brook. 

El passes through several kilonetres more of rural-residential and 
intensively utiised rural land than E6. It cuts through the 
Brigadoon special rural subdivision at the southern end of Walyunga 
National Park before passing to the west of the special rural zone 
and the Park itself, prior to joining E6. Its impact on human 
settlement is thus higher. 

The foothills area which El traverses is also one of the proposed 
urban expansion areas of the Preferred !tropolitan Strategy, and as 
such it is the subject of intense public debate, and considerable 
outcry from owners who would prefer it remaird rural-residential. 
Either way, a 330kv transmission line would meet strong opposition 
from land owners who are nore than ordinarily alert to perceived 
threats to the future of their land. 
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Corridor E8 

Corridor E8 is the longest - 70km - and most costly of all options 
under consideration. It also presents a nuier of environmental and 
practical difficulties. 

As with E6 and E7 this alternative involves crossing both the Sian 
and Avon Rivers, together with tributaries such as Susannah and 
Gidgegannup Brooks, and crossing the face of the 1rling Scarp twice. 

More than half of its lerth traverses the plateau. It involves 
considerable clearing of native vegetation. 

The lerth of corridor E8 is a direct consequence of the need to find 
a route east of Walyunga National Park. 

Because of the terrain this corridor involves significantly more 
areas which are prone to water erosion and/or excessive slopes, both 
involving additional costs. 

A transmission line in this corridor would be highly obtrusive at 
certain locations in the landscape, both because of visibility of the 
line itself from recreational and regional roads, but also because of 
the extensive scarring of the landscape which would occur. 

While E8 constitutes a feasible corridor if one has to be found 
across the plateau between Walyunga and Avon Valley National Parks, 
it is the least attractive of all corridors under consideration. 

5.4.1 The 132kV Double Circuit Transmission Lizie 

We recoffinend that corridor W2A be adopted for initediate develonent 
of a 132kV double circuit transmission line. 

This recorrinendation is made on the assumptions that: 

- the inrnediate need is for a 132kV double circuit line; 

- the line will be carried on steel lattice towers; and 

- it will be supplenEnted in due course by at least one and possibly 
two 330kv double circuit transmission lines between Northern 
Terminal and Pinjar. 

The recorrmended route is set out in Section 6 and shown on Map 12. 

5.4.2 TWo 330kV Double Circuit Transmission Lirs 

We recommend that: 

(i) 	corridor W2B be adopted for develorent of a 330kV double 
circuit transmission line and that appropriate negotiations 
take place as soon as possible with (YIC, CPLM and other 
interested parties; and 
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(ii) corridor W3 be provisionally adopted for develoiint of a 
second 330kV double circuit transmission line and that 
appropriate consultations take place with the SPC, Mr Force 
Office and other interested parties. 

¶tse reconinendat ions are based on the assuxnpt ions that: 

- two 330kV transmission lines will be required; 

- GIC will remain on its present site, and that a 330kV line in 
corridor W2 will be acceptable to (YIC; 

- it is acceptable for the 132kV line and a 330kV line to share a 
coninon easement for a significant distance; 

- it is not acceptable to SEGA for two 330kV transmission lines to 
share a coninon easement over long distances; 

- it is not acceptable for 330kV transmission lines to cross one 
another; 

- 	corridor W3 will be acceptable to the State Planning Conmiss ion in 
relation to Whiteiran Park and to the Air Force Office in relation 
to RMF Caversham. 

Should it prove acceptable to SECWA to run the two 330kV lines in a 
coninon easement for a significant distance then the corridor 
diversion to the west of Lake Pinjar should be considered for 
possible deletion, that is corridor W2B could revert to W2. 

Should it be decided that only one 330kV line is required the 
reconinended corridor is W. 

Corridor W4 is not reconmended for adoption as a possible 330kV 
transmission line corridor because of the irract it would have on 
proposals for residential develont in the locality, and the 
unlikelihood of such a route being acceptable to (Y1C. 

The recommended corridors are shown on Map 12. 
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6. THE RECOMMENDED 132KV ROUTE 

The recommended 132kV route is shown on Map 12, together with the 
preferred corridors for two 330kV trannission lines. 

The reccmiinded route effectively ccmnences in the previously 
proposed 200 metre easement between the Tbnkin Highway extension and 
Beechboro Road. 

Between Woolcótt Avenue and Kingsway the precise alignment will be 
affected by the alignment of Ibnkin Highway extension, which is 
likely to bear westerly at some point. 

North of Kingsway the line joins the existing 132kV Northern 
Terminal-Muchea wood pole single circuit line and shares the same 
easement for sane 10.5km to the point where the existing line turns 
north-northeast. 

It appears possible, even likely, that in the longer term, after the 
integration of Pinjar Power Station into the network, this 132kV line 
may become redundant. 

The new line continues in a straight line for up to 0.8km before 
bearing northwest, continuing through the pine forest to the 
southeast corner of the DtOrsogna piggery on Neaves Road. 

The line then follows the southern boundary between the piggery and 
the pine forest, the pines providing an excellent backdrop to mask 
the view of the line from Neaves Road. 

The line then continues west across farmland for a short distance 
before turning northwest again, crossing Neaves Road at an angle. 
The precise alignment at this point should be determined by the 
positioning of towers in the vicinity of Neaves Road. 

After crossing Neaves Road the line takes a direct line through the 
pine plantation to a point where existing forestry roads meet. Fran 
here the line heads approximately due north for about 2 kilctnetres, 
following the forestry road to join Ziatus Street, which runs along 
the east side of Lake Pinjar. The easement alongside Ziatus Street 
should allow for a 330kv line as well as the 132kV line. The 132kV 
line should be on the near (road) side of the easement, and separated 
from the road by a substantial landscape buffer. The buffer, area 
should contain native and pine trees, as appropriate to the adjacent 
landscape, designed to provide effective screening, as seen from the 
road and f ran Lake Pinjar itself. 

About 7km south of the Pinjar site Ziatus Road takes an S-bend. The 
road may be re-aligned to eliminate the bend. If not careful 
consideration should be given to the transmission line route design, 
to avoid increased visual exposure. 

From the northeastern corner of the Lake Pinjar reserve the line 
continues due north to the power station site. 
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APPENDIX 1 

RARE FLORA AND FAUNA IN THE STUDY AREA 

1.1 	RARE FLORA 

The presence of rare and high priority species of native flora is 
recorded by the DepartirQnt of Conservation and Land Management. 
Because of the inherent danger in meking public the locations of rare 
and endarered species it is CALM policy not to reveal or publish 
precise locations. 

The follcMing tables set out both gazetted and high priority species 
kncn to occur in the Northern Forest 1g ion at November 1987. 

TABLE Al.l: 	GAZFJYED RARE FLA SPECIES 

Species 
	

Fliering Period 

Acacia anomala Aug-Sept 
Acacia aphylla Aug-Sept 
Caladenia arrecta Aug-Sept 
Caladenia dorriena Sept-Oct 
Caladenia gemata var. ixoides Sept-Oct 
Caladenia integra Sept-Oct 
Lrwina acerosa Sept-Oct 
Darwinia apiculata October 
Daviesia microphylla July-Aug 
Duiris purdiei Sept-Oct 
Drakea jeanensis Oct-Nov 
Drosera occidentalis Oct-Nov 
Eucalyptus laten.s June-Aug 
Eucalyptus argutifolia March-April 
Grevilea cirsiifolia Sept-Dec 
Grevillea saccatä June-Aug 
Hydrocotyle leninoides Sept-Oct 
Lechenaultia laricina Oct-Dec 
Lechenaultia pulvinaris Oct-Dec 
Pr'chosema pus illuin Oct-Nov 
Thelymit ra stellata Oct-Nov 
Thanasia sp. Sept-Cot 
Wurmbea drunTrondii June-July 
Astrolas ia g randiflora: 

North pop. June-Aug 
South pop. July-Oct 

Astrolasia nivea Aug-Oct 
Spirogardne ra rubescens Aug-Nov 

Source: Department of Conservation and Land Management 
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The following '1bles set out high priority species located within the 
northern Forest 1gion and considered for declaration as rare fauna 
but in need of urgent further survey. 

TA&E A1.2 PRICRITY ONE SPECIES 

(Known only from one or a few localities on lands under threat (eg. 
road verges, urban areas, active mineral leases.) 

Species 	 Distribution in 	Flowerir 
NFR 

Acacia anarthros 

Anthocercis gracilis Mundaring Weir Septeither 

North Dandalup 

Asteridea gracilis Gsnells Sept-Oct 

Diplolaena andrewsii 3rlan View Jul--Oct 

Gastrolobium epachriodoides Darling Scarp Septeirber 

GOnocarrAls pithyoides Yarhep Oct-Nov 

Bakea crassinervia Bickley, York July 

Hemiandra linearis Chidlow - 
Platysace eatoniae ? Wairbyn - 
Stylidium utricularioides Bullrook Oct-Dec 

Death Adder Creek 

Thelymitra benthainiana Gidgegannup Oct-Nov 

Thysanotus fastigiatus Kalamunda, Roleystone May-Dec 

Source: Departnnt of Conservation and Land Managennt 
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TA&qE Al .3: 	PRIORITY TWO SPECIES 

(Known 	from one 	or a few localities on land 	not 
threat.) 

under 	ininediate 

Species Distribution in Flowering 
NFR 

Acacia subflexuosa (granite) aillrook Aug-,Oct 
Astrolana foliosuin Ellis Brook 

Lesmurdie 
Calothairinus graniticus Cakley Dam June-Aug 
subspecies leptophyllus 
Calytrix sylvanna New Norcia-Bindoon Aug-Oct 
Darwinia piinelioides John Forest NP Oct 

Walyunga 
Grevillea uniculata North Bindoon - 
subspecies florida 
Helipterum pyrethrum &alrook Oct 
Las iopetalum cardiophyflum Bannister Nov 
Parsonsia diaphanophieba Murray River, 1'y-June 

Coolup 
Pimela rara Mundaring Jan-Feb 
Pithocarpa ach.tlleoides Wooroloo, Bindoon Jan-Apr 
Platysace cirrosa Wantyn - 
Stylidium aff repens Boulder Rock Dec 

Canning Weir 
Stylidium rigidifolium Gooseberry Hill, Oct-Nov 

Pickering Brook 
tratheca simiis Bindoon, !.t Dale area 	Aug-Sept 

Thysanotus ariscula Forrestfield Nov-Dec 
Helena Valley 

Trymaliuin urceolare Bindoon-Toodyay Sept-Oct 
Verreauxia verreaux ii Dobaderry NR Dec-Jan 

Surce: Department of Conservation and Land Management 
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TA&E A]. .4: 	PRIORITY THREE SPECIES 

Species 	 Distribution in 	Flering 
NFR 

Aotus cordifolia Red Hill, Aug-Dec 

Gidgegannup 

Helena Valley, Byford 

Dryandra polycephala Bindoon - 
Eucalyptus foecunda Larel in - 
Jacksonia graciis Pinjarra Jan-Feb 

Lasiopetalurn glabratum York, Carnal Nov 

Serpentine 

Persoonia sulcata John Forrest NP, - 
?ngamine 

Restio stenostachyus Gingin - 
Scholtzia eatoniana York Nov-Dec 

Senecio gilbertii Bindoon, York Sept-Oct 

Tetiatheca pilifero Two Rocks, thidlcM Aug-Sept 

Source: Departirent of Conservation and Land Manageirent 
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1.2 	RARE FAIJ! 

Thble A2 sets out gazetted rare fauna species known to occur within 
the northern Forest 1gion, as at March 1987. 

TA&E A2: 	GAZETThD RARE FAUNA SPECIES: NkLHN FOREST REGI( 

Coninon Nane 	 Scientific Nane 

Dell's Skink Ctenotus deli 

Western quoll or chuditch tsyurus geoffroii 

Red-eared fire-tail finch Ekrb1na oculatum 

Peregrine falcon Falco peregrinus 

Crested shrike-tit Falcunculus frontatus 

Lined burrciing skink Lerista lineata 

Ibnbat Myrmecobius fasciatus 

Carpet snake Pythos spilotus 

Freckled duck Stictonetta naevosa 

Black striped snake Vermicella. calonotus 

Source: Departnent of Conservation and Land Managenent, March 1987 
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APPENDIX 2 

TRANSMISSION LINE DESIGN PRINCIPLES 



4.7 

4. Design principles and planning criteria 

(a) Rolling wooded-agricultural land unit 
Coastal Plain: Ridge Hill Shelf 
Eastern Agricultural Area (fig 1). 

Fig. 1 

Suitable alignment 
The border of a land unit in roiling topography is a distinctive visual edge, 
large enough to accept a transmission easement provided that it respects 
and protects the character of each unit that forms the edge (wooded hills— 
cleared paddocks). 
The lines should run parallel to the contours of the land and conform to the 
patterns of the topography, changing direction with the scale and flow of 

topographic changes. Natural lightning protection is offered by the hill 
folds to either side of a transmission line when located in a valley. 
Where the lines cannot avoid cutting across major land use boundaries, 
the contrasting effect of entry from paddocks (open) to forest (closed) 
should be minimised, both by choice of alignment and by masking the 
point of entry with trees and shrubs. 
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(b) Rolling wooded-agricultural land unit 
Coastal Plain: Ridge Hill Shelf 
Eastern Agricultural Area (fig 2) 

Fig. 2 

Unsuitable alignment 
Routes should avoid crossing hills at right angles to the Contour, espec-
ially where easement is centred on a hillcrest, which results in a symmet-
rical arrangement that focuses attention upon the easement. Lines running 
against the grain of the landscape pattern become intrusive visual 
elements. 
Towers should be placed below the crest of the hill or horizon line to 
reduce prominent silhouette effects against the sky; especially from a 
scenic viewpoint. A centre alignment in a valley draws attention to the 
easement—locate at edge of valley. 
Keep easements away from road Intersections which require open views 
for safety and high attention levels from motorists; reducing visual impact 
is very difficult under these conditions. 
Access roads for construction and maintenance purposes focus attention 
on the easement; grading around tower bases compounds this visually raw 
effect. More sensitive road and tower base grading with gentle slopes 
planted with native grasses will help reduce this effect. 

43 



(C) Hat opefl-a9riCUltUral land unit 
Coastal Plain: Pinjarra Plain and Bassendean Dune System (fig 3). 

-- 	 -.--.-- -- --.."  

Fig. 3 

Suitable alignment 
In land units where man's geometry dominates, such as roadways, drains, 
paddocks, windbreaks and clearings, the route should parallel and comple-
ment the direction of these dominant forms. The man-influenced edge is a 
good background for the easement while providing easy access for main- 

tenance. 
The angle at which transmission lines cross the highways should be as 
near to perpendicular as possible, to permit maximum set-back of towers 
for low visibility from the highway. Long-span towers should be used if 
crossing mature roadside vegetation or scenic areas. 
Retain existing vegetation, where possible, to serve as a foreground screen 
or a background for the towers. The webwork of poles and wires is muted 
against the background of trunks and branches. Foreground screening 
should block out the view of the upper tower which is the most intrusive 

element. 
The major communications corridor is influenced by both natural and man- 
made factors. Alignments must respect future patterns of growth (pro- 
posed urban expansion, freeway location, etc). 
Joint use of easement corridor for various utilities (road, railroad, gas and 
electric) is often desirable because it minimiSeS the visual impact that 
separate easements would produce. 
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(d) Flat open-agricultural land unit 
Coastal Plain: Pinjarra Plain and Bassendean Dune System (fig 4). 

Unsuitable alignment 
Stream and river corridors are non-conforming features in this type of land 
unit, dominated by grid-iron geometry. Thus streams are important visual 
edges which cannot accept the straight alignment of the transmission 
easement, because the degree of contrast between the fluent natural form 
and the static easement is too great. Streams that have been straightened, 
deepened, and banked with levees are geometrical elements, exempt from 
the above comment. 
Landscape features such as lakes, bogs and marshes should be avoided 
because of their recreation and scenic potential. The open and reflective 
nature of such features magnifies the presence of the lines and towers. 
Avoid locating transmission lines and especially towers near farm 
buildIngs and houses, because the comparison between their relative size 
increases the visual impact of the easement. 
The easement should not bisect areas that are suitable for expansion of 
urban land uses. An easement slicing through a cohesive land unit pre-
vents harmonious expansion and creates friction between uses. 
The easement that must pass through woodland should be cleared in such 
a manner that some natural asymmetry is maintained. The trees and 
clumps of bushes should appear to flow through and counter to the align-
ment of the easement. The land use can carry on beneath the lines without 
a break. 
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(e) Rolling wooded land unit 
Darling Plateau (fig 5). 

- 	 -----.----- 	-• 
-- 	- 	- 	i-- 	- - 	- 	- 	.- 

Fig. 5 

Suitable alignment 
PhytophthOra generally spreads down rather than up hill, which suggests 
the routing of transmission lines at a low level through valleys to reduce 
the spread of infection. 
The crossing of a stream below a dam will not disturb the forest in the 
water catchment, hence no increase in water pollution. The visual effect 
will be minimised because of the narrower stream valley and use of higher 
towers to carry the lines across the valley. 
Alignment of the transmission lines must respect future patterns of indus-
trial growth by by-passing lands with mining leases. The easement forms a 
suitable buffer between extractiVe and agricultural or forestry uses. 
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(f) Rolling wooded land unit 
Darling Plateau (fig 6). 

.. 

Tr*  

' 	 ,... 

Fig. 6 

Unsuitable alignment 
The routing of a transmission line that runs perpendicular to the topo-
graphic pattern may increase the spread of Phytophthora. 
The crossing of a stream above a dam can increase the water salinity 
because of forest clearing operations. The line will be more visible from 
passive recreation areas near the dam. 
The bisection of land parcels under the same mining lease may prevent 
extraction of minerals within the easement area and cause operational 
hardships for extraction on either side of the easement. 

47 



Tower design and siting guidelines 

,I 
/ 

Tangent \ 
tower 

,""Tangent 
tower 

Fig.7 
A line crossing the road either at right angles or diagonally. Care should be taken to keep towers sited 
equally back from the road on both sides if possible. This removes the towers from dominance in the 
view and may well cause their being shielded by other structures or foliage. In addition, a more 

symmetric line of conductors will cross the road. 

0 •••  
0000,  

/ 

Tangent tower 
	 Tangent tower 

Fig.8 
Lines installed close to the road exaggerate tower spacing and conductor sag as viewer moves past 
them. Lines installed further from the road relieve exaggerated problems to the moving viewer. 

M. 
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Fig. 9 
Towers located above the viewer are often silhouetted against the sky. 

Fig. 10 
Consider that the earth often forms a backdrop to the towers in a low Installation helping conceal them If 
an appropriate colour is chosen. Sometimes lattice will also help if towers are distant from the viewer. 

Selected right of way 

Fig. 11(a) 
The rightof-way as selected leaves this tower with an undesirable differential in leg length in a high 
visibility situation. 

EN 



Fig. 11(b) 
Cut and fill is not a good solution because the earth scars are often more noticeable than poor tower 

4••flQ 

Fig. 11(c) 
A preferred method would be to shift the right-of-way slightly, whenever possible, to find an improved 
site in its natural condition. This will entail close personal surveying of actual terrain, if this Is not 
possible, then minor grading combined with modest unevenness of tower leg lengths should be studied 
4,__ *1'.,., 	',nnrr,rni 

Fig. 12(a) 
Long spans are possible because of taking advantage of the valleys between hilltops. This means that 
towers can be shorter and farther apart. These advantages must be weighed against some 

disadvantages. 



Fig. 12(b) 
To complIcate the situation, hilltops are often highly visible. An excessively short tower makes for poor 
proportions. 

Fig. 12(c) 
A better solution, whenever possible, is to locate the tower below hIll crests to gain better proportions 
and as much concealment as possible. 

51 



Side view of cut and fill 

Fig. 13(a) 
Typical cut and fill practice leaves both the cut and the fillareas as undesirable visual features. The fresh 
earth is usually a contrasting colour with the natural and a re-vegetation plan should be initiated. A 
better program would be careful site selection requiring no grading or carefully planned and executed 

grading. 

Side view of cut and fill 

Fig. 13(b) 
Modest cut with soil carried away. The base plane is angled slightly to parallel normal viewing angle 

resulting in an acceptable unequal leg length. 

Source of Figures 7-13;— 
Southern California Edison. 
Design Guide: Aesthetic Guidelines 
for Electric Transmission. 1972. 
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Some basic concepts: 

Avoid locating angle or tension towers on prominent ridges or ones 
with difficult access 

Locate heavy foundations where construction equipment has best access 

Avoid crossing at high points in the road 

Cross at a dip 
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Span over deep narrow valleys minimising clearing 

Hide lines from landscape viewing points by 
strategic placement and selective clearing 
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Avoid tower prominence at road crossings 

Set towers well back 
Make use of natural screen 

Avoid placing line against ocean background 

' r.  

Use slopes or trees for background 



Avoid crossing at crests 

Cross at a saddle 

Do not destroy farm windbreaks or other screens 
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Avoid erosion of tower site and access, 
unnecessary earthworks and scarring of 

countryside 
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Locate line and access along ridge 



Muchea Substation 
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SOILS AND LANDFORM 
SWAN COASTAL PLAIN 

AEOtIAN D€POSITS 

B 	baso&rdeerr 
Sand plarrrs with low dunea and occasional swanipe. iron or humus podzols. areas 
Of complea steep dunes Shown by Bidi. 

511 
I 	 1 	 Send plarn with low dunes and many intervening swainpa. iron and humus podzols. 

peals arid clays. 

1< 	Karralretta 
Urrdulehng landscape with deep yellow sands over limestone 

Ccii in or rvieauh Purposes 	Flowatrle Depoees 

CM Coonambidgee 
(tanilu alixurni lrrrura In the Dandaranan Ptata.o 6W aras sands 
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Slopes 100 20° 

Industrial Areas (M R 

	
Slopes 20° - 30° 
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Gf GrakIlord 
Flat p18w with medium textured deposits. yellow duplex soilS 

Sw Swan 
Alhmal terraces with red earths and duplex soils 

Ban Beermull&i 
Poorly drained p18w. saline and solonelxic soils, bog iron ore and Spore Shallow 
sands over bog iron ore 

Ye vanga 
Poorly drained plain with grey sandy benches and intervening swamps 

Rrdge I-lilt Shelf 

F 	Fonroordiiald 
Laleiltised foOthills all the Darling Scaip dominated by galvelty and sandy soils 

DARLING PLATEAU 
LATERITIC UPlANDS 

0 Dwelhngup 
Gently urrdulatasg landscape with duncrtnit on ndge4 sands and gravels In shallow 

PINJAR 

V 	Valanbee 
Gently undulating landscape dominated by hire gravels. gorne drancrusl on ndges 

Minor Valleys 

rg 	'Iwagil 
Valleys of the western part of tIre plateau, sandy gravels on the slopes, orange 
earths in swamp Itoorir 

Cli Cool&nn 
Valleys at the eastern peat 04 the plateau, sandy and gravelly duplea soils on slopes 

Major Valleys Conrbrnrng Slopes and Ftooi 

H Helena 
Very deeply incised valleys with steep rocky slopes and sorTie shallow red or yellow 
eethtt 

My Murray 
Deeply incised valleys with red and yellow earths on slopes, narrow alluvIal 
terraces 

Mator Valley Slopes and Screps 

Os 	Darting Scarp 
Very steep slopes with shallow red and yellow earths and much rock outcrop 

DAN DARAGAN PLATEAU 
LATERITIC UPlANDS 

Mb Moguirrber 
Gently undulating landscape, duncausl and gravels or crests and grey sands in 
tsoed shallow depretlalOrrs 

Scamp 

Re Reagan 
Gently slop.isg scamp dominated by yellow grey sands, some dunaust and gravels 
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AREA DESCRIPTION 
1 Cleared land. veoetation cover mixed 
2 Cleared rural land. largely clear with holdings of vanous szes. 

I 
I Major Roads 

3 
State Forest 	 4 

Escarpment north of Builsbrook. Lower slopes cleared. 

vasty 	rural land on top ofescarpment.  
5 Uncleared natrve forest on top of escarpment. 
6 Cleared, low lying land, thinly vegetated. -------j Existing Major Power Lines  Commonwealth Purposes 7 Pineplantationwithdensecover. 

Cleared land adjacent to highway at base of escarpment. 
9 Escarpment south of Buiisbrook to Swan River. Lower slopes 

Existing Urban Zone (MRS) cleared. 
i() Avon Gorge - lowexposure 

JJ 
11 Avon Gorge within viewahed of Vtyunga lookout. 
12 Cleared rural land, some tree cover along bounclanes and road 

4J Major Open Space (M.R.S.) reserve. 

13 Avon Gorge through Watyunga Park - high exposure. 
14 Swan River wiley at Great Northern Highway croseng 

Industrial Areas (MRS.) 
15 Cleared rural land between West Swan Road and Swan River. 

17 Semi cleared native vegetation (some mgrowth). 
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18 Cleared land, some small holding and residential development. 

19 Old Caversham airport - cleared, some regrowlit, mainly derelict. 
20 Swan River and margin vegetation. 
21 	Cleared land, mainly vmeyards, between Swan River and 

Highway. 

22 	Mainly residentiaVspeciai rural, quite dense development. 
23 Escarpment Swan River to Toodyay Road. 

4 Uncleared native forest. 
25 Wriously cleared land on top of escarpment. 
26 Lake Gnangara and surrounding uncleared land. 

LANDSCAPE QUALITY 

18-20 Very High 

14-16 High 

10-12 Medium 

0- 8 Low 

REGIONAL LANDSCAPES 
MAP3 
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