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REPORT SUMMARY

This report outlines the key factors, processesmagithods that will be adopted and/or evaluated,
to determine a new 66,000 or 132,000 Volt overHemd(“Line”) route, for establishment of the
Network Connection for Pamada Pty LimitedisYOTO ENERGY PARK SCONE” Project.

VEMTEC was commissioned Hyamada Pty Limited to undertake the review and produce the
report within the framework of the development aat process with the feasibility assessment
being completed in the context of the following;

» Research of proposed line routes and possibitibiegilise existing lines.

» Conceptual design of possible routes and revieotldr obvious options.

» On-site reviews of the options to ensure no fistdies are present for the proposed routes.

* Review of NSW legislation for power line routes ahd easements.

The major factors influencing the determinationaf suitable line routes are;

* Suitability of existing overhead line routes ands®quentially the infrastructure for over
building.

* the process by which the line route and associedsdments will be negotiated with affected
property owners;

» broad environmental, ecological and social consitilens; and

* typical overhead line structures

The significant future actions required to finaltbe determination of a recommended network

connection route are;

A full research of existing and newly required easats in both the context of road easements
and the crossing of private property.

* A full technical review of the likely impacts andfynergies of the proposed network
connection on the strategy for the developmenhefrtew Scone 66/33/11kV Substation and
the Scone area 66kV Network EypergyAustralia.

RECOMMENDATIONS

1. Further investigation, deeper understandings asdlugon of all the issues highlighted
in the body of the report under the heading “Issoelse Resolved” is essential prior to
finalising the proposed Network Connection anddbesequently Line Route Option to
be adopted.

2. Based on the information gathered during the pseE®sf this review it is recommended
that future efforts by Pamada Pty Ltd be direcidarrds further development of the
Scone Network Connection Option, Line Route — Qp2oand associated variations in
the vicinity of the Scone Township. This will nexdbe completed in conjunction with
EnergyAustralia and must include a business outcome based analydie would
recommend that this be completed by an indeperatganisation with knowledge of the
power distribution sector.
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INTRODUCTION

This document presents VEMTEC's review of the nekvoonnection options and costings
associated with the development and establishmernoenergy park based on renewable
technologies by Pamada Pty Ltd (‘Pamada’). Thiergy park is to be located within close
vicinity of Scone in NSW. The project is titledetiKyoto Energy Park Scone” and is being
established on two sites, namely Middlebrook anduMain Station. The sites are located
approximately 15km west of Scone in the Upper Hurggion of NSW. The intention for the
sites is to install up 130MW's of renewable eneggyeration for an overall working life of the
Energy Park of up to 30 years. The anticipatedlrg of this capacity is 90-126MW of wind
energy, 3-10MW of solar photovoltaic and 1MW closaab mini-hydro plant.

In October 2007, VEMTEC was commissioned by Pantadadertake a review covering the
following points of assessment for the feasibildy Grid Connections for the proposed Kyoto
Energy Park Scone

» Research of proposed line routes and possibititiedilise existing lines.

» Conceptual design of possible routes and revieotlwdr obvious options.

» On-site review of the options to ensure no fieflies is present for the proposed routes.

» Provide budget estimates for construction of pdssitutes.

* Review of NSW legislation for power line routes ahd easements.

LINE ROUTE DETERMINATION & METHODOLOGY

a) Key Factors in Determination of Line Route Options

The determination of a line route is governed bymarous technical, environmental,

property stakeholder and commercial consideratimgever, the principal aim is to obtain

the best compromise of the following:

= where feasible, address property owner concernpawer line location preferences

= maximise the utilisation of made or unmade roadmess (“Road Reserves”);

= maximise opportunities to access clear, open lanthe Line route;

= minimise impact of the Line route on existing reminaegetation, either in road reserves
or within private properties; and

= utilise existing power lines where economicallysieée and practical.

b) Private Land Use

In some circumstances, it may be deemed neceskmiyable, or mutually beneficial, for the

Line route to encroach upon, or pass through piymoperties. Typical examples of such

circumstances include, but are not limited to:

= deviation of the Line route around remnant vegetatvithin Road Reserves, or other
environmentally sensitive areas;

= the support wire (“Stay”) of an electricity polestalled in a Road Reserve, may under
certain conditions, encroach upon private property;

= a private property may offer a clear and open kmée opportunity;

= aland owner may prefer the Line route to passutiinchis or her property, in preference
to a Road Reserve; or
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= a land owner may perceive a benefit of having tlive Lroute passing through their
property, as a means of off-setting costs of pregdature power line extensions to their
property.

c) Land Owner Negotiation & Consultation

Throughout the process of determining a Line roatgh directly affected land owner will

be consulted on a broad range of issues. Typxzahples include:

= whether the land owner agrees to the Line routsipggshrough, or encroaching upon,
his or her land;

= the Line route preference of the land owner. B@ngple a land owner may prefer the
Line route to run adjacent to an existing fence ln Title boundary;

= current land use and future development plansh®ptoperty (if any); and

= seasonal access conditions or other relevant eamisty which may have a bearing on
where and when Line construction activities cowddundertaken.

Assuming agreement is reached between a land oamkfPamada, for the Line route to

encroach upon, or pass through private property:

= an easement will be registered on Title, in favaiuthe Line owner;

= the typical easement for a 66,000/132,000 Volt lime20/30 metres in width (10/15
metres either side of the line), however this carnyvdepending upon conductor span
lengths and specific terrain issues;

= The legal costs of establishing the easement oifitleewill be borne by the developers.
If a land owner wishes to obtain their own indeparidiegal advice concerning the
establishment of the easement, such costs wilbbaebby the land owner; and

= Typically, the land owner is compensated for théaldishment of an electricity
easement. Common industry practice is to condatdors such as the market value of
the area occupied by the easement, the numberle$ pad/or pole support “Stays” on
the property, and effects on existing land use.

d) Planning & Implementation of Line Construction

Planning and implementation of the constructionvéids associated with the new Line

should take into consideration the following issues

= any seasonal or other land access restrictionly likenfluence construction activities;

= |ogistics and materials storage considerations;

= the number and availability of accredited constanctesources and contractors; and

= Minimising both the number and duration of disrop8 to the power supplies of
customers affected by the construction works.

During the construction of the Line, affected lawahers and the broader community, of key

project planning and construction activities sholddinformed by periodic correspondence

and/or local media announcements.

SOCIAL IMPACTS

a) Electromagnetic Fields (EMF)

In Australia, the determination of recommended mmaxn EMF exposure limits is governed
under the Australian Radiation Protection and Narcgafety Agency (ARPANSA) through
its vehicle the Australian Radiation Protection &hetlear Safety Act 1998 and Regulations
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1999 and by other regulatory instruments and puigalth organisations. The following are
direct extracts/copies from the ARPANSA web site.

“ Australian Exposure Guidelines

There are currently no Australian standards reguigt exposure to these fields. The
National Health and Medical Research Council hasuél Interim guidelines on limits of
exposure to 50/60 Hz electric and magnetic fieldese guidelines are aimed at preventing
immediate health effects resulting from exposurthése fields. The recommended magnetic
field exposure limit for members of the public [@ur exposure) is 0.1 millitesla (1,000 mG
- milligauss) and for occupational exposure (whalerking day) is 0.5 millitesla (5,000

MG). [Note: The earth's magnetic field has a strengtibolut 50uT (500 mG). This figure is included tophel
the reader obtain a feel for what the units medre darth's magnetic field is not changing directibb0 to 60
times per second and is therefore not comparalpewerline fields as far as health effects are eamed. N.B.

10 milligauss = 1 microtegia

“Residential Exposures

Exposure levels to EMFs around the home are irrdéinge of 0.01 - 0.25 pT (microtesla =
0.1 - 2.5 mG). For homes near powerlines, theseldemay be as high as .5 -1 puT (5 - 10
mG). Immediately under the powerline, magnetiafievels of 6 - 10 uT (60 - 100 mG) may
be found.”

In summary as per the dialogue above there aremtlyrno specific Australian Standards
regulating exposure to power line frequency EMFInstead, ARPANSA references the
“Interim guidelines on limits of exposure to 50/8@ electric and magnetic fields”, as issued
by the National Health and Medical Research CoyhNHMRC)

These exposure limits are:

General Exposure (24 hour exposure) 1,000 milBggmG)
Occupational Exposure (whole working day) 5,000igaiuss (MG)



Figure 1
Typical 66,000 & 132,000 Volt Line
EMF Profile

The nature of EMF’s is that they

EMF (mG)

decay exponentially as a function of
distance from their source. In
general terms, this means that the
EMF arising from the Network
™\ Connection Line will diminish
/ \ rapidly with distance from the Line.
o Figure 1, provides a typical cross

section EMF profile of a 66,000 and
132,000kV Volt line operating at full

current rating or energy park
capacity. Thus it can be established

-~ that given the use of the standard
P construction design as per the
/ - \ drawings outlined in the line
configuration table (or similar) the
EMF exposures will be managed at

levels well below the currently
accepted limits.

Resultant Power Line EMF
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‘—GGkV RMS Resultant = 132kV RMS Resultant ‘

This graph shows that typical Magnetic Field stthag measured a metre from the
ground, for a 66kV line to be in the vicinity ofr8G with the 132kV line being in the
vicinity of 2.5mG at a distance of 30m.

As a means of further reference, the following eaptovides indicative EMF exposure
limits of typical electrical appliances:

Source Electric Field Strength Typical Range of Magnetic

KV/m Field Strength
Milligauss (mG)

Electric blanket at surface 2 1.0t0 3.0

Vacuum cleaner at 1m 0.002 1-20

Hairdryer at 30cm 0.04 1-70

Iron at 30cm 0.06 12-30

Toaster at 30cm 0.04 6-70

Video display unit (VDU) 0.01 0.54

At 50cm in front




¢

~
VEMTE C

Utility Infrastructure

There is a move by ARPANSA to introduce a set off sgéandards known currently as
‘Radiation Protection Standard — Exposure Limits Etectric & Magnetic Fields - OHz
to 3kHz". These standards are currently in a pubbtinsultation draft form and have
been since 7 December 2006.

These standards introducebasic restriction’to ensure that there is no biological effect
leading to adverse health outcomes. Thds®sic restrictions’are, as noted in the
standard, hard to calculate or measure so a setfefence levelshave been proposed.
For the case of exposure to Magnetic Fields, whighof concern for power lines, the
new exposure limits from section 2.4 (page 8) efréport are:

General public for 50Hz Frequency (ongoing exposur00 micro Tesla

We note that this is a different measurement toctiveent standards however using the
same techniques as those outlined above we canlatal¢hat the field strengths for the
lines suggested here are:

66kV Configuration EMF Range 0.624 to 3.16 micra@g30m to Om from line)
132kV Configuration EMF Range 0.26 to 1.12 micras@g30m to Om from line)

As can be seen this is significantly less tharpttogposed standard.

b) Social Benefits

Cost sharing opportunities may exist for land ownershing to off-set the costs of
augmenting the existing network to their properti€sich opportunities would be determined
through the proposed land owner consultation psaaglined above under the heading
“Land Owner Negotiation & Consultation”.

CONNECTION OPTIONS

The overall project development timetable and essroutcome requirements are the significant
drivers for determining the recommended optionsnimwork connection. The final evaluation
of the options is also dependent on the outcomth@f‘Network Connection Enquiry” with
EnergyAustralia.

a) Destinations Considered

There have been three options considered for tséndéion of the Kyoto Energy Park

Scone Network Connection Infrastructure with thdseations being the subject of

previous work complete by Econnect Pty Ltd in 2088 2007 and enquiries with

EnergyAustralia

1. 66kV option via the New Scone 66/33/11kV Substafjmmoposal peEnergyAustralia
ConsultatiorPaper dated {50ctober 2007).

2. 66kV option via the Dartbrook Coal 66kV Feeder aylga.

3. 132KV option via Mussellbrook STS.

b) Options Evaluated

The evaluation of three principal options for coctiens and each of the associated line
route options (along with minor variations as idéed) are based on expectations that the
Network Connection Enquiry will result in a techali@nd business related outcome, with
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acceptance/approval ynergyAustralia This along with a continued review of the areas
of consideration listed within this report shouldyide Pamada with a sustainable business
outcome.

(i). Voltages Reviewed.

The review covers options for both 66kV and 132kwel voltages for lines
constructed with single or double circuit and/orintwconductor configurations.
Typical configurations, for each construction optare shown in Dwg 1 through to
Dwg 5 and Pic 1 and 2 attached. As a minimum thexific line designs should
comply with existing technical standards being empénted within the Electrical
Infrastructure Industry hence ensuring complianith WMF exposure limits.

(if). Line Losses.

One of the significant inputs into the determinatiof the option to be
recommended/accepted is the business outcome ingpdicte losses which are a
whole of life cost, not a once off like constructioThe tabulation below shows the
% losses expected, for a nominal line length okR@metres with the loadings as
listed, for each of the line construction configioas considered.

Line Configuration % Losses for Specified Line Loadings
Conductor Type 19/4.75 AAC| 80 MVA | 100 MVA | 120 MVA | 140 MVA
66 kV Single Conductor 8.37% NA NA NA
66kV Twin Conductor 4.19% 5.23% 6.28% 7.32%
66kV Double Circuit 4.19% 5.23% 6.28% 7.32%
132 kV Single Conductor 2.09% 2.62% 3.149 3.66%

Please note reactive losses have not been takeraccbunt and these percentage
losses only relate to resistive load, thereforg thrdy provide a relativity benchmark
for each configuration.

(iii). Cables.

For the purposes of this review the cost of cor$itn comparisons included in the
tabulations are based on the use of 19/4.75 AAGillooptions. 19/4.75 AAC is a
commonly used conductor by the Electrical Infrasiiee Industry and will ensure
good voltage drop characteristics and utilisatiboapacity.

(iv). Connection Line Capacities.
Based on the use of 19/4.75 AAC conductors thefetiEve Line Capacity” for each
of the options considered is as follows;

» Scone 66 kV Single Conductor 102 MW's.

» Scone 66kV Double Circuit 205 MW's.

 Dartbrook 66 kV Twin Conductor 205 MW'’s.

» Dartbrook 66kV Double Circuit 205 MW'’s

» Mussellbrook 132kV Single Circuit 205 MW’s



ISSUES TO BE RESOLVED

a) Easements

Although significant components of each option associated with the over building of
existing electrical infrastructure assets, NSW &idu history and new legislation
associated the approvals for easements is likelggolt in the requirement for significant
effort to gain Electricity Easement approvals. sThEsue is equally associated with each
option and significant land owner interaction via# required to resolve these matters. For
each of the routes, in many locations the existifigistructure, although being constructed
on what appears to be road easement, there is earaoce provided between the
infrastructure and the boundary fences (assumée faroperty boundary - refer Photo No
1).

Thus full analysis of the expected cost for theol#son of all these and any vegetation
issues identified along both the road and acrosster property easements, whether
existing or new, have not been completed at thigest Significant work would be required
to do so.

Photo N° 1

View of infrastructurelocation relative to boundary fencesin an
unnamed road easement of possible concern north of M ussellbr ook
[for location reference Map Overlay No|2



b) Network Connection Options

The determination of the most appropriate optiamsHamada Pty Ltd to pursue is very
dependant on the outcome of the Network Connedigplication with EnergyAustralia.
It is understood that there is likely to be sigrafit network operational stability and
reliability issues introduced by the connectiora®0+ MW supply directly into Scone area
66kV network. To fully understand this impact wdukquire detailed evaluation of the
connection at the application stage as network itiond are likely to change. There is
also an option for consideration of the 132kV catio@ options which in itself introduces
significant new issues associated with the futurategy for network development by
EnergyAustralia and possible joint ownership/us¢hefassets into the future. Avoidance
of the issues associated with the 66kV connectiptions by opting for the 132kV
connection option, may not provide the best tedinar business related outcome for
Pamada and/or EnergyAustralia. From a businesspeetive, both parties need to
consider further investigation and analysis of ami for a joint development/funded
project for the establishment of the Kyoto EnergykPScone network connection.

c) Kyoto Energy Park Scone Sub-Station Establishments

The establishment of Kyoto Energy Park Scone Satwesi(s) is completely dependant on
the final decisions related to the choice of nekwoonnection routes and/or voltage.
Whatever the outcome the Mountain Station site wtjuire the establishment of a sub-
station, location determined by best fit with theosen network connection route and
consequentially its configuration determined byelivoltage. In the case of the
Middlebrook site there is likely to be a numberagtions dependant on the outcomes
associated with Mountain Station site decisions.heyl range from a direct 33kV
interconnection between both sites to a direct 66k¥ tee off for the option associated
with the Scone 66kV Network Connection. The besations of sub-station(s) will be
driven by final line route selection as both sitese a range of suitable sub-station site
locations.
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SCONE 66kV NETWORK CONNECTION

The Scone 66kV Network Connection option has twappsed line route options (per attached
Map Overlay N1 - Option 1 approximately 18KM'’s and Option 2 appmately 13KM’s)). In

the case of Line Route - Option 1 the Middlebrodle Sould be provided with a 66kV tee off or
alternatively an interconnection at 33kV with theWhtain Station site however in the case of
Line Route - Option 2 a site interconnection wookdnecessary. There are three variations (1a),
(1b), and (1c) considered for the line route sectraversing the Scone township area from its
western side (intersection of Satur Rd and Livel@ipto the proposed new Scone 66/33/11kV
Substation site on the southeast side of the toynsh

(a)Line Route - Option 1.

Line Route - Option 1 follows the Bunnan and Sa&Ramads directly between the Kyoto
Energy Park Scone sites and the Scone Township @reis western side. From the
intersection of Satur Rd, Moobi Rd and Liverpooli8tre are three variations for traversing
the township to the substation site on the sousteea side as covered under the heading “(c)
Line Route - Options 1&2 Variations in Vicinity &cone Township” below.

(b)Line Route - Option 2.

Line Route - Option 2 starts at the South Eastemmer of the Mountain Station site and
follows a route which traverses unnamed road eastsme a easterly direction until the
intersection with Yarrandi Rd just west of its irgection with Moobi Rd. The route
continues along Moobi Rd to its intersection witttl® Rd and Liverpool Street. From this
point the route is as per Line Route - Option 1.

(c)Line Route - Options 1&2 Variations in Vicinity of Scone
Township.
(1a) Via Liverpool and Aberdeen Street, straight ahdadugh the Golf Course and

across rural land overbuilding the existing 11k\hdiwhich extends directly
towards the proposed new substation site.

(1b) Via Liverpool, Aberdeen, Kingdon and Main Streetsl dNew England Highway
to its intersection with the 11kV line referencedrariation (1a).

(1c) Via semi rural land to south of the intersectiorvbéidlebrook Rd and Liverpool
St to a location south of the golf course on thkVlline referenced in variation
(1a).
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While all three variations require further detailedamination Variation (1a) is likely to
provide the best outcome although the requirenemiaverse the golf course may present a
significant challenge in terms of easement negotiatand vegetation management (refer
Photo N 2). Variation (1b) is the least favoured giventttiee section of the route along
Kingdon St where it passes across Kelly St (Newi&ryHighway) would be required to go
underground or obtain approval from council to gerbead in a location where there is no
existing overhead infrastructure (refer Phoft8BN Variation (1c) requires the negotiation of
easement access across semi rural land (refer pifott) where there is only minimal
overhead infrastructure in existence.

Photo N°2

View across golf course from end of Aberdeen St
[for location reference Map Overlay No|1



Photo N°3

Northwards view along Kelly St from the inter section with Smith St
[for location reference Map Overlay No|1

(d)Line Route - Options 1 & 2 Construction Options.
Line construction options considered were:
» Pole mounted 66KV single circuit.
» Pole mounted 66kV double circuit.

With both these construction options there wouldhbed for overbuilding existing lines
in places where there is existing 11kV circuits.

The line design and hence construction configunatib various points along the line
route and the overall costs for each option is wi&gendant on final design requirements

which will be driven by the impacts of both easemetearance and vegetation
management issues.



Photo N°4

Southward view across semi rural land from the inter section of
Middlebrook Rd & Liverpool St
[for location reference Map Overlay No|1

DARTBROOK 66kV CONNECTION

The Dartbrook 66kV Network Connection option hapraposed Line Route — Option 3 (per
attached Map Overlay N - approximately 30km). It follows the Bunnan, adi, Moori,
Nandowra (also known as Back Mustlebrook Rd) andibaok Roads through the district of
Dartbrook to the Dartbrook Mine Site at Kayuga kowest of the township of Aberdeen. As
per the Scone 66kV Connection Line Route - OptiadhelMiddlebrook Site could be provided
with a 66kV tee off or alternatively an intercontien at 33kV with the Mountain Station site.

(a)Line Route - Option 3.

This line route presents little variations in termof possibilities however there is the

opportunity for accessing the Mountain Station sigevarious routes directly to its east via
exiting road easements as per the Scone 66kV Ctonddne Route - Option 2. These

variations would result in a shortening of the eoubverall but would require an

interconnection being established between the Moonnand Middlebrook Station sites.

Significant challenges in terms of easement negotia and vegetation management (refer
Photo N 5) are also present along this entire route a® tiselittle or no clearance between
the existing infrastructure alignments and privpteperty boundaries in many locations.
Thus final route choice will be very dependant loe dutcome of easement negotiations.



Photo N°5

Southwar ds view along Nandowr a Rd north of Dartbr ook
[for location reference Map Overlay No|2

(b)Line Route - Option 3 Construction Options.
Line construction options considered were:
* Pole Mounted 66kV twin conductor
» Pole mounted 66kV double circuit.

With both these construction options there wouldhbed for overbuilding existing lines
in places where there is existing 11kV circuits.

The line design and hence construction configunatib various points along the line
route and the overall costs are very dependaninahdesign requirements which will be
driven by the impacts of both easement clearandesagetation management issues.
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MUSSELLBROOK 132kV CONNECTION

The Mussellbrook 132kV Network Connection optiomrsed Line Route — Option 4 route
(per attached Map Overlay°lg - approximately 42km) follows the Bunnan, Yarraridoobi,
Nandowra (back Mustlebrook Rd), Dartbrook Road®ubh the districts of Dartbrook and
Kayuga, past the Dartbrook Mine Site southwardskaguga Road to the northern side of the
Mussellbrook township. As per the other connectimtions the Middlebrook Site could be
provided with a tee off or alternatively an intemoection at 33kV with the Mountain Station
site. As per the Dartbrook 66kV Connection Opttbere is the possibility of accessing the
Mountain Station site via various routes directlyits east via existing road easements. These
possibilities would result in a shortening of theute overall but would require an
interconnection being established between the Moartation and Middlebrook sites. The
same issues and challenges exist in this caserawdoDartbrook 66kV Connection Option.
There are three variations considered possibl¢hfosection traversing across the Mussellbrook
township area from its western side to Musselbi®®k on the northeast side of the township.

(a)Line Route - Option 4 Variations in Vicinity of Mussellbrook.

(4a) Via Kayuga Road, Aberdeen Street, New England Hahwo the existing line
crossing north of McCullys Gap Road and along timat easement in a south easterly
direction to Mussellbrook STS.

(4b) From Kayuga Road across farm land in line with ih@d easement just north of the
New England Highway intersection with McCullys GRpad and then as per Variation
(4a) to Mussellbrook STS.

(4c) From Kayuga Road, at a location to be determinethraf Variation (4b), across farm
land (which is preferably managed by one of theimgirtompanies with interests in the
local area) to the New England Highway then soutbe/aown the highway to the
intersection with Variation (4b) route.

All three variations require significant furthertdiéied examination; however Variation (4a)
is likely to provide the most difficult scenariosvgn its proximity to housing within the
township. While being proposed for an existingdragasement, Variation (4b), present
serious difficulties given the farms in its viciiare clearly using the easement for their
farming operations. Variation (4c) is a possibiliiven significant tracks of the land to the
north of Mussellbrook between the Kayuga Road aed England Highway are the subject
of management by mining companies.

(b)Line Route - Option 4 Construction Options.
Line construction options considered were:
» Pole mounted 132KV single circuit.

The line design and hence construction configunatib various points along the line
route and the overall costs are very dependaninahdesign requirements which will be
driven by the impacts of both easement clearandevagetation management issues.
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Line Configuration Listing

Reference Drawing Number Description
Dwg 1 520229 132kV Transmission Lines Structureefvssly
Dwg 2 514121 132kV Transmission Lines Structureefvssly
Dwg 3 514159 66kV Transmission Lines Structure Adsly
Dwg 4 514075 66kV Transmission Lines Structure Adslg
Dwg 5 520230 66kV Transmission Lines Structure Adslg
Pic 1 N/A Typical intermediate construction method
Pic 2 N/A Typical strain construction method

Note: These drawings and photo’s were supplieBgrgyAustralia

Map Listing

Map Identifier Description

Map Overlay Nol Scone 66kV Network Connection Omdio

Map Overlay No 2 Dartbrook 66kV & Mussellbrook 132Ketwork Connection Options

References

EnergyAustraliaconsultation paper - “Development of New Scon&8a/1kV Substation (to
Address Capacity and Condition Issues in the Uppatter Area) — 18 October 2007.

The Australian Radiation Protection and NucleaeSafAgency (ARPANSA) document
“Electromagnetic Fields and Possible Adverse Heatfbcts”, obtained from ARPANSA web
sitewww.arpansa.gov.au

Environment Protection Authority South Australia W\Vgite
http://www.environment.sa.gov.au/epa/index.html

B-FAST Online Magnetic Field Calculator fronttp://www.enertech.net/bfast/bfast.html

National Health and Medical Research Council “lmeeguidelines on limits of exposure to
50/60 Hz electric and magnetic fields (1989) — Radn Health Series No. 30.

Australian Radiation Protection and Nuclear Safatyy 1998 — Act No. 133 of 1998 as amended
- Prepared by the Office of Legislative Draftingda@Publishing, Attorney-General’'s Department,
Canberra.

Australian Radiation Protection and Nuclear Safeggulations 1999 — Statutory Rules 1999
No. 37 as amended - Prepared by the Office of latgie Drafting and Publishing, Attorney-
General's Department, Canberra.



WY Y9460 G002/40/0)_UBPL0"GLOVLAEL YL 0SWPOBSLY

8 [ L _ 9 s 7 € z _ !
. YIGWNN oijoyysnyAbssug >19 ng N EIEN R EEERR
2V s _ VAR _ LO Ezm_ GLOYLG on onmvaa als A el anJassaul SONIMVYQ 031VD0SSY Sla RS gamegEr | = |3 > |8
5| = p=faut=t =3 M
- ON WdLrdd 68E6 1567 XV 8BE6 L56Y TIL ClegEREEEETAT R | = 2 |_| = (8%
16750787 3I0va | 82 MSN'ONISTIVM Gd J1SVIMIN Sv Flz8= 22 122 |ale |E]2 |22
372 0%L-S SHLIID D 03A0¥ddV AB Nais30 Bogal =85 1) 2 2.5 [E]= |29
: ATEWISSY 3UNLINYLS sva wowo| -El[EASNyADISUF NS2 SRR ERd Bu Bi° (B]- 22|
=T : m
SINIT NOISSIWSNVYL AM99 SHIONNVS ¥313d NMYQ o 5ESE"IF| STHT PRl slz | =
by o, "
- QINDISIA | L2528 .\. \mnw....\\s.. 83 B8 | | grDe A
NOILINYLSNOI QYVANV LS o g ® g ; e
s IIVIS a : =
AL0 | on oug NOLLdI¥IS3a Wall "2¥S LON 00 “ISIMHIHLO GILON SSIIND STALIWITIW NI SNOISNIWID 1V v@
1 1 | womsay 3/2 115 3dAL ONV 3/2 04-5 3dAL ILRONOI-3T0d | | ——— e 1
1| sozozs-zv INIJWIONVAEY ONIHLYV3 3LV 1d 110G 3104 3URN0D | 2 muv | T _
T (Z 3LON 335) LNIWIONVRIY ONILOO4 3104 3B0N03 | € i i
wy | monis-ev sdus3od | ¢ | i |
e | onnsey 2 - INIWIDNVAUY ¥OLVINSNI 1S0d 3N TVINOZRIH | § | |
3 e | samsey Z - INIW3IINVAUY DNIGNOS GNY ONLINROW ONVE 3T0d | 9 | ]
£ | esoms-ov (7 310N 335} NOISSAWOD NOISNIL-NON - 3A33TS | L — Lose ale
5 | ezom-ev € - INJWIONVYYY ONIILS JOLVINSNI GOINOT At99 | 8
1 | oswsis-zv V2 - LNJWIONVAHY DNLINNOW NOLLVNIWNIL JIMHLYVE Qvanuano | 6
055 NOILVIOT AVLS
a - 0SS a
3 3
- osee
0122
q ]
- ossl
'SINIWIHINDIY AYOLALYLS FHL HLIM SIIAWOD SHOLINGNDD
3SVHd ML WO¥4 TINVAVIT) UM AVLS JHL LVHL OS GITIVASNI 38 0L SAVLS 'S
"SYOLINANOY NIOF 01 G3UIND3Y NIHM G3SN 38 0L SIATIIS NOISSUAWOD NOISNL-NON
206 NVHL SS37SI NOILVIA30 N1 J3HM G3LLI 38 0L UV 'S WAL 'SYOLVINSNI LSOd INIT'E
"SINIWFINDIY ONHLYVI Q3SSISSY B
TIONY NOLLVIAZG '3
SINIWZUINDR AVLS 2
3ZIS UM HLYVI QVIHIIAQ ONY HOLINONDD P
"H1d30 310d GUVONYLS OL SNOILVIRIVA o0z
v "SLNIAZUINDI NOILYANNDA TVD3dS 4 v
‘HLONIULS ONV HLON3 310d 0 0
TINGIHIS 3N FHL WOY4 INIVLEO 38 OL SI NOLLVAHOINI INIMOTIOS IHL T
"SNOLLIGNG? T1v 330NN G35 38 0L SHOLYTNSNI GO¥INOT A%99 '+
‘310N
8 L 9 S ki € 4 3




8 7 7 9 5 Y €

9| ~
]
ki
W0l
)
g

057

L
Y s 7 O Wy 7 _\O EIL _\N_\ 1 m “ON ONIMYYO als R SONIMYYQ Q3LVIDOSSY

T QHInY
e
NMO
QIONVH)

“0300V 7 310N MIN'SL

3Lva

[ON Hdirdd 68E6 1561 XV 88E6 1564 131
76710762 ILv0 | £82C MSN'ONISTIVM Q¥ JTLSVIMIN S7l

173009 STOHIN' 03A0¥dd¥ N9IS30
ATEWISSY FdNLINYLS SV ERBERE
SINIT NOISSIWSNVYL AdZEL S'd NMv30

STOH)INI Q3NDIS30

NOILINJLSNOD QyVANVLS w s

S'd

‘03Lvadn

1SIT WIHILYIW ONV S3ILON

Sd

16 -5~ 87
S'd
03INYH) "A10 & W3LI
16 -1~ 1L :
06 -0- €
3NSSI IVILINI

S'd
YIGANN 030 L WILJ

SW3LI 01 SNOILYYILTY

16 L 61

SV'd 0DH)

1 01 QIONVH) 31VIS

STOHIN [

L00C/2L/10
SINOM TIHd 03NHI
S3IHDNH AdVD ‘NMQa

ONIMVYQ av)

HONNO) NIHdILS Aq 0.ddv
SINIWANI WYV

03Lv0dN ¥3IGWNN DNIMVHD
ONIWY ATIVANYIW LON 00

*ALD | "ON'DYQ NOILdI43S3d W3LI 37¥3S LON 00 ISIMYIHLO 0ILVIS SSIINN SIULIWITTIW NI 34V SNOISNIWIO v "
(03N03Y SV ILIINDD - 310d | L H

0TS € ININIONVYYY ONIJLS ‘QOYONOT ANZEL - ¥OLVINSNI

8sL7Ls ¢- INIWIONVHYY ONIONOE ONY ONILNNOW ‘310d - ONVE

QEL7LS 7= INIWIONVHYY ONIINNOW 'LSOd INIT TVINDZIMOH AAZEL - ¥OLVINSNI

L 602025 INIWIDNVEY L1NE 310d 1331S/3ILIHINGI - ONIHLEV3I

€ €505 {4010NONQY 1INS 0L} NOISSIYAWO) ‘NOISNIL NON - INIOF

14
3
M
057615 VZ- INIWIONVHYY ‘NOILVNINYIL QVIHYIAD - RAIMHLEVI| §
9
L
L LEEZLS (1 JLON 33S) INIWIONVHAY '310d 3134INGD - ONILOO4 | 8

ANSSI NOILINILSNO)

0069 —

00€9

(€ 310N 339)

0oLy

(7 310N 339)

0008 —

SINIWRINDIY AYOLNLVIS FHL HLIM SITdWO) SHOLINONDD

ISYHd JHL WOYd JINVHYIT) JHMAVLS JHL LVHL 0S OITTVISNI 38 0L SAVIS ‘L

“3710d 3134INOD L NO 31NYY34 HLYv3
13315 SSIINIVLS CIW NV 0L Q3ONOE 38 01 SI J4M HI¥VI QVIHYIA0 JHL 9

0061
030 06 NYHL

SS31 I NOILVIAIQ 3NIT 3¥3HM Q311 38 OL 3§V SYOLVINSNI 1S0d INIT S
“SY0LINANG] NIOr 01 Q3YINO3Y NIHM Q3SN 38 0L SIAIITS NOISSIIAWOD NOISNIL-NON ™1

"SNOILIONOD 1TV ¥3ONN 035N 38 DL SYOLYINSNI OOYONDT  °€

“YINDISIA INIT IHL AS OINIWYILI0 38 0L S)
ANIWIONVHAY SIHL NO 03L1INHLSNOD 38 0L 310NV NOILVIAIQ INIT WRWIXVW 3HL  °Z

9 310N 335 —

“SINIWIINDIY ONIHLYYI 03SSISSv (D
"INV NOILYIAID
SININTAINOT AVLS
371 M H1YVI OV3IHYIA0 ONV ¥OLINANO] ISVH
"H1d30 INJWO3EWI 370d
“SINIAIYINDIY NOILVANNDS TV1D3dS
‘HLONYLS ONV HIONIT 3704 (0 '

00Z

|
|
(S 3LON 335) 5(\
g
|
b
-]
t

=y

'3INQIHIS NOILINYLSNOD 3HL WO¥4 OINIVIE0 38 0L SI NOILVWYO4NI ONIMOTI04 JHL 1 §
SI10N




8 ] L | 9 1 g ] v | ¢ ¢ l
> KD e
v B oon | B
O M\O OONlm SONIMYYd Q3LVIOOSSY fe=esil (2 ko
. L ATENISSY FUNLONYLS e
. e
SESNE NG I 1
) e ik, 10 ALY EiEo 2 | £ |2 <3
el SANTT NOTSSINSNYHL AM99 Ceta B T laf
SHLI44149 *Q TG v 0 A 9 LR N EL =
FE=R Sl P, B
£q_g3styoniny onimvyal V6 ~8- 61 *3L¥0 vegs 270 G2 3
HONvHE S301A¥3S NO1S3Q G2 @ | :3793s] Lhotdon ALIOIYLO3T3 ONVILYOHS n% I
‘ALD vmoo%mm *ON'9Y4d NOILdI¥3S3a N3Ll IWIS 10N 00 3ISIMY3HLO QILYLS SSIINN SILINITIIN NI 34¥ SNOISNIWIQ
= | 091p1-2¥ 3/0 002-G 3dAL  ILIHINOD 3104 |
3 191b1~2v |S-Y¥Y ONIGNOS ONY ONILNNOW HOLYTWNSNI 1SOd 3NIT°ZIHGH 3NIT QY3H,0 z ) {
| 880 1-2¥ 1~ ININIONVHYY NOISNIJSNS 3HIMHINVI QVIHYIAO 3 _ | m
| 60202-2¢ INIWIONVYYY ONTHLYV3 3LV1d 1LNG 310d 3L3YINGD [ _
| 1EE2I-EY INIWIONVHYY INTL004 310d LIYONGD S ; ! _ M
g{p.bes o] 60s.8 | veovi-sv (Z 310N 33S) J3LS 370d 9 _ =l _ = # ’
- ¢ =
Gl+lSG -T N e NI :
T _ Py
| S Y
| NOILISOd *1°S 0059
_ NOTLYNINYAL *0°8°V *A"1 00z8
o NOISNIdSNS *0°8°Y “A*7 0508
g B .
_ < NOTLISOd Ad) 0019
wr | o | mam ==
5981~ z501 /4 ¥010NANOD _ /@ NOILYO0T AVLS I/ P
] = — — 008y
- £201- 8 . .
598 H0L0NNOD Py ot Py M |
el 10l ¥, ¥0LONANOD 82°11 00°¢ 0'v2 Lﬁ\v
) . ] 8e°9) 06'2 0-¢2 U | — — Sheg
FINID QY071 £9°G SL°2 512 oLLe - S
J 851~ phe WIHO 89°€) 092 0°0¢ ! _
T €8zl A3 5°gl | o _
ALY Woud m m m _ _
HLd30
$135440 N, awvanvis | HLONIT . 4~
JYLIN3ID QV0T ONV HOLONANOD .0, 370d ﬁu M
u ® 4 |
g f Sv81
L ANLYQ A%99
m v |
n *0300Y 39V SLINOYID AV/AMLL N3HM QITIVISNI 38 ATNO TIVHS Sd3LS 310d 2 : :
SINIWIHINOIY ONIHI¥VI Q3sSassy (B | _
319NV NOILYIAIG (3 ' )
SINIWIMINOIY AVIS (@ | _
$3ZIS *M*3°H'0 ONY HOLONONOD (P : :
HLd30 3704 GYVONYLS OL SNOILVIMVA (O | |
SINIWIYINO3Y NOILVONNOS WIJIdS (4 : X
v HION3T 300d (D | _
£37N3IHIS INIT 3HL WOY4 OINIVLIE0 38 OL NOTLYWYOINI ONIMOTI04 FHL ‘ ! Av L -
tSIION w ANLYQ “#°3°H°D w ,
8 I L | 9 [ S | 2 ¢ I 4 |




8 7 L 7 9 S 7 £ z L
v s 7 | ow 7 L0 EIL YAANVASERE TS als R el aAJasJau] SONIMYYA 03LVID0SSY S——————t > |8
5 Il 335%8|%|2| [=lz2
N dlryd 6BE6 1567 XV4 88E6 1567 131 el SR8z RAF || |S=
207077 V0| L822 MSNONISTIVM 0¥ J1LSYININ S z| Z9=27|8lg|zlz |5
1/30%¢-9 STOHIN'T 03A08ddV AB. NoIsia v TE8z8Z|%|E|e|EQ
- RES|IT|=|T =
ATEWISSY 3dNLINALS s oo | -EIENSNYALIBUS A NI
o Z e I =
SINIT NOISSIHSNVAL ANZEL z invag I LS
. 3
NOILINJLSNOD QyVANVLS 3| § Z e
szi ERRED g G
10 | ‘onoug NOILdR1S 30 Wall WIS L0V 00 ISIMUHIO Q3LVIS SSTINN SALIITIA NI 3V SNOISNIHE
' (03¥N03Y 5¥) 31RONOI - 3104 | '
£ 19715 | PE- INIWIONVEEY ONIONOB ONV ONILNNOW 1SOd 3N TVINOZIOH - dOlvinsNi | ¢
' L5t DI= INWIONVERY ONIINNOW NOISNIASNS OV3HEIAD - AIMHLAYI | €
' 602025 INIWIONVERY 1108 310d 13315/31IN0I - ONHLEvI | o R
' 1E€as L 3LON 3351 INIWIONVAY 310d 3138IN0) - ONILOOS | & : _

ANSSI NOILONALSNOD |

- oS
|

s

2 310N 339)
\I/o NOILYIOT AVLS

| - oue

310d ILONOI 3HL NO 31NR3H HLAY3 !
3315 SSTNIVIS ZIW NY 0L QIONOB 38 01 SI JuIM HLYY3 QVIHAIAO HI 7
YINDISI0 INT ML AQ OINWALI0 36 0L SI -
INIWIONYSSY SHL NO G31DN4ISNO) 38 01 JTONY NOLLVIAIO NI WOWXVW 1 €
“SINIWRINORS AYOLNLYLS ML HLIM SITdKO) SU0LINONO) ,
5YHA L WOMS INVAYID) JAIMAYLS ML LVHL 05 03TIVISNI 38 01 SAVIS 2 ;
|
“SINIWIANDRS ONHLYV3 0355355V (B :
TONY NOILVIAJD 4 < 4 300N 755
SINIWRINOIY AVLS (8 >
3215 RN HI4Y3 OVIRIIA0 ONV J0LINONO) 35WHd (P .
HLd30 INIWO3BK 10d ,
‘SINIH3ND3Y NOILVONNOS WID3dS (9 P
HLONHLS ONY HIONIT 370d (0 . 5

“TIN03HDS NOILINGISNOD W1 WOd4 O3NIVIS0 38 OL SI NOLLVWAOIN ONIMOTIOH 3HL 0

|
0

SI10N ;




] | L | 9 ] | 17 ] ¢ ] ¢ | |
SONIMVYQ d3LVIJO0SSY |
. — = EEE R
" z| 5T _ |58
- AT1ANASSY JUNLONYHLS | IPEEE o
; \\\ ..9:.5« o mw 2 2
et oaml  SANIT NOISSTWSNYHL AM99 LEE
TOHDIN 1 'S'd  :Navug REs|ak 2
£9_3sTHOHINY oNTnvyg| Y6 —8- 61 f3iv0 v P L
HONvVHE S30TAH3S Nols3@ | G2 : |  *379s] swotbhoo ALIJTHLI3TI ONVILHOHS % o
‘ALD vw_%%mm *ON"94Q NOILJIYOS3a W3LI 39S LON 00 ISIMYIHLO Q3LYLS SSIINN STULINITTIW NI 34V SNOISNINIQ
- | v8Lyi-2y 3/9 052-5 ONV 3/0 0v2-S 3dAL  3L3¥ONOD 310d |
¢ 1911~z | DE-H¥Y ONIONOG ONV ONILNNOW HOLVINSNI LSOd INIT'ZINGH INIT QY3H,0 z
| 8907 1-2¥ D|- INIWIINVHYY NOISNIASNS FHIHL¥YI 0V3IHYIAC 3 | } 7;.1 lx_
| 60202-2Y INIWIONYYYY ONTHLEY3 3L¥1d LING 370d 3LIHINGD v M T
| 1£621-¢v ININIONYHYY ONILOO4 3704 IL3YONGD 5 _ _ _ _
A A \bv
I . 19
: <
ShbS
olgg -
a _ J
R 40L0NNOD _
0081 0 JYINID QY01 _
S9bE- 9v0} 2 ¥0LONANOD w
- 0201 8 !
599} 8, H0LINANOD pwTy e 09 |
sel v10l . $010NANOD 697Gl 00°¢ 0°re X
o 0 WIHO 6L'b1 06°¢ 0°¢C
JYINTD QY01 Y [YRE 51z
b} 851~ bbs WIHO 6021 09°2 0°02 Spog
X X [P Sh°e D _
AALYQ WOud m m m . g
HLd30
S$13S440 N, awvonvis | HLON3 _
JYIN3D Qv07T ANV dOLONANGD .0, 310d |
M NOILYD01T AYLS
ﬁ | 02z
]
WNLYQ AM99 sr
B SINIWIYINDIY ONTHLYY 03SSISSY (D |
JIONY NOILYIAID (4 .
SININFYINOIY AVIS (o _
SIZIS *M*3°H'O ONY ¥OLONONOD (P .
HLd30 3104 QWYONYLS OL SNOILYIWYA (0 |
SININIWINDIY NOILYONNGS WI03dS (4 X
v HION3T 3704 (D |
£3IN03HOS INIT IHL WO QINIVLIEC 38 OL NOILYWMOSNI ONINOTI04 3HL ‘)
FESTAN 054 051
*S310N : i ANLYQ “K"3°H'O ;
I 0 _ 0
8 | L 1 9 ] I b | £ | 4 1




PIC 1 - Typical intermediate construction method




Pic 2 - Typical strain construction method
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