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2.1 Introduction to Engineering Design
The engineering design process is the steps a designer takes from identifying a problem or need,
through to creating and developing a solution that solves the problem or meets the need.
The basic steps of the engineering design process for Infrastructure of the SKA will be:
Engineering Design Term

As it relates to SKA

Define the challenge

Where are the Work Package interrelationships

Undertake the appropriate background research

Undertake the studies/audits on existing
infrastructure

Specify Requirements

Outcomes of studies/audits. Define scope

Identify potential alternatives

What are the options

Choose the solution most appropriate to the
project

Consult with the stakeholders and align the
options with the project requirements

Design the solution

Undertake Concept Design - Stage 1

Refine and Redesign

Undertake Prelim/Detailed Design – Stage 2

Stage One
The INFRA AUS Consortium notes the biggest initial challenge during Stage 1 will be the lack of
known specifications and requirements from the other Work Packages which it depends upon. For
example, the consortium is required to design and engineer the foundations for the dish arrays at the
MRO. However, during stage 1, the manufacturer of the dishes will not be known; hence the size and
specifications for which the foundation needs to be designed to, will also be unknown.
Given our experience and on-going involvement in the design and construction of ASKAP and MRO
infrastructure (Appendix C), we expect that much of the initial scoping and definition work will be
based around demonstrating to SKAO that the consortium understands how to solve the infrastructure
design requirements in a functional and cost effective manner, using the best input possible from the
other consortia on infrastructure requirements for their Element. In reference to the foundation
example, we would expect to prepare concept designs demonstrating a dish foundation typical of the
design requirements fitting of the region. This includes wind region engineering requirements,
previously encountered geotechnical conditions and incorporating elements gained from experience
on ASKAP such as constructability and safety in design.
The concept designs for the various Sub-Elements will form the INFRA AUS Consortium outputs for
Stage 1, together with the findings and recommendations from various options studies such as the
power study, as noted in section 2.3.
At the end of Stage 1 it is expected that the INFRA AUS Consortium will participate with SKAO and
the other Work Package consortia to ensure that a vigorous review of stage 1 outputs is undertaken,
so that the SKA1 scope can be refined and sufficient specificity provided that detailed design of an
achievable and affordable SKA1 can be undertaken.
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It will be necessary to identify and document the interrelationships between the Work Packages such
that all of the interdependencies are catered for within the preliminary design process. This is vitally
important, not just to the INFRA AUS Consortium, but for any of the consortia relying on another
Element within the project. What could be considered a minor change within one Work Package could
have significant impact on another.
We make note that the INFRA AUS Consortium has been awarded grant funding through the
Australian Government (DIICCSRTE) to complete works on Stage 1. Additional funding arrangements
will need to be sought in order to commence Stage 2.

Stage Two
At the commencement of Stage 2, when the design inputs received from the other Work Packages
have been refined, the consortium will conduct a detailed design. It expected that the outputs from the
INFRA AUS Consortium at the end of stage 2 will consist of drawings with technical and dimension
specifications. These will not be supplier specific but will be sufficient to go to tender award for
construction.
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2.2 Site Monitoring
Understanding
The INFRA AUS Consortium recognises that existing regulatory measures and procedures that have
been established to date do not guarantee radio quietness and must be complemented by appropriate
RFI radio monitoring hardware, RFI data archiving, analysis & reporting tools and procedures and that
at least one centrally located radio monitoring station on each site is essential. The INFRA AUS
Consortium has designs available for equipment to monitor Radio Frequency Interference (RFI),
tropospheric stability, and weather parameters including wind, temperature and humidity.
The INFRA AUS Consortium has current experience with monitoring work as CSIRO is the MRO
Entity, and has undertaken monitoring over many years at the MRO (Appendix C). In addition, CSIRO
staff have extensive experience in RFI monitoring and analysis at the existing ATNF Observatories,
including capabilities in software development, data analysis and archiving. INFRA AUS Consortium
suggests the reuse of existing instruments and resources on the MRO wherever possible.

Approach / Methodology
The Infra AUS Consortium believes that it may be the most cost-effective solution for arrangements to
be put in place for the instrumentation that is already deployed for the MRO and the data that are
provided from these instruments to be made available to the SKA Organisation for review and
reporting purposes. Using this approach the requirement for the design, installation and maintenance
of additional monitoring equipment is greatly reduced.

Proposed Solutions
RFI Monitoring
In response to meeting the requirements of this package, the INFRA AUS Consortium has taken into
the consideration the following:
Radiocommunications (Mid-West Radio Quiet Zone) Band Plan 2011 provides regulation pertaining to
the monitoring and control of RFI and RALI MS-32 ‘Coordination of Apparatus Licensed Services
within the Mid-West Radio Quiet Zone’ specifies RFI threshold levels and coordination procedures for
intentional emitters.
The Australian Media Communications Authority (ACMA) is restricting spectrum license use within the
RQZ, and ACMA class licenses include limitations on the deployment and use of specified classes of
mobile and nomadic wireless devices within the RQZ.
Significant measures have already been put in place at the MRO in order to protect and control the
supreme radio quiet nature of the site from self-interference. Document ASKAP/MRO001 ‘RFI
standards for Equipment to be Deployed on the MRO’ (15/10/2010) addresses emissions from
unintentional emitters on the site. The latter outlines the shielding and electromagnetic compatibility
(EMC) issues relevant to equipment deployed to the MRO, which is relevant to both CSIRO and
collaborator instrumentation.
Radiomonitoring requirements extend to source identification, classification and tracking of near-field
(i.e. EMC) and far-field RFI emitters, including steady-state and time variant emissions from terrestrial,
airborne and space platforms.
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It is useful to incorporate radiomonitoring hardware that is independent of the actual observing
instrumentation, noting that significant RFI information will also come from ASKAP and MWA on site,
and later from SKA1 instruments
For the MRO core, the RFI radiomonitoring antenna location requires a careful analysis of the range of
constraints, including site elevation, separation from dominant EMC sources, structure height,
construction and maintenance costs and HSE issues, as well as local environmental constraints
The design of an ideal RFI & EMC monitoring station should include the identification and appropriate
consideration of the different use cases:
(i) Site RFI & EMC characterisation, preferably over the full spectrum range of interest to radio
astronomical observing, including deep time-integration surveys, transient capture, analysis against
appropriate Figures of Merit and archiving of the results.
(ii) New RFI/EMC source hunting – capability for real-time identification and analysis of new sources
by CSIRO staff. The use of COTS radiomonitoring equipment with standardised software
interfaces and web connectivity allows for remote site RFI/EMC monitoring, including source
hunting, (ie. via web interface, CSIRO staff with access to the system can assist from anywhere)
(iii) Compliance checks on licensed Radiocommunications in the area. The characteristics (power,
emission, antenna height etc.) of known licensed Radiocommunications services are detailed on
publically available ACMA databases. Software integration of such databases with the
radiomonitoring system allows for the correlation of known licensed sources against actual
received RFI signal levels. Time-series capture and archival of such signal levels will provide
science value in the form of future improvements to the characterisation of the RQZ propagation
environment and related time-variant prediction models.
CSIRO engineering staff have the skills and experience to design, develop and build state-of-the-art
receiving systems, including for RFI monitoring for transient capture & deep surveys.
Some COTS wideband receiver products offer good performance and many excellent features
desirable for a remote operated radio monitoring system, in particular for investigating steady state
EMC and RFI sources;
There is a need to optimise the design of the monitoring systems for long-term functionality, reliability,
operating effort and costs.
The solution that CSIRO is planning to implement on the site is a COTS product based RFI monitoring
system (Fig.2.2.1) developed by CSIRO staff. This will be deployed at the MRO on a suitable tower,
with RF-over-fibre data feed to a Rohde & Schwarz EB-500 radiomonitoring receiver backend located
within the RF-screened MRO Control Building, to provide RFI monitoring data and remote operations
capability.
Technical information on the (COTS) Rohde & Schwarz radio monitoring receiver is available
fromhttp://www.rohde-schwarz.com.au/en/products/radiomonitoring/receivers/EB500.html
The RF-over-fibre system is a spin-off from the ASKAP development.
Potential exists for this system to be expanded through the provision of further monitoring
infrastructure, including additional receiving stations appropriately located towards the ends of defined
array arms.
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It is expected that selection of the remote antenna system location will be determined during the first
half of 2013. CSIRO also has a more sophisticated system under development. Details of this system
were presented at the Asia-Pacific EMC Symposium in May 2013. If funds were made available it may
be possible to deploy such a more sophisticated system on the SKA sites.

Figure 2.2.1: Proposed MRO RFI/ EMC Monitoring Hardware Block Overview

Weather Monitoring
As part of an Australian government grant for the provision of renewable energy infrastructure at the
MRO, funds have been provided for CSIRO to provide environmental information (such as weather)
on the site via a web interface to educational institutes. The information will be provided in standard
formats and will be suitable for the SKAO to use to extract relevant site characterisation information.
There is an existing weather station on the MRO site, but it was installed at an early stage of MRO
establishment before the stringent EMC requirements on site were introduced. The MRO operational
plan involves moving this weather station to a more suitable location and providing some additional
stations towards the outer extremities of the ASKAP array. Systems have been purchased and, as at
May 2013, are undergoing RFI testing at CASS headquarters prior to deployment of site. Deployment
of an additional system at the Boolardy Station homestead is also under consideration. It is proposed
that the instrumentation that is deployed for the MRO, and the data that is provided from these
instruments, could be made available to the SKA Organisation.

Tropospheric Monitoring
Tropospheric monitoring equipment was deployed on site and data have been collected. The system
is currently not being operated, as its electronic support equipment has not been qualified for
deployment at site now that the site is operational and stringent RF-screening requirements are in
place. If funding were made available, it may be possible to modify the experiment so that the backend equipment is brought into the screened MRO control building, and the monitoring equipment could
be brought back into operation.

Impact of Solutions
The solutions proposed above represent low risk to the SKA project. They take advantage of the
extensive expertise of CSIRO officers, and utilise plans, design and equipment that is already being
deployed or under advanced development prior to deployment. There is the potential for the COTS
RFI monitoring solution to miss some hard-to-detect RFI, and the Infra AUS Consortium consider that
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the SKAO may wish to consider providing funding for further development of the advanced RFI
monitoring system that is being developed by CSIRO.
The cost implications of the solution are minimal as the solution makes maximum re-use of equipment
and data already being deployed and obtained at the MRO by CSIRO as part of its MRO operations.
The SKAO may wish to consider the cost benefit of funding deployment of the Bedlam RFI monitoring
system on both sites. The benefit of undertaking further tropospheric measurements also needs to be
considered.
The proposed solution is already well advanced as part of MRO operations.
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2.3 Power
Understanding
For the proposed SKA infrastructure in Australia, the INFRA AUS Consortium is required to oversee
the delivery of power solutions to operate SKA1-survey and SKA1-low, including all power
requirements of the observatory at all Australian SKA1 facilities and locations. In Australia this
includes the infrastructure at the MRO, the MSF and the Pawsey Centre.
It is understood that the inputs from the following Stage 1 Sub-Elements form inter dependencies of
the power Work Package component, which will inform the power requirement and ultimate
infrastructure design in Stage 2:
x
x
x
x
x
x
x
x

SKA.TEL.DSH.PWR – Dishes Power Requirements
SKA.TEL.LFAA.PWR – LFAA Power Requirements
SKA.TEL.SADT.PWR – SADT Power Requirements
SKA.TEL.CSP.PWR – CSP Power Requirements
SKA.TEL.SDP.PWR – SDP Power Requirements
SKA.TEL.MGR.PWR – TM Power Requirements
SKA.TEL.SAT.PWR – SAT Power Requirements
SKA.TEL.INFRA.PWR – Site and Infrastructure Power Requirements

Also included within this Sub-Element will be solutions and design of the reticulation networks and
filtering, and a review and recommendation of the power conversion and back-up power requirements
at each of the SKA facilities at the aforementioned locations.
The inclusion of uninterruptible power supplies, the design of power smoothing, and ability to deal with
surges shall be determined following inputs from the other interdependent Work Packages. The
INFRA AUS Consortium has developed significant experience from its involvement with the
development of the power solution for the MRO (Appendix C). We will use the learning’s gained from
the extensive collaboration with the CSIRO and its integration into the service of ASKAP and the MWA
to guide the fulfilment of this Sub-Element.
x
x

Stage 1 will provide the analysis and make recommendations for the most likely solutions for
the delivery of whole of life cost effective power to the project.
Stage 2 will provide all of the documentation required for the SKAO to engage with industry
and procure sufficient power to meet its needs.

Furthermore, the INFRA AUS Consortium’s partner, RQZ Solutions, will provide oversight and design
support during both Stages to ensure the radio emissions from the infrastructure is compliant with the
guidelines for the MRO and the SKA in general.
Given the interdependency of design with RFI implications, the INFRA AUS Consortium acknowledge
that the design needs to be tightly coordinated through a review of the RFI implications.

Approach / Methodology
The consortium proposes that the development of a power solution be founded upon a detailed
analysis and feasibility study given the projected power requirements from each of the interdependent
Work Package consortia as noted above. Opportunities to utilise the existing MRO power station will
also be investigated as it can provide material difference to the design of an optimal power solution for
Phase 1.
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It is assumed in this work that other Work Packages will be minimising Whole Of Life costs as a design
requirement, and so it can be assumed that minimisation of power consumption will be an important
design consideration for the other SKA Elements.
During Stage 1 we will analyse a range of options for the power provision. In this regard the
consortium also proposes to collaborate with certain European agencies that have expressed an
interest in participating in the SKA project, as outlined in sample Capability Statements and Letters of
Intent included in Appendix B.
Once the loads from all Work Packages have been determined, the data will be modelled using
Paladin Design Base software to determine the loads flows, voltage drops, fault levels and power
factors. The preliminary design of the electrical system will be based on the outcome of these models.
During the SRR and PDR at the end of Stage 1, when power requirements will become better
determined, we expect that a preferred option for power provision will be able to be identified.
In order to undertake this study the locations of new antennas and other facilities must be finalised
and accurate power station electrical data will be required.
The following deliverables can then be prepared:
1.
2.
3.
4.

Load flow and fault level study report
Earthing study report
Preliminary drawings
Preliminary design report

These reports will then be reviewed in accordance with the deliverables and a detailed solution and
design drawings can be prepared during Stage 2.

Possible Solutions
The final design will be dependent on a number of variables which will require ongoing feedback,
reporting and input from SKAO and interdependent Work Package consortia. The INFRA AUS
Consortium’s proposal to conduct a detailed design study, drawing upon both local expertise and the
broad and deep expertise available from a range of European collaborators, provides the best
opportunity for identifying the optimum Whole of Life power solution for SKA1 in Australia. INFRA
AUS Consortium has been closely collaborating with SKA SA on the engagement of European
partners with the intent that the investigations towards optimum power solutions can be a global
endeavour.

Impact of Solutions
By drawing on as wide a range of expertise and partners as possible we minimise cost and risk to the
project by maximising opportunity to identify optimum solutions.
Presentation of a realistic load profile and clear statements about the required reliability, periodic
maintenance, etc are essential to de-risk the design and procurement process. Receiving this
information from the other Work Packages before Stage 2 design work starts is essential. By drawing
on the expertise of both local and international groups we will access leading information on future
technology trends. This is important to enable identification of best technologies that are appropriately
mature at the time of construction.
There would be significant savings to the SKA project if the power infrastructure could be provided
early so that power is available during construction.
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Possible early work packages that can be carried out are:

x
x
x

Supervisory Control and Data Acquisition (SCADA) Functional Specification between the
power supply system and the telescope management arrangements.
Generation Operational Standards and Procedures. that provides alignment with the SKAO’s
operational requirements
Generation Operational Health & Safety (OH&S) documentation that provides alignment with
the SKAO’s OH&S requirements.
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2.4 Access
Understanding
This section covers the requirement to comply with the items as stated in the SKA.TEL.INFRA.ACC
Sub-Element Work Package. The INFRA AUS Consortium considers itself experienced and compliant
with this Sub Element given its experience with the existing facilities on ASKAP.
It is anticipated that the existing infrastructure at ASKAP be expanded to cater for the requirements for
SKA1 to the same or a similar standard.
The roads, airstrips and all necessary equipment are to be able to cater for the construction period in
addition to the day to day management of the facility.
The SKA1 project works will require access roads to the building facility and each of the telescopes,
which are expected to be of the same standard as those provided for ASKAP.
This involves design of new road alignments and their corresponding intersections and upgrading
existing roads/tracks to acceptable design standards, including signage.
We note that the Infrastructure Access Sub-Element mentions the possible design of an airstrip and
associated facilities. Our understanding is that the current airstrip is RFDS compliant but the adequacy
of this will need assessing in light of the next stage of work.
The requirement for upgrade to existing roads and track, as well as the determination of the
requirement for new roads and track will be determined following final confirmation of the antenna
locations. Associated with this, the exact extent and road alignment will be sensibly reviewed with the
required power and communications cables to wherever possible reduce capital cost.
The INFRA AUS Consortium will work closely with project team undertaking configuration studies for
SKA1 to assist in maximising the cost benefits from utilising existing roads and minimising expensive
water crossings in the design. Other work and initiatives that will be considered as part of the
Infrastructure Access Sub-Element design execution include:

x
x
x

Experience from ASKAP will be used (Appendix C), ASKAP has deployed a road from the
public road to site and access tracks to all 36 antennas
Public gazetted road from Geraldton to MRO - requirements to be sought from SKAO
Studies of rainfall and risk of access studies to comprehend access restrictions in order to
inform road standards required and maintenance regimes.

Approach / Methodology
Design Standards
All the roads will be designed on the basis of a ‘fit for usage’ criteria, still ensuring safety during
operation.
Road design and construction techniques will be consistent with the general practice pursuant to the
location, and are expected to be predominately one way with sufficient width to pass safely.
The INFRA AUS Consortium will use design vehicles as stated in the table below. Any other specific
access vehicle requirements will be assessed during the preliminary design stage.
The grade used for the road design will consider functional and operational requirements of the
building facility.
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The Main Access road to the site was designed as a 6.0m wide gravel road; whilst all existing and
proposed access tracks to Antennas are expected to be designed as 4.0m wide 4WD tracks. In order
to minimise ongoing maintenance, scouring and excessive earthworks, the cross section profile will be
designed so that the edge of the shoulder will be approximately matched with the natural surface.
The other design criteria used for the road design are as follows:
Road

Design Speed
(km/h)

Width
(m)

40 or

Access Vehicle

Cross
Fall

During Construction

During Operation

All weather 4WD and
42T Semitrailer in good
weather

All weather 4WD and
42T Semitrailer in good
weather

3%

3%

Main Access

meet existing
design speed

6.0

Existing Tracks

30

4.0

Semitrailer in good
weather

4WD and Telly Handler
in good weather

Antenna Access
Tracks

30

4.0

Semitrailer in good
weather

N/A

Antenna installation areas will be designed with a concrete footing surrounded by cleared areas to
enable crane and maintenance vehicles (telly handler) access during installation and maintenance
periods.
Each cleared area is expected to be approximately 25m x 25m but is subject to physical feature
review onsite. Access will be required up to the side of the antenna mast to allow parts handling into a
vehicle immediately south of the antenna access door. This may require some local grading as vehicle
parking on top of the footing will be required.
It is noted that the roads and access to both the Pawsey Centre and the Murchison Support Facility
(MSF) is existing gazetted, and paved all-weather access.

Possible Solutions
Road and Drainage
The philosophy for construction of the All Weather Access Road (which will need to be maintained
during construction of SKA1 and subsequent operation) was as follows:
x
x
x
x
x
x
x
x

Follow existing tracks or previous routes to minimise disturbance to vegetation
Leave the natural water courses as is
Construct the road so as to allow runoff to cross the road at designated points without culverts.
Provide crossings for these water courses via drive through floodways
Create a subgrade formation for the road by ripping and excavating material from both sides of
the road forming table drains and using this excavated material to raise the subgrade level of
the road.
Sheet subgrade with local gravel to improve wet weather drivability
Provide outer berms outside of the table drains so the outer berms will trap or direct minor
cross country flows to the floodways
Design the table drains to retain runoff from the road surface in light storm events (1: 5 year
storm events of medium to long duration)
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x
x
x
x

Construct the table drains in short segments so as to retain runoff, minimise scouring and act
as seed traps to encourage revegetation
Provide intermittent diversion drains to disperse runoff away from table drains so as not to
scour table drains in larger storm events
Provide a local gravel driving surface to provide wet weather drivability.
The road is proposed to be used in a low speed environment as indicated above

Airstrip
We will review the adequacy of the current air strip, including options for further development or any
additional airstrip required. We will work in conjunction with the other Work Packages to ensure the
airstrip meets any requirements for the construction phase or for full operation of the site.

Construction Technique
To minimise fill required for the main access road, the road formation was constructed using a cut and
fill method. The road bed was constructed by ripping and excavating existing material from adjacent
table drains and building a raised road subgrade after mixing and water binding (compacting) the
excavated material. A layer of compacted local gravel was applied to the subgrade formation.

Flora
Where seeding is required as part of the sites erosion control, seeds will be local grasses which are
not ‘attractive’ to the feral goat or Kangaroo population if possible.
There is no allowance for a vehicle wash bay or seed traps in the project design at this stage.

Impact of Solutions
Using the method above and based on experience to date, the INFRA AUS Consortium considers the
risks associated with access to the facility to be low
Consideration will need to be given to the weather during the construction phase, as the access tracks
at the MRO will not be paved; hence could become damaged with heavy vehicle use in heavy rain
conditions.
The INFRA AUS Consortium considers the solutions suggested to be practical, cost effective, viable
and in keeping with the standards of both ASKAP and surrounding region.
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2.5 Water and Sanitation
Understanding
This section complies with the technical requirements of SKA.TEL.INFRA.WAS. The INFRA AUS
Consortium has current experience with the requirements of this package with its on-going
involvement in the design and management of ASKAP
The INFRA AUS Consortium proposes to reuse the existing infrastructure wherever possible, and
expand it to cater for any additional onsite construction and staffing requirements. Given the
experience gained on the ASKAP facility (Appendix C), the INFRA AUS Consortium would consider
this approach low risk to the project with a high likelihood of success
The INFRA AUS Consortium understands that this Work Package requires supply and provision of
water and sanitation services for all construction and operation of the SKA and all the sites and
facilities of the SKA.
The consortium is required to address the need for water services for the facility which will include
supply of irrigation, non-potable, waste disposal and specialist equipment process water including firefighting, cooling units and bathrooms. It is understood that drinking water is not a requirement of this
Work Package.

Approach / Methodology
Currently there are water sources on the pastoral lease including bore water supplies at various
locations on the pastoral lease. This Work Package will interface with the existing MRO facility which
will need to be assessed and expanded as required
The wastewater scope will incorporate the necessary reticulation requirements to cater for the
personnel demand for those based at the Control building. The capacity of the existing system will be
checked during stage 1 of the Pre-construction stage based on input from other Work Packages and
agreed assumptions made on maintenance and operational staff levels.

Possible Solutions
In relation to the MRO, the scope for wastewater will be based on services required to service shower,
toilet and kitchen facility only located in the main compound building. The scope of the assessment for
re-use will likely include the following:
x
x
x
x

Wastewater reticulation and collection and conveyance system for compound building
Review of capacity of Anaerobic Treatment Unit (ATU) and disposal field.
Investigation of alternative wastewater disposal options and reuse. (This will be governed by
volumes of wastewater generated onsite)
Review of water treatment provided at homestead facility as evidence of best practice.

Following this assessment a plan will be developed for the expansion of the existing facilities to allow
for the additional requirements of SKA
It is anticipated that sufficient water supply will be available via the existing bores for purposes of
construction. It is noted that a review will need to be undertaken of the existing water supply at
Boolardy station to confirm there is sufficient supply for any additional personnel.
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It is expected that water supply and sanitation services for fire-fighting, cooling units and bathrooms be
existing and readily available on the town water supply from Geraldton for the Murchison Support
Facility (MSF) and from Perth for the Pawsey Centre.
The INFRA AUS Consortium has not included the provision for the design of infrastructure to provide
water supply and sanitation services at locations other than those specified above.
The MRO currently utilises an innovative geothermal water cooling system. This system will be
reviewed for suitability to be used, and/or expanded to accommodate any additional requirements for
SKA1.
CSIRO has an existing Emergency Management Plan that includes fire protection strategy for the
MRO. In addition the Murchison Shire Council and surrounding pastoral stations have significant
experience with fire management. The INFRA AUS Consortium will draw on all of this local expertise
in development of an appropriate fire protection strategy for SKA1.

Impact of Solutions
There is a potential risk that the review of the current water supply availability is deemed insufficient
for the purposes of construction, in which case water may need to be carted in from offsite to cater for
this.
If required, it is not expected to be a long term solution, and the INFRA AUS Consortium would seek
to use local contractors wherever possible to minimise cost, but also to enable the local community to
become involved with the project.
A potential long term solution if required for on-going water supply to site would be to seek
construction of new bores onsite, although is it not anticipated that this would be required.
Should a new bore be required it is not anticipated that this would be a costly exercise with historical
data collected previously on site suggesting there are multiple water supplies available approx. 20m
beneath the surface of the site. An allowance would need to be made for this in the budget.
The cost of expansion of the existing water supply and sanitation services to the MRO will be
dependent on the expected number of staff that are likely to occupy the site.
The review of the existing water supply and sanitation services can be undertaken immediately to
determine the current capacity available. Once the personnel numbers are determined for both the
construction requirements and for on-going staffing onsite, a design can be completed accordingly. It
is not expected that the infrastructure water and sanitation services will have an impact on the delivery
of the project schedule and is seen as a known, low risk activity.
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2.6 Buildings
Understanding
This section is intended to provide information on the concepts and design process that the INFRA
AUS Consortium will use to fulfil the design and costing requirements for buildings.
The INFRA AUS Consortium understands this Sub-Element to include all constructions necessary to
house the equipment and personnel of the SKA at all locations of the SKA. Buildings are noted to
include the construction and equipment necessary for a first aid centre, warehouses, offices,
dormitories and canteens, as well as a fuel station for vehicles and a garage/maintenance facility.
Also included in this Sub-Element are the buildings that house computers and power components.
This Sub-Element covers the air-conditioning for the buildings as well as the generation of cooling
supply for the buildings.
In Australia, we have understood this to potentially include works to the Murchison Radio-astronomy
Observatory (MRO), the Boolardy homestead, The MRO Support Facility (MSF) in Geraldton and the
Pawsey Centre in Perth.
We understand the services associated with this Sub-Element to include:

x
x
x
x
x
x
x
x
x
x
x
x

HV and LV building electrical engineering
Mechanical engineering
Electrical power distribution
RUPS, UPS and Generator back up
Data and communications
Fire protection and engineering
Hydraulic engineering
Acoustics
Structural engineering
Civil engineering
Architecture
RF Shielding of the building

Approach / Methodology
The INFRA AUS Consortium will seek to reuse the existing infrastructure wherever possible. The
scope clarification and progress in other design elements that develops during Stage 1 of preconstruction, and particularly at the reviews at the end of Stage 1 will determine any requirements for
expansion of existing infrastructure and development of new infrastructure.

Requirements at the MRO
Depending on the floor and rack space requirements of the Central Signal Processing (CSP)
Consortium, there may already be sufficient room to house the technical component of SKA1 without
additional upgrades or extension required to the MRO. It is assumed that the CSP Consortium will
progress designs within their Element with Whole of Life costs as a design requirement and with the
aim to minimise extensions to existing infrastructure as a design requirement.
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The INFRA AUS Consortium proposes to undertake a study of any expansion requirements following
inputs from the CSP Consortium tasked with developing the equipment to be housed at the MRO.
Following confirmation of the space requirements and if required, the INFRA AUS Consortium will
seek to expand the MRO accordingly. Should additional building space be required our consortium will
seek to utilise the same ‘modular’ approach to the existing buildings as employed on ASKAP. Similarly
the same infrastructure will ensure the integrity of the Radio Shielded building is maintained to the
highest of standards.
Cooling for the MRO is through the use of a hybrid geo exchange cooling system. Heat from the
correlators is rejected to the ground through a closed loop bore hole system.

Requirements at Boolardy station
Boolardy station currently has accommodation capacity for approximately 28 staff. Based on current
estimation, these facilities are approximately 50% utilised at any given time; hence there is potential to
utilise this same facility for staffing requirements for SKA.
The INFRA AUS Consortium proposes to assess the requirement for any additional infrastructure at
Boolardy once the inputs from the other Work Packages are known. If required, the consortium will
design and cost an extension.

SKA Construction Camp at the MRO
The INFRA AUS Consortium proposes to design and cost a temporary construction camp for the
duration of the construction period of Phase 1.
It is noted that a plan to manage RFI emission from the construction camp may need to be agreed
with the MRO Entity to ensure that disruption to the science of ASKAP and MWA is minimised during
the construction phase. This may involve siting the construction camp at a suitable distance from
existing instruments.
The size of the construction camp will be determined once the inputs from the other Work Packages
are able to specify the number of onsite workers at any one time. It is anticipated that there will be
cross over between Work Packages and the construction time frames; which will be allowed for in the
design of the construction camp. Information may also be required on funding profiles for SKA1 and
any phasing of telescope construction in order to determine maximum construction staff numbers and
timescale for use of any camp.

Requirements at the MSF
The MSF is located within the Geraldton Universities Centre complex, approximately 370km from the
MRO. The MSF provides remote operations services for ASKAP and may also provide office space
and amenities to the SKA for technical, maintenance and research staff. It features a room for
Geraldton-based researchers who have been awarded computing time on the supercomputers at
Pawsey Centre in Perth.
It is expected that the existing building infrastructure requirements for the MSF are sufficient to
accommodate SKA1. This includes the requirement for first aid centre, warehouse space, offices, and
canteens. It is not expected that a dormitory is required at the MSF, as it is located within an area
where amenities are considered readily available. It is not expected that a fuel station is required for
this same reason.
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Requirements at the Pawsey Centre
The Pawsey Centre supercomputing facility located in Bentley,in Perth, currently has a total of 1030
sqm of floor space within the ‘whitespace’, and mechanical and electrical plant supporting up to
2.4MW of load.
The INFRA AUS Consortium proposes to undertake a study of any expansion requirements following
inputs from the Science Data Processor (SDP) Consortium tasked with developing the super
computing equipment to be housed within the Pawsey facility.
It is expected that other building infrastructure requirements for the Pawsey Centre are sufficient to
accommodate SKA1. This includes the requirement for first aid centre, warehouse space, offices, and
canteens. It is not expected that a dormitory is required at the Pawsey Centre, as it is located within a
Capital City where amenities are considered readily available. Similarly, a fuel station is also not
required.

Possible Solutions
General Approach
The general scope of works required for the structural engineering services required include the
following:
Acts, Codes and Standards
The proposed development will be designed in accordance with the Building Code of Australia, the
relevant Australian Standards and the WA Building Act & Regulations, including Deemed to Comply
standards where applicable.
Specifically, the relevant acts, codes and standards include, but are not limited to, the following:
x
x
x
x
x
x
x
x

Building Code of Australia
AS1170 Structural Design Actions: Part 0 General Principals.
AS1170 Structural Design Actions: Part 1 Permanent, imposed and other actions.
AS1170 Structural Design Actions: Part 2 Wind Actions.
AS1170 Part 4 Earthquake Loads.
AS4100 Steel Structures.
AS3600 Concrete Structures.
AS3700 Masonry Structures.

Building importance
In accordance with Table B1.2a of BCA, this building should be considered as Category 3.
Durability / Design life
Any additional structures shall be designed to provide a 50-year design life unless instructed otherwise
by the client.
The durability shall be assessed with reference to the relevant codes.
Robustness / Accidental and Deliberate Damage
The existing building is designed based on the principle that the level of damage sustained by impacts
is not disproportionate to the cause of the damage. The philosophy for this design will need to be
reviewed in conjunction with CSIRO and SKAO.
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The structure is not designed to accommodate explosion events, as this is not required by Australian
design codes. The structure will be designed and detailed in accordance with AS 1170.0, Section 6.
Fire
The structure has been designed to comply with the fire ratings specified by the relevant statutory
standards or the fire engineer, as appropriate.

Materials
Steel
All steelwork shall comply with the requirements of AS 4100.
Unless noted otherwise steelwork grades shall be as follows:
Steel Grades

Hot-Rolled Sections

300 MPa

Fabricated Sections

300 MPa

Rods and Plates

300 MPa

Hollow Sections

350 MPa

Cold Formed Sections

450 MPa

Concrete
All concrete works shall comply with the requirements of AS 3600.
Unless noted otherwise concrete grades shall be as follows:
Concrete Grades In General
Precast panels

32 MPa
40 MPa

All other requirements for concrete will be noted on the drawings.

MRO Buildings
Should studies confirm that additional building infrastructure is required to facilitate SKA1 at the MRO,
the INFRA AUS Consortium considers that there is potential to expand the facility using similar
techniques as used in the original construction (Appendix C).
This pre-fabricated modular approach uses transportable building modules which includes
construction and fit-out with services, equipment and finishes in a controlled workshop environment.
The benefit of this approach is consistent quality control and reduction of onsite labour costs.
Figure 2.6.1 shows the various stages of a typical module construction.
Cooling for additions to the MRO will use a hybrid geo exchange cooling system with heat from the
correlators rejected to the ground through a closed loop bore hole system. The same method was
utilised for ASKAP and is an effective means of achieving a cooling system that is able to meet the
strict RFI guidelines for the facility. This is demonstrated in detail in Appendix K “Practical solutions for
realising an RFI compliant building for the Australian SKA Pathfinder telescope” whose authors
include those who are involved in the INFRA AUS Consortium and which was presented to the 2013
Asia-Pacific International Symposium and Exhibition on Electromagnetic Compatibility.
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Figure 2.6.1 Modular Construction as used on ASKAP

Impact of Solutions
The cost of any extension to the current building would incur significant cost to the SKA project. The
INFRA AUS Consortium expect other Work Packages to consider whole of life costs and design to
minimise the floor space required. Based on this assumption, our expectation is the perimeter of the
current building provides sufficient capacity for SKA1. Should additional space be required a cost
effective solution would be to increase the double screened room.
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2.7 Telescope Foundations
Understanding
The INFRA AUS Consortium understands this Sub- Element to include the ground preparation and
foundations necessary for the support of LFAA and dish antennas. It is understood that this SubElement does not include the foundations for the buildings included in the INFRA.BLDS Sub-Element.

Approach / Methodology
The INFRA AUS Consortium will investigate the production of several foundation footing solutions that
could be utilised across the various locations of the site. The purpose of this is to reduce the
requirement for custom foundation designs at each location, thereby saving time and additional design
cost.
It is important to note that the proposed timing of the completion of Stage 2 means that at that point an
antenna dish supplier will not have been selected. The INFRA AUS Consortium will therefore not have
details on the actual dish antenna design, which will impact on the location of holding down bolts, steel
reinforcement and conduit locations. The proposed output of the Stage 2 design will be a
performance-based specification and drawings, which will still be subject to resolution of the details.
The detailed design could be completed by the dish antenna supplier, an independent engineer or by
the supplier engaging separately with Aurecon to complete the design.
In order to determine as early as possible the most appropriate antenna foundation solution for each
specific dish antenna location, we recommend carrying out geotechnical investigation by boreholes at
each antenna location. The INFRA AUS Consortium recommends that these be carried out early in
Stage 2 once the configuration has been determined and the antenna locations identified. Whilst
there is a higher up-front cost in carrying out these investigations, we consider that this is always
outweighed by the cost and time advantages of having upfront information to enable the early
selection of the appropriate antenna foundation type, as well as the ability to make any modifications
that may be depicted from the test results.

Possible Solutions
Footing Design Specification and Design Standards
The design study and detail design of the selected footing option will be completed in accordance with
the technical specifications in accordance with both SKA.TEL.INFRA.FOUND Infrastructure telescope
foundations and from technical information provided by the Dish Consortium during the design
development, and complying with the following Australian Standards:
x
x
x
x
x

AS/NZS 1170.0 General principles
AS/NZS 1170.1 Permanent, imposed and other actions
AS 1170.4 Earthquake actions in Australia
AS3600 Concrete Structures
AS1768Lightning Protection

Dish foundations will be designed to meet the stability requirements of SKA compliant 15 m dishes as
per the SSG specifications and as defined in the corresponding 2011 Australian site bid. Two
alternative foundation types have already been developed to deal with the different conditions likely to
be encountered on site. In sandy soils a
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mass concrete foundation (7 m x 7 m x 1 m) is proposed, while the majority of antennas will utilise a
foundation comprising four rock anchors in combination with a 5.5 m x 5.5 m x 0.8 m deep reinforced
concrete foundation. These designs were optimised following foundation work undertaken in the area
for the 36 ASKAP antennas and provide an easily constructed, robust and cost effective means of
achieving stable foundations.
The flat, cleared nature of the site also means there would be very little work (and cost) required to
achieve the requisite ground works for the for the AA-low stations.

Design Criteria
The technical specifications of the footing load requirements may take precedence over the criteria
specified in AS1170.2 Wind Forces; as deemed appropriate once the antenna manufacturer has been
selected.
Further to the two nominal solutions noted above, the INFRA AUS Consortium would collaborate with
the Dish Consortium to define the necessary design parameters applicable to the antenna foundation
design, including for confirming aspects such as:
x
x

x

A design factor of safety should be applied over and above the manufacturer design
specification to ensure the safe support of the antenna dead weight, which is likely to have the
centre of mass directly over the antenna stud ring.
When the antenna is at the safe stow position, pointing straight up, (90 elevation), it is to
survive a high wind speed (to be confirmed but suggested as 160 km/ph). High winds generate
an overturning moment and lateral force that must be resisted by the foundation. A design
factor of safety should be applied in this case.
Further in this regard, in the case of a nonoperational antenna (not positioned at stow) being
subject to survival wind speed, the maximum overturning moment increases significantly. A
design factor of safety should be applied in this case. While this condition is likely to be outside
the antenna technical specification, it would be advisable to consider the impact of meeting
this overturning moment on foundation cost

Design Assumptions
The following assumptions are made in relation to the antenna foundation design.
Foundation stiffness
The antenna design and pointing error specification implies that a degree of flexure of the antenna
foundation under operational conditions can be accommodated without exceeding the system pointing
error limit. This could be described as the stiffness of the foundation.
Under this parameter the stiffness of the foundation should not be less than 15,000Nm/arcsec. This
figure includes a factor for uncertainty and will be determined in consultation with the Dish Consortium.
Grounding Conductors
Grounding conductors and attachments within the foundation should be designed in accordance with
AS1768-2007, Lightning Protection. Earthing resistivity levels should target less than 5 ohms.”
Foundation Settlement
From our practical knowledge of the stable nature and adequate bearing capacity of the ground at the
telescope site, and predicting the size of the foundation that will be necessary to meet the strength
and stiffness criteria, we do not believe that settlement will be an issue. Settlement criteria will be
defined during the design process in conjunction with input from the Dish WP Consortium.
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If, during the design process, these settlement criteria are found to have a substantial impact on the
cost of constructing the foundation, SKAO may need to consider alternative telescope operation
models in order to relax the criteria, and work with the INFRA AUS Consortium to optimise the design
with respect to cost.
The overriding consideration is to produce a design that meets the design criteria, at an acceptable
cost.
Geotechnical report
It is noted that a geotechnical report will be required (of a preliminary nature or otherwise) to provide
advice on the bearing pressures in the various antenna locations.
The INFRA AUS Consortium notes that in Australia the general site is likely to be underlain, at depth,
by igneous intrusive rocks (granite and gneiss).
Design factor of safety
For the purposes of including a “design factor of safety”, as noted in the design parameters above, the
load combination factors in Australian Standard AS/ NZS 1170.0 General principles are to be applied.

Impact of Solutions
Given its experience and existing information relating to ground conditions on the foundation design
for ASKAP (Appendix C), the INFRA AUS Consortium believes the production of a suite of potential
foundation designs will be a viable cost and time effective method.
Combined with an effective geotechnical testing programme, the INFRA AUS Consortium will be able
to specify, with a high degree of certainty, the most appropriate antenna foundation solution for each
specific antenna location. Such an approach therefore allows the cost estimates to be prepared with a
higher degree of certainty and de-risks the scope for the construction contractor, allowing them to
provide lower and more certain tender costs.
It is noted that this approach will need to be applied in conjunction with the outputs from those
responsible for the SKA.TEL.LFAA.PROT Low Frequency Array prototypes and also
SKA.TEL.DSH.PROT Dish prototypes Work Packages.
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2.8 Communications
Understanding
The INFRA AUS Consortium understands this Sub Element to include the provision of
communications within the SKA site and to the outside world (e.g. telephony, radio or other
communications). Communications can prove challenging given the requirement to maintain a radio
quiet environment at the MRO.

Approach / Methodology
The INFRA AUS Consortium understands that during the course of SKA1 there will be an
Electromagnetic Compatibility (EMC) task force set up which will be tasked with the definition and
establishments of onsite radio communications standards. Carol Wilson, the Spectrum Management
Engineer for the INFRA AUS Consortium, has been invited to sit on the task force
It is anticipated that this task force will establish the guidelines for the use of RFI emitting devices
within a radio quiet zone. This will be a critical requirement for the construction of additional
infrastructure at the MRO, but also more importantly for the safety requirements associated with the
ongoing operation of the facility. The INFRA AUS Consortium designs will be consistent with any
standards and protocols agreed within the task force.
It is assumed that other communications infrastructure will be integrated into systems deployed by the
Signals and Data Transport Element.
It is anticipated that the communications infrastructure located at the MSF in Geraldton and the
Pawsey Centre in Perth will be sufficient for construction and ongoing maintenance of the facilities as
both have existing wired (fibre and copper) and wireless communications readily available.
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2.9 Vehicles
Understanding
The INFRA AUS Consortium brings with it the practical experience from the construction, and now
operation, of the ASKAP site. This gives the team a good understanding of the types and number of
vehicles that will be required during construction and for maintenance and support of the facility.

Approach / Methodology
Within Stage 1 of the Infrastructure Work Package, the INFRA AUS Consortium will make
assessments of the vehicle usage proposed for the site during both the construction and operation
phases. These estimates will be based on the experience of the consortium on ASKAP. Additional
inputs will be sought from the other consortia where there is expected to be demand for vehicles with
specific specifications where manufacturers' requirements for the installation of various facilities will
need to be considered in terms of lifting loads and the number of lifting points for the equipment. This
in turn will inform the decision on the size of crane(s) required to be onsite at any given time during
construction. The other consortia will also need to communicate similar vehicle requirements for the
maintenance facility. For example, antenna maintenance may require specific access via crane or an
elevated work platform.
Given the remote site nature of the SKA antenna sites, consideration is given to equipping vehicles
with basic safety equipment. As such, provision is made for vehicles to be equipped with a first aid kit,
fire extinguisher, torch, non-perishable food and water supply. Manufacturer-specified spares (i.e. tool
kit, tyres and tyre changing equipment) and standard safety equipment (i.e. roll cages, load restraints
and other applicable safety features) are to be included in vehicles as standard. Contractors are also
expected to comply with these standards.

Solutions
There is an interaction between the provision of some infrastructure on the SKA project site and the
vehicle types used for construction and operation which impact the estimates produced in Stage 1.
Accordingly, this information on vehicles will be used to inform the design and maintenance of a
number of infrastructure items as highlighted in the table below.
Infrastructure

Dependent factors

Design impact

Access road and antenna access

Vehicle types (axel weight, length,

Road/track geometry, pavement

tacks

width, turning circle, height) and

design, culvert design

volume of traffic (for construction
and operations)
Laydown / hard stand areas,

Vehicle types and number on site at

Size and location of areas,

vehicle parking

any one time

pavement design, drainage
requirement, post-construction
remediation

Vehicle garages/carports and

Vehicle types, number on site at

Sizing of building structure, type of

maintenance workshops

any one time, manufacturer-

building services required (including

recommended spares

air, oil, fuel reticulation), pavement
design
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Infrastructure

Dependent factors

Design impact

Onsite fuel storage and spill

Vehicle fuel types (i.e. diesel,

Sizing and location of fuel storage,

containment

petrol, LPG), expected consumption

pumping and containment facilities,

rates, safety parameters

fire fighting equipment needs

The designs for the Infrastructure Sub-Elements, given the type of information that will be collected
and analysed in Table 2-9-1, will inform decisions on the whole-of-life maintenance and upgrade
requirements as an output for Stage 1. In addition, understanding the vehicle requirements will enable
the INFRA AUS Consortium to present estimates for the operational fleet requirements and factor the
retirement and replacement costs of these vehicles (and consumables) into the overall maintenance
costs, noting that options of leasing of standard fleet vehicles may provide a benefit to the SKA
Organisation.
During Stage 2, the construction and operational strategy will be determined in conjunction with the
SKA Organisation and the other consortia, allowing the vehicle types and numbers to be firmed up for
planning, costing and operational purposes.

Assumptions
It is understood that the Vehicles Sub-Element does not include the provision of fuel for the vehicles. It
is assumed that Western Australian (and where applicable Australian) standards and regulations for
vehicle specifications and safety requirements will apply to any vehicle permitted to operate on site.
Provision for vehicle operator training and licencing is not included in the base estimate.

Impacts of Solutions
The INFRA AUS Consortium is able to use its local presence to seek viable and cost effective
standing arrangements within the local community for usage of cranes, elevated work platforms and
earthmoving equipment where there is going to be an on-going demand (i.e. grading equipment for
road maintenance).
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