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Summary of SKA Phase 1 Construction Proposal and
SKA Observatory Establishment and Delivery Plan

SKAO

Statement from the Director-General of the Square Kilometre Array,
Professor Philip Diamond
“On behalf of the SKA Organisation and our partners across the globe, I have the
pleasure of submitting the SKA Construction Proposal and the Observatory
Establishment and Delivery Plan to the SKA Observatory Council for funding and
authorisation to proceed.
These two documents represent the culmination of ten years of work by a
worldwide SKA Community made up of hundreds of scientists, engineers,
managers, and others united by the goal of building world-class and worldleading astronomical telescopes to dramatically expand humankind’s grasp of
the Universe.
I commend these Proposals to the Observatory Council and look forward to
working with it and the community as we move onward to the establishment of
the Observatory and construction of the SKA1 telescopes in Australia and South
Africa and to reaping the wide-ranging benefits of our global collaboration.”

Professor Philip Diamond,
SKAO Director-General
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This Summary presents the key aspects of the SKA1 Construction Proposal and SKA Observatory
Establishment and Delivery Plan to assist with their consideration towards approval.
The Observatory Establishment and Delivery Plan, and the Construction Proposal, provide details on
all essential aspects of the supporting case to establish and operate the SKA Observatory (SKAO) and
construct the SKA1 telescopes in Australia and South Africa, including:
•
•
•
•
•
•
•
•
•

The scientific drivers behind the design of the telescopes and research objectives to be
addressed;
The broad societal, non-scientific impacts of the establishment of the Observatory;
The Observatory and its operations plan;
The construction project delivery organisation;
The technical design of the Telescopes;
The definition of the project in terms of work scope, budgets, and schedule;
The Observatory development programme;
The procurement approach; and
The management approach to the construction project.

This Summary provides an overview of these topics, along with some background to the processes
that have led to this point in the history of the SKA, and the context in which the transition to
construction of the Research Infrastructure (RI) is taking place.
The Square Kilometre Array will be one of the cornerstone facilities of 21st century astronomy. These
facilities, which span the electromagnetic spectrum and multi-messenger astronomy and expand the
available discovery space in sensitivity, spatial, spectral, and temporal dimensions, include ALMA,
ELTs, CTA, JWST, Athena, and LIGO/VIRGO. SKA will be the radio astronomy counterpart to these
infrastructures. Moreover, SKA offers something beyond its scientific potential; as a research
infrastructure with a genuinely global footprint and societal impact in a range of fields – from job
creation and human capital development, technological innovation and economic impact, to public
inspiration – the Proposals summarised here offer a compelling rationale for government investment
from the project partners.

History of the SKA development
The history of the SKA began in September 1993 when the International Union of Radio Science (URSI)
established the Large Telescope Working Group and began a worldwide effort to develop the scientific
goals and technical specifications for a next-generation radio observatory. From 1997, when eight
institutions from six countries (Australia, Canada, China, India, the Netherlands, and the U.S.A.) signed
a Memorandum of Agreement to cooperate in a technology study programme leading to the planning
of a very large radio telescope, what became the SKA evolved rapidly, building on a significant
international community effort to engage funding bodies and formalise relationships and project
organisation.
This development culminated In December 2011, when the SKA partners created the SKA
Organisation, a private not-for-profit company, set up as a legal framework for international partners
and to centralise the leadership of the project.
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Following a Preparatory Phase from 2008 to 2012, jointly funded by national agencies and the
European Commission through the PrepSKA and the GO-SKA programmes, the SKA project formally
entered a Pre-Construction (detailed design) phase.
The design of major telescope sub-systems was undertaken by nine Consortia, which were in effect
specialised development teams, spanning the globe. Each Consortium’s designs were subjected to a
series of Concept Design Reviews (CoDRs), Preliminary Design Reviews (PDRs) and then Critical Design
Reviews (CDRs). This has produced thousands of pages of documentation, which now form the
foundation for the Design Baseline for the two SKA telescopes (known as SKA-LOW and SKA-MID)
which is summarised in the Proposals.

Funding and strategic context
A decision to commit to the establishment of the SKA Observatory and the construction of the SKA
telescope infrastructures requires confidence in the overall business case for investment, itself
dependent on the scientific rationale and broader arguments for benefits realisation and impact.
Through the work of the SKA Organisation Board of Directors and the SKA Observatory Council
Preparatory Task Force, representing the prospective Members and investors in the SKAO,
negotiations on potential resourcing are well advanced. Those negotiations will conclude in the SKAO
Council, supported by the national deliberations on the Proposals summarised here.
In turn, the project has developed a flexible approach which will enable execution of SKA1
construction as detailed in full in the Construction Proposal and the myriad technical documents it
represents. This approach permits the SKAO Council to approve SKA1 construction and the Design
Baseline vision, but to manage the pace and staging of delivery to adapt to the available quantum of
total resourcing from SKAO Members and contributors and the profiling of availability of that
resourcing.
Perhaps uppermost in the mind of any reader in late 2020/early 2021 are the effects of the COVID-19
pandemic on an enterprise such as the SKA; these are discussed within the Proposals. The documents
that this Summary covers attest to the continued productivity of the SKA Organisation and its
collaborators in the face of that threat – a good omen for any unexpected future developments.
Already, strategies and tactics for managing the effects of the pandemic in 2020 have proven
successful (for example enhanced use of digital communication and collaboration tools to mitigate
the impacts of limited international and even very local travel), and these will be applied to ongoing
activities in the construction era in ways appropriate to the local and regional conditions if needed.
The Observatory will adapt to evolving global circumstances and continue to be innovative in its work
practices, but there may be additional costs and/or delays as a result of ongoing travel and other
restrictions associated with the COVID-19 pandemic.
The coming period presents many global economic and practical challenges. However, the SKA, with
its rounded business case that combines a compelling and inspirational science and engineering vision,
together with a ‘shovel-ready’ project plan (as detailed in the Construction Proposal) guaranteeing
short- and medium-term economic returns through national industries, offers a strong investment
proposition. Coupled with an inherently international vision which speaks to the need for, and benefits
from, collaboration and strong intergovernmental relationships, SKA can offer a positive vision for
continued progress with a lighthouse infrastructure project, even in challenging times.

Governance
Few projects come close to the global scope, ambition, and footprint of the SKA as a scientific
endeavour. Alongside the talents of thousands of skilled professionals and the development of
ground-breaking technology, the SKA requires a governance structure capable of delivering such a
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proposition. Coupled with an inherently international vision which speaks to the need for, and benefits
from, collaboration and strong intergovernmental relationships, SKA can offer a positive vision for
continued progress with a lighthouse infrastructure project, even in challenging times.

Governance
Few projects come close to the global scope, ambition, and footprint of the SKA as a scientific
endeavour. Alongside the talents of thousands of skilled professionals and the development of
ground-breaking technology, the SKA requires a governance structure capable of delivering such a
huge global project. Geographically distributed between three host countries, and with fifteen
4
participant nations at this time, the SKA demands an extraordinary level of international cooperation.
As it becomes a reality on the ground, facilitating the smooth movement of equipment, money, and
people across borders is essential.
This was the impetus behind the decision to transition the SKA Organisation into the SKA Observatory,
an Inter-Governmental Organisation established through an international treaty, similar to CERN, ESO
and the European Space Agency. The Observatory will be the legal entity responsible for constructing
and operating the SKA telescopes in Australia and South Africa, with its headquarters in the United
Kingdom. This model was first proposed in October 2013, and after several years of preparation, the
SKA Observatory Convention was signed on 12 March 2019 in Rome, by Australia, China, Italy, the
Netherlands, Portugal, South Africa, and the United Kingdom. India and Sweden, who also took part
in the negotiations, are following further internal processes before signing the treaty. Other member
nations plan to join and contribute financially to SKAO and the construction of SKA1 in the near future.

The SKA will be one observatory operating two telescopes on three continents (clockwise from left: an artist’s impression of
SKA-LOW alongside ASKAP in Australia; the SKA Global Headquarters in the UK; an artist’s impression of SKA-MID alongside
MeerKAT in South Africa). Credit: SKA Organisation.

The timeline of the formation of the Inter-Governmental Organisation.

The Convention enters into force once five signatories have ratified the text, including all three host
countries: Australia, South Africa, and the United Kingdom. The SKAO Council will then be established,
and the transition of activities from the SKA Organisation to SKAO will be completed. It is the SKAO
Council that will approve the construction of SKA1 based on the two Proposals summarised here.
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The scientific motivation for the SKA
The SKA telescopes will address an extremely wide range of astrophysical questions to be answered
while providing a vital long-wavelength complement to the next generation of ground and spacebased facilities operating across the electromagnetic spectrum.
An open scientific consultation process, leading to the list of Science Drivers – key areas of science
that the SKA will enable scientists to unlock – has, over time, refined and developed the science case
for the SKA. A few of the most compelling goals are outlined below.

Probing the Dark Ages: Cosmic Dawn and the Epoch of Reionisation
Where did it all begin: how and when did the first stars, galaxies, and black holes form?

Artist’s conception of cosmic dawn and reionisation. Image credit: Avi Loeb/Scientific American.

The SKA will uniquely enable the measurement of a complete time sequence of images from the onset
of Cosmic Dawn to the end of Reionisation, using the faint radio light coming directly from the
hydrogen itself. The resulting movie of the Universe’s first 700 million years will answer a multitude
of questions. When exactly did the first stars form? Were individual stars, large stellar clusters, or even
early black holes the most important source of heating and ionisation of the Universe? How exactly
did the process unfold? Was there a single progression from dark to light or were there multiple fits
and starts, with different heating populations dominating at different times? This vital chapter in the
history of the Universe was written long ago but is now waiting to be read.

Cosmology and Dark Energy
Can we uncover the mysterious nature of Dark Energy?
How and why has it become the major player in our Universe?

Cosmic microwave background radiation: Image credit: NASA/WMAP Science Team.
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One of the biggest surprises to emerge in the past decades was that normal matter, of which we are
made and is described in the periodic table of the elements, is only a minor constituent of our Universe
and is outweighed more than five to one by some form of invisible dark matter. This was followed by
the discovery of the even larger contribution of dark energy. Since neither of these constituents were
anticipated by current theories, we still desperately need to inform a more fundamental physical
theory using observational constraints. The SKA will fundamentally advance our understanding of the
mysterious dark components by measuring the equation of state of dark energy with percent-level
precision; constraining possible deviations from general relativity on cosmological scales; and
mapping the structure of the Universe on the largest accessible scales, thus constraining fundamental
properties such as isotropy and homogeneity.

Forming Stars through Cosmic Time
How and when were the first stars born?
How has the rate of star formation changed over time, and why?

Vigorous star formation in the colliding galaxy pair, Arp 299. Image credit: B. Saxton NRAO/AUI, NASA/ESA.

Although the basic pattern of growth and decline of star formation with time has been established,
there are still many unanswered questions. We have evidence that the basic mode of star formation
was fundamentally different in the early Universe, often occurring within intense concentrations of
super star clusters (SSCs) that have few, if any, counterparts today. When and where did this mode
first arise and how and why did it come to disappear? The SKA will play a key role in answering these
questions since it is likely that such events are so deeply enshrouded by material that they can only
be seen at radio frequencies that can penetrate the shroud. With the deepest SKA integrations, it will
be possible for SSCs to be detected dating back to when the Universe was only 0.5 billion years old,
and for resolved images of such structures to be made back to 1 billion years of age. The SKA will
provide unbiased sampling of representative cosmic volumes, complementary to work begun by the
Atacama Large Millimeter/submillimeter Array (ALMA) over smaller survey areas.
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The Bursting Sky
What are the counterparts of the fast and furious bursts of radio waves?
What can they tell us about the constituents of the Universe?

Artist’s impression of an exploding star.

SKA will enable us to associate thousands of individual fast radio bursts (FRBs) with the objects that
host them, allowing us to map out the plasma content of the Universe. This will enable us to track how
the Universe evolves with time in a way that was never previously possible. It will also help reveal the
so-called “missing baryons”, determine the ionisation history of the Universe, and give us new and
independent measures of the main drivers of cosmic expansion – the mass of the Universe and dark
energy. The study of FRBs with the SKA will open a completely new window on the cosmos.

Galaxy Evolution
What is the life-cycle of a galaxy? Where do they come from, where do they go?
What are the properties of the mysterious dark energy?

Neutral hydrogen image of the interacting M81 group of galaxies. Image credit: NRAO/AUI.
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The SKA will, for the first time, allow galaxy evolution, as traced by the accumulation and utilisation of
atomic hydrogen, to be observed throughout cosmic time. It will have the raw sensitivity to study the
hydrogen concentrations that are associated with galaxies even in the distant, early Universe. SKA will
be able to provide samples of 10 million galaxies spanning 8 billion years of evolution, which will
greatly advance our understanding of the life-cycle of galaxies. With significant future upgrades to the
survey speed, it will be possible to undertake the most complete galaxy census ever contemplated,
encompassing one billion individual galaxies and covering 12.5 billion years of cosmic history. From
this data, astronomers will be able to make the most precise determination yet conceived of the
properties of dark energy.

Cosmic Magnetism
How did the Universe become magnetic?
Where and when did magnetism originate and how has it spread?

Magnetic field orientation in the spiral galaxy M51. Image credit: G. Heald, using data from Fletcher et al. (2011) and NASA,
Hubble Heritage Team.

Magnetic fields play an important role throughout the Universe on scales as small as centimetres and
as large as millions of light-years, and magnetism may well play a key role in regulating a whole range
of astronomical processes. SKA will be unique in giving scientists the capability to detect, study, and
understand the nature of magnetic fields across the Universe. The aim of this research is to explain
how and when magnetic fields arose and evolved to their current strength. SKA will enable the first
three-dimensional magnetic map of the Universe to be created by measuring the individual magnetic
components along the sightline towards extremely large samples of sources distributed in all
directions on the sky, and by extending these measurements to sources at varying distances.
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Challenging Einstein: Gravitational Waves
Was Einstein right about gravity?
Can we find and understand where gravitational waves come from?

Artist’s conception of a pulsar and companion star. Image credit: Casey Reed/NASA.

The Laser Interferometer Gravitational-Wave Observatory (LIGO), in 2015, made the first direct
detection of gravitational waves using detectors 4-km long. The SKA will use our entire galaxy as a
detector to measure long-period gravitational waves (those of months to years duration) that are
impossible to detect with Earth-based detectors. The period of the wave is a direct measure of the
mass, making the SKA sensitive to the biggest black holes and largest structures in the Universe. The
detection method involves using very rapidly spinning neutron stars with radio beams emanating from
their poles, known as millisecond pulsars, as a system of high-precision clocks located throughout our
galaxy. Each line connecting the SKA to a pulsar, which can be thousands of light-years in length, acts
as a Milky Way scale LIGO-like detector. The passage of any long-period gravitational wave past the
pulsars would result in a correlated fluctuation in the time measured by those clocks. The first goal
will be to detect the long-period gravitational wave background due to sources from all directions and
distances. With enhanced sensitivity and longer time sampling, it should be possible to identify
individual sources of such waves and begin conducting gravitational wave astronomy for the first time,
opening a new window on the Universe and giving us insight into how galaxies evolve and into the
nature of gravity itself.

The Cradle of Life
How do you make a planet from space pebbles?
Are we alone in the Universe?

Artist’s conception of a proto-planetary disk. Image credit: NASA/JPL-Caltech.
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The aim of this Science Driver is twofold.
1. To understand how the small pebbles in the disk surrounding young stars are able to stick together
to form the boulders that ultimately coalesce into planets. With the SKA it will, uniquely, be
possible to witness this phase of planet assembly by observing at exactly those radio wavelengths
that are matched to the size of coalescing particles, from centimetres to metres; and with
sufficient resolution to watch the assembly of planets in Earth-like orbits about their parent stars.
2. To detect the presence of technologically active civilisations elsewhere in our galaxy, should they
exist.
The great sensitivity of the SKA will make it possible, for the first time, to detect emissions from planets
associated with nearby stars that are of a similar nature to those generated by human activity on
Earth.
The body of the Construction Proposal elaborates upon these themes and others.

Impacts of the Observatory
SKA has a genuinely unprecedented opportunity to position itself as the global RI with the broadest
overall impact of any currently in planning or implementation.
Building on investments made by project partners over many years, and through the exploitation of
policies and procedures under development now, the SKA is expected to deliver significant benefits
for Member States’ economy, society, sustainability, and culture. These impacts span industry return
and innovation, human capital development, inspiration and education, geopolitics and science
diplomacy.
The policy trend for RIs is to look beyond ‘impact’ as a serendipitous benefit and instead to plan
actively for how to maximise positive returns. The SKA project has considered its impact on society as
core to its mission since its inception.
Building on the work laid down over many years, the section on the impact of SKA in the Construction
Proposal describes how the SKA Observatory aims to ensure:
•
•
•
•
•

An appropriate return on investment for participants through the construction, procurement
and (to the extent possible) operations phases of SKA1;
An environment where the benefits of innovation arising from SKAO are available for
participants to exploit;
An overall vision of SKA’s impact (scientific and otherwise) to ensure the financial and
economic sustainability of the Observatory;
Effective and appropriate stakeholder relationships in the hosting countries and across the
membership; and
An impact in the diplomatic and international relations agenda that reflects the global
footprint of SKAO.

As an example of the measurement of these benefits, a study into the role and added value of largescale RIs was commissioned by the Dutch Taskforce to Promote Large-Scale Research Facilities and
the Dutch Ministry of Education, Culture, and Science. Through a web survey of all such facilities in
the Netherlands, the research found that these infrastructures had profound economic, human
capital, and social effects.
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In terms of social effects, more than 90% of those surveyed agreed or strongly agreed that large-scale
RI facilities help raise the profile of science among the general public and are necessary so that science
can contribute to tackling social issues such as climate, health, energy, and ageing.
In terms of human capital, close to 90% of respondents agreed or strongly agreed that large- scale RI
facilities helped the country attract top researchers from abroad.
In terms of economic effects, around 75% of respondents agreed or strongly agreed that large-scale
RI facilities give a major boost to public-private collaboration in the field of R&D and are highly
important for innovation in the commercial sector.
The main body of the Construction Proposal enters into detail and provides examples regarding the
local, regional, national, and global impacts of the SKA, in terms of economy, society, sustainability,
and culture, and describes how this impact may be measured.

The Observatory Structure
The Observatory is comprised of global headquarters, two telescope sites, two sets of operations
centres and an affiliated group of SKA Regional Centres (SRCs). The SRCs are not within the scope of
SKA construction and operations, being funded independently.
In the site host countries, collaborations with the Commonwealth Scientific and Industrial Research
Organisation (CSIRO) in Australia and the South African Radio Astronomy Observatory (SARAO) in
South Africa will provide many of the staff required for operations and the support of construction,
within the Observatory organisation.
The Observatory organisation is shown below. Both the construction activities and the long term,
steady-state operations are accommodated in this organisation.
The roles dedicated to the Observatory, as opposed to construction, are elaborated in the Observatory
Establishment and Delivery Plan.

The overall organisation of the SKA Observatory.
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The Observatory Establishment and Operations
Operation of the SKA telescopes will be carried out in the host countries and in accordance with a
collaborative operational model being developed between SKAO and the organisations representing
each of the two site host nations, guided initially by Memoranda of Understanding. SKAO will
collaborate with CSIRO in Australia and SARAO in South Africa. The overall model is shown in the figure
below.

Collaboration model of the SKA Observatory with CSIRO and SARAO for the operation of the SKA-LOW and SKA-MID
telescopes.

Staff made available in the frame of the collaborations will participate in most aspects of operations.
Staff responsible for activities across the Observatory as a whole, including the majority of business
enabling functions, will be located at the global headquarters at Jodrell Bank in the UK. Activities at
the remote telescope sites in Australia and South Africa will be supported from Engineering
Operations Centres (EOCs) at Geraldton for SKA-LOW and Klerefontein for SKA-MID. The majority of
engineering and technical staff responsible for the physical elements of the operation, maintenance,
and repair of the telescope arrays will be based at these EOCs. There will also be a Science Operations
Centre (SOC), in Perth for SKA-LOW and in Cape Town for SKA-MID, most likely adjacent to the Science
Processing Centre that will house the science data processor for each telescope array – these are highperformance computers that are integral to each telescope and that produce the science data
products that will be provided to the astronomers using SKA for their scientific research. The majority
of the science operations activities for each telescope will be conducted by staff based at the relevant
SOC.
In order to most efficiently make use of SKA data and to support astronomers on a regional basis, SRCs
will be established. Although outside the scope of the Observatory, the SRC Network is vital to the
exploitation of SKA data and will involve high-performance computing to achieve that. SRCs are
associated with the Observatory through bilateral agreements which ensure local scientific support is
provided consistently and efficiently.
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Science operations are at the heart of SKAO business. The scope includes:
• Observing proposal management;
• Observation design;
• Observation scheduling;
• Execution of science observations; and
• Data quality assurance.
Engineering operations sustain the telescopes, and with regards to research infrastructure, are critical
to obtaining the highest throughput for science. An industrial logistics support infrastructure is to be
established, monitoring engineering performance and providing maintenance and repair capability on
a cost-efficient basis whilst aiming for the highest availability.
The figure below shows the staffing profile for the initial funding period 2021 to 2030. The total staff
numbers are shown by the grey area, with the staffing levels broken down by budget and by location.
The different coloured lines demonstrate the number of staff per sector. The assumed transition
between the end of construction and the start of routine operations is shown to occur in 2028.

Staffing profiles, for the 10-year period between 2021 and 2030, for the SKA Observatory.

14


SKA Phase 1 Executive Summary | 13

The Telescopes
The telescopes, and their relationship to the other Observatory centres, are shown in the following
diagram.

Overall view of the telescopes (light green) in the context of the Observatory.

The SKA-LOW telescope is located in Western Australia on the Murchison Radio-astronomy
Observatory (MRO).

The geographic context of SKA-LOW and the MRO in Australia.

The SKA-LOW telescope features 512 field stations located in a central core and along 3 spiral arms
with outer spiral elements approximately 65 kilometres apart. Each field station will include 256
antennas and so the total number of antennas installed will be 131,072.
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The layout or configuration of the field stations and their relationship to the LOW telescope is shown
below.
Inner Array Configuration (scale in m)

Full Array Configuration (scale in m)
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The configuration of SKA-LOW.

The field stations will be located on land where Wajarri Yamaji people have been present for
thousands of years. In recent times, pastoral activities were conducted on the area of land that
became known as Boolardy Station. Heritage surveys have been conducted and the results of those
surveys are used to finalise the field station configuration.
The SKA-MID telescope will be built in a region of the Northern Cape of South Africa known as the
Karoo.
The SKA-MID telescope will consist of a 150-km diameter array of reflector antennas (‘dishes’). It will
be a mixed array of 133 SKA dishes, each 15 metres in diameter, and 64 dishes from the MeerKAT
telescope, each of 13.5-m diameter. The outer part of the array is a 3-arm spiral configuration.
A total of 176 dishes are located on the NRF-owned land and 21 dishes on servitudes secured with
other landowners.
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The configuration of the dish array and its context within the telescope is shown in the following
figure.
Full Array Configuration
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SKA-MID configuration.

The context of the Karoo site is shown within South Africa by the following figure.

The geographic context of SKA-MID in South Africa.

The two telescope sites are located within national radio quiet zones (RQZs) established by the
Australian and South African governments. These RQZs are essential to enable the telescopes to
achieve their full scientific potential. SKAO is also active within the International Telecommunications
Union (ITU) to promote the protection of the sites from air and spaceborne sources of radio
interference.
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The performance of the two SKA Telescopes is summarised in the following two tables.
Aperture Arrays
Lower frequency
Upper frequency
Number of antennas per station
Station effective diameter*
Number of stations
Total physical aperture
Station Beam Forming
Number of beams
Max. bandwidth per beam
Max. no. of antennas per beam
Signal Processing System
Max. no. frequency channels
Standard frequency resolution
Max. frequency resolution
Complex correlations
Integration time
Array Beam Former
Maximum Number of Beams:
Pulsar search
Pulsar timing
VLBI
Max. Total Bandwidth:
Pulsar search
Pulsar timing
VLBI

Aperture
Antenna RF System
Band 1
Band 2
Band 5a
Band 5b
Continuum Sensitivity
SEFD (each antenna, stokes I)
Band 1 (0.35 – 0.65 GHz)
Band 1 (0.65 – 1.05 GHz)
Band 2
Band 5a
Band 5b
Signal Processing System
Correlator
Max. no. frequency channels
Max. frequency resolution
Standard frequency resolution
Complex correlations
Minimum integration time
Array Beam Former
Maximum Number of Beams:
Pulsar search
Pulsar timing
VLBI
Total Bandwidth:
Pulsar search
Pulsar timing
VLBI

Selected SKA-LOW Performance Parameters
50 MHz
350 MHz
256
38 m
512
5.8 x 105 m2
1 – 384
300 MHz
256
55296
5.4 kHz
226 Hz
2.9 x 1010
0.9 s
500
16
4
118 MHz
300
300
Selected SKA-MID Performance Parameters
133 x 15-m (equiv. dia.) offset Gregorian reflectors
Plus 64 x 13.5-m (equiv. dia.) offset Gregorian reflectors
Freq. Range (GHz)
0.35 – 1.05
0.95 – 1.76
4.60 – 8.50
8.30 – 15.30
Ae/Tsys
2.1 m2/K
4.2 m2/K
10.9 m2/K
8.8 m2/K
6.5 m2/K

65536
0.21 kHz
13.75 kHz
5.0 x 109
0.14 s
1500
16
4
300 MHz
20 GHz
2 x 2.5 GHz
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Work scope, budgets, and schedule

The
of the Construction
Proposal
providesitself
detail(coded
on theorange
scope, costs,
principal
timeline
The main
workbody
is distributed
between the
Observatory
in theand
diagram
below)
and
of
the
SKA1
construction
project.
The
work
breakdown
structure
(WBS)
is
given
in
the
following
figure.
contracted parties (coded blue). This division is to ensure that critical oversight functions remain
the

The main body of the Construction Proposal provides detail on the scope, costs, and principal timeline
responsibility
of Observatory
staff.work
The means
to procure
the contracted
work packages
is described
of the SKA1
construction
project.
The
breakdown
structure
is given
the following
figure.
The work
is distributed
between
the Observatory
itself
(coded(WBS)
orange
in the in
diagram
below) and
in the main body of the Construction Proposal and summarised as follows.
contracted parties (coded blue). This division is to ensure that critical oversight functions remain the
The work
is distributed
betweenstaff.
the The
Observatory
itself (coded
orange work
in the
diagram
below) and
responsibility
of Observatory
means to procure
the contracted
packages
is described
contracted
(coded
blue).
This division
is to
ensure
that critical
oversight functions remain the
in theparties
main body
of the
Construction
Proposal
and
summarised
as follows.

responsibility of Observatory staff. The means to procure the contracted work packages is described
in the main body of the Construction Proposal and summarised as follows.
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19

Work breakdown structure for SKA1 construction.

The capital cost for SKA1 construction is €1054 M and €228 M for construction support (June 2020
economic conditions). This includes all costs to be met by the Observatory and its in-kind contributors.
A contingency, which is included in the total project cost, has been calculated based on an extensive
quantitative risk analysis. The total does not include the cost of any activities before the construction
kick-off date except for the agreed value of specific assets provided as an early contribution.
Also excluded are:
• ‘Business Enabling’ functions such as finance, human resources, legal, administrative,
communications and outreach, science, strategy, operations, business information
technology and assurance;
• The SKA Observatory Development Programme;
• SKA Observatory operations;
• Costs associated with infrastructure and other facilities provided under the hosting
agreements; and
• Tax and duty.
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The total costs of the Observatory, over the initial 10-year funding period including construction, are
discussed in the final section of this summary.
The Construction Proposal provides detail of the milestones for SKA1 construction. The table below
lists those of first-order importance. Both telescopes are constructed in a stepwise fashion, growing
controllably in scale and capability.
Key project milestone

Designation

LOW Telescope

MID Telescope

Start of construction

T0

1st July 2021

1st July 2021

Earliest start of major contracts

C0

August 2021

August 2021

Operations Acceptance Review

OAR

January 2028

December 2027

July 2029

July 2029

End of construction

Selected Level 1 milestone completion dates.

The SKA Observatory Development Programme
It is universally recognised that a well-funded and carefully targeted development programme is
essential to maintain the scientific competitiveness of any major research infrastructure. The purpose
of the SKA Observatory Development Programme (SODP) is to enhance the scientific productivity of
the Observatory by:
• Adapting to changes in the scientific landscape and priorities;
• Enabling new science;
• Restoring descoped functionality;
• Improving output and reliability; and
• Reducing operational cost.
The SODP will be divided into projects, which deliver major improvements, and studies, which are
intended to evaluate new ideas and bring them to an adequate technology and manufacturing
readiness level (TRL/MRL) to become potential projects. The process requires prioritisation of
research and development in the context of science and technology roadmaps.
The funding available for the SODP in the 10 years from the start of construction is expected to be
€40M (2020 euros), with the presupposition of a slow ramp-up during construction, and the ongoing
budget from 2031 is expected to be €20M per year.
A preliminary, non-exhaustive, list of potential development areas for the SODP are:
• Improved frequency coverage;
• Higher sensitivity;
• Digitisation and correlator improvements;
• Spatial multiplexing (more beams);
• Higher spatial resolution (longer baselines);
• Upgraded computer hardware, software and algorithms;
• Improvements to scheduling and the responses to external events;
• Better access to data; and
• Environmental modelling and monitoring.
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Procurement
The topmost contract structure for SKA1 construction comprises approximately 50 Tier 1 contracts as
listed within the procurement section. SKAO will be the client for all Tier 1 contracts. The majority of
the Tier 1s are collections of related work packages. The WBS has been designed such that the majority
of work packages are mapped to a single contract and dependencies between Tier 1s are minimised.
The exception to this is software.
Contracting will be using a form of contract known as NEC4. This is the 4th version of a contract
framework developed for large capital projects, and there are a number of variations of the contract
form which cover the needs of the SKA such as the Engineering Construction Contract and Professional
Services Contract. In-kind contribution agreements are intended to use the same format and
management mechanisms as an NEC4 contract.

Management
The project and engineering management of SKA1 construction follow internationally recognised
standards supported by the APM and INCOSE amongst others. The Construction Proposal provides the
details. Both of these disciplines have been developed and adhered from the beginning of preconstruction and their implementation within SKAO is now mature and proven fit for purpose.
For project management in construction, the methods developed up to the present have been
supplemented by those required for the additional demands of contract management, budgetary
control, contingency management, and resource management/scheduling.
The complete suite of tools in use is shown in the diagram below illustrating the Project Management
Control System (PMCS).
The systems engineering of the SKA has been in place from the beginning of the pre-construction
phase. The management aspects of this include formal configuration and change management which
are critical to the success of both development and construction activities. These disciplines overlap
with the pure project management functions and are implemented with a tool and database which is
integrated into the PMCS (known as eB).
The management of the construction phase of SKA1 is complex and requires many disciplines to
interact effectively. The details of the approaches to be taken are provided in the main body of the
construction proposal.

PMCS overview.
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Ten Year Costs of the SKA
The overall SKA1 cost (including capital and non-capital costs of construction, plus other organisational
costs over the 10-year initial funding period) is €1986 M (June 2020 economic conditions). The overall
breakdown of costs is summarised in the table below.
Design
Baseline

Sept 2020
Submitted

Total Cost
(€M)
(Aug 2020)

Capital Cost
of
Construction
(€M)

Construction
Support
Budget
(€M)

1054

228

1986

Provided Through Annual Contributions
Observatory
Operations
&
Business-Enabling
Functions
(€M)

Observatory
Development
Programme
(€M)

664

40

1282

Funding
Period

20212030

High-level SKA Observatory cost summary for the period of 2021-2030

The table below provides an overall summary of the annualised costs for the SKAO including
construction and the SODP for the period of 2021-30. Numbers are rounded to the nearest €0.1M,
therefore, sums are approximate.

Amount (€M)
Budget/Location

SKA1
Construction

SKA Observatory

Type

Construction
2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

Capital Cost

7.8

184.3

240.1

196.9

122.3

74.9

34.0

7.5

0

0

Construction
Support

7.7

17.2

16.7

19.2

21.7

23.5

23.7

11.7

0

0

Contingency

51.8
6.1
0.0
0.0
0.0
11.8
1.4
0.4
0.1
0.4
0.0

27.3
9.0
0.0
0.0
0.0
9.4
0.8
3.0
1.9
1.8
1.6

19.3
9.4
3.8
0.0
1.0
9.3
0.8
4.4
4.7
2.3
5.0

41.3
10.9
3.8
0.0
1.0
9.3
0.8
5.5
8.3
2.8
7.9

25.6
12.2
3.8
0.0
1.5
9.9
1.0
6.6
11.5
3.4
12.1

30.9
13.9
3.8
0.0
1.5
10.3
0.9
7.9
17.2
4.0
17.1

19.9
17.0
3.8
0.0
1.5
10.6
0.9
9.1
19.0
4.8
19.0

56.3
19.3
3.8
0.0
1.5
13.6
0.8
12.1
20.8
6.4
21.8

0
18.2
3.8
2.0
13.0
16.9
1.1
14.6
20.6
7.8
20.9

0
18.1
3.8
2.0
19.0
16.8
0.8
13.7
21.0
7.3
20.2

87.5

256.3

316.8

307.7

231.6

205.9

163.3

175.6

118.9

122.7

Non-staff
Hardware Refresh
Decommissioning
SKA Obs. Dev.

UK

Staff
Non-staff

AUS

Staff
Non-staff

RSA

Staff
Non-staff

TOTAL

Operations

Estimated overall Observatory budget by year, including the cost of construction of SKA1.
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A graph
showing
thethe
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estimatedcost
costprofiles
profiles
construction
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A graph
showing
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forfor
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is
observatory
development,
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overthe
the
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shown
below.
A graph
showing the capital cost profile along with estimated cost profiles for construction support,
observatory development, and operations/business enabling over the initial 10-year funding period is
shown below.
350

SKA-1 Total
Total Costs
SKA-1
Costs(€M)
(€M)

350

SKA-1 Total Costs (€M)

300

300 250
350
250 300
200
200 250
150
100
150 200
50
100 150

50 1000
0

50

2021

2022

2023

2024

2025

02021
(Capital)
2022 Construction
2023
2024
2025
2021
2022
2023
2024
2025
Operations/Business Enabling

Construction (Capital)

Construction
(Capital)
TOTAL

Operations/Business
Operations/BusinessEnabling
Enabling

2026

2027

2028

2029

2030

Construction
Support2028
2026
2027
2029
2030
2026
2027
2028
2029
2030
Observatory Development

Construction Support

Construction Support

Observatory
Development
Observatory
Development
SKA-1 total costs shown over the initial funding period.
TOTAL
TOTAL

Construction costs shownSKA-1
here
include
allshown
of theover
project
contingency.
They also include the value of
total
theinitial
initial
funding
period.
SKA-1
totalcosts
costs
shown
over
the
funding
period.
in-kind contributions. Only cash contract payments on this profile will be channelled through the
Observatory.
The
remainder
willinclude
be managed
by members
– i.e., resourcing
of
in-kind
contributions
is
Construction
costs
shown
here
allof
of the
the
project
They
also
include
the value
of
Construction
costs
shown
here
include all
projectcontingency.
contingency.
They
also
include
the value
of
not
managed
by
the
Observatory.
in-kind contributions. Only cash contract payments on this profile will be channelled through the

in-kind contributions. Only cash contract payments on this profile will be channelled through the
Observatory. The remainder will be managed by members – i.e., resourcing of in-kind contributions is
Observatory.
The remainder will be managed by members – i.e., resourcing of in-kind contributions is
not managed by the Observatory.
not managed by the Observatory.
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