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Figure 13: Té minimum average monthly rainfall. The SA plot has been calculated from the raw data files
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Figure 17: The daily rainfall in Australia in 2010 overlaid with the maximurfaltaom any one day in SA
between 27" September 2005 and”?ApriI 2011. The SA plot has been calculated from the raw data
files which span from October 2005 to March 2011 to match the data in the Australian report. The
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1 Introduction

Physical characteristics found at the future site for the Square Kilometre Aanay a considerable
impact on the design of telescope structures and electronics, retiabihd maintenance strategies,
capital expenditures and operating co$tiese characteristics fall in three categories:
1. Environmental: climate datsuch as wind, rain and temperature;
2. Severe weather: exceptional events, fahich appropriateprotective measures mustbe
built into the system and procedurgs
3. Geophysicaltechnical conditions affecting foundations, construction, trenching for power
and fibre.
Information on these topics has been gatherbg the SPDver the past three yearsvithin
PrepSKA W3.6on Physical Site Characteristics, $&f For the site selection process the SSG has
issued a Request for Information (RfB)], in which the two candidate hosts were invited to supply
information also on the physical characteristics at their proposed sites.

Ly GKA& R20dzYSyd GKS LINE Ligwh&ived D& folBtdhaiZagildates G2
comparison of data.

2 Scope

The Request for Information has targeted the full SKA configuration, i.e. Phase 2 vibiudtsexver

areas 3000km distarmr more. The majority of the receptors are situated in a small canarea,
YSFadzNAYy3 wmynlY Ay NFYRAdzA> OSy i NBthRtiongnyWesieknS 2 Ol
Australia and Losberg in South Africa. This is supplemented with 25 remote stations out to the
largest baselineslheareas in which theemote stationsare located camave their own climatic and
geophysical conditions.

3 The Request for Information

Chapter 6 in the Rfl concerns Physical Characteristics of the Site, and covers climate and geophysical
or geotechnical data. The text in the Rfl is reproduicece:

GThe physical characteristics of the site will have a strong influence on the design of the SKA and,
second only to power costs, may dominate its maintenance andtemg operating costs.

The sites will be evaluated on all physical characteristiadhe site that influence the capital and
operating costs, and the performance of the telescope.

Information required
1) provide standard statistical information where appropriate on the following topics for the central
core area (~50 kA of the arryy:

Environmental
a) air temperature information for each month of the year:
f mean
91 range (average of maxin over the days in the month)
1 average minimum and maxum over the days in the month
9 absolute minimum and maxiom over the days of the month
1 typical and maximum rate of variation
b) humidity information for each month:
 mean
9 range (average of maxin over the days in the month)
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1 average minimum and maxium over the days in the month
1 absolute minimum and maximum over the days of the month
¢) rainfal information for each month:
1 mean per day
9 absolute maximum daily rainfaover the days of the month
9 absolute maximum quantity of rain that can fall in a 30 minute burst in that month
d) dew-point temperatures (derived information)
e) occurrence of ice formatigrhail, and pooling of water
f) cloud cover
g) wind information for each month:
1 speed mean
1 speed average monthly
1 speed aBolute maximum over the month
9 gust (<10s duratiorbsolute peak over the month
9 direction/speed histograms, over each month
h) solarradiation, daily solar exposure informatioempmonth:
f mean
1 minimum
 maximum
i) airborne particles (e.g. dust and sand)
j) airborne chemicals (e.g. salt)
k) animals, insects, birds from which protection is rgqd or special measures taken
I) identify any restrictios due to indigenous use, ownership, or customs, or due to any legislated
protection of flora or fauna
m) wildfires
n) seismic stability

Geotechnical
a) identification of subsurface strata to depths appropriate for SKA components (dishes, buildings,
bunkers, ¢c.), including corrosive minerals such as salt
b) water table
1 depth
1 water quality
M flow rates
c) subsurface conductivity profile
d) surface and subsurface (10 cmdat00 cm depth) temperatures:
1 monthly maximum
T monthly minimum
1 diurnal variation (information on subsurface variation can be measured data or
modelled, based on applicable soil heat transfer properties)

Severe Weather Events

e) thunderstorms and associated lightning

f) strong winds (>50 km/hr), tornado/cyclone occurrenc
g) narrow, localized storm events (storm cells)

h) largesize hail events

i) flooding, flash flood occurrence

j) dust storms
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2) It is expected that geotechnical properties vary over the extent of the array. Environment and
extreme weather properties will diffeas well, especially for the remote station locations. Flie-
specificconfigurations generated by the SPDO in conjunction with the individual candidate sites
define the regions of interest.

The responses should also describe whether there are spati@tioas in the factors listed above

for the following regions:

a) Along the spiral arms of the array out to 20 km from the centre

b) Further along the spiral arms at positions of antenna clumps out to 180 km

¢) Individual remote sites

Data sources

As a minimum, information is requested for the parameters mentioned above, as obtained or
derived from the most precise source from the following list:

1. The 2005 site submissionBhese contained considerable information on the environmental and
severeweather events and can be reproduced in the response, if appropriate;

2. Weather stations The two sites have operated weather stations at their sites for a number of
years. Relevant data on (at least) temperature, humidity, wind speed and wind direlzttanplus
derived information such as dewpoint should be provided.

The data should be made available in two forms:
a) Raw data as recorded by the weather statidntime resolution of order 10 minutes is desirable to
allow a meaningful assessment betrate of variation of air temperature.

b) Processed data in graphs

3. National meteorology field station datalf weather stations operated by the national
meteorological authority do not exist within the regions in the main zones of the telescope,
information from the closest weather station(s) can be used.

Outcome
Report by the SPDO on the strengths and weaknesses of the Candidate Sites with respect to the
physical characteristics of the sités.
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4

Information supplied

The following sections contaiextractionsfrom the site responses to the Request for Information
Site summaries are first provided in alphabetical order (Australia/Australasia followed by
South/Southern Africa), followed by a paragraph that comments ruh @mpares th information

supplied.

Sectiord. 1first provides an overview of the information received in response to the Rfl.

4.1 Overview

Asummary is presentedn the information and documentation provided by the two respondents on

the topic of Physical Characteristics.

4.1.1 Australasia

The response from the Australidtew Zealand Coordination Committee contains a chapter on
Physical Characteristid8]. This chapter reports on these characteristics in 67 pages, supplem
by these Attachments contained in the same physical document:

Attachmert 10:
Mask
Documentation
for the
Australian
candidate SKA
site

This is a document that describes theasksthat were used during the site
specific array configuration designs. The mask is al&l$ed layer that is place
on the map to define where placement of antenna receptors is allowed or no
reasons ranging from EMI constraints to geophysical buffeones. The
specification for the masks is given[#. The masks were used to design the-s
specific configurations within the 180km radius taharea, and as such provids
information within this area in the context of physical characteristics.

Attachment 11
Wind roses

Wind roses provide a graphical representation of statistics on direction, stre
and frequency of wind conditions at a givlocation. The attachment provide
annual and monthly statistics for the core region (wind roses for the Austr
continent are shown in the main report). The report does not specify the perig
which these statistics were obtained but does mentiohet number of
observations used.

Attachment 12
New  Zealang
physical
characteristics

Information provided here concerns New Zealand, and covers the follg
aspects:

Population density, land use, environmental (air temperature, humidity, rair
cloud cover, wind, solar radiation, animals, wildfires, seismic activity and sg
weather events).

Tablel: Overview of information supplied, Australasia

al ff

Sk NE £

This termis referred to throughout the AustraliaNew Zealand subrssionin relation to the data
supplied by weather stations nearest to the SKA siseshown inTable 2: Australian weather
stations: locations and reporting periolt.is not clear howthe data from these individual weather
stations relate to thedataprovided in the submission

Weather Station Distance from the Corq Years
Murchison 70km West 19872011
Murgoo 70km South 18892011
Meekatharra Airport| 180km East 19442011
Cue 145km SoutkEast No years giver|
Errabiddy 145km North No years giver
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Table2: Australian weather stations: locations and reporting period.

4.1.2 Southern Africa

Chapter 5 of the South African response to the Rfl deals with the Physical Site Charactdis
This chapter reports on these characterisiic®22 pages, with the bulk of the information contain

in 38 Annexures:

F1.1to F1.7Chapter 5 of RSA
2005 Bid Submission (Climate at
the SKA sites) and further annexe

The Rfl indicates that relevant information that was supp
during the shortlistig process in 2005 could be part of t
physical characteristics information package. Copied from
2005 bid package, F1.1 and F1.2 cover climate and weath
the core site. F1.3 through F1.6 cover geological and geq
constraints, geology, geotecludl and mineral deposit
reports. F1.7 covers inundation mapping.

F2 Phase Stability in Fibre Optic
Cables

Contains modelled and measured subsurface tempera
profiles.

F3.1 to F3.3HHK Soil resistivity
survey for KAT7

Addresses suburface conductity. These are reports @
investigations by a contractor, carried outsiiu for KAT7.

F4.1 to F4.4CGeotechnical reports
for MeerKAT and SKA

Detailed and summary reports on geotechnical investigati
for dish foundations carried out by a contractor. F4.3 is
MeerKAT CDR report, that includes geotech information.

F5 MeerKAT Environmental
Impact Assessment Report

This impact assessment ixiuded to show that there are n
ecological reasons to prohibit development of rac
astronomical activities in the core area.

F6.1 toF6.7: Raw measurement
data from SKA Weather Station
and derived statistics on
temperature, humidity, rainfall,
dewpoirt, wind and solar radiatior

Spreadsheets that contain raw and derived data from
weather station at the core site.

F7. Aerosol Optical Thickness
report

I O2Yy (N} OG2NRa NBLRNIL 2y |
from satellite data over the SKAchtions in Southern Africa.

F8.1 to F8.4Graphical
representations on frost days,
wildfires, annual solar radiation
and soil pH

Maps supporting the information given in the main report.

F9.1 to 9.3 Physical Characteristic
at SKA Remote Stations, and
Annexures A and B

Very comprehensive report on all physical characteristic
presented in F9.1, which covers the remote stations but
addresses the conditions along the spiral arms. Deta
weather information at the remote sites is presented inZ¢
and water quality information in F9.3. This work was car
out by a contractor.

F1Q Repository of Monthly Wind
Roses

Wind roses provide a graphical representation of statistics
direction, strength and frequency of wind conditions at a gi
location. Monthly wind roses are included in individl
documents, while the annual average wind rose is given in
main document. The statistical period is 6 years.

F11 SKA Site Weather Paramete|
from AQUA Satellite Data

A direct comparison between o8thern African and
Australasian core sites on several parameters is made, b
on satellite data covering almost 8 years, as assembled
delivered by a contractor. Local night and daytime parame
reported on are: total atmospheric water vapour conte
cloud coverage, surface air temperature and surface

temperature.This document has not been used as a referer
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or source of information for the current report.
F12.1 to F12.5Analysis of Acori N} OG2NRa RSa|l addzRe NBL
Geotechnical Conditions at the Sk presented for the central and remote sites. The repdg
Remote Stations concentrate on dish locations. A main report (F12.5) and
annexes are included.

Table3: Overview of informationsupplied, Southern Africa

4.2 Environmental

In the following sections the responses to the environmental paragraph of the Request for
Information is addressed. Per topic the information has been condensed as much as possible while
attempting to preserve theichness of the information supplied. There was a significant difference in
presentation between the two submissions in that Australia has presented data mainly in tabular
format along with contour plots on the map with the configuration indicated, whdatl$ Africa
delivered their information mainly in graph$o allow compasion ofthe information the Australian

data wasalso beerconverted to graphby the SPDO

Per parameter three sections are presented in the following sections:
1. The Australian contar plots taken from the response document;
2. The South African summary graphs, likewise taken from the response document;
3. Comparison graphs, combining data that was presented either in tabular or graphical format
by the site proponents.

Data sourcs Australia

Environmental information was compiled from the Australian Bureau of Meteorol@®M)

weather stations. The information pertaining to the core location was derived from various stations

in the area, ranging from 70 to 180 km from the centré IRRA GA 2y G2 RF G Y SI & dzNJ
own weather station. For the latter the data covers a limited perithe (year 2010 ¢ KS {t 5h Qa
request for delivery of the raw data from that weather station was declined, with the argument that

this data was not demed to be representatlve because of its location on top of a local outcrop
OWONBI 1l 4l Q0d ¢KS &dzoYAOGGSR NBLERNI yz2dadSa GKIFG
stations within the 180 km radius zone is minimal. For various stations reporting peaia
mentioned that go back to 1889 in one case, but no overview is given of what data, from which
station and what time period has ended up in the data presented in the report.

Data sourcs South Africa

Measured data from the weather station at the Karsite have been made available in raw format
and have been used in the submitted documents and also as data source for the current report. This
station has been in operation since 2005, with minor interruptions, and has deliverstliidata on

6 basic veather parameters ever since. A second weather station at the location of KAT7 has been in
use since early 2011. Weather information at the core location has been based on this weather
station. Datasets from weather stations from government authoritiesGFCW and SAWS) have
been used to characterise conditions along spiral arms and the remote sites. Satellite datasets and
modelled datasets were used to complement weather station data wiieeee wereinsufficient or

not available. The submitted documetitan presents weather data separately for the inner region,
along the spiral arms and the remote stations for the South African configuration.
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4.2.1 Temperature
Australia
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Figurel: Average daily mean temperature (annual), overlaidth SKA array stations.

Southern Africa
Temperature Data - 01/01/2005 to 30/02/2011
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Figure?2: Statistics for temperature data, collected in the period 01/01/2005 to 31/03/2011, indicating the
following: mean, range (average of maximum minimum daily temperature), average maximum and
minimum over the days of the month, absolute maximum and minimum over the days of the month, and
average and maximum rate of variation over one hour timescales.
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Comparison
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Figure3: Graph of Maximum andVinimum Daily Temperatures (SA data processed from original weather
station data; Aus data plotted from tabulated summary in report)
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Figure4: Chart illustrating daily variation in temperature for the first day of each month 2010 (SA data
processed from original weather station data; Aus data plotted from tabulated summary in report)

4.2.2 Humidity
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Australia
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Figure5: Average daily relative humidity (annual), overlaid with SKA array stations.

SouthernAfrica
Relative Humidity Data = 01/01/2005 to 30/02/2011
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Figure 6: Statistics for humidity data, collected in the period 01/01/2005 to 31/03/2011, indicating the
following: mean, range (average for maximumminimum daily relative humidity), average maximum and
minimum over thedays of the month, and absolute maximum and minimum over the days of the month.
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Comparison
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Figure7: This graph shows the mean relative humidity at the two core sites at 9am and at 3pm. The SA plot

@ Mean Relative Humidity at SA core (9am) [2005-2011]
+ Mean Relative Humidity at SA core (3pm) [2005-2011]

X Mean Relative Humidity at MRO (9am) [All Years]

X Mean Relative Humidity at MRO (3pm) [All Years]
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Month
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has been calculatedrém the raw data files which span fron©ctober 2005 to March 201tb match the data
in the Australian report. The Australian data is taken from the summary table in the reppfl2 ¥ a! f £
(see section 4.1.1 in Information Supplied)

Figure8: Range of mean humidity (%) is given for 9am &pin for the two core sites. The SA plot has been
calculated from the raw data files which span from October 2005 to March 2011 to match the data in the
Australian report. The Austr t Aty RIFGF Aa GF1Sy FNRY
section 4.1.1 in Information Supplied).
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