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Agenda of the Pre-Application Meeting with DEA on 17 September 2015 
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CSIR Presentation given at the Pre-Application Meeting with DEA on 17 September 
2015 
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Appendix I.2: DEA Acknowledgement of Receipt of Application for EA and 
Scoping Report for Comment 
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Appendix I.3: DEA Acknowledgement of Receipt of finalised Scoping Report for 
Decision-Making 
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Appendix I.4: DEA Acceptance of finalised Scoping Report 
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Appendix J.1: Environmental Sensitivity Map 
 

 
Sensitivity Map for Kenhardt PV 2 



Scoping and Environmental Impact Assessment for the proposed Development of a 75 MW Solar Photovoltaic Facility (KENHARDT PV 2) on the remaining extent of Onder Rugzeer Farm 168, north-east of Kenhardt, Northern Cape Province 

 
 

APPENDIX  J  –  Maps  and  T i t le  Deeds  

pg 2 

 

Combined Sensitivity Layout Map for Kenhardt PV 1, 2 and 3 
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Appendix J.2: Layout Map 
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Appendix J.3: Title Deed for Remaining Extent of Onder Rugzeer Farm 168 
 

 



Scoping and Environmental Impact Assessment for the proposed Development of a 75 MW Solar Photovoltaic 
Facility (KENHARDT PV 2) on the remaining extent of Onder Rugzeer Farm 168, north-east of Kenhardt, 

Northern Cape Province 

 
 

APPENDIX  J  –  Maps  and  T i t le  Deeds  

pg 5 



Scoping and Environmental Impact Assessment for the proposed Development of a 75 MW Solar Photovoltaic 
Facility (KENHARDT PV 2) on the remaining extent of Onder Rugzeer Farm 168, north-east of Kenhardt, 

Northern Cape Province 

 
 

APPENDIX  J  –  Maps  and  T i t le  Deeds  

pg 6 

 
  



Scoping and Environmental Impact Assessment for the proposed Development of a 75 MW Solar Photovoltaic 
Facility (KENHARDT PV 2) on the remaining extent of Onder Rugzeer Farm 168, north-east of Kenhardt, 

Northern Cape Province 

 
 

APPENDIX  J  –  Maps  and  T i t le  Deeds  

pg 7 

 



Scoping and Environmental Impact Assessment for the proposed Development of a 75 MW Solar Photovoltaic 
Facility (KENHARDT PV 2) on the remaining extent of Onder Rugzeer Farm 168, north-east of Kenhardt, 

Northern Cape Province 

 
 

APPENDIX  J  –  Maps  and  T i t le  Deeds  

pg 8 

 





Technical Report:

Cumulative Topographical Analysis of
Proposed PV Projects in AGA Area

Work done for: Scatec Solar SA 163 (Pty) Ltd.

A. J. Otto and P. S. van der Merwe

Document Number: SCA/16/01/29
Revision Number: REV1

Document Date: 10 February 2016

This document contains proprietary information and may not be disclosed without the
written consent of MESA Solutions (Pty) Ltd. or the client for whom it is intended.



SCA/16/01/29/REV1 February 10, 2016

Document Approval

Name Affiliation Designation Signature

Submitted A. J. Otto MESA Solutions Managing Director

P. S. van der Merwe MESA Solutions Managing Director

Accepted C. Bosman Veroniva Project Manager

Document History

Revision Date of Issue Comments

REV0 29 January 2016 Final Report Submission (SCA/16/01/29/REV0).

REV1 10 February 2016 Statement on compliance of Kenhardt PV developments.

Company Details

Name MESA Solutions (Pty) Ltd.

Physical Address Aan-de-wagen Centre

Aan-de-wagen Rd.

Stellenbosch

7600

Tel. +27(0)72 317 9784 / +27(0)82 494 6204

Website http://www.mesasolutions.co.za/

Page 1 of 163



SCA/16/01/29/REV1 February 10, 2016

Executive Summary
MESA Solutions was asked by Scatec Solar to do a topographical analysis of the terrain profiles between various
p hotovoltaic (PV) project locations in the Astronomy Geographic Advantage (AGA) area and the closest and
core-site SKA telescopes. A total of three Scatec Solar sites (Kenhardt PV1 to PV3 ), as well as ten Mulilo sites
(Boven PV1 to PV4; Gemsbok PV1 to PV6 ) in close proximity, are considered in this cumulative assessment.

EMI Characterisation of Representative Plant
Conducted Measurements

• TD conducted measurements on supply cables to the Tracking Units show large pulses when the plant is ON.

• Majority of the pulse energy extends up to at least 500 MHz.

• Equivalent FD measurements on the wireless antenna and pressure switch cables agree.

• Comparison with radiated results show higher frequencies radiate into the environment more efficiently.

• Better part of noise is likely to emanate from the inverter.

• Tracking Unit emissions are somewhat aggravated by the wireless communication.

• Switching noise associated with the tracking of the panels creates broadband interference.

• Biggest part of switching interference is generated by the pump contactor and relays.

Radiated Measurements

• Radiated results for the plant ON and in STANDBY mode show similar emissions levels.

• This confirms that interference producing systems are never completely OFF.

• Emissions associated with the Inverter units are dominant and occupy frequencies between 300 MHz and 2
GHz

• Peak levels identified range between 30 - 35 dBµV/m as measured at 10 m below 1 GHz and at 3 m above 1
GHz for both polarisations.

• For purposes of RFI mitigation, the fixed line communication would be the preferred implementation.

• The String Cabinet shows mostly broadband interference between 300 MHz and 800 MHz for both
polarisations.

• Comparative measurements made with the doors to the Inverters and Tracking Units open show the limited
levels of shielding provided by these enclosures.

• It is possible to improve the shielding by incorporating conductive gasketting.

Propagation Analysis
A preferred and alternative site location was included for the Mulilo developments in terms of the total path loss
to the SKA receivers. This study attempts to define an E-field upper limit, as a function of frequency, at which the
plants are allowed to radiate without exceeding emission limits (SARAS protection and receiver saturation limits) at
the various SKA telescope locations. The conformance of the plant can be determined by comparing representative
measured results, made at Scatec Solar’s 75 MW Dreunberg plant, to the calculated levels provided.
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From the results it is shown that:

• Radiated emissions at levels below that of CISPR 11/22 Class B are required (especially in the case of the
closest telescope).

• Negligible terrain loss exists between majority of sites and closest SKA telescope.

• Predictions for the maximum allowed E-field level, as measured according to CISPR 11/22 Class B, are given
in Figs. (a) to (c) below. A comparison with measured emission levels for each plant is shown.

• Based on plant emission and maximum allowed levels, the required (red) mitigation or surplus (green)
attenuation for the closest, second closest and core-site telescopes are given in Tables 1 2 and 3 respectively.

The three proposed Kenhardt plants are shown in Table 1 to exceed the SARAS protection levels
by up to 38 dB toward the closest SKA telescope. This includes the cumulative effect of a total of
N = 13 PV plants developed. However, Boven PV1, PV3 and PV4 exceed this limit by
approximately 50 dB in this scenario.

For the case where only the three Kenhardt plants are developed, the exceedance will reduce to
31.6 dB with a cumulative effect for N = 3 plants considered.

Mitigation Measures
It is strongly recommended that the following mitigation practises be incorporated into the plants design:

• The inverter units, transformers, communication and control units for an array of panels all be housed in a
single shielded environment.

• For shielding of such an environment ensure:

– RFI gasketting be placed on all seams and doors.

– RFI Honeycomb filtering be placed on all ventilation openings.

• Cables to be laid directly in soil or properly grounded cable trays (not plastic sleeves).

• The use of bare copper directly in soil for earthing is recommended.

• Assuming a tracking PV plant design, care will have to be taken to shield the noise associated with the relays,
contactors and hydraulic pumps of the tracking units.

• All data communications to and from the plant to be via fibre optic.

It is MESA’s expectations that, if the mitigation measures that are specified are implemented correctly, attenuation
of between 20 dB and 40 dB can be achieved. The required maximum mitigation 50 dB for some plant especially
towards the closest telescope would require significant attention to detail. It is important to note that the success
of the mitigation measures cannot be guaranteed or confirmed until measurements on a representative mock-up
installation with mitigation measures implemented are performed. Furthermore, the findings from this assessment
are for the client’s own edification, and will be taken into account by SKA-SA during their own propagation analysis.
This study is therefore not meant to supersede any investigation done by SKA-SA or relevant RFI working groups.
It remains the responsibility of the developer to meet compliance to the SKA requirements, and MESA Solutions
cannot accept responsibility for any assessments made in this report which could cause non-compliance.
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(a) (b)

(c)

Maximum allowed measured E-Field (CISPR 22 Class B) to ensure levels are 10 dB below SARAS protection levels toward:
(a) Closest SKA telescope; (b) Second closest SKA telescope; and (c) SKA core-site telescopes compared to measured results
at 75 MW Scatec Dreunberg PV plant.
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Site 387.38 399.19 409.52 871.57 942.42 1223.81 1441.27 1584.12 1728.57 1819.05

Location MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz

Kenhardt PV1 12.55 18.03 14.58 23.06 23.28 1.96 -5.57 -10.4 -12.54 -2.51

Kenhardt PV2 25.23 30.77 27.38 37.53 37.99 17.28 10.17 5.52 3.5 13.6

Kenhardt PV3 6.94 12.37 8.87 15.98 16.03 -5.57 -13.22 -18.11 -20.3 -10.3

Boven PV1 36.02 41.47 37.99 47.05 47.43 26.85 19.92 15.43 13.61 23.82

Boven PV2 23.16 28.66 25.23 34.35 34.79 13.48 5.88 0.97 -1.29 8.67

Boven PV3 32.07 37.73 34.44 47.17 47.95 27.69 20.76 16.27 14.45 24.66

Boven PV4 35.48 40.95 37.5 46.79 47.17 26.59 19.66 15.17 13.35 23.56

Gemsbok PV1 14.85 20.36 16.94 26.52 26.91 5.98 -1.29 -6.01 -8.08 1.99

Gemsbok PV2 18.72 24.26 20.87 31.2 31.68 11.01 3.92 -0.72 -2.73 7.38

Gemsbok PV3 14.75 20.25 16.81 25.63 25.9 4.6 -2.93 -7.77 -9.92 0.09

Gemsbok PV4 31.52 37.06 33.66 43.06 43.38 22.1 14.54 9.64 7.38 17.34

Gemsbok PV5 24.01 29.42 25.92 32.36 32.29 9.96 1.69 -3.63 -6.27 3.43

Gemsbok PV6 26.8 32.34 28.94 39.25 39.73 19.02 11.88 7.2 5.14 15.21

Table 1: Required (red) and surplus (green) attenuation levels [dB] to meet SARAS protection limits at the closest SKA
telescope.

Site 387.38 399.19 409.52 871.57 942.42 1223.81 1441.27 1584.12 1728.57 1819.05

Location MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz

Kenhardt PV1 -1.38 4.07 0.59 7.05 6.94 -15.35 -23.55 -28.78 -31.31 -21.52

Kenhardt PV2 12.74 18.24 14.81 23.39 23.6 2.36 -5.07 -9.89 -12.05 -2.03

Kenhardt PV3 3.57 9.07 5.63 13.31 13.36 -8.6 -16.59 -21.69 -24.06 -14.19

Boven PV1 14.73 20.23 16.8 25.52 25.77 4.64 -2.72 -7.48 -9.58 0.46

Boven PV2 3.73 9.21 5.76 13.68 13.81 -7.7 -15.32 -20.25 -22.51 -12.57

Boven PV3 3.73 9.21 5.76 13.68 13.81 -7.7 -15.32 -20.25 -22.51 -12.57

Boven PV4 6.95 12.43 8.98 17.08 17.24 -4.17 -11.73 -16.61 -18.82 -8.84

Gemsbok PV1 6.64 12.1 8.64 14.75 14.56 -7.66 -15.72 -20.84 -23.23 -13.37

Gemsbok PV2 6.39 11.91 8.49 15.91 15.87 -6.01 -13.88 -18.9 -21.21 -11.29

Gemsbok PV3 7.22 12.7 9.25 15.89 15.77 -6.42 -14.51 -19.67 -22.11 -12.27

Gemsbok PV4 10.1 15.65 12.27 21.01 21.18 -0.36 -8.05 -13.0 -15.27 -5.33

Gemsbok PV5 4.92 10.42 6.99 14.78 14.84 -7.04 -14.98 -20.04 -22.4 -12.51

Gemsbok PV6 12.72 18.28 14.91 24.24 24.5 3.19 -4.35 -9.23 -11.45 -1.48

Table 2: Required (red) and surplus (green) attenuation levels [dB] to meet SARAS protection limits at the second closest
SKA telescope.
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Site 387.38 399.19 409.52 871.57 942.42 1223.81 1441.27 1584.12 1728.57 1819.05

Location MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz

Kenhardt PV1 -21.33 -15.96 -19.51 -14.15 -14.35 -36.27 -44.03 -48.97 -51.19 -41.21

Kenhardt PV2 -18.46 -13.12 -16.7 -12.06 -12.35 -34.46 -42.33 -47.32 -49.57 -39.61

Kenhardt PV3 -24.93 -19.53 -23.04 -16.73 -16.81 -38.43 -46.01 -50.85 -52.99 -42.97

Boven PV1 -15.48 -10.18 -13.79 -9.87 -10.25 -32.51 -40.46 -45.49 -47.77 -37.84

Boven PV2 -19.45 -14.12 -17.69 -13.13 -13.44 -35.56 -43.45 -48.44 -50.7 -40.74

Boven PV3 -19.45 -14.12 -17.69 -13.13 -13.44 -35.56 -43.45 -48.44 -50.7 -40.74

Boven PV4 -15.58 -10.28 -13.89 -10.0 -10.38 -32.64 -40.59 -45.62 -47.89 -37.95

Gemsbok PV1 -26.86 -21.45 -24.96 -18.6 -18.67 -40.28 -47.85 -52.69 -54.83 -44.81

Gemsbok PV2 -25.18 -19.78 -23.3 -17.06 -17.15 -38.81 -46.41 -51.27 -53.42 -43.41

Gemsbok PV3 -22.2 -16.84 -20.39 -15.06 -15.27 -37.2 -44.97 -49.91 -52.13 -42.16

Gemsbok PV4 -16.1 -10.82 -14.44 -10.79 -11.19 -33.51 -41.49 -46.53 -48.82 -38.89

Gemsbok PV5 -22.7 -17.32 -20.87 -15.26 -15.43 -37.26 -44.97 -49.88 -52.07 -42.09

Gemsbok PV6 -16.36 -11.07 -14.68 -10.91 -11.31 -33.62 -41.61 -46.65 -48.94 -39.0

Table 3: Required (red) and surplus (green) attenuation levels [dB] to meet SARAS protection limits at the core-site SKA
telescopes.
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1 Introduction
MESA Solutions was asked to investigate the cumulative effect and possible impact of a number of photovoltaic
(PV) plants on the Square Kilometre Array (SKA) project. It is proposed that development of these plants take
place in the Astronomy Geographic Advantage (AGA) area described in [1]. The proposed sites include three
developments by Scatec Solar, as well as ten developments by Mulilo Renewable Project Developments in close
proximity. From the terrain evaluation we are able to determine what influences, if any, natural topographical
features will have on the total expected interference attenuation based on the location of the site. This determines
the maximum allowable emission levels which the facility may generate in order to still comply with SKA
threshold limits as specified in [2]. An initial study investigating the effect of three of the ten sites, namely Boven
PV1, Gemsbok PV1 and Gemsbok PV2, on the closest and core SKA telescopes were undertaken in [3].

The following additional sites considered in this cumulative study include:

Scatec Solar

• Kenhardt PV1

• Kenhardt PV2

• Kenhardt PV3

Mulilo Renewable Project Developments

• Boven PV2

• Boven PV3

• Boven PV4

• Gemsbok PV3

• Gemsbok PV4

• Gemsbok PV5

• Gemsbok PV6

For each of the additional Mulilo sites, a preferred and an alternative site location is considered in terms of the
total path loss to the closest and core SKA telescopes. The purpose is to identify the recommended site location
based on minimum potential impact.

The aim of this investigation is to define emission limits at relevant discrete frequencies to which in situ
measurements, conducted once the project is built, have to adhere. Compliance to these limits, given the
propagation analysis presented, will ensure that emissions will not exceed the SARAS protection or receiver
saturation threshold levels. The report is not a prediction of what interference levels will be at each of the
telescopes, but rather stipulates a requirement for the developer to ensure conformance. Assuming the same
technology, the conformance of the plant can be determined by comparing representative measured results, from
the 75 MW Scatec Dreunberg PV plant in Section 2, to the calculated levels provided in Section 6.

In the case where there are more than one PV plant (source of interference) emitting at a specific frequency, it is
important that the cumulative effect be considered by taking into account:

PCumulative = 10 log10 (N) (1)
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where N=13 is the number of PV plants considered in this investigation. This could results in an accumulative
effect of up to PCumulative=11.1 dB for power transmitted at a specific frequency.

It is important to note that the findings from this assessment are for the client’s own edification, and will be taken
into account by SKA-SA during their own propagation analysis. This study is therefore not meant to supersede
any investigation done by SKA-SA or relevant RFI working groups. It remains the responsibility of the developer
to meet compliance to the SKA requirements, and MESA Solutions cannot accept responsibility for any
assessments made in this report which could cause non-compliance.

2 EMI Characterisation of 75 MW Dreunberg PV Plant
The cumulative study firstly requires the characterisation of electromagnetic interference (EMI) generated by a
representative plant using similar technology as what will be implemented on the proposed sites. Secondly, by
making use of the identified interference from the facility in propagation analysis, the potential impact of the sites
on both the closest and core-site SKA telescopes are determined. Finally, recommendations for the mitigation of
interference based on the anticipated impact and plant layout are given.

2.1 Background & Scope
The AGA act specifies that the declared astronomy advantage areas are to be protected, preserved and properly
maintained in terms of radio frequency interference (RFI). Therefore, the potential impact from new developments
in terms of emissions, specifically on the SKA SA project, have to be determined. MESA Solutions will assist
Scatec Solar in trying to establish the impact of interference from all the proposed projects on both the closest
and core-site SKA stations. It is, however, important to take into account the fact that all measured results in
this report include background interference which is dependent on the representative plant’s location.

MESA’s philosophy for identifying RFI generated by an electric/electronic system is to do both radiated and
conducted measurements. Conducted interference, in the form of common mode (CM) current on the cables
connected to the system, could radiate if a resonant galvanic path exists. CM current measurements made
throughout a system using a current probe (CP), are therefore a diagnostic tool which helps to determine the
likely source of interference. Radiated measurements, usually made using active antennas, provide information
about how much of the conducted interference is being radiated into the environment. Differences in spectral
content between the two methods mean that some interference radiates directly from parts of the system. Levels
of radiated interference are, furthermore, subject to multi-path interference and as a consequence have to be made
at various separation distances.

Another level of investigation is to repeat some the radiated and conducted measurements in the time domain
using a MESA Product Solutions’ Real Time Analyser (RTA-3). This allows the capture of transient signals
usually associated with switching events which a conventional sweeping spectrum analyser (SA) is unlikely to
capture. While they might only last for a short duration, the consequence could be a frequency spectrum filled
with interference (fast rise time pulse results in broadband frequency content). The combination of these
measurement techniques is relied upon to provide information about the total amount of interference produced by
a device under test (DUT). Current measurements were made from 70 MHz to 1 GHz due to the operational
frequencies of interest (lower limit) and CP (upper limit). Radiated measurements were made from 70 MHz to 3.6
GHz which covers the band of conducted interference and provides some additional information.

2.2 Measurement Locations
A diagram of the plant layout is shown in Fig. 1. The plant is divided into an eastern and western section.
Measurement positions were chosen in the eastern section close to inverters 22 and 23 (Position 1) as well as
inverters 1 and 2 (Position 2). The two positions were evaluated because of differences in communication methods
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between the tracking units at each location. The associated global positioning system (GPS) coordinates for the
two position are:

• Position 1: 30o 50.167’ S, 26o 12.930’ E

• Position 2: 30o 49.944’ S, 26o 13.204’ E

Figure 1: Diagram of plant layout showing measurement location at inverters 22 and 23.

The Dreunberg plant makes use of a horizontal single-axis tracking facility operated hydraulically. Each
inverter/transformer station is supplied by six arrays of panels each operated by two tracking units. The
measurement location was chosen to provide characteristic emissions of a typical Inverter station, as well as
nearby String and Tracking cabinets.

The String cabinets (Fig. 2) combines all the direct current (DC) supplies for a particular part of the plant onto
positive and negative 1000 V DC cables. The String cabinet also contain a smart solar energy monitoring system
that monitors the voltage, current and power output from the various PV panels (or strings) that feed DC into
the String cabinet. The Tracking cabinets located on the Tracking unit contain all the control electronics for the
array movement. The hydraulic system makes use of a master and slave hydraulic rams situated either side of a
particular array. Depending on the direction the panels are moved in, only one will operate at any given time.
Communication between the Tracking units are done via a local wireless network for most units in the plant,
except at a few units close to Position 2. For the wireless system (Position 1), each pair of Tracking units has a
unique operating frequency to ensure exclusive communication. For the wired implementation (Position 2), a fixed
RS-485 communication cable runs underground connecting each pair of Tracking units.
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Figure 2: String Cabinet layout where supply from each panel is monitored.

2.3 Conducted Measurements
Conducted measurements were made using an ETS-Lindgren EMCO CM CP. Measurements in the time domain
(TD) were made using a 800 MHz instantaneous bandwidth (BW) MESA Product Solutions RTA-3 (Real Time
Analyser) capable of measurements up to 2.6 GHz, while frequency domain (FD) measurements were made with a
Rohde & Schwarz ZVH-4 (70 MHz to 3.6 GHz) cable and antenna analyser (SA). In cases where strong
low-frequency emissions compressed the receivers, a 100 MHz high pass filter was added.

The majority of measurements were made on cables close to the Tracking Unit and String Cabinets at Position 1
and 2. Measurements were also made on the cables connected to one of the weather stations located throughout
the facility. A number of conducted interference measurement locations are shown in Figs. 3 to 5:

• Positive direct current (DC) panel cables

• Earth strap at the back of the PV panels

• DC cable bundle at the back of the PV panels

• Communication cable in String Cabinet

• Tracking Unit Position 1 wireless antenna cable

• Pressure switch cable (Tracking Unit)

• Tracking Unit communication cable Position 2

• Weather station cable

Measurements were made with the plant in full power generation mode, referred to as the ON state. After sunset
the plant no longer produces power and enters an idle/standby mode. It is important to note, however, that
most control and monitoring systems remain on during this period. This is referred to as the STANDBY state of
operation and was also evaluated. With most systems remaining on, emissions levels will not necessarily change
between ON and STANDBY modes of operation.
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Figure 3: CP measurements on the panel earth strap. Figure 4: CP measurements on cables connected to Tracking
Cabinet.

Figure 5: CP measurements on the communication cable inside the String Cabinet.
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2.3.1 Frequency Domain Measurements

FD results obtained with the CM CP and SA are shown in Figs. 6 to 12. In these results the measured voltage
levels [dBµV] are converted to current levels [dBµA] by removing the transfer impedance (ZT [dBΩ]) of the probe.
Each figure displays the frequency content measured from 70 MHz to 1 GHz. The dominating low-frequency
content occasionally required the use of a low pass filter with a cut-in frequency of 100 MHz. The effect therefore
on band of interest is negligible. In most cases the pre-amplifier was used with a 100 kHz resolution bandwidth
(RBW) which is the closest option to CISPR equivalent RBW of 120 kHz for frequencies below 1 GHz.

Included in all results are the CISPR 11/22 Class B (more stringent standard for household applications)
equivalent current limit. It is derived from antenna theory that any cable in free space carrying a CM current level
of 5 µA (or 13.98 dBµA) above 230 MHz, will produce a worst-case E-field strength of 37 dBµV/m at a distance
of 10 m from the DUT. This will only occur if the cable has resonant properties at a given frequency. The 37
dBµV/m limit is relaxed by 10 dB for CISPR 22 Class A (industrial applications). While the SKA, because of its
sensitivity, enforces much more stringent limits than CISPR, it is purely included as a well-known reference.

Most of the results show a comparison between the ON and STANDBY modes of operation. Because the plant
never fully switches off, evaluation of the STANDBY mode is relevant. In all cases where STANDBY
measurements were made, the comparison with ON results confirms that there are no appreciable difference in
terms of the interference generated. A prominent broadband interference signal seen on the DC cable bundle is
visible at a lower level on the single panel DC cable. Also visible in the two DC results is a particularly strong
narrowband emission at 872 MHz. It was also measured on the panel earth strap, the pressure switch and wireless
antenna cables. Its narrowband feature and the fact that it was not measured on the cables connected to the
String or fixed line Tracking Cabinets suggest it to be some local oscillator or clock frequency only visible at
Position 1.

Other significant levels of conducted interference are seen on the pressure switch, wireless antenna and Tracking
Cabinet communication cable. These levels are above the equivalent current limit between 100 MHz and 350 MHz
and seem to be broadband in nature. The wireless antenna and pressure switch cables show narrowband higher
frequency interference not measured anywhere else. The similarity in spectral content on these two cables can be
attributed to their close proximity of the Tracking Unit, with the source likely to be the wireless communication
system. Similar interference is not visible on the communication cable of the Tracking Unit at Position 2 where
the wireless system is not used. A simple comparison of conducted and radiated interference will subsequently be
presented to determine the contribution of CM current to the overall radiated emissions.
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Figure 6: Frequency domain current probe measurements on the PV panel DC cables for the plant ON and in STANBY
mode.

Figure 7: Frequency domain current probe measurements on DC cable bundle at the back of the PV pannels for the plant
ON and in STANDBY mode.
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Figure 8: Frequency domain current probe measurements on PV earth strap for the plant ON and in STANBY mode.

Figure 9: Frequency domain current probe measurements on the hydraulic pressure switch located at the Tracking Unit for
the plant ON and in STANDBY mode.
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Figure 10: Frequency domain current probe measurements on wireless antenna cable located at the Tracking Unit at Position
1 for the plant ON and in STANBY mode.

Figure 11: Frequency domain current probe measurements on String Cabinet communication cable for the plant ON and in
STANDBY mode.
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Figure 12: Frequency domain current probe measurements on Tracking Cabinet communication cable at Position 2 for the
plant ON and in STANBY modes.

2.3.2 Time Domain Measurements

TD conducted measurements, focussing particularly on the Tracking Unit operation were made, as shown in Fig.
4. A typical TD transient pulse, as well as its corresponding Fast Fourier Transform (FFT) FD spectrum, captured
on supply cables entering the cabinet of the unit at Position 1 with the RTA-3 and EMCO CM CP are shown in
Fig. 13 and Fig. 14 respectively.

In both of the results shown above, the resultant spectrum gives the frequency content only associated with the
particular pulse captured. The fast changing nature of the pulses cannot be captured using a conventional sweeping
SA, so both TD and FD data have to both be considered. In the event of the supply cable that was measured, levels
exceeding the CISPR equivalent current limit are seen from approximately 100 MHz across most of the frequency
band. The pulse therefore suggests relatively strong transient events which will distribute to all cables closely
spaced to this supply cable. A comparison with radiated results also measured in the TD in close proximity to the
Tracking Unit are presented in Section 2.4.4.
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Figure 13: Typical CM current transient pulse captured with RTA-3 on supply cables to the Tracking Unit at Position 1.

Figure 14: Equivalent Fast Fourier Transform spectrum for the conducted interference measured on supply cable to the
Tracking Unit at Position 1.
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2.4 Radiated Measurements
2.4.1 Frequency Domain Measurements

Inverters 22 and 23 Position 1
Radiated measurements were made in the TD and FD using the same conventional sweeping SA and RTA-3. A
log periodic dipole array (LPDA) antenna in both active and passive modes were used as the receiver.
Measurements were made between 70 MHz and 3.6 GHz, with measured voltage levels [dBµV] transformed into
electric field (E-field) [dBµV/m] by incorporating the appropriate antenna factor (AF) values [dB/m].

Radiated measurements were made at Position 1 (Fig. 1) of Inverters 22 and 23 as well as the closest Tracking
and String Cabinets at separation distances of 1, 3, 10 m as shown in Figs. 15 (a) and (b). Measurements were
also made at Position 2 (Fig. 1) of the Tracking Cabinet at a location in the plant were fixed-line communication
is used between the Tracking Units. A comparison of results for the two positions give an indication of the
possible increased high frequency interference associated with the wireless communication network.

In addition to evaluating emissions as a function of distance, measurements were also made with the doors to the
Inverter enclosures and Tracking Cabinet open. Both sets of results help to identify interference produced only by
the plant. In all cases measurements were made during full power production (ON ), and when no power was
being generated (STANDBY ) for both polarisations.

(a) (b)

Figure 15: Radiated measurements of (a) Inverter and Transformer units and (b) Tracking Cabinet.

Results as measured for Inverters 22 and 23 at Position 1 with the system ON and in STANDBY mode for both
polarisations are given in Figs. 16 and 17. These results are with all doors to enclosures closed.
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Figure 16: Vertical polarisation E-field measurements at a distance of 1, 3 and 10 m form the Inverters at Position 1 for
both ON and STANDBY modes of operation with door closed.

Figure 17: Horizontal polarisation E-field measurements at a distance of 1, 3 and 10 m form the Inverters at Position 1 for
both ON and STANDBY modes of operation with doors closed.
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Similar levels of interference are measured for both polarisations, as well as for the plant ON and in STANDBY
mode. Variation with distance can be seen from 300 MHz up to 2 GHz, and peak emission levels reach 48
dBµV/m at 1 m for vertical polarisation and 42 dBµv/m at 1 m for horizontal polarisation. A particularly strong
emission at 872 MHz can be seen in all results shown.

Results for a repeat measurement as a function of distance, but with the doors to the Inverter enclosures open,
are shown in Fig. 18 for vertical polarisation and in Fig. 19 for horizontal polarisation. In both cases results are
shown for the plant ON and in STANDBY mode.

The comparison shows emission in the vertical polarisation to increase, especially between 1 and 2 GHz. Peak
levels for vertical polarisations have increased to above 50 dBµV/m compared to 48 dBµV/m for the door closed.
In the case of horizontal polarisation signal levels have increased by at least 10 dB for measurements with the
inverter and transformer doors open. The variation with distance and level increase with the doors open, albeit
less than expected at some frequencies, confirms the radiating source to be the Inverters.
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Figure 18: Vertical polarisation E-field measurements at a distance of 1, 3 and 10 m form the Inverter at Position 1 for
both ON and STANDBY modes of operation with doors open.

Figure 19: Horizontal polarisation E-field measurements at a distance of 1, 3 and 10 m form the Inverters at Position 1 for
both ON and STANDBY modes of operation with doors open.
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Tracking Unit Position 1
Results measured for one of the Tracking Units at Position 1 with the plant ON and in STANDBY mode are
given in Figs. 22 and 21. These results are for the door of the Tracking Cabinet, visible in Fig. 15(b), closed.

Peak interference levels for both polarisations can be seen around 250 MHz as well as between 500 MHz and 1
GHz. A decrease in amplitudes when moving away from the cabinet is also visible, but for some frequencies this is
less than predicted free space loss. This can be attributed to the reflective nature of the surroundings and
uncertainty about where the measurement point is in the far-field of the radiating source is. However, these
measurements indicate specifically that the source has been correctly identified.

String Cabinet Position 1
Emissions from one of the String Cabinets at Position 1 with the plant ON and in STANDBY mode for both
polarisations are given in Figs. 24 and 25. With the String Cabinet being made of fibre glass, measurements with
the door open were not required, so only comparisons for 1, 3, and 10 m are given.

The spectrum shows predominantly wideband interference between 300 MHz and 800 MHz for both polarisations
and with the plant ON and in STANDBY modes. Variation in amplitude when moving from 1 m to 10 m are
between 14 dB and 16 dB for vertical polarisation, and between 7 dB and 15 dB for horizontal polarisation. This
is less that the predicted 20 dB free space reduction, which again confirms the influence of the complex reflective
environment between the panels. The precise source of radiating interference are therefore influential.

Tracking Cabinet Position 2
Below are results showing the difference in radiated emissions from the Tracking Unit ’s cabinet as measured at
Position 1 and 2 (Fig. 1). It shows the difference in radiated interference when comparing the wireless and fixed
line communication systems that are implemented. Results are only shown for the plant ON. The measurements
being compared were all made using a 100 kHz RBW with the cabinet door closed.

The comparison for both polarisations at all three separation distances clearly show more frequency content for
the wireless implementation, especially between 500 - 700 MHz. Prominent wideband interference between 200 -
300 MHz are also not present for the fixed line implementation, suggesting that for purposes of radio interference
mitigation, this would be a better implementation.
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Figure 20: Vertical polarisation E-field measurements at a distance of 1, 3 and 10 m form the Tracking Unit at Position 1
for both ON and STANDBY modes of operation with cabinet closed.

Figure 21: Horizontal polarisation E-field measurements at a distance of 1, 3 and 10 m form the Tracking Unit at Position
1 for both ON and STANDBY modes of operation with cabinet closed.
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Figure 22: Vertical polarisation E-field measurements at a distance of 1, 3 and 10 m form the Tracking Unit at Position 1
for both ON and STANDBY modes of operation with cabinet open.

Figure 23: Horizontal polarisation E-field measurements at a distance of 1, 3 and 10 m form the Tracking Unit at Position
1 for both ON and STANDBY modes of operation with cabinet open.
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Figure 24: Vertical polarisation E-field measurements at a distance of 1, 3 and 10 m form the String Cabinet at Position 1
for both ON and STANDBY modes of operation.

Figure 25: Horizontal polarisation E-field measurements at a distance of 1, 3 and 10 m form the String cabinet at Position
1 for both ON and STANDBY modes of operation.
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(a) (b)

(c) (d)

(e) (f)

Figure 26: Comparison of radiated emissions measured for the Tracking Units at Position 1 and Position 2. Figures (a), (c)
and (e) are for vertical polarisation at 1 m, 3 m, and 10 m and (b), (d) and (f) are for horizontal polarisation.
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2.4.2 Interference Frequency Identification

Required for the subsequent propagation analysis are the maximum emission levels and associated frequencies
identified to be generated by the plant. This is obtained by comparing emissions measured for the Inverters,
Tracking Units and String Cabinets at 1, 3, and 10 m as discussed in Section 2.4. This is according to
specifications in CISPR 11/22 Class B standard which is used as a well-known reference. It requires measurements
at 3 m for frequencies above 1 GHz to use a 1 MHz RBW, and at 10 m below 1 GHz to use a 120 kHz RBW. The
comparison to CISPR 11/22 Class B standard will subsequently be related to protection and saturation levels as
specified by SKA-SA in [2].

To identify emissions generated by the plant, differences in measured levels at 1 m and 10 m are compared to the
expected 20 dB free space path loss. However, from variations observed in the results in Section 2.4 due to the
complex reflective environment, the 20 dB reduction was relaxed to 10 dB. The subsequent identified frequencies
were then used in a second comparison of emissions measured at 3 m and 10 m, for which levels are expected to
reduce by 10.46 dB. Again, considering the typical reduction seen in the radiated results, this criteria was relaxed
to a 3 dB variation. All comparisons were were done using measurements made with a 100 kHz RBW, but the
resulting frequency list in each case was used to identify the correct emission levels at 10 m for frequencies below 1
GHz (100 kHz RBW) and at 3 m for frequencies above 1 GHz (1 MHz RBW).

The results in Figs. 27 to 30 show both the total measured spectrum according to CISPR 11/22 Class B
requirements as well as the plant-generated emissions using the search criteria just described for the Inverters,
Tracking Units at both positions and String Cabinet. Included for reference purposes is the CISPR 11/22 Class B
limit.

Inverters 22 and 23 Position 1

(a) (b)

Figure 27: Inverter radiated emissions as measured according to CISPR 11/22 Class B specifications identified for (a) vertical
and (b) horizontal polarisations.
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Tracking Unit Position 1

(a) (b)

Figure 28: Tracking Unit at Position 1 radiated emissions as measured according to CISPR 11/22 Class B specifications
identified for (a) vertical and (b) horizontal polarisations.

Tracking Unit Position 2

(a) (b)

Figure 29: Tracking Unit at Position 2 radiated emissions as measured according to CISPR 11/22 Class B specifications
identified for (a) vertical and (b) horizontal polarisation.
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String Cabinet

(a) (b)

Figure 30: String Cabinet at Position 1 radiated emissions as measured according to CISPR 11/22 Class B specifications
identified for (a) vertical and (b) horizontal polarisations.

2.4.3 CM Current and Radiated Emission Comparison

When comparing radiated with conducted FD results we make use of the identified peaks for the Position 1 Tracking
Unit emissions presented in Fig. 28, but only focus on frequencies between 230 MHz and 1 GHz. The radiated results
will be compared to conducted interference measured on the pressure switch cable shown in Fig. 9. Similarities
can be seen in the narrowband conducted interference between 500 MHz and 700 MHz. The broadband conducted
interference measured on the cable between 100 MHz and 300 MHz can be seen to exceed the equivalent CM current
limit and should therefore produce radiated interference also exceeding the limit if a resonant cable length exist.
With the majority of cables running below ground, however, this seem to attenuate resonant effects at the longer
wavelengths and therefore do not radiate efficiently. Table 4 gives a comparison of the five frequencies identified in
Fig. 28 between 500 MHz and 700 MHz.

The results in brackets are the difference between the measured level

and theoretical 13.98 dBµA for conducted CM current interference, and 37 dBµV/m for E-field levels

Frequency [MHz] CM Current [dBµA] E-field V-pol [dBµV/m]

536 -11.74 (-25.72) 5.4 (-31.6)

599 -9.5 (-23.47) 7.7 (-29.3)

603 -7.92 (-21.89) 8.1 (-28.9)

636 -8.31 (-22.28) 10.16 (-26.84)

660 9.98 (-27.02) -8.81 (-22.78)

Table 4: Comparison of conducted and radiated emission levels based on theoretically predicted levels for the Tracking Unit
at Position 1.
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A second comparison between conducted and radiated interference is shown Table 5 for the communication cable
of the Tracking Unit at Position 2. For this comparison the identified radiated emissions, shown in Fig. 29 between
230 MHz and 1 GHz, were again used. In some cases the identified frequencies give measured levels close to or on
the noise floor of the instrument. These were therefore not considered as they might not be accurate in amplitude.

The results in brackets are the difference between the measured level

and theoretical 13.98 dBµA for conducted CM current interference, and 37 dBµV/m for E-field levels

Frequency [MHz] CM Current [dBµA] E-field V-pol [dBµV/m]

373 5.05 (-8.93) 14.33 (-22.67)

451 1.59 (-12.39) 7.49 (-29.51)

459 2.02 (-11.96) 7.3 (-29.7)

506 13.20 (-0.78) 35.1 (-1.9)

Table 5: Comparison of conducted and radiated emission levels based on theoretically predicted levels for the Tracking Unit
at Position 2.

It is clear that for measurements at both positions, significant levels of low frequency broadband interference
visible between 100 MHz and 300 MHz do not radiate very efficiently. They exceed the equivalent current limit as
indicated, but do not produce radiated interference that exceed the indicated CISPR 11/22 Class B limit by the
same amount. For the Tracking Unit at Position 1 the results in Table 4 show better agreement between
conducted and equivalent radiated levels (taking into account the reflective environment for frequencies between
500 MHz and 700 MHz). The difference in measured levels compared to the limits for both conducted and
radiated interference are within an acceptable margin. This confirms that this interference originates at the
Tracking Unit and associated systems.

The measurements of the Tracking Unit at Position 2, which incorporates the fixed line communication, again
show significant levels of low-frequency conducted interference with reduced levels between 500 MHz and 700
MHz. In this case, however, none of the spectral content in the CM results seem to radiate efficiently when
considering the levels in Table 5. Only at 506 MHz is there acceptable correlation with no frequencies identified
beyond this point. The results therefore confirm that while high levels of conducted CM current are present at
both positions, they are not efficiently converted to radiated interference. High frequency conducted noise is less
for the fixed line communication and therefore are not being radiated.

2.4.4 Time Domain Measurements

Tracking Units Position 1 and Position 2
A big concern is the switching noise generated every time the plant starts tracking. The system makes use of
hydraulic rams which is operated by a small hydraulic pump located inside the hydraulic fluid reservoir located on
top of each ram. The reservoir, a fully metallic enclosure, provides some level of attenuation of radiated
interference generated by the pump. A cable still supplies the pump with power through a hole on top of the
reservoir, but this can be mitigated.

A bigger contributor to transient interference is the switching contactor that operates the pump. An arcing effect
can clearly be seen each time the pump switches on and off, and this produces wideband interference.
Measurements were made at Position 1 and 2 as shown in Fig. 31. Typical spectrums when the plant is tracking
compared to when it is stationary are shown in Fig. 32 (a) and (b) for vertical and horizontal polarisation
respectively.
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Peak level for measurements conducted at Position 1 are between 60 and 70 dBµV/m as measured at 1 m. This
will however be influenced by likely near-field coupling. Transforming these levels to 10 m using the free space
propagation loss, and accounting for a difference in RBW between the sweeping analyser and RTA-3 of
approximately 7 dB, produce levels between 33 and 43 dBµV/m @ 10 m. A comparison with identified
interference for the Tracking Unit at Position 1, given in Fig. 28, show higher levels in the TD. It should be
considered that a sweeping analyser is inefficient at capturing transient events. The significance of these results
should be the broadband nature of the interference.

Figure 31: Radiated time domain measurements of Tracking unit.

(a) (b)

Figure 32: Time domain radiated interference associated with the switching of the hydraulic pump to move the panels. The
results can be seen for the system operating and stationary for (a) vertical polarisation and (b) horizontal polarisation as
measured at Position 1.

A second measurement was done for the Tracking Unit at Position 2 making use of a fixed line communication. The
radiated measurements were, however, made at a separation distances of 10 and 30 m to determine how efficiently
the interference propagate with distance. This was again done with the system tracking and stationary, and the
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results are shown in Fig. 33. The absence of a trace for the system tracking below is because no reliable triggering
of of interference from the plant could be established.

Figure 33: Time domain radiated interference associated with the switching of the hydraulic pump to move the panels. The
results can be seen for the system operating and stationary for vertical polarisation as measured at Position 2.

2.5 Electric Fence Measurements
A radiate time domain pulse produced by a loose wire on the electric fence surrounding the PV plant (Fig. 36) are
shown in Fig. 34. The equivalent FFT spectrum is given in Fig. 35.

Figure 34: Radiated time domain pulse measured for a loose
wire of the electric fence.

Figure 35: Equivalent Fast Fourier Transform spectrum for the
radiated interference associated with a sparking electric fence.
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Figure 36: Electric fence surrounding the perimeter of the Dreunberg PV plant.

Significant interference above the CISPR 11/22 Class B limit can be seen. While this is not directly associated with
the operation of the plant, it will likely also be built on the proposed sites and could produce problematic levels of
broadband interference.

2.6 Administration Building Emissions
An additional measurement of possible RFI culprits located at the Administration building (Fig. 37) were measured
and the result is shown in Fig. 38. The results from this investigation are not meant to be comprehensive as it
is unclear whether an Administration building will ultimately be built on the proposed site locations. This does,
however, show some of the interference typically associated with such a building.
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Figure 37: Administration building with potential RFI culprits

Figure 38: Radiated frequency domain emissions of the Administration building as measured at 10 m.
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2.7 Discussion
2.7.1 Conducted Measurements

TD conducted measurements on supply cables to the Tracking Unit at Position 1 show large pulses when the
plant is ON. When considering the FD content of these captured TD pulses (by applying the FFT), the majority
of the energy extends up to at least 500 MHz. Equivalent FD measurements, particularly on the wireless antenna
and pressure switch cables, agree with this, and additionally show trace peaks at frequencies around 150 MHz and
250 MHz. The higher frequencies seem to radiate into the environment more efficiently as confirmed by
comparison with radiated results.

Conducted measurements, again made on the Tracking Unit at Position 2, still show significant levels of low
frequency interference, but less higher frequency noise. This would indicate that the majority of the noise is likely
to be in the vicinity of the inverter. The Tracking Unit emissions are somewhat aggravated by the wireless
communication method. This is again confirmed with the radiated measurements.

Switching noise associated with the tracking of the panels, which were measured as conductive interference on
cables connected to the Tracking Unit creates broadband interference. This happens both when the tracking
pump switches ON and produces multiple pulses when it switches OFF. While some of the interference could be
generated by the hydraulic pump, the majority is believed to be generated by the pump contactor.

2.7.2 Radiated Measurements

Radiated results for the plant ON and in STANDBY mode generally show similar emissions levels, confirming
that interference producing systems are never completely OFF. Emissions associated with the Inverter units are
dominant and occupy frequencies between 300 MHz and 2 GHz. Peak levels identified range between 30 - 35
dBµV/m as measured at 10 m below 1 GHz and at 3 m above 1 GHz for both polarisations.

Results for the Tracking Unit measured at Position 1 (wireless communication) show dominating frequencies
around 250 MHz, with some additional components identified between 500 MHz and 1 GHz. Peak levels are again
similar for both polarisations and are lower than Inverter emissions at 20 - 25 dBµV/m as measured at 10 m
below 1 GHz and at 3 m above 1 GHz. In the case of emissions measured for the Tracking Unit at Position 2
(fixed line communication), broadband interference are present between 200 MHz and 300 MHz, and narrowband
interference visible between 500 MHz and 700 MHz. Levels are lower by at least 10 dB, but this is only because of
the limit in measurement sensitivity at 10 m. The results in Figs. 29 (a) and (b) show levels for many of the
identified interference which are close to the measurement noise floor. Their exact levels can therefore be lower if
sensitivity is improved. It shows that for purposes of RFI mitigation, the fixed line communication would be the
preferred implementation.

The String Cabinet shows mostly broadband interference between 300 MHz and 800 MHz for both polarisations.
Identified levels are again close to the measurement noise floor, with an exception at 440 MHz. The levels there
are 30 dBµV/m.

Comparative measurements made with the doors to the Inverters and Tracking Units open not only helps to
identify interference generated by the plant, but also show the limited levels of shielding provided by these
enclosures. It is therefore possible to improve the shielding by incorporating conductive gasketting around the
edges of the door and properly defining cable interfaces. This will help to reduce the level of radiated interference
emitted by the devices. Radiated TD measurements of the Tracking Units at Position 1 and 2 show broadband
interference across the 3.6 GHz frequency range. Levels of between 33 and 43 dBµV/m can be expected at 10 m.
The main contributor is believed to be the switching relays and contactor inside the Tracking Cabinet. This,
however, can be improved by proper shielding of the cabinet interfaces and apertures.
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3 Site Location Data
The proximity of the proposed PV plant locations to the closest and core-site SKA telescopes are shown in Figs.
39 to 49, while separation distances, azimuth angles, transmitter and receiver heights for preferred and alternative
site locations are given in Tables 6 to 24.

3.1 Scatec PV1, PV2 and PV3

Scatec PV1 Pref Closest Telescope 1 Closest Telescope 2 SKA Core Site

Distance 20.92 km 56.60 km 169.79 km

Azimuth 86.21 o 163.45 o 173.55 o

PV Tx Height 3 m 3 m 3 m

SKA Rx Height 15 m 15 m 15 m

Table 6: Specifications of location Scatec PV1 solar farm relative to the SKA core and closest telescopes.

Scatec PV2 Pref Closest Telescope 1 Closest Telescope 2 SKA Core Site

Distance 19.43 km 55.30 km 169.33 km

Azimuth 83.77 o 163.86 o 174.24 o

PV Tx Height 3 m 3 m 3 m

SKA Rx Height 15 m 15 m 15 m

Table 7: Specifications of location Scatec PV2 solar farm relative to the SKA core and closest telescopes.

Scatec PV3 Pref Closest Telescope 1 Closest Telescope 2 SKA Core Site

Distance 20.57 km 54.09 km 167.02 km

Azimuth 75.12 o 162.75 o 173.91 o

PV Tx Height 3 m 3 m 3 m

SKA Rx Height 15 m 15 m 15 m

Table 8: Specifications of location Scatec PV3 solar farm relative to the SKA core and closest telescopes.
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(a) (b)

(c)

Figure 39: Google Earth terrain profile for Scatec PV1 to PV3 to (a) closest and (b) second closest and (c) core SKA
telescopes.
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3.2 Boven PV1

(a) (b)

(c)

Figure 40: Google Earth terrain profile for Boven PV1 to (a) closest and (b) second closest and (c) core SKA telescopes.

Boven PV1 Closest Telescope 1 Closest Telescope 2 SKA Core Site

Distance 17.37 km 55.45 km 171.10 km

Azimuth 90.92 o 165.13 o 175.10 o

PV Tx Height 3 m 3 m 3 m

SKA Rx Height 15 m 15 m 15 m

Table 9: Specifications of location Boven PV1 solar farm relative to the SKA core and closest telescopes.
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3.3 Boven PV2

(a) (b)

(c)

Figure 41: Google Earth terrain profile for Boven PV2 to (a) closest and (b) second closest and (c) core SKA telescopes.

Boven PV2 Pref Closest Telescope 1 Closest Telescope 2 SKA Core Site

Distance 15.00 km 52.46 km 169.08 km

Azimuth 80.68 o 140.60 o 177.13 o

PV Tx Height 3 m 3 m 3 m

SKA Rx Height 15 m 15 m 15 m

Table 10: Specifications of preferred location Boven PV2 solar farm relative to the SKA core and closest telescopes.
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Boven PV2 Alt Closest Telescope 1 Closest Telescope 2 SKA Core Site

Distance 12.52 km 52.07 km 170.30 km

Azimuth 84.93 o 143.50 o 177.93 o

PV Tx Height 3 m 3 m 3 m

SKA Rx Height 15 m 15 m 15 m

Table 11: Specifications of alternative location Boven PV2 solar farm relative to the SKA core and closest telescopes.

3.4 Boven PV3

(a) (b)

(c)

Figure 42: Google Earth terrain profile for Boven PV3 to (a) closest and (b) second closest and (c) core SKA telescopes.
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Boven PV3 Pref Closest Telescope 1 Closest Telescope 2 SKA Core Site

Distance 15.69 km 50.06 km 166.01 km

Azimuth 69.50 o 138.46 o 177.11 o

PV Tx Height 3 m 3 m 3 m

SKA Rx Height 15 m 15 m 15 m

Table 12: Specifications of preferred location Boven PV3 solar farm relative to the SKA core and closest telescopes.

Boven PV3 Alt Closest Telescope 1 Closest Telescope 2 SKA Core Site

Distance 13.79 km 50.41 km 167.63 km

Azimuth 73.94 o 140.96 o 177.63 o

PV Tx Height 3 m 3 m 3 m

SKA Rx Height 15 m 15 m 15 m

Table 13: Specifications of alternative location Boven PV3 solar farm relative to the SKA core and closest telescopes.

3.5 Boven PV4

Boven PV4 Pref Closest Telescope 1 Closest Telescope 2 SKA Core Site

Distance 17.94 km 51.16 km 165.60 km

Azimuth 70.38 o 136.24 o 176.36 o

PV Tx Height 3 m 3 m 3 m

SKA Rx Height 15 m 15 m 15 m

Table 14: Specifications of preferred location Boven PV4 solar farm relative to the SKA core and closest telescopes.

Boven PV4 Alt Closest Telescope 1 Closest Telescope 2 SKA Core Site

Distance 18.72 km 49.62 km 163.48 km

Azimuth 64.21 o 134.58 o 176.32 o

PV Tx Height 3 m 3 m 3 m

SKA Rx Height 15 m 15 m 15 m

Table 15: Specifications of alternative location Boven PV4 solar farm relative to the SKA core and closest telescopes.
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(a) (b)

(c)

Figure 43: Google Earth terrain profile for Boven PV4 to (a) closest and (b) second closest and (c) core SKA telescopes.

3.6 Gemsbok PV1

Gemsbok PV1 Closest Telescope 1 Closest Telescope 2 SKA Core Site

Distance 19.12 km 60.45 km 176.67 km

Azimuth 113.77 o 166.26 o 174.59 o

PV Tx Height 3 m 3 m 3 m

SKA Rx Height 15 m 15 m 15 m

Table 16: Specifications of location Gemsbok PV1 solar farm relative to the SKA core and closest telescopes.
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(a) (b)

(c)

Figure 44: Google Earth terrain profile for Gemsbok PV1 to (a) closest and (b) second closest and (c) core SKA telescopes.

3.7 Gemsbok PV2

Gemsbok PV2 Closest Telescope 1 Closest Telescope 2 SKA Core Site

Distance 16.14 km 58.41 km 176.19 km

Azimuth 115.27 o 167.15 o 175.95 o

PV Tx Height 3 m 3 m 3 m

SKA Rx Height 15 m 15 m 15 m

Table 17: Specifications of location Gemsbok PV2 solar farm relative to the SKA core and closest telescopes.
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(a) (b)

(c)

Figure 45: Google Earth terrain profile for Gemsbok PV2 to (a) closest and (b) second closest and (c) core SKA telescopes.

3.8 Gemsbok PV3

Gemsbok PV3 Pref Closest Telescope 1 Closest Telescope 2 SKA Core Site

Distance 19.46 km 61.16 km 177.36 km

Azimuth 106.87 o 142.65 o 176.05 o

PV Tx Height 3 m 3 m 3 m

SKA Rx Height 15 m 15 m 15 m

Table 18: Specifications of preferred location Gemsbok PV3 solar farm relative to the SKA core and closest telescopes.
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(a) (b)

(c)

Figure 46: Google Earth terrain profile for Gemsbok PV3 to (a) closest and (b) second closest and (c) core SKA telescopes.

Gemsbok PV3 Alt Closest Telescope 1 Closest Telescope 2 SKA Core Site

Distance 19.53 km 59.47 km 174.71 km

Azimuth 98.67 o 140.55 o 175.77 o

PV Tx Height 3 m 3 m 3 m

SKA Rx Height 15 m 15 m 15 m

Table 19: Specifications of alternative location Gemsbok PV3 solar farm relative to the SKA core and closest telescopes.
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3.9 Gemsbok PV4

Gemsbok PV4 Pref Closest Telescope 1 Closest Telescope 2 SKA Core Site

Distance 15.24 km 58.87 km 177.62 km

Azimuth 113.85 o 146.57 o 177.54 o

PV Tx Height 3 m 3 m 3 m

SKA Rx Height 15 m 15 m 15 m

Table 20: Specifications of preferred location Gemsbok PV4 solar farm relative to the SKA core and closest telescopes.

(a) (b)

(c)

Figure 47: Google Earth terrain profile for Gemsbok PV4 to (a) closest and (b) second closest and (c) core SKA telescopes.
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Gemsbok PV4 Alt Closest Telescope 1 Closest Telescope 2 SKA Core Site

Distance 15.31 km 59.95 km 179.43 km

Azimuth 121.55 o 148.25 o 177.85 o

PV Tx Height 3 m 3 m 3 m

SKA Rx Height 15 m 15 m 15 m

Table 21: Specifications of alternative location Gemsbok PV4 solar farm relative to the SKA core and closest telescopes.

3.10 Gemsbok PV5

(a) (b)

(c)

Figure 48: Google Earth terrain profile for Gemsbok PV5 to (a) closest and (b) second closest and (c) core SKA telescopes.
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Gemsbok PV5 Pref Closest Telescope 1 Closest Telescope 2 SKA Core Site

Distance 10.59 km 56.39 km 178.01 km

Azimuth 129.26 o 151.72 o 179.37 o

PV Tx Height 3 m 3 m 3 m

SKA Rx Height 15 m 15 m 15 m

Table 22: Specifications of preferred location Gemsbok PV5 solar farm relative to the SKA core and closest telescopes.

Gemsbok PV5 Alt Closest Telescope 1 Closest Telescope 2 SKA Core Site

Distance 11.83 km 56.56 km 177.00 km

Azimuth 118.57 o 149.27 o 178.67 o

PV Tx Height 3 m 3 m 3 m

SKA Rx Height 15 m 15 m 15 m

Table 23: Specifications of alternative location Gemsbok PV5 solar farm relative to the SKA core and closest telescopes.

3.11 Gemsbok PV6

Gemsbok PV6 Pref Closest Telescope 1 Closest Telescope 2 SKA Core Site

Distance 11.48 km 57.56 km 179.32 km

Azimuth 134.26 o 152.32 o 179.37 o

PV Tx Height 3 m 3 m 3 m

SKA Rx Height 15 m 15 m 15 m

Table 24: Specifications of preferred location Gemsbok PV6 solar farm relative to the SKA core and closest telescopes.

Gemsbok PV6 Alt Closest Telescope 1 Closest Telescope 2 SKA Core Site

Distance 12.50 km 57.86 km 178.64 km

Azimuth 125.74 o 150.31 o 178.76 o

PV Tx Height 3 m 3 m 3 m

SKA Rx Height 15 m 15 m 15 m

Table 25: Specifications of alternative location Gemsbok PV6 solar farm relative to the SKA core and closest telescopes.
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(a) (b)

(c)

Figure 49: Google Earth terrain profile for Gemsbok PV6 to (a) closest and (b) second closest and (c) core SKA telescopes.
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4 Signal Propagation Loss and Terrain Analysis
The default propagation analysis software used by MESA Solutions is called SPLAT!, which is a Signal
Propagation, Loss And Terrain analysis tool based on the Longley-Rice Irregular Terrain Model (ITM), as well as
the Irregular Terrain With Obstructions Model (ITWOM 3.0). The software takes into account actual terrain
elevation data, to ultimately predict the total path loss (TPL) between a transmitter and a receiver. As part of
the analysis, certain assumptions are made regarding the source characteristics. For this investigation the various
parameters defining the SPLAT! propagation model are listed in Table 26. The digital elevation model (DEM)
makes use of 3-arc-second (90 m) elevation resolution data.

For this investigation, the frequency range of interest is defined from 100 MHz to 3 GHz. While the upper
frequency limit of the standard in [2] is specified to at least 10 GHz, the span is limited to what is practically
measurable and representative of the majority of expected interference. In the analysis the allowable SKA
radiation limits defined by SARAS in citeAGA2007, including an additional 10 dB safety margin, are used as the
reference level. This defines the maximum allowable levels of radiated interference than can be tolerated at the
telescope.

This maximum level, which is given as a power spectral density (PSD) in dBm/Hz, is compensated for by the
TPL as predicted by SPLAT!, to provide an equivalent PSD associated with the closest and core-site telescopes.
This PSD for each case is then converted to an equivalent electric field (E-field) as measured at either 10 m
(frequency < 1 GHz) or 3 m (frequency > 1 GHz) away from the plant. The 3 and 10 m separation distances is in
accordance with measurement specifications defined in the latest international special committee on radio
interference’s (CISPR) 11/22 Class B standard. This standard is used for reference purposes as it is
internationally know and used for industry qualification. This calculation is done for a number of representative
frequencies within the band of interest and defines an E-field upper limit which the plant is allowed to radiate
without exceeding emission limits at the various telescope locations. Ultimately, conformance of the plant can
then be determined by comparing representative measured results to the calculated levels provided.

SPLAT! Analysis Parameters

Frequency [MHz] 100 - 3000

Earth Dielectric Constant
4.000

(Relative Permittivity [F/m])

Earth Conductivity [S/m] 0.001

Atmospheric Bending Constant 301

Radio Climate 4 (Desert)

Polarisation
1

(Vertical=1; Horizontal=0)

Fraction of Time 0.05

Fraction of Situations 0.05

Table 26: SPLAT! parameters for predicted 100 MHz to 3 GHz emissions from proposed PV projects to SKA core and closest
telescope.
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5 Total Path Loss
Shown in Tables 27 to 45 are the values for the free space path loss (FSPL), terrain loss (TL), and total path loss
(TPL) at each of the frequencies chosen for the investigation. The 0 dB TL at 100 MHz is a purely mathematical
limitation of the software indicating a negligible contribution at that frequency over this particular terrain. The
attenuation maps for 100, 1000, 2000 and 3000 MHz calculated at each of the site location are given in Figs. 50 to
69.

5.1 Scatec PV 1 Site Location

Closest Telescope 1 Closest Telescope 2 SKA Core Site

Frequency FSPL TL TPL FSPL TL TPL FSPL TL TPL

100MHz 98.85dB 25.85dB 124.7dB 107.5dB 32.55dB 140.05dB 117.04dB 41.49dB 158.53dB

300MHz 108.4dB 22.11dB 130.51dB 117.04dB 27.16dB 144.2dB 126.58dB 36.97dB 163.55dB

500MHz 112.83dB 21.54dB 134.37dB 121.48dB 27.13dB 148.61dB 131.02dB 38.31dB 169.33dB

1000MHz 118.85dB 22.67dB 141.52dB 127.5dB 30.64dB 158.14dB 137.04dB 42.46dB 179.5dB

1500MHz 122.37dB 24.04dB 146.41dB 131.02dB 33.55dB 164.57dB 140.56dB 44.38dB 184.94dB

2000MHz 124.87dB 25.12dB 149.99dB 133.52dB 35.96dB 169.48dB 143.06dB 45.72dB 188.78dB

2500MHz 126.81dB 25.97dB 152.78dB 135.46dB 37.92dB 173.38dB 145.0dB 46.77dB 191.77dB

3000MHz 128.4dB 26.75dB 155.15dB 137.04dB 39.58dB 176.62dB 146.58dB 47.63dB 194.21dB

Table 27: SPLAT! Free Space Path Loss (FSPL), Terrain Loss (TL) and Total Path Loss (TPL) for vertical polarisation
preferred site Scatec PV1 emissions.

5.2 Scatec PV 2 Site Location

Closest Telescope 1 Closest Telescope 2 SKA Core Site

Frequency FSPL TL TPL FSPL TL TPL FSPL TL TPL

100MHz 98.21dB 16.04dB 114.25dB 107.3dB 19.65dB 126.95dB 117.02dB 33.37dB 150.39dB

300MHz 107.75dB 10.55dB 118.3dB 116.84dB 13.63dB 130.47dB 126.56dB 33.87dB 160.43dB

500MHz 112.19dB 8.9dB 121.09dB 121.28dB 12.7dB 133.98dB 131.0dB 35.77dB 166.77dB

1000MHz 118.21dB 8.42dB 126.63dB 127.3dB 13.91dB 141.21dB 137.02dB 40.56dB 177.58dB

1500MHz 121.73dB 8.83dB 130.56dB 130.82dB 15.07dB 145.89dB 140.54dB 42.73dB 183.27dB

2000MHz 124.23dB 9.49dB 133.72dB 133.32dB 16.21dB 149.53dB 143.04dB 44.18dB 187.22dB

2500MHz 126.17dB 10.26dB 136.43dB 135.25dB 17.3dB 152.55dB 144.98dB 45.28dB 190.26dB

3000MHz 127.75dB 10.93dB 138.68dB 136.84dB 18.3dB 155.14dB 146.56dB 46.16dB 192.72dB

Table 28: SPLAT! Free Space Path Loss (FSPL), Terrain Loss (TL) and Total Path Loss (TPL) for vertical polarisation
preferred site Scatec PV2 emissions.
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(a) (b)

(c) (d)

Figure 50: TPL attenuation maps for site location of Scatec PV1 to the closest and core SKA telescopes for (a) 100 MHz
(b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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(a) (b)

(c) (d)

Figure 51: TPL attenuation maps for site location of Scatec PV2 to the closest and core SKA telescopes for (a) 100 MHz
(b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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5.3 Scatec PV 3 Site Location

(a) (b)

(c) (d)

Figure 52: TPL attenuation maps for site location of Scatec PV3 to the closest and core SKA telescopes for (a) 100 MHz
(b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.

Page 67 of 163



SCA/16/01/29/REV1 February 10, 2016

Closest Telescope 1 Closest Telescope 2 SKA Core Site

Frequency FSPL TL TPL FSPL TL TPL FSPL TL TPL

100MHz 98.71dB 28.91dB 127.62dB 107.1dB 29.76dB 136.86dB 116.9dB 45.22dB 162.12dB

300MHz 108.25dB 27.45dB 135.7dB 116.65dB 22.96dB 139.61dB 126.44dB 41.0dB 167.44dB

500MHz 112.69dB 27.82dB 140.51dB 121.08dB 22.11dB 143.19dB 130.88dB 41.68dB 172.56dB

1000MHz 118.71dB 30.21dB 148.92dB 127.1dB 24.49dB 151.59dB 136.9dB 44.96dB 181.86dB

1500MHz 122.23dB 31.86dB 154.09dB 130.63dB 26.93dB 157.56dB 140.42dB 46.44dB 186.86dB

2000MHz 124.73dB 33.11dB 157.84dB 133.12dB 28.84dB 161.96dB 142.92dB 47.53dB 190.45dB

2500MHz 126.67dB 34.08dB 160.75dB 135.06dB 30.38dB 165.44dB 144.86dB 48.43dB 193.29dB

3000MHz 128.25dB 34.86dB 163.11dB 136.65dB 31.62dB 168.27dB 146.44dB 49.2dB 195.64dB

Table 29: SPLAT! Free Space Path Loss (FSPL), Terrain Loss (TL) and Total Path Loss (TPL) for vertical polarisation
preferred site Scatec PV3 emissions.

5.4 Boven PV1 Site Location

Closest Telescope 1 Closest Telescope 2 SKA Core Site

Frequency FSPL TL TPL FSPL TL TPL FSPL TL TPL

100MHz 97.24dB 7.21dB 104.45dB 107.32dB 17.22dB 124.54dB 117.11dB 28.82dB 145.93dB

300MHz 106.78dB 0.0dB 106.78dB 116.86dB 11.61dB 128.47dB 126.65dB 30.53dB 157.18dB

500MHz 111.22dB 0.0dB 111.22dB 121.3dB 10.71dB 132.01dB 131.09dB 33.05dB 164.14dB

1000MHz 117.24dB 0.0dB 117.24dB 127.32dB 11.7dB 139.02dB 137.11dB 38.43dB 175.54dB

1500MHz 120.76dB 0.0dB 120.76dB 130.84dB 12.67dB 143.51dB 140.63dB 40.79dB 181.42dB

2000MHz 123.26dB 0.0dB 123.26dB 133.34dB 13.63dB 146.97dB 143.13dB 42.36dB 185.49dB

2500MHz 125.19dB 0.0dB 125.19dB 135.28dB 14.53dB 149.81dB 145.07dB 43.52dB 188.59dB

3000MHz 126.78dB 0.0dB 126.78dB 136.86dB 15.39dB 152.25dB 146.65dB 44.46dB 191.11dB

Table 30: SPLAT! Free Space Path Loss (FSPL), Terrain Loss (TL) and Total Path Loss (TPL) for vertical polarisation site
Boven PV1 emissions.
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(a) (b)

(c) (d)

Figure 53: TPL attenuation maps for site location of Boven PV1 to the closest and core SKA telescopes for (a) 100 MHz (b)
1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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5.5 Boven PV2 Site Location
5.5.1 Boven PV2 Preferred Site Location

Closest Telescope 1 Closest Telescope 2 SKA Core Site

Frequency FSPL TL TPL FSPL TL TPL FSPL TL TPL

100MHz 96.35dB 9.89dB 106.24dB 106.96dB 19.16dB 126.12dB 117.03dB 28.24dB 145.27dB

300MHz 105.89dB 1.91dB 107.8dB 116.5dB 13.49dB 129.99dB 126.57dB 30.09dB 156.66dB

500MHz 110.33dB 0.0dB 110.33dB 120.94dB 12.54dB 133.48dB 131.01dB 32.71dB 163.72dB

1000MHz 116.35dB 0.0dB 116.35dB 126.96dB 13.45dB 140.41dB 137.03dB 38.18dB 175.21dB

1500MHz 119.87dB 0.0dB 119.87dB 130.48dB 14.41dB 144.89dB 140.55dB 40.57dB 181.12dB

2000MHz 122.37dB 0.0dB 122.37dB 132.98dB 15.38dB 148.36dB 143.05dB 42.15dB 185.2dB

2500MHz 124.31dB 0.0dB 124.31dB 134.92dB 16.31dB 151.23dB 144.99dB 43.32dB 188.31dB

3000MHz 125.89dB 0.0dB 125.89dB 136.5dB 17.18dB 153.68dB 146.57dB 44.26dB 190.83dB

Table 31: SPLAT! Free Space Path Loss (FSPL), Terrain Loss (TL) and Total Path Loss (TPL) for vertical polarisation
preferred site Boven PV2 emissions.

5.5.2 Boven PV2 Alternative Site Location

Closest Telescope 1 Closest Telescope 2 SKA Core Site

Frequency FSPL TL TPL FSPL TL TPL FSPL TL TPL

100MHz 94.37dB 20.47dB 114.84dB 106.75dB 40.07dB 146.82dB 117.06dB 34.54dB 151.6dB

300MHz 103.91dB 16.13dB 120.04dB 116.29dB 36.53dB 152.82dB 126.61dB 38.39dB 165.0dB

500MHz 108.35dB 15.23dB 123.58dB 120.73dB 36.68dB 157.41dB 131.04dB 40.36dB 171.4dB

1000MHz 114.37dB 15.55dB 129.92dB 126.75dB 39.76dB 166.51dB 137.06dB 43.52dB 180.58dB

1500MHz 117.89dB 17.09dB 134.98dB 130.27dB 42.09dB 172.36dB 140.59dB 44.88dB 185.47dB

2000MHz 120.39dB 18.56dB 138.95dB 132.77dB 43.98dB 176.75dB 143.08dB 45.91dB 188.99dB

2500MHz 122.33dB 19.72dB 142.05dB 134.71dB 44.87dB 179.58dB 145.02dB 46.76dB 191.78dB

3000MHz 123.91dB 20.82dB 144.73dB 136.29dB 45.56dB 181.85dB 146.61dB 47.49dB 194.1dB

Table 32: SPLAT! Free Space Path Loss (FSPL), Terrain Loss (TL) and Total Path Loss (TPL) for vertical polarisation
alternative site Boven PV2 emissions.
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(a) (b)

(c) (d)

Figure 54: TPL attenuation maps for preferred site location of Boven PV2 to the closest and core SKA telescopes for (a)
100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.

Page 71 of 163



SCA/16/01/29/REV1 February 10, 2016

(a) (b)

(c) (d)

Figure 55: TPL attenuation maps for alternative site location of Boven PV2 to the closest and core SKA telescopes for (a)
100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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5.6 Boven PV3 Site Location
5.6.1 Boven PV3 Preferred Site Location

Closest Telescope 1 Closest Telescope 2 SKA Core Site

Frequency FSPL TL TPL FSPL TL TPL FSPL TL TPL

100MHz 96.4dB 14.84dB 111.24dB 106.43dB 27.93dB 134.36dB 116.85dB 37.22dB 154.07dB

300MHz 105.94dB 6.35dB 112.29dB 115.98dB 23.3dB 139.28dB 126.39dB 35.02dB 161.41dB

500MHz 110.38dB 2.78dB 113.16dB 120.41dB 22.83dB 143.24dB 130.83dB 36.95dB 167.78dB

1000MHz 116.4dB 0.0dB 116.4dB 126.43dB 24.64dB 151.07dB 136.85dB 41.82dB 178.67dB

1500MHz 119.92dB 0.0dB 119.92dB 129.96dB 26.23dB 156.19dB 140.37dB 44.02dB 184.39dB

2000MHz 122.42dB 0.0dB 122.42dB 132.46dB 27.74dB 160.2dB 142.87dB 45.49dB 188.36dB

2500MHz 124.36dB 0.0dB 124.36dB 134.39dB 29.1dB 163.49dB 144.81dB 46.61dB 191.42dB

3000MHz 125.94dB 0.0dB 125.94dB 135.98dB 30.29dB 166.27dB 146.39dB 47.51dB 193.9dB

Table 33: SPLAT! Free Space Path Loss (FSPL), Terrain Loss (TL) and Total Path Loss (TPL) for vertical polarisation
preferred site Boven PV3 emissions.

5.6.2 Boven PV3 Alternative Site Location

Closest Telescope 1 Closest Telescope 2 SKA Core Site

Frequency FSPL TL TPL FSPL TL TPL FSPL TL TPL

100MHz 95.25dB 19.28dB 114.53dB 106.47dB 29.2dB 135.67dB 116.93dB 35.52dB 152.45dB

300MHz 104.79dB 13.64dB 118.43dB 116.01dB 22.11dB 138.12dB 126.47dB 34.12dB 160.59dB

500MHz 109.23dB 11.02dB 120.25dB 120.45dB 20.61dB 141.06dB 130.9dB 36.33dB 167.23dB

1000MHz 115.25dB 8.35dB 123.6dB 126.47dB 21.35dB 147.82dB 136.93dB 41.43dB 178.36dB

1500MHz 118.77dB 7.28dB 126.05dB 129.99dB 22.42dB 152.41dB 140.45dB 43.71dB 184.16dB

2000MHz 121.27dB 6.94dB 128.21dB 132.49dB 23.61dB 156.1dB 142.95dB 45.19dB 188.14dB

2500MHz 123.21dB 7.07dB 130.28dB 134.42dB 24.82dB 159.24dB 144.88dB 46.32dB 191.2dB

3000MHz 124.79dB 7.19dB 131.98dB 136.01dB 26.06dB 162.07dB 146.47dB 47.21dB 193.68dB

Table 34: SPLAT! Free Space Path Loss (FSPL), Terrain Loss (TL) and Total Path Loss (TPL) for vertical polarisation
alternative site Boven PV3 emissions.
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(a) (b)

(c) (d)

Figure 56: TPL attenuation maps for preferred site location of Boven PV3 to the closest and core SKA telescopes for (a)
100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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(a) (b)

(c) (d)

Figure 57: TPL attenuation maps for alternative site location of Boven PV3 to the closest and core SKA telescopes for (a)
100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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5.7 Boven PV4 Site Location
5.7.1 Boven PV4 Preferred Site Location

Closest Telescope 1 Closest Telescope 2 SKA Core Site

Frequency FSPL TL TPL FSPL TL TPL FSPL TL TPL

100MHz 97.5dB 8.88dB 106.38dB 106.62dB 24.55dB 131.17dB 116.83dB 30.34dB 147.17dB

300MHz 107.04dB 0.51dB 107.55dB 116.16dB 19.93dB 136.09dB 126.37dB 30.91dB 157.28dB

500MHz 111.48dB 0.0dB 111.48dB 120.6dB 19.39dB 139.99dB 130.81dB 33.43dB 164.24dB

1000MHz 117.5dB 0.0dB 117.5dB 126.62dB 21.0dB 147.62dB 136.83dB 38.85dB 175.68dB

1500MHz 121.02dB 0.0dB 121.02dB 130.14dB 22.44dB 152.58dB 140.35dB 41.2dB 181.55dB

2000MHz 123.52dB 0.0dB 123.52dB 132.64dB 23.77dB 156.41dB 142.85dB 42.75dB 185.6dB

2500MHz 125.45dB 0.0dB 125.45dB 134.58dB 24.99dB 159.57dB 144.79dB 43.92dB 188.71dB

3000MHz 127.04dB 0.0dB 127.04dB 136.16dB 26.09dB 162.25dB 146.37dB 44.86dB 191.23dB

Table 35: SPLAT! Free Space Path Loss (FSPL), Terrain Loss (TL) and Total Path Loss (TPL) for vertical polarisation
preferred site Boven PV4 emissions.

5.7.2 Boven PV4 Alternative Site Location

Closest Telescope 1 Closest Telescope 2 SKA Core Site

Frequency FSPL TL TPL FSPL TL TPL FSPL TL TPL

100MHz 97.85dB 14.26dB 112.11dB 106.31dB 28.21dB 134.52dB 116.71dB 33.63dB 150.34dB

300MHz 107.39dB 6.09dB 113.48dB 115.85dB 23.98dB 139.83dB 126.25dB 32.17dB 158.42dB

500MHz 111.83dB 2.74dB 114.57dB 120.29dB 23.59dB 143.88dB 130.69dB 34.53dB 165.22dB

1000MHz 117.85dB 0.0dB 117.85dB 126.31dB 25.52dB 151.83dB 136.71dB 39.82dB 176.53dB

1500MHz 121.37dB 0.0dB 121.37dB 129.83dB 27.17dB 157.0dB 140.23dB 42.14dB 182.37dB

2000MHz 123.87dB 0.0dB 123.87dB 132.33dB 28.64dB 160.97dB 142.73dB 43.67dB 186.4dB

2500MHz 125.81dB 0.0dB 125.81dB 134.27dB 29.94dB 164.21dB 144.66dB 44.83dB 189.49dB

3000MHz 127.39dB 0.0dB 127.39dB 135.85dB 31.1dB 166.95dB 146.25dB 45.75dB 192.0dB

Table 36: SPLAT! Free Space Path Loss (FSPL), Terrain Loss (TL) and Total Path Loss (TPL) for vertical polarisation
alternative site Boven PV4 emissions.
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(a) (b)

(c) (d)

Figure 58: TPL attenuation maps for preferred site location of Boven PV4 to the closest and core SKA telescopes for (a)
100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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(a) (b)

(c) (d)

Figure 59: TPL attenuation maps for alternative site location of Boven PV4 to the closest and core SKA telescopes for (a)
100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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5.8 Gemsbok PV1 Site Location

Closest Telescope 1 Closest Telescope 2 SKA Core Site

Frequency FSPL TL TPL FSPL TL TPL FSPL TL TPL

100MHz 98.07dB 25.55dB 123.62dB 108.07dB 25.82dB 133.89dB 117.38dB 47.18dB 164.56dB

300MHz 107.62dB 20.83dB 128.45dB 117.61dB 18.67dB 136.28dB 126.93dB 42.44dB 169.37dB

500MHz 112.05dB 19.71dB 131.76dB 122.05dB 18.41dB 140.46dB 131.36dB 43.12dB 174.48dB

1000MHz 118.07dB 19.69dB 137.76dB 128.07dB 22.52dB 150.59dB 137.38dB 46.33dB 183.71dB

1500MHz 121.6dB 20.46dB 142.06dB 131.59dB 25.11dB 156.7dB 140.91dB 47.79dB 188.7dB

2000MHz 124.09dB 21.31dB 145.4dB 134.09dB 27.08dB 161.17dB 143.41dB 48.88dB 192.29dB

2500MHz 126.03dB 22.05dB 148.08dB 136.03dB 28.68dB 164.71dB 145.34dB 49.78dB 195.12dB

3000MHz 127.62dB 22.7dB 150.32dB 137.61dB 29.94dB 167.55dB 146.93dB 50.54dB 197.47dB

Table 37: SPLAT! Free Space Path Loss (FSPL), Terrain Loss (TL) and Total Path Loss (TPL) for vertical polarisation
preferred site Gemsbok PV1 emissions.

5.9 Gemsbok PV2 Site Location

Closest Telescope 1 Closest Telescope 2 SKA Core Site

Frequency FSPL TL TPL FSPL TL TPL FSPL TL TPL

100MHz 96.6dB 24.61dB 121.21dB 107.77dB 28.62dB 136.39dB 117.36dB 42.67dB 160.03dB

300MHz 106.14dB 18.66dB 124.8dB 117.31dB 19.64dB 136.95dB 126.9dB 40.76dB 167.66dB

500MHz 110.58dB 17.02dB 127.6dB 121.75dB 18.42dB 140.17dB 131.34dB 41.51dB 172.85dB

1000MHz 116.6dB 16.31dB 132.91dB 127.77dB 21.37dB 149.14dB 137.36dB 44.85dB 182.21dB

1500MHz 120.12dB 16.69dB 136.81dB 131.29dB 23.52dB 154.81dB 140.88dB 46.39dB 187.27dB

2000MHz 122.62dB 17.31dB 139.93dB 133.79dB 25.19dB 158.98dB 143.38dB 47.52dB 190.9dB

2500MHz 124.56dB 17.93dB 142.49dB 135.73dB 26.59dB 162.32dB 145.32dB 48.44dB 193.76dB

3000MHz 126.14dB 18.52dB 144.66dB 137.31dB 27.83dB 165.14dB 146.9dB 49.22dB 196.12dB

Table 38: SPLAT! Free Space Path Loss (FSPL), Terrain Loss (TL) and Total Path Loss (TPL) for vertical polarisation
preferred site Gemsbok PV2 emissions.
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(a) (b)

(c) (d)

Figure 60: TPL attenuation maps for site location of Gemsbok PV1 to the closest and core SKA telescopes for (a) 100 MHz
(b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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(a) (b)

(c) (d)

Figure 61: TPL attenuation maps for site location of Gemsbok PV2 to the closest and core SKA telescopes for (a) 100 MHz
(b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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5.10 Gemsbok PV3 Site Location
5.10.1 Gemsbok PV3 Preferred Site Location

Closest Telescope 1 Closest Telescope 2 SKA Core Site

Frequency FSPL TL TPL FSPL TL TPL FSPL TL TPL

100MHz 97.99dB 25.22dB 123.21dB 108.12dB 25.82dB 133.94dB 117.42dB 39.45dB 156.87dB

300MHz 107.53dB 20.88dB 128.41dB 117.66dB 18.16dB 135.82dB 126.96dB 37.44dB 164.4dB

500MHz 111.97dB 20.06dB 132.03dB 122.1dB 17.61dB 139.71dB 131.4dB 38.83dB 170.23dB

1000MHz 117.99dB 20.88dB 138.87dB 128.12dB 21.2dB 149.32dB 137.42dB 43.0dB 180.42dB

1500MHz 121.51dB 22.26dB 143.77dB 131.64dB 23.86dB 155.5dB 140.94dB 44.94dB 185.88dB

2000MHz 124.01dB 23.39dB 147.4dB 134.14dB 25.99dB 160.13dB 143.44dB 46.29dB 189.73dB

2500MHz 125.95dB 24.34dB 150.29dB 136.08dB 27.72dB 163.8dB 145.38dB 47.34dB 192.72dB

3000MHz 127.53dB 25.35dB 152.88dB 137.66dB 29.22dB 166.88dB 146.96dB 48.2dB 195.16dB

Table 39: SPLAT! Free Space Path Loss (FSPL), Terrain Loss (TL) and Total Path Loss (TPL) for vertical polarisation
preferred site Gemsbok PV3 emissions.

5.10.2 Gemsbok PV3 Alternative Site Location

Closest Telescope 1 Closest Telescope 2 SKA Core Site

Frequency FSPL TL TPL FSPL TL TPL FSPL TL TPL

100MHz 98.2dB 18.49dB 116.69dB 107.92dB 23.74dB 131.66dB 117.29dB 44.43dB 161.72dB

300MHz 107.75dB 12.49dB 120.24dB 117.46dB 15.51dB 132.97dB 126.84dB 42.4dB 169.24dB

500MHz 112.18dB 10.59dB 122.77dB 121.9dB 14.23dB 136.13dB 131.27dB 43.11dB 174.38dB

1000MHz 118.2dB 9.57dB 127.77dB 127.92dB 16.2dB 144.12dB 137.29dB 46.37dB 183.66dB

1500MHz 121.73dB 9.76dB 131.49dB 131.44dB 18.4dB 149.84dB 140.81dB 47.85dB 188.66dB

2000MHz 124.22dB 10.06dB 134.28dB 133.94dB 20.27dB 154.21dB 143.31dB 48.95dB 192.26dB

2500MHz 126.16dB 10.56dB 136.72dB 135.87dB 21.9dB 157.77dB 145.25dB 49.85dB 195.1dB

3000MHz 127.75dB 11.06dB 138.81dB 137.46dB 23.32dB 160.78dB 146.84dB 50.62dB 197.46dB

Table 40: SPLAT! Free Space Path Loss (FSPL), Terrain Loss (TL) and Total Path Loss (TPL) for vertical polarisation
alternative site Gemsbok PV3 emissions.
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(a) (b)

(c) (d)

Figure 62: TPL attenuation maps for preferred site location of Gemsbok PV3 to the closest and core SKA telescopes for
(a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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(a) (b)

(c) (d)

Figure 63: TPL attenuation maps for alternative site location of Gemsbok PV3 to the closest and core SKA telescopes for
(a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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5.11 Gemsbok PV4 Site Location
5.11.1 Gemsbok PV4 Preferred Site Location

Closest Telescope 1 Closest Telescope 2 SKA Core Site

Frequency FSPL TL TPL FSPL TL TPL FSPL TL TPL

100MHz 95.97dB 12.08dB 108.05dB 107.81dB 25.75dB 133.56dB 117.43dB 29.85dB 147.28dB

300MHz 105.51dB 6.43dB 111.94dB 117.35dB 16.16dB 133.51dB 126.97dB 30.72dB 157.69dB

500MHz 109.95dB 4.92dB 114.87dB 121.79dB 14.32dB 136.11dB 131.41dB 33.51dB 164.92dB

1000MHz 115.97dB 5.38dB 121.35dB 127.81dB 15.86dB 143.67dB 137.43dB 39.08dB 176.51dB

1500MHz 119.49dB 6.82dB 126.31dB 131.33dB 17.61dB 148.94dB 140.95dB 41.51dB 182.46dB

2000MHz 121.99dB 8.29dB 130.28dB 133.83dB 19.13dB 152.96dB 143.45dB 43.1dB 186.55dB

2500MHz 123.93dB 9.6dB 133.53dB 135.77dB 20.44dB 156.21dB 145.39dB 44.28dB 189.67dB

3000MHz 125.51dB 10.59dB 136.1dB 137.35dB 21.62dB 158.97dB 146.97dB 45.23dB 192.2dB

Table 41: SPLAT! Free Space Path Loss (FSPL), Terrain Loss (TL) and Total Path Loss (TPL) for vertical polarisation
preferred site Gemsbok PV4 emissions.

5.11.2 Gemsbok PV4 Alternative Site Location

Closest Telescope 1 Closest Telescope 2 SKA Core Site

Frequency FSPL TL TPL FSPL TL TPL FSPL TL TPL

100MHz 95.99dB 13.57dB 109.56dB 107.95dB 23.3dB 131.25dB 117.51dB 29.92dB 147.43dB

300MHz 105.54dB 8.15dB 113.69dB 117.49dB 13.5dB 130.99dB 127.05dB 30.93dB 157.98dB

500MHz 109.97dB 6.76dB 116.73dB 121.93dB 11.53dB 133.46dB 131.49dB 33.66dB 165.15dB

1000MHz 115.99dB 6.87dB 122.86dB 127.95dB 12.79dB 140.74dB 137.51dB 39.17dB 176.68dB

1500MHz 119.51dB 8.7dB 128.21dB 131.47dB 14.43dB 145.9dB 141.03dB 41.6dB 182.63dB

2000MHz 122.01dB 9.91dB 131.92dB 133.97dB 15.87dB 149.84dB 143.53dB 43.17dB 186.7dB

2500MHz 123.95dB 10.9dB 134.85dB 135.91dB 17.15dB 153.06dB 145.47dB 44.34dB 189.81dB

3000MHz 125.54dB 11.74dB 137.28dB 137.49dB 18.3dB 155.79dB 147.05dB 45.28dB 192.33dB

Table 42: SPLAT! Free Space Path Loss (FSPL), Terrain Loss (TL) and Total Path Loss (TPL) for vertical polarisation
alternative site Gemsbok PV4 emissions.
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(a) (b)

(c) (d)

Figure 64: TPL attenuation maps for preferred site location of Gemsbok PV4 to the closest and core SKA telescopes for
(a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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(a) (b)

(c) (d)

Figure 65: TPL attenuation maps for alternative site location of Gemsbok PV4 to the closest and core SKA telescopes for
(a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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5.12 Gemsbok PV5 Site Location
5.12.1 Gemsbok PV5 Preferred Site Location

Closest Telescope 1 Closest Telescope 2 SKA Core Site

Frequency FSPL TL TPL FSPL TL TPL FSPL TL TPL

100MHz 92.9dB 7.24dB 100.14dB 107.45dB 20.82dB 128.27dB 117.45dB 28.14dB 145.59dB

300MHz 102.44dB 0.0dB 102.44dB 116.99dB 13.65dB 130.64dB 126.99dB 30.17dB 157.16dB

500MHz 106.88dB 0.0dB 106.88dB 121.43dB 12.2dB 133.63dB 131.43dB 33.06dB 164.49dB

1000MHz 112.9dB 0.0dB 112.9dB 127.45dB 13.15dB 140.6dB 137.45dB 38.71dB 176.16dB

1500MHz 116.42dB 0.0dB 116.42dB 130.97dB 14.19dB 145.16dB 140.97dB 41.19dB 182.16dB

2000MHz 118.92dB 0.0dB 118.92dB 133.47dB 15.32dB 148.79dB 143.47dB 42.78dB 186.25dB

2500MHz 120.86dB 0.0dB 120.86dB 135.41dB 16.45dB 151.86dB 145.41dB 43.96dB 189.37dB

3000MHz 122.44dB 0.0dB 122.44dB 136.99dB 17.68dB 154.67dB 146.99dB 44.91dB 191.9dB

Table 43: SPLAT! Free Space Path Loss (FSPL), Terrain Loss (TL) and Total Path Loss (TPL) for vertical polarisation
preferred site Gemsbok PV5 emissions.

5.12.2 Gemsbok PV5 Alternative Site Location

Closest Telescope 1 Closest Telescope 2 SKA Core Site

Frequency FSPL TL TPL FSPL TL TPL FSPL TL TPL

100MHz 93.79dB 18.23dB 112.02dB 107.45dB 28.16dB 135.61dB 117.39dB 36.27dB 153.66dB

300MHz 103.33dB 15.23dB 118.56dB 116.99dB 21.32dB 138.31dB 126.94dB 38.02dB 164.96dB

500MHz 107.77dB 15.77dB 123.54dB 121.43dB 20.35dB 141.78dB 131.37dB 39.27dB 170.64dB

1000MHz 113.79dB 18.96dB 132.75dB 127.45dB 22.65dB 150.1dB 137.39dB 43.16dB 180.55dB

1500MHz 117.31dB 22.04dB 139.35dB 130.97dB 24.96dB 155.93dB 140.91dB 44.95dB 185.86dB

2000MHz 119.81dB 24.86dB 144.67dB 133.47dB 26.79dB 160.26dB 143.41dB 46.22dB 189.63dB

2500MHz 121.75dB 27.33dB 149.08dB 135.41dB 28.31dB 163.72dB 145.35dB 47.22dB 192.57dB

3000MHz 123.33dB 29.32dB 152.65dB 136.99dB 29.63dB 166.62dB 146.94dB 48.04dB 194.98dB

Table 44: SPLAT! Free Space Path Loss (FSPL), Terrain Loss (TL) and Total Path Loss (TPL) for vertical polarisation
alternative site Gemsbok PV5 emissions.
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(a) (b)

(c) (d)

Figure 66: TPL attenuation maps for preferred site location of Gemsbok PV5 to the closest and core SKA telescopes for
(a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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(a) (b)

(c) (d)

Figure 67: TPL attenuation maps for alternative site location of Gemsbok PV5 to the closest and core SKA telescopes for
(a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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5.13 Gemsbok PV6 Site Location
5.13.1 Gemsbok PV6 Preferred Site Location

Closest Telescope 1 Closest Telescope 2 SKA Core Site

Frequency FSPL TL TPL FSPL TL TPL FSPL TL TPL

100MHz 93.64dB 19.39dB 113.03dB 107.64dB 23.34dB 130.98dB 117.52dB 29.84dB 147.36dB

300MHz 103.18dB 13.52dB 116.7dB 117.18dB 13.78dB 130.96dB 127.06dB 30.93dB 157.99dB

500MHz 107.62dB 11.93dB 119.55dB 121.62dB 11.78dB 133.4dB 131.5dB 33.61dB 165.11dB

1000MHz 113.64dB 11.22dB 124.86dB 127.64dB 12.63dB 140.27dB 137.52dB 39.09dB 176.61dB

1500MHz 117.16dB 11.7dB 128.86dB 131.16dB 14.04dB 145.2dB 141.04dB 41.54dB 182.58dB

2000MHz 119.66dB 12.51dB 132.17dB 133.66dB 15.39dB 149.05dB 143.54dB 43.12dB 186.66dB

2500MHz 121.6dB 13.19dB 134.79dB 135.6dB 16.69dB 152.29dB 145.48dB 44.3dB 189.78dB

3000MHz 123.18dB 13.98dB 137.16dB 137.18dB 17.89dB 155.07dB 147.06dB 45.24dB 192.3dB

Table 45: SPLAT! Free Space Path Loss (FSPL), Terrain Loss (TL) and Total Path Loss (TPL) for vertical polarisation
preferred site Gemsbok PV6 emissions.

5.13.2 Gemsbok PV6 Alternative Site Location

Closest Telescope 1 Closest Telescope 2 SKA Core Site

Frequency FSPL TL TPL FSPL TL TPL FSPL TL TPL

100MHz 94.3dB 15.79dB 110.09dB 107.68dB 27.14dB 134.82dB 117.49dB 32.67dB 150.16dB

300MHz 103.84dB 11.16dB 115.0dB 117.23dB 17.25dB 134.48dB 127.03dB 32.01dB 159.04dB

500MHz 108.28dB 10.33dB 118.61dB 121.66dB 15.36dB 137.02dB 131.47dB 34.33dB 165.8dB

1000MHz 114.3dB 10.76dB 125.06dB 127.68dB 17.13dB 144.81dB 137.49dB 39.51dB 177.0dB

1500MHz 117.82dB 12.25dB 130.07dB 131.21dB 18.9dB 150.11dB 141.01dB 41.82dB 182.83dB

2000MHz 120.32dB 13.61dB 133.93dB 133.7dB 20.34dB 154.04dB 143.51dB 43.39dB 186.9dB

2500MHz 122.26dB 14.71dB 136.97dB 135.64dB 21.62dB 157.26dB 145.45dB 44.56dB 190.01dB

3000MHz 123.84dB 15.65dB 139.49dB 137.23dB 22.76dB 159.99dB 147.03dB 45.5dB 192.53dB

Table 46: SPLAT! Free Space Path Loss (FSPL), Terrain Loss (TL) and Total Path Loss (TPL) for vertical polarisation
alternative site Gemsbok PV6 emissions.
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(a) (b)

(c) (d)

Figure 68: TPL attenuation maps for preferred site location of Gemsbok PV6 to the closest and core SKA telescopes for
(a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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(a) (b)

(c) (d)

Figure 69: TPL attenuation maps for alternative site location of Gemsbok PV6 to the closest and core SKA telescopes for
(a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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6 SKA Threshold Limits
SKA threshold limits are defined as Protection Limits (dBm/Hz as defined by SARAS) and Receiver Saturation
Limits (-100 dBm). Using the attenuation maps and topographical profiles calculated in Section 5 , we next
compare the acceptable levels as measured at 10 m from each plant (according to CISPR 11/22 class B) that will
produce radiated emission levels 10 dB below the SKA threshold as defined by SARAS. The 10 dB theoretical
value is a safety margin to ensure that each of the plants complies with the SKA threshold, and attempts to take
into account any multi-path effects (6 dB variation) and any measurement uncertainties. The required level 10 dB
below the threshold takes into account the TPL calculated by SPLAT! and are indicated as Required Radiation
Levels After Propagation Loss. The required PSD of the radiated emission levels experienced at each telescope are
given by Eq. 2 below. The required levels are represented by the black squares in Figs. 70 (b) to 72 (b) for
projects to the closest and core SKA telescope sites respectively.

PSD Required [dBm/Hz] = PSD SARAS Continuum [dBm/Hz] − 10 dB (2)

Considering the TPL, the required PSD at the source of the interference, indicated as Required Radiation Levels
Before Propagation Loss at PV Plant in Figs. 70 (b) to 72 (b), is given by:

PSDSource [dBm/Hz] = PSD Required [dBm/Hz] + TPL [dB] (3)

The effective isotropic radiated power (EIRP) level at the source, that will result in an E-field E0 as measured
according to the CSIPR 11/22 Class B standard with a RBW and separation distance of 120 kHz and 10 m for f
< 1 GHz, and 1 MHz and 3 m for f > 1 GHz respectively, is given by:

EIRP [dBm] = PSD Source [dBm/Hz] + 10 log10(RBW ) [Hz] (4)

The electric field (E0) levels associated with the EIRP defined in Eq. 4, again as measured according to the
CISPR 11/22 Class B standard, are shown in Figs. 70 (c) to 72 (c) and given by:

E0 [dBµV/m] = EIRP − 20 log10D + 104.8 (5)

The maximum EIRP levels of the source, to ensure the Receiver Saturation Limit of -100 dBm is met, are shown
in Figs. 70 (a) to 72 (a) and given by:

EIRPmax [dBm] = −100 dBm+ TPL [dB] (6)

6.1 Cumulative Impact Assessment
In the case where there are more than one source of interference for a specific frequency, the cumulative effect should
be considered by taking into account:

PCumulative = 10 log10 (N) (7)

where N = 13 is the number of PV plants. This implies an increase in interference levels of up to 11.1 dB and is
therefore subtracted from the maximum allowable radiated limits in Figs 70 to 72.
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6.2 Maximum Allowed Radiation Levels
Below are given the maximum allowed radiation levels to meet both SKA Saturation and Protection Threshold
(SARAS) limits for the two closest and core site telescopes for each of the proposed sites.

6.2.1 Closest SKA Telescope

(a) (b)

(c)

Figure 70: Closest SKA telescope receiver: (a) Maximum allowed EIRP to ensure levels are below the SKA saturation limit
of -100 dBm at the telescope receiver; (b) Maximum allowed PSD to ensure levels are 10 dB below SARAS protection levels;
(c) Maximum allowed measured E-Field (CISPR 22 Class B) to ensure levels are 10 dB below SARAS protection levels.
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Given in Table 47 is a comparison between measured plant RFI and maximum allowed emission levels as shown in
Fig. 70. It shows the approximate required mitigation (red), or surplus attenuation (green) for each recommended
plant in relation to the closest SKA telescope. Required mitigation or surplus attenuation varies based on plant
location and frequency. However, mitigation measures will have to be applied based on the highest required level.
The required 50 dB of shielding at Boven PV1 @ 942 MHz, for example, would require significant attention to detail
to achieve.

Site 387.38 399.19 409.52 871.57 942.42 1223.81 1441.27 1584.12 1728.57 1819.05

Location MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz

Kenhardt PV1 12.55 18.03 14.58 23.06 23.28 1.96 -5.57 -10.4 -12.54 -2.51

Kenhardt PV2 25.23 30.77 27.38 37.53 37.99 17.28 10.17 5.52 3.5 13.6

Kenhardt PV3 6.94 12.37 8.87 15.98 16.03 -5.57 -13.22 -18.11 -20.3 -10.3

Boven PV1 36.02 41.47 37.99 47.05 47.43 26.85 19.92 15.43 13.61 23.82

Boven PV2 23.16 28.66 25.23 34.35 34.79 13.48 5.88 0.97 -1.29 8.67

Boven PV3 32.07 37.73 34.44 47.17 47.95 27.69 20.76 16.27 14.45 24.66

Boven PV4 35.48 40.95 37.5 46.79 47.17 26.59 19.66 15.17 13.35 23.56

Gemsbok PV1 14.85 20.36 16.94 26.52 26.91 5.98 -1.29 -6.01 -8.08 1.99

Gemsbok PV2 18.72 24.26 20.87 31.2 31.68 11.01 3.92 -0.72 -2.73 7.38

Gemsbok PV3 14.75 20.25 16.81 25.63 25.9 4.6 -2.93 -7.77 -9.92 0.09

Gemsbok PV4 31.52 37.06 33.66 43.06 43.38 22.1 14.54 9.64 7.38 17.34

Gemsbok PV5 24.01 29.42 25.92 32.36 32.29 9.96 1.69 -3.63 -6.27 3.43

Gemsbok PV6 26.8 32.34 28.94 39.25 39.73 19.02 11.88 7.2 5.14 15.21

Table 47: Required (red) and surplus (green) attenuation levels [dB] to meet SARAS protection limits at the closest SKA
telescope.
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6.2.2 2nd Closest SKA Telescope

(a) (b)

(c)

Figure 71: 2nd closest SKA telescope receiver: (a) Maximum allowed EIRP to ensure levels are below the SKA saturation
limit of -100 dBm at the telescope receiver; (b) Maximum allowed PSD to ensure levels are 10 dB below SARAS protection
levels; (c) Maximum allowed measured E-Field (CISPR 22 Class B) to ensure levels are 10 dB below SARAS protection
levels.
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Given in Table 48 is a comparison between measured plant RFI and maximum allowed emission levels as shown in
Fig. 71. It shows the approximate required mitigation (red), or surplus attenuation (green) for each recommended
plant in relation to the second closest SKA telescope. Required mitigation or surplus attenuation varies based on
plant location and frequency. However, mitigation measures will have to be applied based on the highest required
level. The required 50 dB of shielding at Boven PV1 @ 942 MHz, for example, would require significant attention
to detail to achieve.

Site 387.38 399.19 409.52 871.57 942.42 1223.81 1441.27 1584.12 1728.57 1819.05

Location MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz

Kenhardt PV1 -1.38 4.07 0.59 7.05 6.94 -15.35 -23.55 -28.78 -31.31 -21.52

Kenhardt PV2 12.74 18.24 14.81 23.39 23.6 2.36 -5.07 -9.89 -12.05 -2.03

Kenhardt PV3 3.57 9.07 5.63 13.31 13.36 -8.6 -16.59 -21.69 -24.06 -14.19

Boven PV1 14.73 20.23 16.8 25.52 25.77 4.64 -2.72 -7.48 -9.58 0.46

Boven PV2 3.73 9.21 5.76 13.68 13.81 -7.7 -15.32 -20.25 -22.51 -12.57

Boven PV3 3.73 9.21 5.76 13.68 13.81 -7.7 -15.32 -20.25 -22.51 -12.57

Boven PV4 6.95 12.43 8.98 17.08 17.24 -4.17 -11.73 -16.61 -18.82 -8.84

Gemsbok PV1 6.64 12.1 8.64 14.75 14.56 -7.66 -15.72 -20.84 -23.23 -13.37

Gemsbok PV2 6.39 11.91 8.49 15.91 15.87 -6.01 -13.88 -18.9 -21.21 -11.29

Gemsbok PV3 7.22 12.7 9.25 15.89 15.77 -6.42 -14.51 -19.67 -22.11 -12.27

Gemsbok PV4 10.1 15.65 12.27 21.01 21.18 -0.36 -8.05 -13.0 -15.27 -5.33

Gemsbok PV5 4.92 10.42 6.99 14.78 14.84 -7.04 -14.98 -20.04 -22.4 -12.51

Gemsbok PV6 12.72 18.28 14.91 24.24 24.5 3.19 -4.35 -9.23 -11.45 -1.48

Table 48: Required (red) and surplus (green) attenuation levels [dB] to meet SARAS protection limits at the second closest
SKA telescope.
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6.2.3 Core SKA Telescopes

(a) (b)

(c)

Figure 72: Core SKA telescope receivers: (a) Maximum allowed EIRP to ensure levels are below the SKA saturation limit
of -100 dBm at the telescope receiver; (b) Maximum allowed PSD to ensure levels are 10 dB below SARAS protection levels;
(c) Maximum allowed measured E-Field (CISPR 22 Class B) to ensure levels are 10 dB below SARAS protection levels.
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Given in Table 49 is a comparison between measured plant RFI and maximum allowed emission levels as shown in
Fig. 72. It shows the approximate required mitigation (red), or surplus attenuation (green) for each recommended
plant in relation to the closest SKA telescope. Required mitigation or surplus attenuation varies based on plant
location and frequency. However, mitigation measures will have to be applied based on the highest required level.
Towards the core site sufficient path attenuation exist to ensure emissions are below required limits.

Site 387.38 399.19 409.52 871.57 942.42 1223.81 1441.27 1584.12 1728.57 1819.05

Location MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz

Kenhardt PV1 -21.33 -15.96 -19.51 -14.15 -14.35 -36.27 -44.03 -48.97 -51.19 -41.21

Kenhardt PV2 -18.46 -13.12 -16.7 -12.06 -12.35 -34.46 -42.33 -47.32 -49.57 -39.61

Kenhardt PV3 -24.93 -19.53 -23.04 -16.73 -16.81 -38.43 -46.01 -50.85 -52.99 -42.97

Boven PV1 -15.48 -10.18 -13.79 -9.87 -10.25 -32.51 -40.46 -45.49 -47.77 -37.84

Boven PV2 -19.45 -14.12 -17.69 -13.13 -13.44 -35.56 -43.45 -48.44 -50.7 -40.74

Boven PV3 -19.45 -14.12 -17.69 -13.13 -13.44 -35.56 -43.45 -48.44 -50.7 -40.74

Boven PV4 -15.58 -10.28 -13.89 -10.0 -10.38 -32.64 -40.59 -45.62 -47.89 -37.95

Gemsbok PV1 -26.86 -21.45 -24.96 -18.6 -18.67 -40.28 -47.85 -52.69 -54.83 -44.81

Gemsbok PV2 -25.18 -19.78 -23.3 -17.06 -17.15 -38.81 -46.41 -51.27 -53.42 -43.41

Gemsbok PV3 -22.2 -16.84 -20.39 -15.06 -15.27 -37.2 -44.97 -49.91 -52.13 -42.16

Gemsbok PV4 -16.1 -10.82 -14.44 -10.79 -11.19 -33.51 -41.49 -46.53 -48.82 -38.89

Gemsbok PV5 -22.7 -17.32 -20.87 -15.26 -15.43 -37.26 -44.97 -49.88 -52.07 -42.09

Gemsbok PV6 -16.36 -11.07 -14.68 -10.91 -11.31 -33.62 -41.61 -46.65 -48.94 -39.0

Table 49: Required (red) and surplus (green) attenuation levels [dB] to meet SARAS protection limits at the core-site SKA
telescopes.
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7 Plant Design Overview
RFI associated with the regular switching of relays and contactors to operate the single axis tracking systems
has subsequently been found by MESA Solutions to be contributors of significant levels of broadband interference.
Assuming a tracking PV plant design, significant care and effort will be required to shield the broadband interference
generated during operation of the tracking units.

7.1 Expected Sources of Interference
The biggest RFI producing culprits for a plant layout incorporating a similar tracking philosophy were identified
to be the inverter units and solar power tracker and monitoring controllers. Coupled to this is the way cabling is
distributed throughout the plant. The combination of all three factors will influence the level of interference each
plant is likely to produce.

• Inverters

– The inverters are considered to be the main source of interference due to their switching operation
through which the direct current (DC) from the panels is converted to alternating current (AC) supplied
to the transformers. This interference can be in the form of CM current present on the cables connected
to the units, or through direct radiation.

• Solar Power Tracker and Monitoring Controller

– RFI associated with the regular switching of relays and contactors to operate the single axis tracking
systems has recently been found to be prominent sources of interference. These relays will switch the
motors or hydraulic pumps on and off on a regular basis during the day, resulting in broadband
interference with substantial frequency content. Furthermore, RFI generated by the tracking controller
is typically due to the default system operation implementing a wireless mesh network for
communication purposes between units. A number of other electrical components, which are also likely
sources of interference, form part of the controller.

• Cable Routing and Earthing

– The way noise-producing equipment in the plant are interconnected has a significant influence on the
level of RFI emitted. Cabling is the means by which interference in the form of common mode current
(CM) is distributed. When sections of cabling become resonant, the interference is radiated into the
environment. Depending on a number of factors such as height of transmission, frequency, emission level
at source and topography, the interference will have a certain severity at the nearest SKA telescope as
well as the core-site.

7.2 Mitigating Measures
It is strongly recommended that the following mitigation practises be incorporated into the plants design. The
inverter units, transformers, communication and control units for an array of panels all be housed in a single shielded
environment. For shielding of such an environment ensure RFI gasketting be placed on all the seams and doors.
Furthermore, RFI Honeycomb filtering should be placed on all ventilation openings. It is important to ensure that
the cables to be laid directly in soil or properly grounded cable trays (not plastic sleeves). The use of bare copper
directly in soil for earthing is recommended to shunt CM interference currents to ground. In the case of a tracking
PV plant design, care will have to be taken to shield the noise associated with the relays, contactors and hydraulic
pumps/motors of the tracking units. It is recommended that data communications to and from the plants to be
via fibre optic.
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7.3 Expected RFI Reductions due to Mitigation Measures
By simply following good practices such as implementing an adequate earthing philosophy, and paying attention to
the cabling interconnections and layout below ground, a reduction of at least 20 dB in the typical plant emissions
across the frequency range of interest can be achieved. With added attention to detail, particularly regarding the
shielding of enclosures, defining cable interfaces by correctly terminating cable screens or armouring, and the use of
galvanic earthed cable trays for short cable runs above ground, a total reduction of 40 dB is likely. A further 20 dB
reduction would require detailed analysis of the required enclosure shielding and gasketting, more stringent filtering
at all cable interfaces, and implementing additional cable screening that could include using fully enclosed metallic
cable conduits. It is therefore MESA’s expectations that if the mitigation measures specified are implemented
correctly, an improvement of between 20 and 40 dB in emissions levels are likely. The required maximum mitigation
of 50 dB towards the closest telescopes for some plant locations would therefore require significant care. It is
important to note that this is purely predicted values and cannot be guaranteed or confirmed until
measurements on operating plants (or representative installations) with recommended mitigation
measures have been performed.

8 Conclusions
MESA Solutions was asked by Scatec Solar to do a cumulative topographical analysis of the terrain profile
between three proposed Scatec Solar PV projects, as well as ten proposed Mulilo PV projects, towards the closest
and core-site SKA Telescopes. The purpose of the investigation is to define a level that can be verified through
measurements which will result in an equivalent emission level that is 10 dB below the SKA threshold limit. This
measurement level is influenced by the TPL between both telescope locations. However, the TPL is a function of
topography and frequency as well as characteristics such as the transmitter and receiver heights. The
measurement level is related to the well-known CISPR 11/22 Class B standard that is defined at a measurement
distance of 10 m for frequencies below 1 GHz and at 3 m for frequencies above 1 GHz.

From the results in Section 6 it is clear that radiated emissions at levels below that of CISPR 11/22 Class B are
required (especially in the case of the closest telescope). This is mainly due to the absence of any TL over this
short distance. This requirement relaxes slightly toward the second closest telescope, while allowable measured
levels increase to slightly above the CISPR limit due to the additional TL toward the core. The possibility exists
that, due to the large number of sites that are proposed in that area, the overall lower levels would have to be
achieved to limit interference to the closest telescopes as much as possible. A comparison between measured plant
RFI and required mitigation or surplus attenuation have been provided for the closest and core site telescopes

It is strongly recommended that the following mitigation practises be incorporated into the plants design:

• The inverter units, transformers, communication and control units for an array of panels all be housed in a
single shielded environment.

• For shielding of such an environment ensure:

– RFI gasketting be placed on all seams and doors.

– RFI Honeycomb filtering be placed on all ventilation openings.

• Cables to be laid directly in soil or properly grounded cable trays (not plastic sleeves).

• The use of bare copper directly in soil for earthing is recommended.

• Assuming a tracking PV plant design, care will have to be taken to shield the noise associated with the relays,
contactors and hydraulic pumps/motors of the tracking units.

The three proposed Kenhardt plants are shown in Table 47 to exceed the SARAS protection levels by up to 38 dB
toward the closest SKA telescope. This includes the cumulative effect of a total of N = 13 PV plants developed.
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However, Boven PV1, PV3 and PV4 exceed this limit by approximately 50 dB in this scenario. For the case where
only the three Kenhardt plants are developed, the exceedance will reduce to 31.6 dB with a cumulative effect for
N = 3 plants considered.

It is MESA’s expectations that, if the mitigation measures that are specified are implemented correctly, an
improvement of between 20 and 40 dB in emissions levels are likely. However the maximum required attenuation
for some of the plants towards the closest telescope would require significant attention to detail to achieve
shielding levels of 50 dB. If required attenuation for the closest telescope is achieved, the second closest and core
site will comply. It is important to note that this is purely predicted values and cannot be guaranteed or confirmed
until measurements on a representative mock-up installation with mitigation measures implemented are performed.
It remain the developers responsibility to ensure that compliance to SKA requirements is met and MESA Solutions
cannot accept responsibility for any assessments made in this report which could cause non-compliance.

MESA Solutions
Drs A. J. Otto and P. S. van der Merwe
January 2016
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Appendix

A Fresnel Zones and Line of Sight
The Fresnel zones and elevation profiles, including the earth curvature, are shown in Figs. 73 to 132. In all case
the profiles are given towards the two closest and core-site SKA telescopes. A more detailed terrain profile shows
features not visible in a normal Google Earth profile. This profile is then compensated for the earth curvature,
clearly visible for the longer distance toward the core site. Important to note is the scale used in these figures. The
elevation change is in meters but the separation distance varies in kilometres. The earth curvature representation
is therefore somewhat enhanced.

A.1 Boven PV1 to Closest SKA

(a) (b)

(c) (d)

Figure 73: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Boven PV1 to the closest SKA telescope for
(a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.2 Boven PV1 to 2nd Closest SKA

(a) (b)

(c) (d)

Figure 74: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Boven PV1 to the second closest SKA telescope
for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.3 Boven PV1 to Core SKA

(a) (b)

(c) (d)

Figure 75: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Boven PV1 to the core SKA telescopes for (a)
100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.4 Boven PV2 to Closest SKA

(a) (b)

(c) (d)

Figure 76: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Boven PV2 to the closest SKA telescope for
(a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.5 Boven PV2 to 2nd Closest SKA

(a) (b)

(c) (d)

Figure 77: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Boven PV2 to the second closest SKA telescope
for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.6 Boven PV2 to Core SKA

(a) (b)

(c) (d)

Figure 78: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Boven PV2 to the core SKA telescopes for (a)
100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.7 Boven PV2 Alternative to Closest SKA

(a) (b)

(c) (d)

Figure 79: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Boven PV2 Alternative to the closest SKA
telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.8 Boven PV2 Alternative to 2nd Closest SKA

(a) (b)

(c) (d)

Figure 80: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Boven PV2 Alternative to the second closest
SKA telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.9 Boven PV2 Alternative to Core SKA

(a) (b)

(c) (d)

Figure 81: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Boven PV2 Alternative to the core SKA
telescopes for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.10 Boven PV3 to Closest SKA

(a) (b)

(c) (d)

Figure 82: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Boven PV3 to the closest SKA telescope for
(a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.11 Boven PV3 to 2nd Closest SKA

(a) (b)

(c) (d)

Figure 83: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Boven PV3 to the second closest SKA telescope
for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.12 Boven PV3 to Core SKA

(a) (b)

(c) (d)

Figure 84: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Boven PV3 to the core SKA telescopes for (a)
100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.13 Boven PV3 Alternative to Closest SKA

(a) (b)

(c) (d)

Figure 85: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Boven PV3 Alternative to the closest SKA
telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.14 Boven PV3 Alternative to 2nd Closest SKA

(a) (b)

(c) (d)

Figure 86: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Boven PV3 Alternative to the second closest
SKA telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.15 Boven PV3 Alternative to Core SKA

(a) (b)

(c) (d)

Figure 87: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Boven PV3 Alternative to the core SKA
telescopes for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.16 Boven PV4 to Closest SKA

(a) (b)

(c) (d)

Figure 88: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Boven PV4 to the closest SKA telescope for
(a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.17 Boven PV4 to 2nd Closest SKA

(a) (b)

(c) (d)

Figure 89: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Boven PV4 to the second closest SKA telescope
for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.18 Boven PV4 to Core SKA

(a) (b)

(c) (d)

Figure 90: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Boven PV4 to the core SKA telescopes for (a)
100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.19 Boven PV4 Alternative to Closest SKA

(a) (b)

(c) (d)

Figure 91: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Boven PV4 Alternative to the closest SKA
telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.20 Boven PV4 Alternative to 2nd Closest SKA

(a) (b)

(c) (d)

Figure 92: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Boven PV4 Alternative to the second closest
SKA telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.21 Boven PV4 Alternative to Core SKA

(a) (b)

(c) (d)

Figure 93: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Boven PV4 Alternative to the core SKA
telescopes for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.22 Gemsbok PV1 to Closest SKA

(a) (b)

(c) (d)

Figure 94: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV1 to the closest SKA telescope
for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.23 Gemsbok PV1 to 2nd Closest SKA

(a) (b)

(c) (d)

Figure 95: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV1 to the second closest SKA
telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.24 Gemsbok PV1 to Core SKA

(a) (b)

(c) (d)

Figure 96: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV1 to the core SKA telescopes for
(a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.25 Gemsbok PV2 to Closest SKA

(a) (b)

(c) (d)

Figure 97: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV2 to the closest SKA telescope
for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.26 Gemsbok PV2 to 2nd Closest SKA

(a) (b)

(c) (d)

Figure 98: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV2 to the second closest SKA
telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.27 Gemsbok PV2 to Core SKA

(a) (b)

(c) (d)

Figure 99: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV2 to the core SKA telescopes for
(a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.28 Gemsbok PV3 to Closest SKA

(a) (b)

(c) (d)

Figure 100: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV3 to the closest SKA telescope
for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.29 Gemsbok PV3 to 2nd Closest SKA

(a) (b)

(c) (d)

Figure 101: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV3 to the second closest SKA
telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.30 Gemsbok PV3 to Core SKA

(a) (b)

(c) (d)

Figure 102: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV3 to the core SKA telescopes
for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.31 Gemsbok PV3 Alternative to Closest SKA

(a) (b)

(c) (d)

Figure 103: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV3 Alternative to the closest
SKA telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.32 Gemsbok PV3 Alternative to 2nd Closest SKA

(a) (b)

(c) (d)

Figure 104: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV3 Alternative to the second
closest SKA telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.33 Gemsbok PV3 Alternative to Core SKA

(a) (b)

(c) (d)

Figure 105: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV3 Alternative to the core SKA
telescopes for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.34 Gemsbok PV4 to Closest SKA

(a) (b)

(c) (d)

Figure 106: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV4 to the closest SKA telescope
for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.35 Gemsbok PV4 to 2nd Closest SKA

(a) (b)

(c) (d)

Figure 107: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV4 to the second closest SKA
telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.36 Gemsbok PV4 to Core SKA

(a) (b)

(c) (d)

Figure 108: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV4 to the core SKA telescopes
for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.37 Gemsbok PV4 Alternative to Closest SKA

(a) (b)

(c) (d)

Figure 109: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV4 Alternative to the closest
SKA telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.38 Gemsbok PV4 Alternative to 2nd Closest SKA

(a) (b)

(c) (d)

Figure 110: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV4 Alternative to the second
closest SKA telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.39 Gemsbok PV4 Alternative to Core SKA

(a) (b)

(c) (d)

Figure 111: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV4 Alternative to the core SKA
telescopes for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.40 Gemsbok PV5 to Closest SKA

(a) (b)

(c) (d)

Figure 112: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV5 to the closest SKA telescope
for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.41 Gemsbok PV5 to 2nd Closest SKA

(a) (b)

(c) (d)

Figure 113: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV5 to the second closest SKA
telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.

Page 144 of 163



SCA/16/01/29/REV1 February 10, 2016

A.42 Gemsbok PV5 to Core SKA

(a) (b)

(c) (d)

Figure 114: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV5 to the core SKA telescopes
for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.43 Gemsbok PV5 Alternative to Closest SKA

(a) (b)

(c) (d)

Figure 115: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV5 Alternative to the closest
SKA telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.44 Gemsbok PV5 Alternative to 2nd Closest SKA

(a) (b)

(c) (d)

Figure 116: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV5 Alternative to the second
closest SKA telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.45 Gemsbok PV5 Alternative to Core SKA

(a) (b)

(c) (d)

Figure 117: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV5 Alternative to the core SKA
telescopes for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.46 Gemsbok PV6 to Closest SKA

(a) (b)

(c) (d)

Figure 118: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV6 to the closest SKA telescope
for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.47 Gemsbok PV6 to 2nd Closest SKA

(a) (b)

(c) (d)

Figure 119: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV6 to the second closest SKA
telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.48 Gemsbok PV6 to Core SKA

(a) (b)

(c) (d)

Figure 120: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV6 to the core SKA telescopes
for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.49 Gemsbok PV6 Alternative to Closest SKA

(a) (b)

(c) (d)

Figure 121: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV6 Alternative to the closest
SKA telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.50 Gemsbok PV6 Alternative to 2nd Closest SKA

(a) (b)

(c) (d)

Figure 122: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV6 Alternative to the second
closest SKA telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.51 Gemsbok PV6 Alternative to Core SKA

(a) (b)

(c) (d)

Figure 123: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Gemsbok PV6 Alternative to the core SKA
telescopes for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.52 Scatec PV1 to Closest SKA

(a) (b)

(c) (d)

Figure 124: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Scatec PV1 to the closest SKA telescope for
(a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.53 Scatec PV1 to 2nd Closest SKA

(a) (b)

(c) (d)

Figure 125: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Scatec PV1 to the second closest SKA
telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.54 Scatec PV1 to Core SKA

(a) (b)

(c) (d)

Figure 126: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Scatec PV1 to the core SKA telescopes for
(a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.55 Scatec PV2 to Closest SKA

(a) (b)

(c) (d)

Figure 127: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Scatec PV2 to the closest SKA telescope for
(a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.56 Scatec PV2 to 2nd Closest SKA

(a) (b)

(c) (d)

Figure 128: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Scatec PV2 to the second closest SKA
telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.57 Scatec PV2 to Core SKA

(a) (b)

(c) (d)

Figure 129: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Scatec PV2 to the core SKA telescopes for
(a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.58 Scatec PV3 to Closest SKA

(a) (b)

(c) (d)

Figure 130: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Scatec PV3 to the closest SKA telescope for
(a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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A.59 Scatec PV3 to 2nd Closest SKA

(a) (b)

(c) (d)

Figure 131: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Scatec PV3 to the second closest SKA
telescope for (a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.

Page 162 of 163



SCA/16/01/29/REV1 February 10, 2016

A.60 Scatec PV3 to Core SKA

(a) (b)

(c) (d)

Figure 132: Fresnel zone, LOS and 60% of first Fresnel zone for site location of Scatec PV3 to the core SKA telescopes for
(a) 100 MHz (b) 1000 MHz (c) 2000 MHz and (d) 3000 MHz.
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