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Utility Substation and Overhead Line Design
Preliminary Technical Report

GEEL KOP GRID (PTY) LTD



INDEX

01 |

02 |

03 |

04 |

05 |

06 |

07 |

08 |

09 |

LIST OF ACRONYMS

PREFERRED LINE ROUTE

LINE CONDUCTOR RATINGS

STRUCTURE OPTIONS

KEY CONSIDERATIONS

ENVIRONMENTAL CONSIDERATIONS

LAND AND RIGHTS

SUBSTATION SIZE AND POSITION

TYPICAL SUBSTATION COMPONENTS

3

4

5

9

10

12

14

15

19



LIST OF ACRONYMS

3

CT Current Transformer
DCt Double Circuit
kV Kilovolts
MTS Main Transmission Substation
MVA Mega Volt Ampere
OPGW Optical Ground Wire
SCt Single Circuit
S/S Switching Station
VT Voltage Transformer



PREFERRED LINE ROUTE
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LINE CONDUCTOR RATINGS

Conductor Type Current Rating (Amps) MVA Rating 132 kV

Kingbird 771 176.3

Twin Kingbird 1542 (2 x 771) 352.5

Tern 894 204.4

Twin Tern 1788 (2 x 894) 408.8
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STRUCTURE OPTIONS: Double Circuit (DCt) Structures – 277 Monopoles 

277A Intermediate 277B Guyed Intermediate Self-supporting Strains
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STRUCTURE OPTIONS: Single Circuit (SCt) Guyed Structures 

7611 Intermediate 7622 Guyed Intermediate Guyed Strains
3 Pole Terminal 
Structure/ Strain 
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STRUCTURE OPTIONS: SCt Self Supporting Structures

Self-Supporting Intermediate T2002
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STRUCTURE OPTIONS (cont’d)

Conductor 
Type

Line Route Section Line 
Configuration

Structure Option

Kingbird • GK Solar PV S/S  Shrubland PV S/S
• Bushmanland PV Substation  Geel

Kop Collector S/S

• Shrubland PV S/S  Karroid PV S/S 
/Hari PV Substation

SCt

DCt or 2 x SCt

SCt:
7622 Guyed Suspension
7611/7615 Self Supporting Monopole 
DCt:
277 DCt Monopoles

Twin 
Kingbird

• Shrubland PV S/S  Karroid PV S/S 
/Hari PV Substation

• Karroid PV S/S /Hari PV Substation 
Geel Kop Collector S/S

SCt

DCt or 2 x SCt

SCt:
Eskom SCt 132kV Self-supporting suspension and guyed strain monopoles (designed 
for 2 x Bersfort/ 2 x Kingbird)
DCt:
277 DCt Monopole

Tern • GK Solar PV S/S  Shrubland PV S/S
• Bushmanland PV Substation  Geel

Kop Collector S/S

SCt SCt:
7622 Guyed Suspension
7611/7615 Self Supporting Monopole (DCt shafts to be used for Tern)
DCt:
277 DCt Monopoles

Twin Tern • Karroid PV S/S /Hari PV Substation 
Geel Kop Collector S/S

• Geel Kop Collector S/S  Upington 
MTS

DCt or 2 x SCt SCt:
Eskom SCt 132kV Self-supporting suspension and guyed strain monopoles (designed 
for 2 x Bersfort / 2 x Kingbird) 
DCt:
276 Monopoles
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KEY CONSIDERATIONS

• Guyed structures on both SCt and DCt options can significantly reduce line 
costs (+/- 40% savings on supports).

• Northern Cape Operating Unit have installed guyed structures in the 
region, but have recently insisted on self-supporting structures.

• Stay corrosion protection will be incorporated.
• 2 x SCt lines will require larger servitudes and therefore a wider 

disturbance area and increased visual and avifaunal impacts.
• Tern/Twin Conductor Bundle: Brace Post Insulators required for both DCt

and SCt intermediates options.
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ENVIRONMENTAL CONSIDERATIONS

• There is a preference for poles to be used as support structures (instead of 
lattice structures) due to reduced footprints and environmental impacts.

• The main potential environmental constraints are flora and fauna, and 
main drainage lines and seasonal washes.  The required buffer zones on all 
seasonal washes/streams shall be maintained.  The design will also cater 
for any possible transplanting of protected plant species should they be 
identified within the line corridors.

• There is a potential for conductor collision and electrocution of birds.  To 
deter nesting, all structures shall be fitted with anti-nesting devices as 
shown below. In addition, bird perches will be fitted to all structure tops 
of all intermediate poles to prevent earthwire collisions.  OPGW will be 
fitted with bird flight diverters.
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ENVIRONMENTAL CONSIDERATIONS (cont’d)

Anti-bird nesting devices installed above the post insulator
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LAND AND RIGHTS

• A DCt or SCt 132 kV line requires a 31 m wide servitude – 15.5 m either 
side of centre (see extract from Eskom Distribution Guide 34-600, below).

• Eskom’s preferred separation distance for 2 x 132 kV lines in parallel, is 
21m (see extract from Eskom Distribution Guide 34-600, below).  2 x 
132kV lines in parallel will therefore require a 52 m wide servitude.

• A servitude option agreement will be secured with the affected 
landowners, in favour of Eskom.  Once the projects are awarded Preferred 
Bidder status, the option agreement is exercised and a formal Deed of 
Servitude is negotiated and registered against each affected property, in 
favour of Eskom.
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LAND AND RIGHTS (cont’d)

Extract from Eskom Distribution Guide 34-600 “BUILDING LINE RESTRICTIONS, SERVITUDE WIDTHS, LINE
SEPARATIONS AND CLEARANCES FROM POWER LINES”
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SUBSTATION SIZE AND POSITION

• Eskom Switching Station
28°31'29.54"S       20°57'13.90"E
28°32'16.86"S       20°58'19.29"E

• GK Solar PV Substation
28°31'29.46"S       20°57'15.63"E

• Shrubland PV Substation
28°32'16.81"S       20°58'21.10"E
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SUBSTATION SIZE AND POSITION (cont’d)

• Eskom Switching Station
28°36'11.97"S       21° 0'11.47"E

• Karroid PV Substation
28°36'11.92"S       21° 0'14.19"E       

• Hari PV Substation
28°36'14.49"S       21° 0'12.63"E

16
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SUBSTATION SIZE AND POSITION (cont’d)

Proposed Geel Kop Collector 
Switching Station:

• Eskom Switching Station
28°37'34.98"S       21° 1'3.31"E

• Gordonia Solar PV Substation
28°37'33.89"S       21° 1'6.05"E

• Duneveld PV Substation
28°37'35.87"S       21° 1'6.04"E

• Hari PV Feeder Bay
28°37'37.38"S       21° 1'2.63"E

• Bushmanland PV Feeder Bay
28°37'37.36"S      21° 1'4.03"E

17
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SUBSTATION SIZE AND POSITION (cont’d)

• Bushmanland PV Substation
28°38'16.58"S        21° 3'10.78"E

18

150m

150m



TYPICAL SUBSTATION COMPONENTS/ SCOPE OF WORK

• Establish new 132 kV feeder bays at the existing 400/132 kV 
Upington MTS:
– Install 2 new 132 kV line bays, inclusive of breakers, current 

transformers (CTs), isolators and surge arrestors;
– Install a new tubular busbar and bussection for the new line bays, 

inclusive of isolators, voltage transformers (VTs) and tubular busbar 
sections; and

– Access road and fence extensions, additional earthing and lightning 
protection as may be required, civil works and auxiliary buildings as 
may be required.
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TYPICAL SUBSTATION COMPONENTS/ SCOPE OF WORK (cont’d)

• Establish new Facility 33 kV or 132 kV Switching Stations and 
132 kV Geel Kop Collector Switching Station.  For each 
Switching Station:
– Platforms with earth mat and civil work complete; 
– New 33 kV or 132 kV (incoming/ outgoing) feeder bays as required, 

inclusive of breakers, CTs, VTs, isolators, surge arrestors and line 
terminal supports;

– New tubular busbar and bussection for the new feeder bays, inclusive 
of isolators, voltage transformers (VTs) and tubular busbar sections;

– Access roads and fencing, lightning protection as may be required, and 
auxiliary buildings as may be required.

20



TYPICAL SUBSTATION COMPONENTS/ SCOPE OF WORK (cont’d)

• Build approximately 19 km 33 kV or 132 kV lines between 
Facility Switching Stations and the 132 kV Geel Kop Collector 
Switching Station, inclusive of:
– Structures; 
– Foundations;
– Conductor;
– OPGW;
– Fibre Layout;
– Insulation;
– Assemblies; and
– Maintenance/ jeep track.
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TYPICAL SUBSTATION COMPONENTS/ SCOPE OF WORK (cont’d)

• Build approximately 16 km DCt or 2 x SCt 132 kV lines 
between the 132 kV Geel Kop Collector Switching Station and 
the Upington MTS, inclusive of:
– Structures; 
– Foundations;
– Conductor;
– OPGW;
– Fibre Layout;
– Insulation;
– Assemblies; and
– Maintenance/ jeep track.
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OHL Line Number Latitude (DMS) Longitude (DMS)

1 -28°31'29.28" 20°57'12.99"

2 -28°31'31.13" 20°57'10.85"

3 -28°31'33.98" 20°57'12.64"

4 -28°31'36.82" 20°57'14.42"

5 -28°31'39.66" 20°57'16.21"

6 -28°31'42.50" 20°57'17.99"

7 -28°31'45.34" 20°57'19.78"

8 -28°31'48.18" 20°57'21.56"

9 -28°31'51.03" 20°57'23.34"

10 -28°31'53.87" 20°57'25.13"

11 -28°31'56.71" 20°57'26.91"

12 -28°31'59.55" 20°57'28.70"

13 -28°32'2.399" 20°57'30.48"

14 -28°32'5.241" 20°57'32.27"

15 -28°32'8.083" 20°57'34.05"

16 -28°32'10.92" 20°57'35.84"

17 -28°32'13.76" 20°57'37.62"

18 -28°32'16.60" 20°57'39.40"

19 -28°32'19.45" 20°57'41.19"

20 -28°32'22.29" 20°57'42.97"

21 -28°32'25.13" 20°57'44.76"

22 -28°32'27.97" 20°57'46.54"

23 -28°32'30.81" 20°57'48.33"

24 -28°32'33.66" 20°57'50.11"

25 -28°32'36.50" 20°57'51.90"

26 -28°32'37.74" 20°57'54.10"

27 -28°32'35.87" 20°57'57.11"

28 -28°32'34.01" 20°58'0.132"

29 -28°32'32.15" 20°58'3.146"

30 -28°32'30.28" 20°58'6.160"

31 -28°32'28.42" 20°58'9.174"

32 -28°32'26.55" 20°58'12.18"

33 -28°32'24.55" 20°58'14.90"

34 -28°32'21.30" 20°58'14.90"

35 -28°32'18.05" 20°58'14.90"

36 -28°32'16.63" 20°58'17.98"

37 -28°32'16.48" 20°58'18.40"

1 -28°32'16.63" 20°58'18.46"

2 -28°32'17.87" 20°58'15.09"

3 -28°32'21.12" 20°58'15.09"

4 -28°32'24.37" 20°58'15.08"

5 -28°32'26.49" 20°58'12.61"

6 -28°32'28.35" 20°58'9.601"

7 -28°32'30.21" 20°58'6.588"

8 -28°32'32.08" 20°58'3.574"

9 -28°32'33.94" 20°58'0.560"

10 -28°32'35.81" 20°57'57.54"

11 -28°32'37.67" 20°57'54.53"

12 -28°32'40.07" 20°57'54.14"

13 -28°32'42.92" 20°57'55.93"

14 -28°32'45.76" 20°57'57.71"

15 -28°32'48.60" 20°57'59.50"

16 -28°32'51.44" 20°58'1.287"

17 -28°32'54.28" 20°58'3.072"

18 -28°32'57.12" 20°58'4.857"

19 -28°32'59.97" 20°58'6.642"

20 -28°33'2.812" 20°58'8.427"

21 -28°33'5.654" 20°58'10.21"

22 -28°33'8.496" 20°58'11.99"

23 -28°33'11.33" 20°58'13.78"

24 -28°33'14.17" 20°58'15.56"

25 -28°33'17.02" 20°58'17.35"

26 -28°33'19.86" 20°58'19.13"

27 -28°33'22.70" 20°58'20.92"

28 -28°33'25.54" 20°58'22.70"

29 -28°33'28.38" 20°58'24.49"

30 -28°33'31.23" 20°58'26.27"

31 -28°33'34.07" 20°58'28.06"

32 -28°33'36.91" 20°58'29.84"

33 -28°33'39.75" 20°58'31.63"

34 -28°33'42.59" 20°58'33.41"

35 -28°33'45.43" 20°58'35.20"

36 -28°33'48.28" 20°58'36.99"

37 -28°33'51.12" 20°58'38.77"

38 -28°33'53.96" 20°58'40.56"

39 -28°33'56.80" 20°58'42.34"

40 -28°33'59.64" 20°58'44.13"

41 -28°34'2.488" 20°58'45.91"

42 -28°34'5.329" 20°58'47.70"

43 -28°34'8.171" 20°58'49.48"

44 -28°34'11.01" 20°58'51.27"

45 -28°34'13.85" 20°58'53.06"

46 -28°34'16.69" 20°58'54.84"

47 -28°34'19.53" 20°58'56.63"

48 -28°34'22.37" 20°58'58.41"

49 -28°34'25.22" 20°59'0.203"

50 -28°34'28.06" 20°59'1.989"

51 -28°34'30.90" 20°59'3.775"

52 -28°34'33.74" 20°59'5.560"

53 -28°34'36.58" 20°59'7.346"

54 -28°34'39.42" 20°59'9.132"

55 -28°34'42.27" 20°59'10.91"

56 -28°34'45.11" 20°59'12.70"

57 -28°34'47.95" 20°59'14.49"

58 -28°34'50.79" 20°59'16.27"

59 -28°34'53.63" 20°59'18.06"

60 -28°34'56.47" 20°59'19.84"

61 -28°34'59.31" 20°59'21.63"

62 -28°35'2.160" 20°59'23.42"

63 -28°35'5.002" 20°59'25.20"

64 -28°35'7.843" 20°59'26.99"

65 -28°35'10.68" 20°59'28.77"
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66 -28°35'13.52" 20°59'30.56"

67 -28°35'16.36" 20°59'32.35"

68 -28°35'19.20" 20°59'34.13"

69 -28°35'22.05" 20°59'35.92"

70 -28°35'24.89" 20°59'37.71"

71 -28°35'27.73" 20°59'39.49"

72 -28°35'30.57" 20°59'41.28"

73 -28°35'33.41" 20°59'43.06"

74 -28°35'36.25" 20°59'44.85"

75 -28°35'39.09" 20°59'46.64"

76 -28°35'41.94" 20°59'48.42"

77 -28°35'44.78" 20°59'50.21"

78 -28°35'47.62" 20°59'52.00"

79 -28°35'50.46" 20°59'53.78"

80 -28°35'53.30" 20°59'55.57"

81 -28°35'56.14" 20°59'57.36"

82 -28°35'58.98" 20°59'59.14"

83 -28°36'1.830" 21°0'0.935"

84 -28°36'4.671" 21°0'2.721"

85 -28°36'7.512" 21°0'4.508"

86 -28°36'10.35" 21°0'6.295"

87 -28°36'13.19" 21°0'8.082"

88 -28°36'14.23" 21°0'10.17"

1 -28°37'37.76" 21°1'6.074"

2 -28°37'38.26" 21°1'2.738"

3 -28°37'36.30" 21°1'0.362"

4 -28°37'33.46" 21°0'58.57"

5 -28°37'30.62" 21°0'56.78"

6 -28°37'27.74" 21°0'55.38"

7 -28°37'24.62" 21°0'56.41"

8 -28°37'21.51" 21°0'57.44"

9 -28°37'18.42" 21°0'57.08"

10 -28°37'15.52" 21°0'55.47"

11 -28°37'12.79" 21°0'53.46"

12 -28°37'10.07" 21°0'51.45"

13 -28°37'7.353" 21°0'49.44"

14 -28°37'4.622" 21°0'47.44"

15 -28°37'1.863" 21°0'45.50"

16 -28°36'59.15" 21°0'43.46"

17 -28°36'56.47" 21°0'41.38"

18 -28°36'53.79" 21°0'39.30"

19 -28°36'51.11" 21°0'37.22"

20 -28°36'48.43" 21°0'35.14"

21 -28°36'45.73" 21°0'33.09"

22 -28°36'42.98" 21°0'31.13"

23 -28°36'40.23" 21°0'29.16"

24 -28°36'37.55" 21°0'27.08"

25 -28°36'34.91" 21°0'24.94"

26 -28°36'32.26" 21°0'22.80"

27 -28°36'29.67" 21°0'20.58"

28 -28°36'27.07" 21°0'18.37"

29 -28°36'24.47" 21°0'16.17"

30 -28°36'21.80" 21°0'14.07"

31 -28°36'19.08" 21°0'12.07"

32 -28°36'16.45" 21°0'10.89"

33 -28°36'15.45" 21°0'12.93"

1 -28°38'15.10" 21°3'12.92"

2 -28°38'12.32" 21°3'11.64"

3 -28°38'9.547" 21°3'9.734"

4 -28°38'6.768" 21°3'7.824"

5 -28°38'3.989" 21°3'5.915"

6 -28°38'1.210" 21°3'4.006"

7 -28°37'58.43" 21°3'2.098"

8 -28°37'55.65" 21°3'0.189"

9 -28°37'52.87" 21°2'58.28"

10 -28°37'50.09" 21°2'56.37"

11 -28°37'47.31" 21°2'54.46"

12 -28°37'44.53" 21°2'52.55"

13 -28°37'41.75" 21°2'50.64"

14 -28°37'38.97" 21°2'48.73"

15 -28°37'36.19" 21°2'46.82"

16 -28°37'33.42" 21°2'44.91"

17 -28°37'30.64" 21°2'43.01"

18 -28°37'28.19" 21°2'40.91"

19 -28°37'28.48" 21°2'37.24"

20 -28°37'28.76" 21°2'33.57"

21 -28°37'29.05" 21°2'29.90"

22 -28°37'29.33" 21°2'26.23"

23 -28°37'29.62" 21°2'22.56"

24 -28°37'29.90" 21°2'18.89"

25 -28°37'30.19" 21°2'15.23"

26 -28°37'30.47" 21°2'11.56"

27 -28°37'30.76" 21°2'7.892"

28 -28°37'31.04" 21°2'4.224"

29 -28°37'31.33" 21°2'0.555"

30 -28°37'31.61" 21°1'56.88"

31 -28°37'32.51" 21°1'53.53"

32 -28°37'34.78" 21°1'50.90"

33 -28°37'35.28" 21°1'47.44"

34 -28°37'35.28" 21°1'43.76"

35 -28°37'35.28" 21°1'40.08"

36 -28°37'35.28" 21°1'36.39"

37 -28°37'35.28" 21°1'32.71"

38 -28°37'35.28" 21°1'29.03"

39 -28°37'35.28" 21°1'25.34"

40 -28°37'35.28" 21°1'21.66"

41 -28°37'35.28" 21°1'17.98"

42 -28°37'35.28" 21°1'14.30"

43 -28°37'35.28" 21°1'10.61"

44 -28°37'35.29" 21°1'7.454"

1 -28°37'32.89" 21°0'59.961"

2 -28°37'30.143" 21°0'57.991"

3 -28°37'27.311" 21°0'56.713"
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4 -28°37'24.190" 21°0'57.739"

5 -28°37'21.69" 21°0'58.765"

6 -28°37'17.982" 21°0'58.102"

7 -28°37'15.78" 21°0'56.485"

8 -28°37'12.352" 21°0'54.479"

9 -28°37'9.627" 21°0'52.474"

10 -28°37'6.902" 21°0'50.468"

11 -28°37'4.169" 21°0'48.475"

12 -28°37'1.349" 21°0'47.172"

13 -28°36'58.313" 21°0'48.483"

14 -28°36'58.433" 21°0'46.416"

15 -28°36'57.424" 21°0'49.917"

16 -28°36'56.414" 21°0'53.417"

17 -28°36'55.405" 21°0'56.917"

18 -28°36'54.395" 21°1'0.417"

19 -28°36'53.385" 21°1'3.918"

20 -28°36'52.376" 21°1'7.418"

21 -28°36'51.366" 21°1'10.918"

22 -28°36'50.356" 21°1'14.418"

23 -28°36'49.346" 21°1'17.919"

24 -28°36'48.336" 21°1'21.419"

25 -28°36'47.327" 21°1'24.919"

26 -28°36'46.317" 21°1'28.419"

27 -28°36'45.307" 21°1'31.919"

28 -28°36'44.297" 21°1'35.419"

29 -28°36'43.287" 21°1'38.919"

30 -28°36'42.277" 21°1'42.419"

31 -28°36'41.267" 21°1'45.919"

32 -28°36'40.257" 21°1'49.419"

33 -28°36'39.247" 21°1'52.919"

34 -28°36'38.237" 21°1'56.419"

35 -28°36'37.227" 21°1'59.919"

36 -28°36'36.217" 21°2'3.419"

37 -28°36'35.207" 21°2'6.919"

38 -28°36'33.938" 21°2'10.307"

39 -28°36'32.632" 21°2'13.679"

40 -28°36'31.327" 21°2'17.51"

41 -28°36'30.21" 21°2'20.423"

42 -28°36'28.716" 21°2'23.796"

43 -28°36'27.410" 21°2'27.168"

44 -28°36'26.105" 21°2'30.540"

45 -28°36'24.799" 21°2'33.912"

46 -28°36'23.494" 21°2'37.284"

47 -28°36'22.188" 21°2'40.656"

48 -28°36'20.883" 21°2'44.28"

49 -28°36'19.577" 21°2'47.399"

50 -28°36'18.271" 21°2'50.771"

51 -28°36'16.966" 21°2'54.143"

52 -28°36'15.660" 21°2'57.515"

53 -28°36'14.354" 21°3'0.887"

54 -28°36'13.48" 21°3'4.259"

55 -28°36'11.743" 21°3'7.630"

56 -28°36'10.437" 21°3'11.2"

57 -28°36'9.131" 21°3'14.374"

58 -28°36'7.825" 21°3'17.746"

59 -28°36'6.519" 21°3'21.117"

60 -28°36'5.213" 21°3'24.489"

61 -28°36'3.908" 21°3'27.861"

62 -28°36'2.602" 21°3'31.232"

63 -28°36'1.296" 21°3'34.604"

64 -28°35'59.990" 21°3'37.975"

65 -28°35'58.684" 21°3'41.347"

66 -28°35'57.378" 21°3'44.719"

67 -28°35'56.72" 21°3'48.90"

68 -28°35'54.765" 21°3'51.461"

69 -28°35'53.459" 21°3'54.833"

70 -28°35'52.153" 21°3'58.204"

71 -28°35'50.847" 21°4'1.576"

72 -28°35'49.541" 21°4'4.947"

73 -28°35'48.235" 21°4'8.319"

74 -28°35'46.929" 21°4'11.690"

75 -28°35'45.622" 21°4'15.61"

76 -28°35'44.316" 21°4'18.432"

77 -28°35'43.10" 21°4'21.804"

78 -28°35'41.703" 21°4'25.175"

79 -28°35'40.397" 21°4'28.546"

80 -28°35'39.91" 21°4'31.917"

81 -28°35'37.784" 21°4'35.289"

82 -28°35'36.478" 21°4'38.660"

83 -28°35'35.172" 21°4'42.31"

84 -28°35'33.865" 21°4'45.402"

85 -28°35'32.622" 21°4'48.803"

86 -28°35'31.428" 21°4'52.227"

87 -28°35'30.331" 21°4'55.663"

88 -28°35'30.893" 21°4'59.289"

89 -28°35'31.454" 21°5'2.915"

90 -28°35'32.16" 21°5'6.542"

91 -28°35'32.577" 21°5'10.168"

92 -28°35'33.139" 21°5'13.794"

93 -28°35'33.701" 21°5'17.421"

94 -28°35'34.262" 21°5'21.47"

95 -28°35'34.824" 21°5'24.674"

96 -28°35'35.385" 21°5'28.300"

97 -28°35'35.947" 21°5'31.926"

98 -28°35'36.508" 21°5'35.553"

99 -28°35'37.69" 21°5'39.179"

100 -28°35'37.631" 21°5'42.806"

101 -28°35'38.192" 21°5'46.432"

102 -28°35'38.753" 21°5'50.59"

103 -28°35'39.315" 21°5'53.685"

104 -28°35'39.876" 21°5'57.312"

105 -28°35'40.437" 21°6'0.938"

106 -28°35'40.998" 21°6'4.565"
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107 -28°35'41.559" 21°6'8.191"

108 -28°35'42.121" 21°6'11.818"

109 -28°35'42.682" 21°6'15.444"

110 -28°35'43.243" 21°6'19.71"

111 -28°35'43.804" 21°6'22.697"

112 -28°35'44.261" 21°6'26.295"

113 -28°35'42.284" 21°6'29.217"

114 -28°35'40.308" 21°6'32.140"

115 -28°35'38.331" 21°6'35.62"

116 -28°35'36.355" 21°6'37.985"

117 -28°35'34.378" 21°6'40.907"

118 -28°35'32.26" 21°6'43.447"

119 -28°35'28.989" 21°6'43.709"

120 -28°35'25.757" 21°6'43.324"

121 -28°35'22.525" 21°6'42.939"

122 -28°35'19.294" 21°6'42.553"

123 -28°35'16.94" 21°6'42.831"

124 -28°35'13.422" 21°6'44.927"

125 -28°35'10.838" 21°6'47.127"

126 -28°35'9.98" 21°6'50.204"

127 -28°35'7.798" 21°6'53.578"

128 -28°35'6.498" 21°6'56.952"

129 -28°35'5.198" 21°7'0.326"

130 -28°35'3.898" 21°7'3.700"

131 -28°35'2.559" 21°7'7.53"

132 -28°35'1.155" 21°7'10.374"

133 -28°34'59.127" 21°7'13.190"

134 -28°34'56.695" 21°7'15.623"

135 -28°34'54.147" 21°7'17.909"

136 -28°34'51.599" 21°7'20.194"

137 -28°34'49.52" 21°7'22.479"

138 -28°34'46.501" 21°7'24.760"

139 -28°4'43.948" 21°7'27.38"

140 -28°34'41.396" 21°7'29.316"

141 -28°34'38.843" 21°7'31.594"

142 -28°34'36.290" 21°7'33.871"

143 -28°34'33.737" 21°7'36.149"

144 -28°34'31.184" 21°7'38.427"

145 -28°34'28.631" 21°7'40.704"

146 -28°34'26.79" 21°7'42.982"

147 -28°34'23.526" 21°7'45.259"

148 -28°34'20.672" 21°7'46.998"

149 -28°34'17.760" 21°7'48.631"

150 -28°34'14.848" 21°7'50.264"

151 -28°34'11.936" 21°7'51.897"

152 -28°34'9.23" 21°7'53.530"

153 -28°34'6.111" 21°7'55.164"

154 -28°34'3.199" 21°7'56.797"

155 -28°34'0.287" 21°7'58.430"

156 -28°33'57.375" 21°8'0.63"

157 -28°33'54.462" 21°8'1.696"

158 -28°33'51.325" 21°8'2.608"

159 -28°33'48.154" 21°8'3.410"

160 -28°33'44.982" 21°8'4.213"

161 -28°33'41.811" 21°8'5.15"

162 -28°33'38.696" 21°8'6.47"

163 -28°33'36.184" 21°8'3.965"

164 -28°33'33.731" 21°8'1.551"

165 -28°33'31.278" 21°7'59.137"

166 -28°33'28.825" 21°7'56.723"

167 -28°33'26.372" 21°7'54.309"

168 -28°33'23.919" 21°7'51.895"

169 -28°33'21.466" 21°7'49.482"

170 -28°33'19.13" 21°7'47.68"

171 -28°33'16.560" 21°7'44.654"

172 -28°33'14.107" 21°7'42.240"

173 -28°33'11.654" 21°7'39.826"

174 -28°33'9.201" 21°7'37.413"

175 -28°33'6.748" 21°7'34.999"

176 -28°33'4.295" 21°7'32.585"

177 -28°33'1.842" 21°7'30.172"

178 -28°32'58.994" 21°7'29.735"

179 -28°32'55.864" 21°7'30.721"

180 -28°32'52.733" 21°7'31.706"

181 -28°32'49.602" 21°7'32.692"

182 -28°32'46.471" 21°7'33.678"

183 -28°32'45.414" 21°7'36.970"

184 -28°32'44.601" 21°7'40.533"

185 -28°32'43.787" 21°7'44.96"

186 -28°32'42.973" 21°7'47.659"

187 -28°32'42.159" 21°7'51.222"

188 -28°32'41.345" 21°7'54.784"

189 -28°32'40.531" 21°7'58.347"

190 -28°32'39.717" 21°8'1.910"

191 -28°32'39.816" 21°8'5.327"

192 -28°32'41.470" 21°8'8.494"

193 -28°32'43.72" 21°8'11.670"
1 -28°38'15.10" 21°3'12.92"

2 -28°38'17.48" 21°3'15.18"
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