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Lightning

Consider lightning as a gigantic electrical spark travelling be-
tween cloud to cloud or cloud to earth and containing an aver-
age charge of 30 to 50 million volts at a current of 18 000 amps.

•	 Charges	of	one	polarity	are	accumulated	in	the	clouds	and	of	the	
opposite	polarity	in	the	earth.

•	 When	the	charge	increases	to	the	point	that	the	insulation	between	
can no longer contain it, a discharge takes place.

•	 This	discharge	is	evidenced	by	a	flow	of	current,	usually	great	in	
magnitude	but	extremely	short	in	time.

•	 Damage	 to	 buildings	 and	 structures	 is	 the	 result	 of	 heat	 and	
mechanical	forces	produced	by	the	passage	of	current	through	
resistance in the path of discharge. 

•	 The	second	step	in	the	development	of	a	lightning	stroke	is	the	
return	stroke.	The	return	stroke	is	the	extremely	bright	streamer	
that propagates from the earth to the cloud following the same 
path	as	the	main	channel	of	the	downward	stepped	leader.	The	
return	stroke	is	the	actual	flow	of	stroke	current	from	earth	to	cloud	
to	neutralise	the	charge	centre.	The	velocity	of	the	return	stroke	
propagation	is	about	10%	of	the	speed	of	light	or	approximately	
110	 -	106	 ft/sec	 (30	 -	106	m/s).	The	amount	of	charge	 (usually	
negative) descending to the earth from the cloud is equal to the 
charge	(usually	positive)	that	flows	upwards	from	the	earth.	Since	
the	propagation	velocity	of	the	return	stroke	is	so	much	greater	
than	the	propagation	velocity	of	the	stepped	leader,	the	return	
stroke	exhibits	a	much	large	current	flow	(rate	of	charge	move-
ment).	The	various	stages	of	a	strike	development	are	shown.	
Approximately	55%	of	all	 lightning	flashes	consist	of	multiple	
strokes	that	traverse	the	same	path	formed	by	the	initial	stroke.	
The	leaders	of	subsequent	strokes	have	a	propagation	velocity	
much	larger	than	that	of	the	initial	stroke	(approximately	3%	the	
speed of light) and are referenced as a dart leader.

Designing	a	lightning	
protection	system	for	a	
generating station
By O Bekker, Fluor

This article establishes guidelines for designing a lightning protection system to minimise the risk of injury to persons or damage to property 

at a generating station. Since lightning is a natural phenomenon, total elimination of risk is not possible but the mitigation of risk is achiev-

able.

Permission to use granted by Black & Voarch. Originally presented at EEI 
Electrical System and Equipment Committee Meeting. October 25, 1988.
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Return Stroke

 

 

Basic principles of lightning protection

•	 A	lightning	protection	system	consists	of	the	following	three	basic	
parts that provide the required low impedance metal path:

	 –	 A	system	of	strike	termination	devices	on	the	roof	and	other	 
 elevated locations

	 –	 A	system	of	ground	terminals
	 –	 A	 conductor	 system	 connecting	 the	 strike	 termination	 

 devices to the ground terminals
•	 Correctly	located	and	installed,	these	basic	components	improve	

the likelihood that the lightning discharge will be conducted 
harmlessly	between	the	strike	termination	devices	and	the	ground	
terminals.

•	 Lighting	protection	deals	with	 the	protection	of	buildings	and	
other	structures	due	to	direct	damage	from	lightning	by	intercep-
tion of the strike.

•	 Lightning	 protection	 systems	 control	 electrical	 discharges	 by	
directing them through a low-resistance path to the ground, 
avoiding passage through parts of a structure and reducing risk 
of fire or other damage. 

•	 Lightning	 cannot	 be	 prevented;	 it	 can	 only	 be	 intercepted	 or	

diverted to a path that will, if well designed and constructed, not 
result in damage.

•	 	Requirements	will	vary	with	geographic	location,	building	type	
and environment amongst other factors. 

•	 Any	 lightning-protection	 system	 must	 be	 grounded,	 and	 the	
lightning-protection ground must be bonded to the electrical 
equipment	grounding	system.	

•	 Installations	must	be	installed	in	conformance	with	NFPA	780	[1]	
and	SANS/IEC	60325	[2].

•	 The	effects	of	lightning	currents	must	be	minimised	through	bond-
ing and routing of conductors, and surge suppression devices.

NFPA	780:	Lightning	Protection	Systems.	A	complete	system	of	strike	
termination devices, conductors, ground terminals, interconnecting 
conductors, surge suppression devices, and other connectors or fit-
tings	required	to	complete	the	system.	

 

Risk assessment

Lightning risk assessment worksheet

•	 Lightning	loss	risk	assessment	involves	the	evaluation	of	various	
criteria	to	determine	the	risk	of	loss	due	to	lightning.	This	guide	
is designed to assist in that determination. As a guide, it is not 
possible	to	cover	each	special	design	element	that	may	render	a	
structure more or less susceptible to lightning damage. in these 
special cases it is recommended the user of this guide seek profes-
sional	advice.	Personal	and	economic	factors	must	be	considered	
in	addition	to	the	assessment	obtained	by	use	of	this	guide.

•	 For	years,	engineers,	building	managers,	owners,	and	insurance	
carriers have been seeking a more professional method of evaluat-
ing	the	need	for	lightning	protection.	In	the	past,	the	decision	to	
provide well-meaning persons often based lightning protection 
on gambles and guesswork, not having specialised 
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Adapted from Electrical Transmission and Distribution Reference Book by 
Central Station Engineers of the Westinghouse Electric Corporation, East 
Pittsburgh, Pennsylvania. Fourth Edition. 1964.

Lightning Protection System 
(section 250.106)

Lightning Protection 
Grounding Electrode

The lightning protection grounding electrodes must be bonded 
to the building or structure grounding electrode system.
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	 training	in	lightning	protection.	Tragic	and	unnecessary	losses	

have	occurred	because	of	this	approach.	Through	this	guide,	you	

may	make	a	more	accurate	determination	regarding	the	need	for	

lightning protection. Once the need for lightning protection has 

been	established,	loss	of	life	and	property	can	be	avoided	by	the	

installation	of	an	approved	lightning	protection	system.

•	To	determine	the	need	for	protection	

against lightning for a given building 

structure, the variables to the right are to 

be considered.

•	The	variables	to	the	right	are	calculated	in	

the following formula:

R	=	(A+B+C+D+E)	divided	by	F*	

•	Compare	the	final	‘R’	value	to	the	‘R’	

values in the table below to determine the 

level of risk and the corresponding need for 

protection against lightning.

A	-	Type	of	Structure

B	-	Type	of	Construction

C	-	Relative	Exposure

D	-	Topography

E	-	Occupancy	and	Contents

F	-	Lightning	Frequency

(NB	-	*	Lightning	Frequency	is	

obtained	from	the	Isokeraunic	

Map for the region)

R		=				(A+B+C+D+E)

																						F	*

‘R’ Value Risk Level Protection

0	–	2 Little May	not	be	needed

2	-	3 Low May	be	advisable

3 - 4 Medium Advisable

4	-	7 High Should	be	required

Over	7 Great Required

Table 1: Risk values, levels - and need for protection.

Single	family	residence	less	than	500	sq	m/	5	382	sq	ft 1

Single	family	residence	over	500	sq	m/	5	382	sq	ft 2

Residential	office	or	factory	less	than	17	m	in	height.

Covering	Less	than	3	000	sq	m.	of	ground	area.

Covering over 3 000 sq m of ground area

-

5

3

Residential,	office	or	factory	building	from	17	-	20	m/	182	-215	ft	high 4

Residential,	office	or	factory	building	20	-	50	m/	215	-	538	ft	high. 5

Residential,	office	or	factory	building	over	50	m/	538	ft	high 8

Public	utility	building 7

Libraries,	museums,	historical	structures 8

Barns,	stables,	out-buildings,	golf	shelters,	other	recreational	shelters 9

Places	of	public	assembly	such	as	schools,	churches,	theatres,	stadiums,	

etc

9

Slender	structures	such	as	smokestacks,	church	steeples,	control	towers,	

lighthouses, etc

10

Hospitals,	nursing	homes,	housing	for	the	elderly	or	handicapped 10

Buildings	housing	the	manufacture,	storage	or	handling	of	explosives,	

explosive	vapours	in	ingredients,	flammable	gases,	etc

10

Table 2: Lightning Risk Assessment Worksheet. Type of structure (A)

Framework Roof Index value

Non	Metallic Wood

Composition

Metal - not continuous

Metal	-	electrically	continuous

5

3

3

1

Wood Wood

Composition

Metal - not continuous

Metal	-	electrically	continuous

5

3

4

2

Reinforced	Concrete Wood

Composition

Metal - not continuous

Metal	-	electrically	continuous

4

3

4

3

Structural	Steel Wood

Composition

Metal - not continuous

Metal	-	electrically	continuous

3

2

3

1

Table 3: Lightning Risk Assessment Worksheet. Type of construction (B).

Buildings	in	urban	areas	among	higher	structures:	Small	buildings	cover-

ing	ground	areas	of	less	than	1000	sq	m/10	763	sq	ft

1

Large	buildings	covering	ground	area	of	more	than	1	000	sq	m	/10	763	sq	ft 2

Buildings	in	suburban	areas	with	no	high	structures:	Small	buildings	

covering	ground	area	of	less	than	1	000	sq	m/10	763	sq	ft

4

Large	buildings	covering	ground	area	of	more	than	1	000	sq	m/10	763	sq	ft 5

Buildings	extending	up	to	18	m	above	adjacent	structures. 6

Buildings	located	in	rural	areas,	any	size 7

Buildings	located	in	open	–	country	(no	other	structures	in	immediate	area) 10

Buildings	extending	up	more	than	18	m	above	adjacent	structures 10

Table 4: Lightning Risk Assessment Worksheet. Relative Exposure (C).

Topography (D)

On	flat	land 1

On hillside 2

On hilltop 4

On mountaintop 5

Occupancy - Contents (E)

Non	-	flammable	materials	-	seldom	occupied 1

Ordinary	furnishings	or	equipment	-	small	occupancy 2

Livestock 3

Small	assembly	of	people	-	less	than	100 4

Combustible materials 5

Large	assembly	of	people	-	100	or	more 6

High value materials or equipment 7

Essential	services,	police,	fire,	etc 8

Immobile	or	bedfast	persons 8

Flammable	liquids	or	gases	-	gasoline,	hydrogen,	etc 8

Historic contents, valuable artwork 10

Explosives	and	explosive	ingredients 10

Table 5: Topography (D)/ Occupancy – Contents (E).
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Comparison of the linear-sided cone and the  
curved-sided zone of protection

Protection principles

Linear-sided cone of protection

The	angle	of	protection	surface	from	the	horizontal	varied	from	450	
for	important	structures	to	300	for	those	of	lesser	importance.	These	
angles were to be used without regard to the height above ground. 
These	criteria	were	found	to	be	inadequate,	particularly	for	objects	
more	than	75	ft	(22,86	m)	high.	Actually,	very	tall	objects,	such	as	
radio	and	television	towers	and	very	tall	buildings,	were	found	to	be	
struck	below	their	tops	by	stroke	paths	coming	from	the	side,	although	
the	top	of	the	structure	was	properly	protected	against	the	lightning.

Curved-sided zone of protection

The	zone	of	protection	is	defined	by	a	sphere	with	a	radius	of	150	ft	
(45	m),	tangent	to	the	earth	or	nearby	grounded	objects	and	touching	
a protecting grounded (overhead) member or a lightning protection 
air	terminal.	Rotating	this	sphere	horizontally	through	3	600	defines	a	
surface,	and	the	area	below	this	surface	is	the	zone	of	protection.	The	
surface	of	a	zone	of	protection	is	also	formed	when	such	a	sphere	is	
resting	on	two	or	more	air	terminals.	Objects	within	this	zone	have	pro-
tection	from	99,5%	of	direct	strokes.	It	is	necessary	to	analyse	the	zone	
of protection for all directions around a structure to be protected, not 
just	one	side.	Corners	particularly	require	protection,	since	these	have	
been found to be favourite targets for lightning stroke termination.

150 ft/ 46 m Rolling ball sphere for ordinary structures

 

Zones of protection [1]. The geometry of the structure shall determine 
the zone of protection.

Principle of rolling sphere

 

For structures containing flammable liquids and gases, the radius of 
the sphere of protection is reduced to 100 ft (30 m), instead of the 
150 ft (45 m) dimension normally used [1].

Lightning protection guide checklist for  
risk management

Key elements necessary for the protection of equipment 
and personnel from lightning

•	 Use	current	division	to	control	the	dissipation	of	lightning	strike	energy	

on	an	antenna	tower	grounding	system	through	multiple	paths.

•	 Separate	the	antenna	tower	from	the	equipment	building	by	a	
minimum of 10 m/ 40 ft.

•	 Use	only	a	single	point	grounding	system	for	the	equipment	building.

•	 Use	a	bulkhead	panel/waveguide	hatch	for	all	coaxial	cable	entry	
into the equipment building.

•	 Coordinate	the	location	of	the	(1)	bulkhead	panel	bond,	(2)	power	
and	telecommunications	entry	bond,	(3)	bond	between	antenna	
and equipment building, at the single point ground connection.

•	 Isolate	all	wire-line	communication	services	from	remote	ground	
with optical devices or isolation transformers.

•	 Use	ac	power	surge	protection	at	main	power	entry	and	critical	
secondary	panels.

Who needs to use the recommended guide for the protec-
tion of equipment and personnel from lightning?

•	 To	determine	the	potential	for	equipment	damage	or	destruction	
and	personnel	 injury	or	death	from	a	lightning	strike,	perform	
the following risk evaluation. Count the number of bullets that 
describe	conditions	at	your	location:

•	 Lightning	damage	has	occurred	here	before.
•	 Personnel	are	located	here	and	use	the	equipment	at	this	location.
•	 This	location	is	associated	with	an	antenna	tower	that	is	within	

50 feet/15 m. 
•	 This	 location	 is	 in	an	area	of	 the	country	 that	has	30	or	more	

thunderstorm	days	per	year.
•	 This	location	requires	ac	power,	and	does	not	have	surge	pro-

tected power panels.
•	 This	location	requires	wire-line	telecommunication	services	that	have	

not been isolated using optical isolation or isolation transformers.
•	 All	equipment	in	this	location	is	not	bonded	together	at	one	single	

point	on	the	building	grounding	system.
•	 This	location	has	coaxial	cables	that	come	directly	in	the	building	

without going through a bulkhead panel/waveguide hatch.
•	 The	associated	antenna	tower	at	this	location	does	not	have	a	

grounding	system	made	up	of	at	least	60	m/	200	ft/	of	buried	bare	
ground conducting wire with multiple paths (minimum of 5, each 
40	ft	/12	m	in	length)	away	from	tower	base.

•	 This	location	has	coaxial	cables	that	enter	at	ceiling	height	(15	to	
20	ft	/4	-	6	m	above	ground	level),	and	all	equipment	grounding	
is	done	at	floor	level	or	below.

46 m 
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The	number	of	bullets	that	apply	indicate	your	equipment	and	per-
sonnel risk:
•	 2	or	less									-						Low	
•	 3	to	5														-						Moderate
•	 6	to	8														-						Severe
•	 9	or	more							-						Critical					

Equipment and structures to be considered  
for lightning protection

•	 The	first	class	needs	very	little	or	no	additional	protection.	The	
only	real	requirements	for	these	are	that	they	be	effectively	con-
nected	to	a	suitable	grounding	electrode.	This	class	includes:

 – All metal structures except tanks or other enclosures of  
	 flammable	materials

	 –	 Water	 tanks,	 silos,	 and	 similar	 structures,	 constructed	 
	 largely	of	metal

	 –	 Flagpoles	made	of	conductive	material
•	 The	second	class	consists	of	buildings	with	conducting	surfaces	and	

non-conducting framework, such as metal-roofed and metal-clad 
buildings.	This	type	requires	the	addition	of	down	conductors	to	con-
nect the exterior roof and cladding to suitable grounding electrodes.

•	 The	 third	 class	 consists	 of	 metal-framed	 buildings	 with	 non-
conducting	facings.	These	need	the	addition	of	conducting	air	
terminals	suitably	located,	connected	to	the	frame,	and	project-
ing	beyond	and	above	the	facing	to	act	as	the	lightning	terminal	
points, eliminating puncture of the facing.

•	 The	fourth	class	consists	of	nonmetallic	structures,	either	framing	or	
facing.	These	require	extensive	protection	treatment.	Included	are:

	 –	 Buildings	of	wood,	stone,	brick,	tile,	or	other	non-conducting	 
 materials, without metal reinforcing members.

	 –	 High	stacks	and	chimneys.	Even	with	reinforcing	members,	 
 these should have full lightning-protection treatment of air 

  terminals, down conductors, and grounding electrodes.
•	 A	fifth	class	consists	of	items	of	high	risk	or	loss	consequences,	

which	normally	receive	full	lightning	protection	treatment,	includ-
ing air terminals or diverters, down conductors, and grounding 
electrodes.	These	include:

	 –	 Buildings	of	great	aesthetic,	historical,	or	intrinsic	value
	 –	 Buildings	with	readily	combustible	or	explosive	materials
	 –	 Structures	containing	substances	that	would	be	dangerous	 

	 if	released	by	the	effects	of	a	lightning	stroke
	 –	 Tanks	and	tank	farms
	 –	 Power	plants	and	water	pumping	stations
	 –	 Transmission	lines
	 –	 Power	stations	and	substations

Installation standard [1]

•	 The	Standard	for	the	Installation	of	Lightning	Protection	Systems	
[1]	document	covers	traditional	lightning	protection	system	instal-
lation requirements for the following:

	 –	 Ordinary	structures
 – Miscellaneous structures and special occupancies
	 –	 Heavy-duty	stacks
	 –	 Watercraft

	 –	 Structures	containing	flammable	vapors,	flammable	gases,	 
	 or	liquids	that	gives	off	flammable	vapors.

•	 NFPA	780	gives	detailed	instructions	for	the	placement	and	spac-
ing of air terminals on roofs of buildings of various configurations 
and on structures other than roofed buildings.

Material requirements

Copper Aluminium

Type of 

conductor

Parameter SI US SI US

Air 

terminal, solid

-	Diameter 9,5 mm    in 12,7	mm    in

Air 

terminal, tubular

-	Diameter

-	Wall	thickness

15,9 mm

0,8 mm

    in

0,033 in

15,9 mm

1,63 mm

   in

0,064 in

Main conductor, 

cable

-	Size	each	strand

-	Weight	per	length

- Cross section area 275	g/	m

29	mm2

17	AWG

187	lb/	 

1 000 ft

57	400	cir	

mils

141 g/m

50 mm2

14	AWG

95 lb/ 1 000 ft

98 600 cir 

mils

Bonding	

conductor, cable 

(solid or stranded)

-	Size	each	strand

- Cross section area

17	AWG

26	240	cir	

mils

14	AWG

41 100 cir 

mils

Bonding	

conductor, solid 

strip

-	Thickness

-	Width

1,30 mm

12,7	mm

0,051 in

    in

1,63 mm

12,7	mm

0,064 in

    in

Main conductor, 

solid strip

-	Thickness

- Cross section area

1,30 mm

29	mm2

0,051 in

57	400	cir	

mils

1,63 mm

50 mm2

0,064 in

98 600 cir mil

Table 6: Ordinary structures not exceeding 23 m (75 ft) in height shall be 
protected with Class I materials.

Copper Aluminium

Type of 

conductor

Parameter SI US SI US

Air terminal, 

solid

Diameter 12,7	mm    in 15,9 mm     in

Main 

conductor, 

cable

-	Size	each	strand

-	Weight	per	length

- Cross section area 558 g/m

58 mm2

15	AWG

375	lb/	 

1 000 ft

115 000 cir mils

283	g/m

97	mm2

13	AWG

190 lb/ 1 000 ft

192	000	cir	mils

Bonding	

conductor, 

cable

(solid or 

stranded)

-	Size	each	strand

- Cross section area

17	AWG

26	240	cir	mils

14	AWG

41 100 cir mils

Bonding	

conductor, 

solid strip

-	Thickness

-	Width

1,30 mm

12,7	mm

0,051 in

   in

1,63 mm

12,7	mm

0,064 in

    in

Main 

conductor, 

solid strip

-	Thickness

- Cross section area

1,63 mm

58 mm2

0,064 in

115 000 cir mils

2,61	mm

97	mm2

0,1026	in

192	000	cir	mils

Table 7: Ordinary structures exceeding 23 m (75 ft) in height shall be pro-
tected with Class II materials.
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B A

A

A: 15 m (50 ft) maximum spacing.
B: 6 m (20 ft) or7,6 m (25 ft) maximum spacing.

 Air terminal height [1]

 
 Air terminal support [1]

 

Air terminals on pitched roof [1].

 

Air terminals on flat and gently sloping roof [1].

Such	areas	can	also	be	protected	using	taller	air	terminals	that	create	
zones	of	protection	using	the	rolling	sphere	model	so	the	sphere	does	
not	contact	the	flat	roof	area.

Down conductors [1]

The	 location	 of	 down	 conductors	 shall	 depend	 on	 considerations	
such as the following:
•	 Placement	of	strike	termination	devices
•	 Most	direct	coursing	of	conductors
•	 Earth	conditions
•	 Security	against	displacement
•	 Location	of	large	metallic	bodies
•	 Location	of	underground	metallic
•	 At	least	two	down	conductors	shall	be	provided	on	any	kind	of	

structure, including steeples
•	 Structures	exceeding	76	m	(250	ft)	in	perimeter	shall	have	a	down	

conductor	for	every	30	m	(100	ft)	of	perimeter	or	fraction	thereof

A: 254 mm (10 in)
Note: Air terminal tip configurations can be sharp or blunt.
Air terminal height [1]

A: 600 mm (24 in)
B: Air terminals over 600 mm (24 in) high are supported.
C: Air terminal supports are located at a point not less than one 
half the height of the air terminal.
Note: Air terminal tip configurations can be sharp or blunt.

A: 15 m (50 ft) max spacing between air terminals
B: 45 m (150 ft) max length of cross run conductor permitted
without a connection from the cross run conductor to the main
perimeter or down conductor
C: 6 m (20 ft) or 7,6 m (25 ft) max spacings between air terminals 
along edge
Air terminals on flat and gently sloping roof [1].

A: 0,6 m (2 ft) or 7,6 m (25 ft) maximum spacing
B: Air terminals are located within 0,6 m (2 ft) of 
ends of ridges
Air terminals on pitched roof [1]

B
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Ground rods [1]

Conclusion

The	information	contained	in	this	article	is	based	on	many	years	expe-
rience and exposure of the author in the field of electrical design and 
lightning	protection	and	legislation,	as	well	as	the	review	and	study	of	
technical	publications	and	other	writers.	While	the	statements	purport	
to be accurate, readers are responsible for their own interpretation.
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Definitions pertaining to lightning
•	 LPC:	Lightning	Protection	Code,	NFPA-78.	
•	 Protected	structure:	A	building	or	structure	that	has	been	

provided	with	a	lightning	protection	system	or	that,	by	its	
construction and grounding, is self-protecting. 

•	 Station	 ground:	 The	 generating	 station,	 station	 ground	
system.	

•	 Test	sphere	or	300	foot	rolling	ball	criteria:	A	hypothetical	
sphere 300 feet in diameter which is used to determine the 
zone	of	protection	provided	by	a	protected	structure.	The	
zone	of	protection	is	an	area	substantially	immune	to	direct	
lightning strokes. 

•	 Air	terminal:	A	strike	termination	device	that	is	a	receptor	
for	attachment	of	flashes	to	the	lightning	protection	system	
and is listed for the purpose.

•	 Ground	terminal:	The	portion	of	a	lightning	protection	sys-
tem, such as a ground rod, ground plate, or ground conduc-
tor, that is installed for the purpose of providing electrical 
contact with the earth.

•	 Catenary	lightning	protection	system:	A	lightning	protection	
system	consisting	of	one	or	more	overhead	ground	wires.

•	 Sideflash:	 An	 electrical	 spark,	 caused	 by	 differences	 of	
potential, that occurs between conductive metal bodies or 
between conductive metal bodies and a component of a 
lightning	protection	system	or	ground.

•	 Strike	 termination	 device:	 A	 component	 of	 a	 lightning	
protection	system	that	intercepts	lightning	flashes	and	con-
nects	them	to	a	path	to	ground.	Strike	termination	devices	
include air terminals, metal masts, permanent metal parts of 
structures,	and	overhead	ground	wires	installed	in	catenary	
lightning	protection	systems.

•	 Lightning	flash	to	earth:	Electrical	discharge	of	atmospheric	
origin between cloud and earth consisting of one or more 
strokes.
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Spacings:
1-2: 40 m (130 ft)
2-3: 26 m (85 ft)
3-4: 26 m (85 ft)
4-5: 26 m (85 ft)
5-1: 26 m (85 ft)
Total perimeter: 144 m (470 ft)
Required down conductors: 5
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