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90KA Positive Stroke to a tree 80 

feet from home







HOW ARE WE GOING TO 

GROUND A FACILITY?
ÁAgainst 60 Hz power contact?
ïThe NEC and NESC apply as stated in the scope of these two codes

ÁAgainst a Lightning Strike?
ïNFPA 780 code covers ñtraditional lightning protection system 

installation, i.e., air terminals, ground rods, with no thought to there 
being such a thing as Ground Potential Rise!

ï IEEE Std. 1692-2011 covers the protection of equipment from 
lightning induced Ground Potential Rise (GPR) as well as a 
Grounding System to minimize GPR.

ÁñIf you design a grounding system to protect against a 
lightning strike, you have also protected against 60 Hz 
power contact by a very large marginò!

ÁThe reverse is not so!





Resistance-Resistance-Resistance
what about

Impedance?
ÁCan we get out our impedance meter now and check our 

grounding system for its impedance to a lightning 
strike?

ÁNot hardly

ÁCan we still design a grounding system keeping in mind 
what we do know about surge impedance?

ÁYes, you bet we can! The answer is radial capacitive grounding

ÁLarge flat conductive concrete radials are even better
ï Sankosha Lo-Ohm Cement / Electric Motion Company, Winsted CT (860) 379-

8515

ï A radial capacitive grounding system is much more effective than a ground 
system employing exclusively ground rods

ÁBecause of reduced impedance

ÁBecause of the principle of division

ÁBecause of high frequency components of lightning



Secret to Effective Lightning 

Grounding
ÅLightning current ranges from dc to approximately 

2Mhz with most of the current frequency ranging at 

the upper end of the spectrum 

ÅImpedance in conductors for lightning current is thus 

very large, resulting in an approximate voltage drop of 

1500 V per foot for a 2/0 AWG copper conductor

ÅImpedance is a little less, approximately 800 volts per 

foot, for a copper conductor the size of your wrist!

ÅThus a ground rod with a ten foot pig tail from a tower 

leg has a voltage drop of 15,000 volts to just get to the 

ground rod!

ÅThe answer has to be many paths for lightning 

currents and ground rods are not the answer either!



Secret to Effective Current 

Paths for Lightning
ÅA radial (horizontal conductor) is similar to one side of a 

Capacitor and the other side of the Capacitor is the Earth

ÅAt Time (T) = 0 a Capacitor is a short circuit, thus lightning 

current (at less than 5 nanoseconds) is flowing current in that 

radial

ÅAt Time (T) = 0 an Inductor (like a vertical ground rod) is an 

open circuit and hindering the flowing lightning current to the 

Earth

Å Ironically, ground rods placed horizontally are better 

dissipaters of lightning current by acting like Capacitors

ÅThe more radials the better.  This is current division and very 

important to reduce overall impedance.  



GROUNDING FOR LIGHTNING
ÁGround rods are placed around the tower ground ring to 

sink the lower frequencies of current to remote earth

ÁRadials are placed off of each ground rod to sink the 
higher frequencies of current to remote earth

ÁMaximum length of a radial is 80 feet, 40 feet being ok

ÁNumber of radials is determined by the required grounding 
system resistance to remote earth; number is more 
important than length

ÁEach Radial length can vary because only the total sum 
lengths is necessary to achieve required grounding system 
resistance value

ÁA two (2) ohm or better tower grounding system to remote 
earth, using radials, will prevent almost all equipment 
damage, only if equipment building is also properly 
grounding and equipment is either isolated or surge 
protected from any remote ground.





Designing a Grounding 

System
ÁMake Four (4) Probe Soil Resistivity Measurements for the 

planned depths of the ground rings, radials, and the ground rods. 

ÁUse Erling Sundeôs formulasto calculate the multitude of 
different system component ground resistances, i.e.; rings, ground 
rods, radials, straight wire, etc. 

Á Calculate total system ground resistance, i.e.(in parallel); 1/R = 
1/r + 1/r...

Á Add radials (as necessary) off of the tower ring to lower system 
ground resistance to the required design specification.  Six (6) 
radials approximately 40 to 60 feet in length are all that is usually 
necessary to obtain a 2 ohm or better ground to remote earth. 

Á This method provides very accurate results (97%+) to the 
actual measured total system ground resistance as a final check 
of the grounding system impedance to remote earth.

Á Any Wenner Three Probe final system grounding system test
must be measured without a bond to multi-grounded neutral 

(MGN).



Measuring Earth Resistivity
Á The four-point (Wenner) method is the most accurate for 

measuring large volumes of undisturbed earth.

Á Earth resistivity in meter-ohms: ɟ=2x(3.1416)x(a)x(R) where 

a=probe spacing in meters & R= meter reading in ohms.

Á At a 4 foot depth (which is a 4 foot probe spacing): 

ɟ=7.66 x meter reading in ohms (R)



Equipment Building Design for Lightning 

Surge Energy
Á Provide a Single Point Ground (SPG) for the equipment building to 

equalize all potential throughout

Á Locating the tower at least 30 feet away from equipment building will 
almost eliminate the electromagnetic radiation from the lightning strike

Á Provide radials in the grounding system to current divide the lightning 
strike energy 

Á Use a bulkhead to ground lightning surges on the tower coaxial cables 
from entering the equipment building

Á Do not confuse the function of the Internal Equipment Ring Ground (IERG) 
with the function of the HALO Ground.

Á IERG must be at the height of bulkhead and only bonded to earth ground 
at the SPG

Á HALO Ground is an RF grounding of metal building objects, i.e.; window 
frames, door jams, air conditioners, etc. which may be bonded to the 
building ring ground at the four corners of a building

Á Accidentally bonding equipment to the HALO Ground will result in 
catastrophic damage to equipment by placing four (4) different voltage 
potentials from resulting lightning strikes


