
LIGHTNING PROTECTION FOR MONITORING FACILITIES 
 
 

INTRODUCTION 
 
Lightning Master has had the opportunity to design and implement lightning protection 
systems for multiple air quality monitoring sites in Pennsylvania, Maryland and Florida.  
During those projects, we noted several factors that were consistent between sites, and 
contributed to reliability problems caused by lightning.   
 
The apparent temporary or out-building nature of monitoring stations, along with their 
small size, has lead designers or contractors to build them without features that would 
automatically be included in larger industrial structures.  However, the importance of 
these stations dictates that all industrial features be incorporated to secure protection for 
contained equipment. 
 
To highlight the importance of protection features, a brief review of lightning and 
lightning damage is helpful.  
 
 

THE LIGHTNING DISCHARGE 
 
 As an electrical storm is building, the rising and falling columns of air in the 
storm and the particles they contain, particularly during the ice-producing phase, create 
stratified electrical charges within the storm cloud, and a charge on the base of the storm 
cloud.  The charge on the base of the cloud induces an opposite charge on the surface of 
the Earth beneath it.  Remember playing with magnets when you were a kid?  Like 
charges repel and opposites attract?  Same effect.  The charge on the base of the storm 
cloud pushes out the like charge and draws in an opposite charge of ions on the surface of 
the Earth beneath it.  The charge at the base of the cloud tries to pull the ground charge 
off the surface of the Earth. 
 

As the storm cloud blows along through the atmosphere, it “drags” the ground 
charge along the surface of the Earth beneath it.  When the ground charge reaches your 
facility, the cloud base charge pulls the ground charge up onto your facility and begins 
concentrating potential on your facility.  If, before the cloud blows away, it manages to 
concentrate enough potential to overcome the dielectric (resistance) of the intervening air, 
that air breaks down electrically, and an arc occurs.   
 
 The lightning arc doesn’t occur all at once.  It happens in a series of steps 
beginning with the formation of stepped leaders.  Stepped leaders extend downwards 
from the clouds base charge in “jumps” of about 150’.  The first stepped leaders jump 
about 150’ and stop.  The next stepped leaders propagate through the first stepped leaders 
and extend another 150’.  The third set extends another 150’ and so on until the stepped 
leaders reach to within about 500’ of the ground.   
 



Stepped leaders are the wispy, tendril-like things you see in a photograph of 
lightning extending downward from the cloud.  While we only see a lightning strike in 
two dimensions, it is actually three-dimensional.  Lightning has depth too, so there is a 
whole field of stepped-leaders working their way down toward the surface of the Earth. 
 
 When the stepped leaders reach to within about 500’ of the surface of the Earth, 
the electric field intensity on the ground becomes so high that objects on the surface 
begin to respond to the proximity of the stepped leaders by releasing streamers of ground 
charge upwards toward the stepped leaders.  The stepped leaders pull streamers from 
objects on the surface such as utility poles, the corners of building, antenna masts, etc.   
 

The ionized path of the lightning discharge is established when one of the 
streamers meets one of the stepped leaders.   The other streamers just never mature.  
Once the ionized path is complete the lightning discharge takes place for about 1/1000 if 
a second, shuts off for a few hundredths of a second, turns on again for 1/1000 of a 
second, turns off for a few hundredths of a second, and so on until the potential is 
reduced to where the arc can no longer be sustained.   
 
 
 

LIGHTNING DAMAGE 
 
 There are four basic types of damage caused by lightning: physical damage, 
secondary-effect damage, electromagnetic field effect damage, and damage caused by 
changes in ground reference potential. 
 
 
Physical Damage: 
 
 Physical damage is caused by current flow and the heat of a lightning strike.  A 
typical lightning strike conveys anywhere from 25,000 to 45,000 amps (25,000 amps in 
the northern latitudes and 45,000 amps in the southern latitudes).  This is a lot of current 
flowing over a very short period of time.   
 

The core temperature of the lightning channel is very hot, about 50,000 degrees 
Fahrenheit, or about 5 times the surface temperature of the Sun.  So when an object is 
struck by lightning, it goes from the ambient temperature to a temperature approaching 
50,000 degrees over a very short rise time.  This is what causes a tree to split when struck 
by lightning.  The lightning discharge heats the sap in the tree, which turns into steam, 
expands and splits the tree apart.  The same thing happens with concrete.  Concrete never 
quite dries out; there is always latent moisture present.  When lightning hits a concrete 
structure, it turns that latent moisture into steam which expands and blows a piece of 
concrete off the structure.   
 

When the air is heated that rapidly, it expands violently, causing a shockwave.  
That shockwave is capable of damaging structures.  That’s why lightning rods have a 



minimum length; to lift that shockwave off the roof of the structure.  That shockwave, 
when it slows down and becomes sub-sonic, is what we hear as thunder.   
 
Secondary Effect Damage: 
 
 The secondary effect is caused by motion of ground charge towards the point of 
the strike.  When lightning strikes a point on the surface of the Earth, that point is 
relatively vacated of ground charge.  The surrounding area is still highly charged.  That 
charge rushes towards the point of the strike.  If that inrush of charge crosses a gap it can 
arc.  If the arc takes place near a flammable material like a fuel storage tank it could 
cause a fire or explosion.  If the arc takes place in a bearing, say in a pump, it could scar 
the bearing and cause premature wear.  If the arc takes place on a circuit board it can 
damage the circuit board.   
 
Electromagnetic Pulse Damage: 
 
 As the lightning discharge turns on and off, the electromagnetic field surrounding 
it expands and collapses.  That electromagnetic motion can induce current in nearby 
conductors.  That explains why, when lightning strikes off in the woods a quarter of a 
mile or so away, the telephones in your facility stop working.  The lightning energy 
obviously did not get into the telephone system.  What happened was, the 
electromagnetic pulse coming off of the lightning channel induced enough current in the 
telephone system wiring to damage the microprocessors, hence the damage to the phone 
system. 
 
 
Damage Caused by Changes in the Ground Reference Potential: 
 
 During a lightning strike, the point on the surface of the Earth struck by lightning 
changes potential almost instantaneously.  As you proceed further from that point the 
potential changes, in steps, back toward the ambient potential before the strike.  If various 
pieces of equipment or service into a facility are grounded in different areas of potential, 
the difference in potential between those grounds can cause current flow on any 
conductors between them.   
 

When you get home after this meeting, take a look at your home.  Your electric 
service enters the house at the electric service meter.  There will be a ground wire from 
the base of the meter to a ground rod.  Check and see where your cable TV service enters 
the house.  If the cable TV service enters the home at a location other than that of the AC 
power service, it will probably be grounded at that location.  Normally that does not 
create a problem.  However, during a nearby lightning strike, there will be difference in 
potential between those two service grounds.   

 
Current divides and takes all paths.  Most of the current flow will be equalized 

through the earth between the two ground points.  However, some will be equalized 
between the services, i.e.: the current will go up through the cable TV service, into the 



cable box, through the tuner in the television, out to the motherboard and exit through the 
AC power ground.  This causes current flow through your television set, your VCR, your 
cable box, etc.  That current flow can damage the equipment.  This explains why when 
such equipment is damaged, it is usually either the tuner or the power supply that suffer, 
because those are the two things first “seen” by that current flow. 
 
 

GROUNDING, PART ONE OF THE SOLUTION 
 
 So, because lightning has so many different tools at its disposal to cause damage, 
several steps must be taken to secure adequate lightning protection at an air quality 
monitoring facility.  The first step is grounding.   
 

There are two types of grounding: structure grounding, and services and 
equipment grounding.  A structure is anything likely to be struck by lighting.  When a 
structure is hit by lightning, the idea is to get the lightning energy off the structure and 
into the Earth as quickly as possible.  This is accomplished by providing multiple low-
impedance paths to ground.   

 
Many times we will visit an air quality monitoring site and find elevated 

structures such as equipment support towers or observation towers that are not grounded.  
If one of those structures is struck by lightning, the lightning energy, without any 
preferred paths to ground, flows to ground through the equipment and out through the AC 
power or other service ground.  Therefore it is critical to provide multiple low-impedance 
ground paths from any elevated structure to Earth ground rods.  This divides the current 
in such a way that most of it flows into the Earth as opposed to through the equipment
 The second type of grounding is services grounding.  Services include AC power, 
telephone, data, radio frequency, etc.  When grounding services, it is important to ground 
them in such a way that they all sample ground potential at one and only one point.  In 
the vernacular, this is called single-point grounding.  Again, back to your home.  Where 
the AC power enters the house, it enters through the power meter.  The cable TV and 
telephone services should both enter the home at the same location.  Each of those 
services should be grounded to the AC power ground conductor. When there is a nearby 
lightning strike, there will still be current flow through the ground underneath the home.  
However, since all services are sampling ground potential at only one location, they all 
rise and fall in potential at the same time and rate, and there is no opportunity for current 
flow between them.   
 

The same principal applies to air quality monitoring stations.  Often we will find 
that the AC power service is grounded at a pedestal remote from the building (please see 
attached drawings).  Electric code allows that the electric service be grounded at the first 
point of disconnect at the structure.  Therefore, that disconnect should be located on an 
exterior wall of the structure, and grounded to a ground rod beneath it.   

 
All other services should enter the structure at that location.  Each service, i.e. 

telephone, data or radio frequency, should be grounded to the AC power ground.  In the 



case of telephone very often we will see the telephone service grounded at a pedestal by 
the street.  The service will lead directly into a telephone handset in the building.  This 
poses not only an equipment problem, but also a personnel safety issue.  Someone 
speaking on the telephone that is grounded some distance away, while leaning against a 
piece of equipment which is grounded locally, will become the path of equalization 
between the two grounds.  As the telephone service enters the structure, it should enter 
the structure at the AC power service entrance, and be grounded to the AC power ground.   

 
The same applies to any radio equipment and data services from various sensors 

at the site.  The coaxial cables and data conductors should be routed to enter the structure 
at the AC power service entrance.  Those services will be grounded through surge 
suppressors (which we will talk about next), but they need to be brought to the potential 
of the AC power ground before entering the structure.   

 
A word of caution:  if your site is surrounded by a chain-link or other conductive fence, 
ground at least the corner posts, and bond and jumper all gates for personnel protection. 

 
    

SURGE SUPPRESSION, PART TWO OF THE SOLUTION 
 

 Any wire entering the facility from the outside world is perfectly capable of 
introducing all types of mischief into that facility.  Therefore we install a device called a 
surge suppressor, or transient voltage surge suppressor, on each wire entering the facility.   
 

A surge suppressor is simply a device that limits the difference in potential 
between two conductors or between a conductor and ground.  As the potential rises above 
the operating voltage of the system, at some point it becomes conductive, shunting any 
over-voltage away from the protected equipment.   

 
The simplest type of system is a two-wire system.  There will be a difference in 

voltage or potential between those two wires allowing the equipment to operate.  If the 
equipment is 110 volts, the difference in potential between the line and neutral will be 
110 volts.  This will provide operating power to the equipment.  During a transient, at 
some point as the potential difference rises above 110 volts equipment damage will 
occur.  The surge suppressor merely becomes conductive and shunts the over-voltage to 
ground before it is “seen” by the equipment, preventing equipment damage.   

 
Therefore a surge suppressor should be installed on every conductor entering the 

structure (please see attached drawings).  The surge suppressors should be installed in a 
metal cabinet located where those conductors enter the structure.  Each surge suppressor 
will be provided with a ground lug or conductor.  The surge suppressor grounds should 
be attached to a bus bar located in the enclosure.  The bus bar should be grounded to the 
AC power ground.  This will assure that every conductor entering the building is 
protected from transient over-voltages, plus it is brought to the ground potential of the 
AC power feeding the equipment in the structure.  All equipment will remain at the same 
ground potential, and none will “see” transient over-voltages. 



 
 

STRUCTURAL LIGHTNING PROTECTION, PART THREE  
OF THE SOLUTION 

 
The third step in lightning protection is structural lightning protection.  When we 

think of structural lightning protection, we normally think of a lightning rod system.  It is 
important to remember that the purpose of a lightning rod system is to keep the structure 
from burning down.  That was important back in the days of barns full of hay and horses.  
Lightning would hit the lightning rod, go to ground, and the barn wouldn’t burn down.  
Everyone would be happy, particularly the horses.   
 

In today’s world we have taken the hay and horses out of the structures and filled 
them with microprocessors.  If lightning hits a lightning rod and goes to ground, the 
structure still will not burn down, but there is a pretty good chance that equipment 
damage will occur because of the electromagnetic pulse from the lightning channel or 
from the current flow down the down conductors of the lightning protection system.  
Therefore we need to look at some way to reduce the instances of lightning strikes to a 
site to improve the equipment reliability.  The vehicle for doing so is the air terminal 
portion of the lightning rod system.   

 
There is a spectrum of ways in which air terminals work.  On one end of the 

spectrum is a lightning rod that is designed to attract lightning.  In the middle of the 
spectrum is the essentially passive conventional lightning rod.  On the other end of the 
spectrum is a lightning rod that is designed to reduce the instances of direct lightning 
strikes.   

 
The difference in the way that they function is determined essentially by point 

shape.  If you were to take a blunt lightning rod and a sharp lightning rod, place them 
side-by-side, and “face” them toward an oncoming storm, as the ground potential rises, 
the sharp point breaks down into corona under relatively low potential.  It leaks the 
ground charge ions off into the air.  The blunt rod does not – ions cannot readily leak off, 
so it accumulates charge.   

 
As the potential rises, the corona builds off the sharp point, whereas the blunt rod 

still accumulates charge.  When the potential rises even further, and there is going to be a 
lightning strike in the immediate area, the corona continues to leak off the sharp point.  
However, when the blunt rod finally breaks down, it does so catastrophically.  The 
ground charge that has accumulated on it jumps off in the form of a streamer.   

 
Since whatever object on the surface throws off the best streamer is most likely to 

receive the strike, the blunt rod is more likely to get hit than the sharp rod.  Therefore if 
you want to accentuate that effect and reduce the instances of strikes to your facility, 
make the point of the air terminal a multiplicity of very small electrodes, so as the ground 
charge builds, it leaks off into the atmosphere at a rate sufficient to retard the formation 
of streamers from the protected structure. 



 
A secondary benefit of this is that by leaking the ground charge off into the 

atmosphere, the ground potential does not build as high as it otherwise would, thereby 
reducing the absolute current flow through the grounding system, as well as wear and tear 
on the equipment. 

 
 

CONCLUSION 
 
 So, as you can see, due to the various tools that lightning has at its disposal to 
wreck havoc within your facility, a multiple-part approach to lightning damage control is 
required.  That approach consists of grounding, surge suppression, and structural 
lightning protection.   
 
 During the design and construction of an air quality monitoring facility, be certain 
that the AC power is grounded at its entrance to the structure.  Be certain that all other 
services are routed to enter the structure at the same location.  Require the low-
impedance grounding of all structures that may be considered attractive targets to 
lightning.  Install surge suppression on ALL services, including AC power, telephone, 
radio and data services entering the structure.  Finally, install streamer-delaying air 
terminals on all structures subject to a direct lightning attachment.  With all of these 
protections in place, you should see drastically improved reliability from your air quality 
monitoring sites.   
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