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Abstract - This paper will cover the lessons learned from 
performing multiple Liquified Natural Gas (LNG) power plant 
audits that were exhibiting nuisance tripping, personnel safety 
issues, and potential equipment failure.  This paper will focus on 
a specific facility but include aspects of three (3) other sites as 
well.  These investigations started out as forensic investigations 
but quickly moved into lightning and power system grounding 
audits based on evidence encountered.  These audits covered 
improvement opportunities on lightning protection, transferred 
earth potentials, personnel step and touch potentials, safety, 
electronic grounding of generation controls and related LNG gas 
supply and complement the ground mat (or interconnected 
ground rod system) itself as the sole grounding installation.

These audits of several installations provided specific 
recommendations regarding performance and dramatic reliability 
improvements as well as significant LNG plant safety 
improvements.  Implementation and results of some of the 
ongoing suggested corrections will be presented.

Index terms – Lightning, Lightning protection, Franklin rods, 
de-ion, de-ion rods, deionization, grounding, grounding electrode 
conductors, equipment grounding conductors, grounded 
conductors, bonding, bonding jumpers, ground grids / mats.

I. INTRODUCTION

The site in Panama has a combined cycle generation plant 
with three (3) Gas Turbine Generators (GTGs) each rated 80 
MW; three Heat Recovery Steam Generation (HRSG) systems; 
and a Steam Turbine Generator (STG) rated 160MW.  The total 
site generation capacity is 400MW.  It steps generator voltage up 
to 230 kV via a Gas Insulated Switchgear (GIS) substation and 
feeds power into the grid through two 230 kV lines.  There are 
approximately 16 km of 230 kV lines from the site before 
connecting into the grid consisting of arial lines and underground 
cables.   

The plant site has also an LNG port, a 180,000 M3 LNG 
storage facility, and an LNG regasification facility of 142,000 
NM3/hr.  This LNG facility supplies the fuel for the gas turbine 
generators, and it is used to supply the LNG market in Central 
America.

There had been nuisance generator trips, that coincided with 
the presence of lightning storms.  The initial root cause analysis 

of the site trips determined that the trips were caused by gas leak 
detectors located at the gas turbines.  The preliminary inspection 
determined that the detectors were not properly grounded.  Site 
personnel initially determined lightning energy was somehow 
inducing electrical noise and high frequency signals into the gas 
detector circuits.  These high frequency signals were interpreted 
by the gas detectors as the presence of a gas leak. 

These trips affected the reliability and availability of the power 
plant.  In addition, these trips had the potential of affecting the 
reliability of the plant and its personnel safety when the quality of 
the power to the LNG facilities could be disturbed.

It was quickly decided that an audit of the grounding, bonding, 
and lightning protection of the site had to be performed.  The 
intent of the audit was to identify areas of improvements and be 
able to determine the priority of the required improvements and 
allocate resources to implement them.  This had to be done 
before the LNG facility would be placed in commercial operation.

Fig. 1 Generation Plant and LNG facilities

II. DETAILED SITE INVESTIGATION

The investigative team visited the site twice.  The findings from 
the first trip were based on a quick review of the entire site to 
evaluate the electrical installation and related multiple nuisance 
tripping of the entire power plant.  The team walked through the 
gas detector areas which had caused nuisance tripping, the 
various portions of the plant auxiliaries, the LNG dock and 
offloading area and as much of the LNG facility as possible.  
Much of the LNG facility was still under construction – most 
notably, the large LNG storage dome area was not investigated 
in detail.  This first trip allowed the team to develop a strategy for 
the second trip.
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It became apparent that grounding installations and lightning 
protection presented opportunities for improvement of a complex 
site.  The authors found similar conditions and installation issues 
at three (3) other sites where similar audits were conducted.  
These other sites will be discussed briefly near the end of this 
paper.

III. POWER SYSTEM GROUNDING

It is the author’s experience that grounding is the most mis-
understood aspect of power systems world-wide.  Practices 
worldwide differ extensively and many of the problems caused 
by grounding issues are not recognized as such, and the 
consequences are dealt with repeatedly.  Grounding involves 
how the power system is tied to the ground, equipment grounding 
(“green wire” concept and bonding) – how the equipment is tied 
to the ground mat and the ground mat itself.  It necessarily must 
function during lightning discharges, electrical ground faults, 
electronic grounding (signal) and electrical safety for personnel.  
The following sections will address all these issues as they relate 
to the findings.   

Power system grounding involves how one connects the wye 
point of the power system to the ground mat.  At 230 kV, the site 
power system is solidly grounded (no intentional impedance to 
the ground mat) at the step-up transformers.  The 4160 V system 
is low resistance grounded (LRG = ground fault current limited to 
a few hundred amps) through a resistor.  The 480 V systems are 
solidly grounded at this site.  The 120/208 V or 120/240 V control 
systems are solidly grounded in the critical areas investigated 
that feed the control systems and ultimately to the devices found 
responsible for nuisance tripping.  All these systems represent 
good choices for their voltage levels.  An alternative at 480 V 
would have been High Resistance Grounded (HRG) system for 
reliability and continuity of operations during a ground fault.  
These grounding choices are not the focus of this paper but will 
be referenced as they relate to the findings and solutions.  
Reference [1] has a detailed discussion of different grounding 
choices and their characteristics under arcing or ground fault 
conditions. 

IV. EQUIPMENT GROUNDING

Equipment grounding is defined as the installation grounding 
conductors (green wire function) and bonding to assure 
personnel safety if a ground fault occurs when a person happens 
to be touching a cabinet or in close proximity to the fault location.  
This paper will reference the United States of America (USA) 
National Electric Code [2].  Codes used in other countries such 
as Canada or Europe will have similar requirements but use 
different terminology.  The concepts are what are important.  
Figure one (1), lists but other codes such as in Canada or 
Europe will have similar requirements just that the terms of the 
conductors differ.  Fig. one (1), lists all the critical pieces in the 
USA NEC for a typical low voltage system and is somewhat 
representative of other international electric codes.  

Key concepts within these codes are that the return path for 
ground faults must be low impedance (resistance and inductive 
reactance).  To meet this criterion, the Equipment Ground 
Conductor (EGC) must be run in the same raceway (parallel 
path) as the phase conductors.  Most of these concepts can be 
applied at higher voltages as well.   A Bonding Jumper (BJ) 
supplements the EGC function.

Fig. 2 Typical Service Entrance Grounding Diagram

Note that the neutral bus is not always present and is only 
required if line-to-neutral loads are supplied.

A recent IEEE standard [3], defines all these components in a 
grounding system along with the purpose for each one.  This 
paper will not discuss these components and terms except 
where they are central to the conditions and the findings related 
to the overall system on performance or safety issues.

A. Findings and Opportunities

One of the first areas encountered was the installation of the 
480 V transformer ultimately feeding the electrical building 
housing all the controls of each generator.  This 480 V system 
was solidly grounded and had a Grounding Electrode Conductor 
(GEC) as required.  It entered the cable room below the 
transformer and switchgear, then ran around seventy (70) 
meters (two hundred (200) feet) through metal cable tray 
(galvanized steel) until it connected to a ground bus system 
(arrow) eventually tying to the ground mat. There were much 
closer ground buses nearer the transformer.  See Fig. 3.  There 
was no Grounded Conductor (GC) either This lends itself to high 
impedance in the return path and is subject to acting like an 
antenna (to eliminate the antenna risk, these conductors must 
be less than 2 meters in length (6 feet)). .  Any remote ground 
fault to grounded metal or a remote ground mat, would find a very 
high impedance path to return to the transformer wye point.

Fig. 3 Typical 480 V GEC Location

In Fig. 4, the 480 V power cables entering each generator 
control room, did not have an EGC.  The control room did have 
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“supplemental grounds” that tied to the internal ground buses, 
exited the building then ran some distance until they tied to the 
local ground mat.  See Figs. 4 and 5.  Note that there are no 
green ground conductors run near the phase conductors 
(Results in higher return path inductive reactance).

Fig. 4 Supplemental Ground Conductors (green)

The short arrow in Fig. 5 denotes the bonding jumper that 
connects the metal cable tray to the local ground mat.  The long 
arrow points to the supplemental grounds of Fig. 4.  The addition 
of EGCs and GCs would improve the installation.  The metal tray 
could have been used for the EGC function (electrically noisy 
though since small high frequency noise currents must arc 
through bolted joints which then can be induce noise through the 
ground system, to the electronics) but it terminated at a cement 
manhole without continuity back to the source.  These were 
typical for all the generator control rooms and for the rest of the 
site as well, including the 4160 V motors.  The supplemental 
ground concept is good for touch potential purposes but does not 
meet the low impedance path criterion for ground fault protection 
tripping.  These long ground conductors can act like antenna to 
lightning induced noise and inject electrical noise into the 
electronics via the ground bus.  A 12000 Hz lightning discharge 
is in the Amplitude Modulated (AM) radio frequency band.  These 
conductors must always be short when feeding electronic loads.

Fig 5. Supplemental Grounds.

B. Bonding

The primary purpose of bonding is to tie all the metallic parts 
of an electrical system, to the ground mat.  For example, if a 
ground fault arcs to a metal cabinet, it must also have a low 
impedance path back to the source so that personnel touching 
the cabinet at the time of the fault, will be safe.  For that reason, 
bonding jumpers and supplemental grounds are mandated by 
electrical codes.  However, for bonding to be effective, it must 
also have that low impedance path back to the source.  In some 
circumstances, the ground mat itself will have difficulty providing 
that low impedance path back to the source.  

Typically, there is significant distance between the phase 
conductors and the return path through using only the ground 
mat for the EGC function (zero sequence reactance has a 
distance component between going and returning path in its 
magnitude).  Maintaining a low impedance return path keeps 
the ground fault current high, provides much faster tripping and 
improves personnel safety.  For these reasons, bonding cannot 
take the place of an EGC.

Typically, there is significant distance between the phase 
conductors and the return path through the ground mat (zero 
sequence reactance has a distance component between coming 
and returning path in its magnitude).  For these reasons, bonding 
cannot take the place of an EGC.  

In the cable room building beneath the switchgear, all the 
cables were routed through metallic cable tray.  As can be seen 
in Fig. 6, the metal trays were not adequately bonded together 
nor were they connected to the ground mat.  Some metal trays 
had 4160 V cables, others contained 480 V cables and still others 
had control and fire protection wiring.  A ground fault from one of 
the 4160 V cables to this metal tray, would energize it at 2400V 
without a path for ground fault current to flow.  This could place 
2400 V continuously on all the cables in this room and potentially 
causing failure in the fire protection system   If a person were to 
touch the metal tray when a ground fault to the metal tray was 
present, then that person would be in a serious safety risk as 
well.  Continuity must be assured between tray sections and to 
ground.  
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Fig. 6 Cable metal trays not bonded together or to ground.

Figure 7 shows metal tray feeding the LNG dock area.  Notice 
the open connections in the metallic trays.  If a ground fault were 
to occur from a power cable to the metal tray in the isolated area, 
the return path to the source could not bridge this gap where it 
wants to follow back through the metal tray (no EGC’s). The 
ground fault current must travel through the bonding of the metal 
tray to the ground mat and return through the ground mat.  Notice 
that most of this metal tray is about ten (10) meters (thirty (30) 
feet) from the ground mat.  This could result in a lack of sufficient 
ground tripping current and leave elevated voltages on the metal 
tray.

G
Fig. 7 Gaps in metal cable tray

The entire LNG area used steel conduit primarily as a 
mechanical support (as an alternative to metal tray – Fig 8).  

These conduits were not bonded together.  Some of the cables 
were armored thereby minimizing shock risks but this is a LNG 
facility with potential risks much higher than in the balance of the 
plant.  These conduits need continuity for ground fault return 
purposes and personnel safety.  The classified areas around the 
dome were not investigated since it was still under construction 
and not available at the time.  

Fig. 8 Unbonded Conduit in LNG Area

V. ELECTRONIC GROUNDING

Electronic grounding was a primary topic since the gas leak 
monitor had been determined to be the cause of nuisance 
tripping of the entire generation facility as well as had the 
Automatic Voltage Regulator (AVR) and governor controls.  

Picture 9 shows one of these gas-leak monitors.  Note the 
electronic ground bus (short arrow) only mounted (bonded) to the 
steel mounting plate.  Then a supplemental ground conductor 
(long arrow) connected to the plate and went about 5 meters (15 
feet) to the ground mat below.  When steel is inserted into the 
discharge path to ground, its inductance inhibits discharge 
current and can be electrically very noisy.  A copper ground 
conductor needs to tie directly to the ground bus – if used.  This 
specific ground conductor is also another antenna feeding 
lightning generated noise into the gas detector circuit.  Concern 
for tripping the plant offline prevented confirming the wiring had 
internal EGC’s.  However, any electrical noise must travel 
through the back plate (people safe but electrically very “noisy”) 
to get to the supplemental ground.  Then to the ground mat.  This 
long supplemental ground can easily act as an antenna to high 
frequency signals such as from a lightning strike (even cloud to 
cloud) and feed these signals straight into the gas leak monitor 
through its ground bus.  This is the most probable cause of the 
nuisance tripping from these gas leak detectors.
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Fig. 9 Gas Leak Detectors

Figure 10 shows a typical manhole where the 480 V power 
cables and the control cables are intermixed (all three (3) Gas 
Turbine Generator (GTG) control houses).  The arrows point to 
the control cables including the gas leak monitor.  The power 480 
V cables can easily induce electrical noise through mutual 
coupling to parallel control conductors in proximity.  No control 
cable EGC could be determined here either.

Fig. 10 Cement Manhole

Although not shown, the Steam Turbine Generator (STG) had 
all its controls inside the main building and installed in a computer 
room setting environment – especially with regards to grounding.  
There was no reported nuisance tripping associated with the 
STG.

VI. GROUND MAT

Since it was apparent that the design and installation of the 
site, was based on using the ground mat for the EGC and for 
most grounding functions, the integrity of the ground mat needed 
to be assessed.  Note that using the ground mat as the primary 
grounding function is common to many generation plants world-
wide.  Mat resistance measurements were taken and found to be 
0.045 ohms in the area if the GTGs.  This is exceptionally low 
and may explain why no catastrophic failures had occurred as in 
the other sites mentioned later in this paper.  This very low 

reading is consistent with a very rainy environment and only 
being about 7 meters (20 (twenty)feet) above sea level.

VII. LIGHTNING

This discussion on lightning protection is not a detailed 
discussion of the lightning phenomenon, nor how to design a 
protection system but the evaluation of existing facilities and what 
is needed to protect these facilities.  It is meant to be a practical 
treatise on the subject.

Lightning activity during a storm can be from cloud to cloud, 
cloud to ground and ground to cloud.  It can induce high 
frequency currents to electrical or electronic equipment that is not 
properly grounded through a low impedance path. During normal 
atmospheric conditions, winds agitate the clouds thereby building 
up a static charge on the cloud.  As this Direct Current (DC) static 
charge increases, the voltage to ground (earth) increases until 
the magnitude breaks down the air insulation.  At this point in 
time, it discharges a significant amount of energy to the earth.  
Frequently, it over discharges and there will be a return stroke 
from the earth back to the cloud.  It is these sudden discharges 
that will be in the 3 kHz to 12 kHz range.  Lightning damage can 
be due to magnitude or frequency.  Nuisance trips in electronics 
are common. 

There is a world-wide common method to determine the areas 
of a facility or electrical power transmission structures that need 
to be properly protected.  An imaginary ball is rolled around or 
over the structures intended to be protected for lightning. The 
contact points from this imaginary ball are selected to be the 
sections of the facility that require lightning protection.  Once 
protected, the lower points of the structure that do not touch the 
ball, are within the cone of protection meaning the lightning is not 
expected to strike there.  The design engineers then determine 
the scheme of protection that will adequately protect the 
structures from damage from a lighting event [4].

The next most important process for lightning protection of the 
facility is to determine the best possible conductors that will 
handle the high frequency impulse for a lightning stroke to 
minimize the voltage build up which results from the current 
impulse of the lightning as it flows to ground to discharge the 
energy of the lightning through this conductor.  The selection of 
this conductor is important since it will minimize the impedance 
path to ground. It needs to handle a high frequency current that 
will flow to discharge the lightning energy [4][7].  A low 
impedance path will improve protection of the structure and the 
electrical and electronic equipment associated with the structure 
from damage from the lightning event.  A high impedance path 
to ground might only protect the structure. 

The key concepts that need to be reviewed is that impedance 
to Alternating Current (AC) flow has two (2) components of 
impedance.  The AC impedance components are resistance and 
inductive reactance.  The inductive reactance is not negligible, 
and especially at high frequencies such as during an impulse 
generated by a lightning discharge.  The AC wire (W) path 
impedance to ground is calculated by equation one (1).  For this 
analysis, R is generally negligible compared to the inductance 
reactance Zw (so it will be ignored for this discussion). 

(1) Zr = R + jZw

The inductive reactance is calculated by Zw ≈ 2πfL.  The only 
variable that can be physically controlled is L, inductive 
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reactance.  The other components 2π are fixed and frequency is 
determined by the conditions of the lightning at the time of strike.

A typical ground fault impedance is primarily controlled by the 
inductive reactance of the path to ground.  The frequency of a 
lightning strike approximately ranges from 3000 Hz to 12000 Hz.  
This same path during a lightning strike will then have an 
increased impedance two hundred (200) times greater than at 
fundamental frequency 12,000/60 = 200).  For this reason, the 
conductor must be large in diameter and highly stranded (the 
stranding lowers resistance at high frequency due to skin effect) 
to lower its high frequency impedance necessary for lightning 
discharges.  Also, for a large structure, more than one path to the 
ground mat is needed – to help lower this impedance.  For 
lightning discharge conductors for a Heat Recovery Steam 
Generator (HRSG) stack, four down conductors are typical.  
Using the steel as (magnetic properties of the steel) the only 
discharge path, is questionable due to its high frequency 
impedance.  

For a transmission tower example, without copper down 
conductors tying the overhead static line to the earth, a lightning 
discharge path into the ground mat will generate a very high 
voltage drop across the Zw of the structure.  For example, if you 
use a transmission tower metal structure as the lightning 
discharge path to ground, the tower steel will have even higher 
Inductance (L) due to the steel’s magnetic properties and bolted 
joints.  This can easily generate a 100 000 V drop from the top of 
the tower to the ground mat and the lightning energy will not be 
fully discharged allowing a much higher lightning energy to strike 
downstream devices – such as large transformers.  

Fig. 11 Tower High Impedance Path

In Fig. 10, this is the tower where the incoming static lines 
connect to the tower at the top.  The tower is only tied to the 
ground mat at its base (arrow).  The ability to discharge the 
lightning when it travels into the substation, is limited.  These 
connections to the ground mat are fine for lower structures within 
substations but those that tie to static lines or are high enough 
for potential lightning strikes, need dedicated down conductors.

If a substantially sized down conductor is used instead of the 
steel structure only, the discharge current will be much higher, 
more of the lightning energy is dissipated to ground and the 
voltage drop from the top of the tower to ground will be 
dramatically reduced.  This will minimize lightning energy as it 
couples into other circuits and the stress on the electrical and 

electronic components connected to the tower power 
conductors.  

Franklin rods can be applied to provide lightning protection.  
These rods are designed to attract lightning and be discharged 
at a designated location where the energy from the lightning 
would not damage the protected equipment.  These rods must 
be installed high enough and with enough quantity to provide 
adequate interlocking protection with the 45-degree angle (or 
less) cone of protection provided by each rod.  See Fig. 12.

Fig. 12 Typical Franklin Rod Protection for HRSG

Large metal structures such as an LNG storage dome provide 
lightning protection simply due to its round top with welded thick 
metal.  This site’s LNG dome is shown in Fig. 13.  This is the type 
of tank that is totally enclosed and with one metal structure with 
enough metal thickness to provide a low impedance path to 
ground.  These structures have several ground paths at various 
locations at its base. [4] 

Fig 13 Typical LNG Tank

The best strategy is to prevent any lightning strokes from 
hitting the site at all.  There is technology available today utilizing 
the deionization principal type lightning rods (Fig. 14).  This 
technology bleeds electrons off from the charged clouds as they 
pass over the site and never allow the charge to build up high 
enough to reach critical value such that a lightning strike will 
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occur.  Once the cloud passes over the site and leaves the area 
where the deionization rods are no longer present, the charge 
builds back up and lightning can strike the ground again at some 
distance away from the protected site.

Fig. 14 Typical Deionization Type Lightning Rods

Once installed, deionization type lightning rod installations 
provide a complete umbrella of protection for the site, one does 
not have to worry about lightning again provided that adequate 
manufacturer’s inspections and maintenance are performed.  
Field experience has indicated that approaching lightning storms 
have been observed with major strokes to the earth.  Once the 
storm reaches the lightning protection zone, the lightning activity 
stops.  Once the storm leaves the area of protection, the clouds 
get charged again and the lightning activity resumes. 

VIII. OTHER SITES

There were three (3) other sites investigated with almost 
identical issues.  One on a Caribbean Island, one in Mexico and 
another site in Panama.

The power plant in the Caribbean used almost the identical 
installation where the ground mat served as the EGC, GC and 
most other grounding functions (except bonding).  There were 
two critical differences between this facility and the one in 
Panama.  The ground mat resistance was at 1.4 ohms and the 
electronic grounding for the STG was not properly wired.  The 
1.4 ohms was considered good since the site was located on dry 
coral rock.  The GEC required by the manufacturer did not 
connect to the proper location on the governor controls ground 
bus, it was grossly undersized for electronic purposes and ran 
about twenty-five (25) meters before connecting to a grounding 
electrode.  Significant electrical noise due to lightning, was 
induced into these GEC conductors and funneled that energy 
through the ground bus into the governor controls failing the 
electronics.  A subsequent strike in the transmission system 
caused the main breaker to trip.  However, there now was no 
signal to tell the turbine to stop.  All the mechanical energy went 
into accelerating torque resulting in ejection of the 36-ton rotor 
out onto the floor.  The entire 200 MVA STG had to be replaced.  
In contrast, the associated GTG had all its controls shielded in a 
100% metal building with proper grounding and kept operating. 

The Mexico site had ground mat resistances 2 meters from the 
fence measured at 40,000 ohms.  Any further away, the meter 

could not measure it.  This is a significant safety concern for 
personnel near the fence during a ground fault or lightning event.  
They also had Franklin rod lightning protection towers within 50 
feet of their generator controls building.  Any lightning stroke to 
the Franklin rod would transfer an earth potential [8] to the 
controls building and potentially fail the generator controls.

The third site was another location in Panama with Gas 
Insulated Switchgear (GIS) at 230 kV.  During severe weather, 
they had two major GIS failures to ground.  The lightning arrester 
counters where the transmission lines tied into the GIS, were 
questionable since they appeared to be open circuit preventing 
arrester operation.  With the second failure, lightning hit the 
transmission line and traveled in, went through the GIS and 
traveled to the site generators step-up transformers, operated 
their arresters, then reflected back to the GIS.  An open GIS 
grounding switch failed catastrophically.  What was unique here 
was that the site was on very rocky soil (high resistivity), there 
were no GCs from the transformers to the GIS, no conductors 
connected to the GIS ground bus at all, and the distance was 
about 330 meters (1000 feet).  Besides the reflected wave, there 
was a transferred earth potential [8] through the earth that added 
to the line-to-ground voltage at the GIS.  

IX. RECOMMENDATIONS

1. Consider the use of deionization lightning protection to 
supplement the lightning protection for a site.

2. Use the USA National Electric Code (or similar ones) 
as a reference for generation plants and related 
facilities.  

3. Make sure the EGC and GC functions are properly 
applied and installed – even at transmission voltage 
levels.

4. Apply bonding jumpers throughout the LNG area for 
conduit continuity.  

5. Bond all cable trays together and to ground where 
appropriate.

6. Apply electronic grounding per Figs. 14 and 15. 
Variations may apply based on physical installation 
constraints.

Fig. 14 Recommended gas detector grounding
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Fig. 15 Electronic grounding for elevated Control rooms

X. IMPLEMENTATION TO DATE

Once the audit report was completed, a comprehensive d 
deionization lightning protection system was designed and 
installed to protect the power plant and the LNG facilities.  The 
designed deionization lightning protection umbrella for the plant 
and the LNG facilities has prevented lightning activity from 
affecting the plant.  The plant and the LNG facility operate very 
well through these storms and there have been no more 
nuisance trips caused by lightning.

The grounding and bonding were improved following the site 
audit recommendations.  Areas like the cable tray for each gas 
turbine generator, the pipe rack for the steam turbine and the 
metal cable trays located at the main electrical building for the 
power plant, were improved and installed.

The instrumentation in general was revised for proper 
grounding and bonding. At the LNG terminal, all field instruments 
were checked for bonding and grounding connections.  Several 
instrumentation frames for the field sensors required the frames 
to be bonded to ground.

A monthly maintenance program has been established to 
inspect all the power plant and LNG deionizers to ensure that 
they are draining electrons from the atmosphere and thus 
discharging cloud charges to prevent a lightning event.

XI. CONCLUSIONS

The proper use of the ground mat along with separate wires 
serving the EGC and GC functions, improves the performance of 
site grounding and lightning protection.  The EGC and GC 
conductors must be run near the phase conductors – even at 
medium and high voltages to maintain a low impedance return 
path and assure very low voltages on cabinets for personnel 
safety.  Following the electronic grounding principals is of 
paramount importance to prevent nuisance operations.  The 
deionization type lightning protection system is an alternate 
method to the Franklin rod system for site lightning protection in 
high lightning prone areas and has proven its worth at these 
locations. 
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