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.Abstrai - Unlike the Franklin lightning rod which achievesprotection
by providing a sacrifi&l point for the termination of lightning flashes,
specialdevicesemploying the point-dischargephenomenonhave been
marketed since the early 1970’s with the objective of eliminating
lightning strikes. The application of those devices has been mostly
limited to communication towers and other tall structures,with the
manufacturers claiming success and the scientific community
. expressingstrong scepticism. In recent years,the manufacturershave
been attempting to sell those devices to electric utilities for use in
substatiBn;and on power liaes. This paper presentsa new theory
which reconciles the apparent success of such devices in
minimizing/eliminatinglightning damageto many tall towerswith the
establishedscientific position regarding their inability to eliminate
lightning. This paper also shows that lightning elimination devices
would not benefit power lines nor substations.

on an evaluation which was quite rigorous. That evaluationwas based
on both theoretical and field studieswhich were commissionedby the
Office of Naval Research, the US Air Force, NASA (National
Aeronautics and Space Administration) and FAA (Federal Aviation
Administration). Resulu of that evaluation were presented and
discussed during a conferencewhich was held on 6 November 1975.
(The proceedings were published in 1977.) The invalidity of the
conceptof lightning elimination hassincebeenconfirmedby other field
studies. However,the existenceof a long list of “sad&d customers”is
somewhatat odds with the above scientific finding, even though the
subject lists are rather misleading as will be shown hereafter.* This
suggeststhat the subject devicesmay be succeedingfor a reasonother
than that postulated.bytheir manufacturers.To assessthe applicability
of the so-called “lightning elimination devices” to power systems,
which is the subject of interest herein, this document presents the
following:
1. A summary of the findings of the 1975 lightning conference
Kevwordg - LIGHTNING, LIGHTNING PROTECTION: Dissipation
Arrays, Lightning Elimination, ELECTRIC LINES: Lightning mentioned above and other field studies which have since been
conducted.
Protection,ELECIXIC SUBSTATIONS: Lightning Protection.
2. A critical review of the lists of “satisfiedcustomers”which are
being circulatedby the manufacturers.
1. ]NTRODUCrrON
3. A discussion of a possible mcchan,ismthrough which the
The idea of using multiple point dischargeto neutralizecloud charges subject devices may have been contributing to protecting some tall
was first suggestedby CzechscientistProkop Divisch in 1754 and has structuresagainstlightning.
4. A discussionof whetherthe limited successencounteredon tall
since been~periodicallyadvocatedand abandoned(Golde. [14]). In
1930,that idea was the subjectof a patent issuedto J.M. Cageof Los structuresis relevantto the caseof substationsand power lines.
But first, a brief descriptionof the commercially availablecharge
Angeles,who applied it in the form of point-bearing wires suspended
from a steel tower to shield petroleum storagetanks againstlightning dissipaters is given hereafter; a main point of interest being the
(Hughes, [lJ]). The systematic commercialization of the concept dimensionsof such devices:
startedin 1971by a companywhich still exists but has since changed
1. The charge dissipater types presently used by Manufacturer
its name. That companyis referred to hereafteras Manufacturer“A”,
“A”: Figs. 1A and IB show the umbrella dissipaterwhich is used for
and its first dissipation array installation was commissioned in
towersup to 100 m in height. As an exampleof the relateddimensions,
November1972 (Carpenter,[9]). Manufacturer“A” was subsequently the unit which was used on a 305 m (100 ft) tower at the NASA
followed by a few other companies. Devices claimed to be able to satellite tracking station on Merritt Island, Florida, was about 6 m in
eliminate lightning strikes were originally marketed for use on tall diameter with about 300 m of barbedwire wrappedspirally aroundthe
communicationtowers. In recent years, the manufacturersof those frame of the umbrella (Bent et al., [4]). The barbedwire tyPically has
devicesstartedpromoting their use on power lines and substations,and four points spaced every 7 cm along the wire; the four points are
they often produce what appearsto be an impressive list of satisfied separatedby approximately90” around the wire and are 2 cm long.
customers. On the other hand, the suggestionthat lightning can be Fig. 1C shows a ball dissipaterwhich is being promoted as a “hybrid
eliminatedhasbeensoundlyrejectedby the scientific communitybased terminal which will prevent most lightning strokes and collect all
others”. Fig. 1D showsthe barbedwire conical array which is usedfor
the taller towers. This is larger at the basethan at the top by a factor
PE-144-PWFDO-12-1997 A paper wornmended and approved by
the IEEE Substations Committee of the IEEE Power Efigineering
of up to 6:l. The conic array can be used to protect a ground area
Society for publicationin the IEEE Transactionson P-r Delivery.
ratherthan a tall structureby installing a dedicatedpole in the middle of
Manuscriptsubmitted March 11, 1997; made available for printing
the subject area and attachingthe barbed guy wires to it. For power
December12,1QQ7.
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A) Umbrella dissipaterinstallation

C) Ball dissipater

B) Details of umbrella dissipater

D) Cqnical barbedwire array
E) Barbedshield wires

G) Cylindrical dissipaterinstallation
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F) Doughnutdissipkr
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I) Cross-sectionof a cylindrical dissipater
Fig. 1. Configurationsof chargedissipaters

H) Close-udof cylindrical dissipaters
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lines, the traditionalshield wires arereplacedby barbedwires as shown
in Fig. IE. In addition to the aboveconfigurations,Manufacturer“A”
earlier used rigid metallic panels with protruding sharp points (panel. _
dissipaters)which are similar to what one might expectin a “fakir’s bed
of nails”. The materialis conductingand typically has4 cm high sharp
points separatedby 6 cm (Bent et al., [4]).
2. Fig. 1F showsa doughnutdissipaterbuilt by Manufacturer“B”.
The circular core is a solid stainlesssteelwire and ranges from 0.75 m
(30”) to 3.6 m (12 ft) in diameter. Extending from the core are
hundredsof stainlesssteelneedlesrangingin length from 7.5 to 35 cm
(3 to 14”) (Bell, [3]).
3. Figs. lG, 1H and II show a cylindrical dissipatersystembuilt
by Manufacturer“C’. This consistsof threeunits installed at or near
the top of the structure, spaced 120” from each other, and each
having about 14,000points.
In addition to the above, a.fourth manufacturerbuilds a skinny . .
versionof the doughnutdissipaterwhich is shownin Fig. lF, and a fifth
manufacturermarketsa panel dissipater(fakir’s bed of nails) similar to
the device earlier used by manufacturer“A” (Drabkin and Carpenter.

[lOI).
It should be noted here that the manufacturers of charge
dissipaters usually require that extensive grounding be also
installed. For the cylindrical array system of Manufacturer “c”, a
typical configurationwould be a ring madeup of WO strandedcopper
wire locatedoutsidethe footings of the tower by a distanceof about 1 ft
(0.3 m); anchoredby six 3/4”xlO ft (19mm x 3.05 m) copper-clad
ground rods, and connected to an S-arm radial counterpoise madeup
of #lO solid copperwire and having a length equal to about l/3 of the
total height of the tower. For the dissipationarraysof Manufacturer
“A”, the typical grounding consistsof a copper ring which encircles
the protectedsite, and is enforced with 1 m long ground rods located
at 10 m intervals around the circumference of the ring. For high
resistivity soils, Manufacturer“A” promotethe useof salt-leachingrods
which it manufactures. Such a rod consistsof two 3” (76 mm) hollow
coppertubes,one is 3 A (0.9 m)long and the other is 6 ft (1.8 m)long.
forming a T-shape and filled with a chemical which leachesin the
ground to reducesoil resistivity in the surroundingarea. According to a
testimony letter from Lafayette Utilities Systemdated 22 April 1991,
thosechemicalrods were installed at eachof the substationswhere the
chargedissipaters of Manufacturer“A” were installed. In addition to
the grounding, some charge dissipater manufacturers,’especially
Manufacturer“A”, alsorequirethat surgearrestersbe added.
2. CAN LJGHTNJNGBE ELIMINATED?
2.1 Field Observations

decision to install such devices was prompted by the 21 June 1971
incident in which the Launcher Umbilical Tower of the Apollo 15
mission sustained several damaging lightning strikes. Charge
dissipaterswere henceinstalled on four ~trwtures, but one of these(the
Unified S-Band Station) had no history of lightning strikes neither
before nor after the installation of dissipationarrays. Hencethe results
for only the threeother structuresaregiven hereafter:
a) The 150 meter weather tower: Gahniz& steel charge
dissipation panels were installed on 21 June 1974 and a temporary
ground was attachedbetweenthe panelsand the tower ground network.
The tower was struck by lightning next day, 22 June 1974. .The
installation was completedby Manufacturer“A” on 30 June 1974. On
18 July 1974,the tower was struck twice within a 12 minuteperiod, and
the documentation

of the strikes included video pictures.

The

manufacturerthen advised NASA that the subject dissipation arrays
should be considered defective because the galvanizing used in
manufacturingthem was so thick that it blunted the dissipationpoints.
Replacementstainless steel panels were installed on 30 July 1974.
Thesewere struck by lightning on 20 July 1975and3 October 1975.
b) Mobile Service Structure LC-39: Four charge dissipation
panels were installed on 24 July 1974. Lightning struck the structure
on 25 July 1974, 21 August 1974, and 9 May 1975. The latter two
incidents were captured on video pictures.
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c) Mobile ServiceTower LC-41: Ten stainlesssteeldissipation
arraysbuilt byMmanufacturer“A” were installedon 26 February 1975.
Thesearebelievedto havebeenstruckby lightning on 7 June 1975and
16 June 1975(video pictureswere not taken).
By comparing the records of lightning strikes to the subject facilities
before and after installation of the charge dissipate&, Durrett [ 111
concludedthat charge dissipaters have had no significant effect on
the frequency of lightning
Space Center.

strikes to tall structures at Kennedy

2. Bent et al. [4] report on lightning strikesto a 1200 ft (366 m)
tall tower situatedon an 800 ft hill (244 m) at Eglin Air Force Basein
Florida while equipped with charge dissipaters supplied by
Manufacturer “A”. The dissipaterswere installed on 1 September
1972 and suffered two damaging direct lightning hits on 30
September 1972. Further lightning damage was discovered on 2
January 1973, 4, June 1973, 18 June 1973, 29 June 1973, 2 July
1973, and February 1974. That latter event burned the charge
dissipater and hence the manufacturerreplacedit on 22 April 1974.
On 21 May 1974, a further lightning strike occurred and damage
was discovered in the ground wire of the dissipater within the
subsequentfew weeks. Mr. W.B. Evans, who manned the 1200 ft
tower for many years, was on hand when the dissipater experienced
its first lightning hit following installation. This involved two

lightning strikes within about one minute. The first strike burnt a
recorder and the secondblew the array seriesresistor and capacitor to
pieces. Being near the explosion, Mr. Evans’ hand suffered slight

In every one of the few caseswhere instrumentation was provided,
indisputable proof was obtained that lightning did strike the towers burns. Nevertheless, Manufacturer “A” stuck to its claim that
which were equippedwith the so-calledlightning elimination devices. lightning did not hit the charge dissipater! The site was subsequently
Evidence to that effect was also obtained from some un-instrumented instrumentedto record lightning strikes by video camerasand also by
casesas eye witnesseshappenedto be on-site at the instant of the magneticlinks. Three magneticlink stroke readingsof 19 kA, 19 kA
lightning strike, or the occurrenceof the strike was proven by the and 37 k4 were recordedat the baseof the tower during June and July
damageit left behind. Considerthe following:
1975 while the tower was equipped with charge dissipaters.
1. The 1974/1975testsat Kennedy SpaceCenter (Durrett [ll]):
Photographic evidence of direct lightning strikes to the arrays was
These tests were unique in that they were conductedby personswho obtained on 1 May 1975 and 8 June 1975. On 16 May 1976.a photo
were hoping that the dissipationarrayswill work. The reasonis that the was also obtained of an upward leader which was induced from the
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array by a nearby lightning strike to ground. The combination of
magnetic links and video records gave a total of 10 direct lightning
strikes during a brief recording period. This indicated that the
frequency of lightning strikes remained at about 40 events/year,
same as it was when Franklin rods were earlier used.
3. Bent et al [4] reportedthat lightning struck a chargedissipater

af Site C74 of Eglin Air Force Base, Florida. The event occurred
during the Spring of 1975and it was witnessedby two studentsfrom
the University of Minnesota who were doing research on corona
currentsin co-operationwith the US Air Force.
4. During 1973, Manufacturer “A” supplied and installed an
extensive system of charge dissipaters at NASA’s satellite tracking
station at Rosman, North Carolina. These included panel arrays,
umbrella arrays, and a conical array. Bent ef al. [4] report that
lightning damage subsequently occurred during
March, April and July 1974.

the months of

5. Field tests were conductedin 1988 and 1989 by the Federal
Aviation Adminstration (FAA) to study the performanceof dissipation
arraysand comparethemwith Franklin rods [2]. The testsinvolved the
traffic control towersof threeairportsin Florida, which were locatedin
a high keraunic level zone: Orlando, Sarasotaand Tampa. Umbrella
dissipatersfrom Manufacturer“A” weredeployedat the TampaAirport,
doughnutdissipatersfrom Manufacturer“B” were deployedat Orlando,
and standardFranklin rods were retainedat Sarasota. All three towers
were instrumented to detect lightning strikes and this included
automatically-activatedvideo cameras. On 27 August 1989, the
umbrella dissipater at Tampa received a lightning strike which
causedoutagesto severalsystems. World renown lightning experts
Professors MA. Uman and E.P. Krider were commissioned to
examinethe testdataand ihey co&med that the charge dissipater of
manufacturer “A” was struck by lightning. It should be mentioned
here that no damageoccurredwhen a lightning strike to the Franklin
rod system of Sarasotaairport occurred on 25 June 1988. This
confirmed that equipment outageswill not result when the standard
Franklin air terminalstogetherwith grounding and surgeprotection are
properly installed. The above indicated the fallacy of the claim tha
chargedissipaterscan preventlightning and hencea decision was m 2
” ‘*
on 11 January1990to terminatethis testproject.
0
It should be notedherethat the 1988-89testsby NASA generated
a controversy(Bishop, [7,2]), which deservesto be summarizedhere:
The facilities of FederalExpressCompanyin Memphis,TeiiesSey, had
no lightning protection whatsoever,and they endedexperiencingsome
lightning damage. Insteadof applying i traditional properly designed
Franklin rod/shield wire system which would have solved their
problem, they choose to buy charge.dissipate&A from Manufacturer
“A”. Thesewere installed in 1981/1982and that solved the problem.
At that time. Mr. Mcartor w& vice P&dent, Operations. In, 1987,Mr.
Mcartor became an, ,Fti ‘officer.. &d ,,he recommehded chargi
dissipaters to FAA resonal manage&” This’ r&otiendation .was
opposedby the staff of FAA who have be& aw& of the 1975testsof
charge dissipaters at ken&y Space Center and other facilities.
Nevertheless, Mr. Mcartor’s decision ‘&IS’ carried out.

With the

expectation that lightning will s&l& the ‘{harie dissipat&s, NASA
played it safe by adopting a test ie&p in ,which the existing Franklin
rods were replacedby chargedissipaterswhile retaining the existing
down conductorsand groundingiystem. (The grounding systemwas
even &forced at one site.) The manufacturerspf traditional lightning
protection systemsobjected as any positive results from the charge

dissipaterswill be partly or mOStlY due to the contribution from the
existing componentsof the traditional system. To protecttheir interest,
they formed the Coalition Against Noneffective Lightning Protection
Technologies (CAN’T) under the direction of JosephP. Foley. CANT
enlisted the support of Congressman Martin Sabo (Democrat,
Minnesota) whose district includes the headquartersof a Franklin rod
system manufacturer. The pressureapplied lo NASA failed to get
NASA to changethe test setup. However, they acknowledgedthat the
test program was not a scientific one and that its scopewas limited.
Any way, the traffic controllers at Tampa saw a flash of light during a
storm, heard thunder and observeda shower of sparksdrop past the
tower window. A later visit to the rooftop revealedthat a part of the
chargedissipaterarray of Manufacturer“A” had disappeared.This led
to ‘cancellation of further testing and re-installation of the earlier
Franklin rods. Manufacturer “A” then claimed that its array v+ not
struck by lightning! To put the matter to rest, ProfessorsUman and
Krider were commissionedto review the incident as was mentioned
above,and they confirmed that the subjectchargedissipaterwas struck
by lightning. Becauseof the above controversy,FAA decidednot to
make their report available to others unlessthe requestis madeunder
the Freedomof Information Act.
6. Rourk (221 reviewed lightning-relatedeventsat nuclearpower
plants for the period 1980to 1991. One nuclev plant experiencedthree
direct lightning strikes on August 1988, July 1989, and November
1989. Charge dissipaters were then installed in the hope of
preventing further lightning strikes. These did not help and the
nuclear power plant was struck again by lightning during August
1991, November 1991, and June 1992.

2.2 Theoreticaland Other ConGderations
‘.:
.,. .::.
“>‘.
1. Ciolde [ 131 reports after J. Zeleny that the leavesof trees in.
forests constitute a huge natural chargedissipater which is known to
glow in the dark (St. Elmo’s fire) during thunderstorms. If charge
dissipaterswere indeed capable of preventing lightning, then forests
..
would not be struck by lightning and the relatedtire anddamagewould
t occur. This is c&rary to observationsand it showsthat dissipation
ys cannotpreventlightning.
2. Golde [ 131reveals the following errors in the calculationsof
Manufacturer .“A”’ regarding the magnitude of the total charge
‘dissipatedby its arrays: a) They ignore that the field to which the an-ays
are expOsedreversespolarity. b) They ignore that the high pulsesof
point dischargecurrentslast only bver very short periods. c) In one of
‘its reportsto a VS ,&vemment agency,it exaggeratesthe magnitudeof
point dischargecurrent by a factor of 50. d) They arebasedon a corona
inception field magnitudewhich is’incorrect. e) They ignore that only a
fraction of the dissipatedchargereachesthe baseof the cloud and that
the rest is blo\?ln away by the wind or gets neutralizedby attachment
shortly after,leaving the SO&X. f) They ignore that replacinga single
. rod which is installed at Fe peak of a tall structureby an array might
not increase 3he total dissipated charge according to Chalmers’
measurements.g) They ignore that the tad chargemeasuredover a
‘wholeyear from Ber&‘s masts did’not e&xl that of about 5 lightning
.”
flashesof average intensity.
-..
3. ProfessorMoore [IS] points out that Franklin initially thought
that his proposedrod w&ld prevent lightning, but hastily changedhis
mind basedon experienceand took the now establishedposition that
the rod only provides a sacrificial point for the terminationof lightning

strikes. As such, the promotersof chargedissipaters are still at the
level of Franklin’s first speculations. With lightning being
unpreventable,Professor Moore then points out that a blunt rod is
expectedto be more efficient in collecting lightning flashes,as a rod
with a sharppoint(s) tendsto protectitself.
4. Risker[21] also points out that the charging rate in storm clouds
is orders of magnitude greaterthan the 150 mA nominal discharge
current of a dissipation array, consideringthat the clouds overhead
regenerateelectric fields back to their original value within one to four
minutes after a flash. Within that four minute period, the charge
dissipatedby the array would total 0.036 coulomb. On the other hand,
the medianchargeof a negativelightning flash is 7.5 coulomb (Berger
et al., [6]), which is larger by a factor of about 200. For a positive
flash, the medianchargeis 80 coulomb [6], which is larger by a factor
of about 2200! Even if we assumethat all the charge produced by a
dissibation Gy reachesthe base of the cloud, it is obvious that
light&g cyot be preventedby dischargingthe clouds.
5. Since charge dissipate= cannot neutralize the charge in the
clouds, their effect is basically t$e creationof a charge within the gap
acrosswhich the lightning dischargetakesplace. The laboratory tests
by Allibone et al. [ 1] show that the effectof irradiating an air gap on its
flashovervoltage is rathersmall (in thi rangeOS-lo%). It follows that
the eff& of chargedissipaterson the incidenceof natural lightning, if
any, wiU.alsobe small.
‘.
.. ii &‘&RIENti

WlTH OTHER INSTALLATIONS

The field tests reported in Section 2.1, in :ihich charge dissipaters
failed to preventlightning, were conductedon tall towers. Experience
‘with commercial applications to other insmllations, mostly
telecommunicationtowers, has not been as negative. Actually many
such applicationsproducedsatisfiedcustomers.Resultsof applications
to other towers are reviewedherein basedon both published data and
on lists of “satisfied customers”submittedby Manufacturers“A” and
“B” [23]. The latter sourceof information was in the form of letters
from usek to the manufacturers,and those letters were presumably
solicited by the manufacturers.No attemptwas made herein to veri@
the claimed positive experienceon communicadon towers, and the
reported observationperiod was usually mo short to draw definitive
conclusions. It is possiblethat someof the towerswhich were reported
in the users’lettersto be strike-freehavesincebeenstruck by lightning.
It is also possiblethat someof the statementsin thoseletters were false
for one reason or another. Nevertheless,they are adequatefor our
purposeherein as they show a trend which is consistentwith the,theoq
which is presentedlater in this paper.
1. Block [8] wasan eye wimessat WDBO broadcaststation when
its two-tower din&opal arrayin EatonvilIe,Florida, was equippedwith
two 10 ftxl0 ft (3 mx 3m) panel dissipaters.Block reportsthat the two
towers subsequentlysuffered many lighming strikes, but they were
successfulin minimizing further damageby careful adjustmentof the
arc-overballs at the tower bases.
2. The report’ about the performanceof the dissipation arrays
which wereinstalledon the 725 ft (221 m) gasstackof the Philadelphia
Electric Peachbottom atomic power plant in Pennsylvania’s
SusquehannaValley states(Eskow,[ 121): “We previously had standard
lightning rods protectingthe area,but we kept losing electronic sensing
equipment when lig&ning struck it (the gas stack). Since the cone-

shapedarray was erectedabovethe gas stack,the plant hasn’thad any
strikes. We’ve had a few ground surges [a build-up of the positive.

particJes(?)], but they haven’t done any damage.”

3. Cajun Electric Power Cooperativeusesa dissipation array on
the microwave tower of their control center. Their report states
(Lowrey, [ 161):“We probably averagedsix lighming hits a yearbefore.
In the last eight years,since the dissipation array system was put in,
we’ve only taken a direct hit that affected anything maybe twice.”

4. Dixie Electric MembershipCorporationhas a dissipation array
on a 300 fi (91.4 m) combined VHF radio and point-to-point
microwave tower. ‘I”%eirrepoti states(Lowrey, [16]): ‘The tower was
only in serviceabout a year before we had about $lCQOOOin damage
caused by light&g.
We put in the dissipation array system and
although we’ve bad some lightning problems in the building since
then, they didn’t involve the tower.” (?)
5. A letter from the Guy GannetteBroadcasiCo. reports on two

towers in Florida (heights: 320 and 490 meters) equipped with
doughnut dissipatersstatesthat “they experiencedno damagein 1.5
yearsbut arenot surewhetherthe towershavebeenstruck by lightning”
[23].
6. A letter from WPS? TV in Paducah,Kentucky, reportsthat no
damagehas been experiencedin about 2 years of operating a 91 m
tower located gn a high point in Illinois while equipped with a
doughnutdissipater[23].
7. A letter from WESC AM/FM of Green&, South Carolina,
reports that no service interruptions weri experiencedin 4.5 years of
operating a 391 m tower equipped with a doughnut dissipater and
<
locatedon Ceasar’sHeadMountain [23].
8. A letter tirn Florida Power Corp. reportsthat no damagewas
experiencedon a microwave tower located in Winter Park, Florida
during 3 yearsof operationwhile equippedwith a doughnutdissipater
[231,
4. A PROPOSEDTHEORY

Basedon the field dataand the arbments presintedin Sections2 and 3
above,it is fair to concludethe following:
1. There is indisputable proof that the so-called “lighming
elimination devices”cannoteliminatelightning.
2. There are definitely caseswhere “lightning eliminadon devices”
drasdcally reduced the frequency and extent of the damage which
lightning inflicted on the subject facilities before those devices were
installed.
The theory presented hereafter reconciles the above apparent
con&adictions.
When a cloud-to-cloudor a cloud-&ground lightning dischargeoccurs,
upward streamersare induced at the peaks of vertical objects in its
vicinity. Such upwti streamersare insignificant from the lightning
protection point of view as their current is within a few hundred
amperes. However, when condidons are conducive for their
development,theseupward streamersreachthe baseof the clouds and
draw subsequentnegative strokes, thus developing into full fledgd
upward flasheswhich has the potential of causing lighming damage.
When upward flasheswere first observedon the Empire StateBuilding
in New York [17], it was thought that they can only occur on very tall
structures. However, Berger [5] noted their occurrenceon very short
objects in moun&inous terrain. As a result of this and other

observations, several researchersincluding A.J. Eriksson, MuherHillebrand and Szpordiscussedthe incidenceof lightning flashesto tall
structuresin termsof an “effective height” which is different Fromthe
actualheight. However,the assignmentof an effectiveheight in a given
casehasbeenratherarbitraryand little or no justification was given. In
1986, the writer [I91 examined the tield observationsregarding the
incidenceof upwardflashesto I I tall structuresand concludedthat this
phenomenonwas governedby the altitude @eight above mean sea
level) of the peak of the structure. Hencethis was proposed as the
definition of the effective height. Additional justiFication For this
proposal was presentedby examiningseveralother relevantparameters
including variation of conductivity of the air with altitude, variation of
velocity of the returnstrokealong the lightning channel,variation of the
breakdown gradient of the air with altitude, and variation of the
resistanceof the tirst I km portion of the cohnnn of air which an
upward dischargehas to penetratewith altitude of the peak of the
structure. The writer [I91 also then observedthat upward tlashes do
not occur when tire effective height is below ahout 300 m.
Below the critical effectiveheightof 3C0m, only modestincreases
in the Frequencyof lightning strikesoccur with increasein height of the
structure. Beyond the 3Otl m effective height, on the other hand, the
Frequencyof lightning strikes to a structuredrastically increaseswith’
increasein height. The reasonis that the sttucture starts to act as a
“repeater” Forall the hghtning strikes, both cloud-to-cloud and cloudto-ground which occur within an increasingradius from it. The caseof
a 30 m high structure having Footingsoccupying a I m* area and
located in a zone where the keraunic level is 40 was numerically
discussedin [19] and the rest&s were found to be approximately as
Follows:
Prior to the installation of the structure,the area occupied by its
footings receives4~10~ flashes/year., When the 30 m structure is
installed in an areaof low altitude so that the effective height is below
300 m, the numberof flashesfunnelledthrough the 1 m* areaoccupied
by its footings increasesto about 4SxlV’ flashes/year. While this
representsa significantincreaseover the value which existedbefore the
tower was installed,the absolutevalue is still very low (once every 22
years). On the other hand, if the sametower was located on a high
mountain so that its effectiveheight allows it to act as a repeaterfor all
the lightning flashesoccurringwithin a 1 km area,and if we assumethe
ratio of cloud flashesto ground flashesto be 41, then the number of
flashescollectedby the structurewould increaseto about 63 per year,
..‘.
i.e. more than once per week.
Where the effectiveheight exceedsthe 300 m critical value, a tall
structure is not doomedto produce many upward flashes,becauseits
“repeater”action can be weakenedor even eliminated by changing its
needle shape to a geometry which is ,resistantto the generation of
upward flashes. Some of the designs of the charge dissipaters
inadvertentlyaccomplishthis objective by virtue of their shapeand not
becauseof the charge they are emitting For example, installing an
umbrella which is 6 m in diameteron a 30.5 m (100 fi) high tower
drastically changesits previous needle-like geometrical shape which
was making it susceptibleto the generationof upward flashes. The guy
wires associatedwith the conic array (Fig. 1D) accomplish the same
geometry modification objective in an even better way. They further
have the addedadvantageof interceptingthe downward flasheswhich
strike the sidesof tall structureswhich were earlier discussedby Mousa
and Srivastava[20]. On the other hand, deviceslike ball arrays and
panel arrayswhich only dissipateions without significantly modiFying

the geometryof the structurewill havea negligible effect,if any.
Any operatorof a telecommunicationtower which is encountering
63 flashesper year as in the casediscussedabove will be cving For
help. If some device could suppressthe repeateraction of his tower
which is responsible For producing the induced upward flashes,then
this would ehminate90% or moreof his problem. It would then appear
to him that the subjectdevice haseliminated lightning. Needlessto say,
the natural downward flasheswil1 still continue to happenin the above
case. But if their Frequencywas only about once every 22 years,then
they will hardly be noticeable. If one of such flashesoccurswithin the
first Fewmonths or yearsof operation, then about another22 yearsof
“peace”will follow regardlessof whethera correctivemeasureis taken
or not. This allows the manufacturerthe luxury of claiming that “the
device does prevent lightning but it neededsomefine tuning which he
hasnow provided, and that it will work trouble-Freethereafter!“. IFboth
low resistancegrounding and surge suppresserswere provided at the
time of installing the charge dissipaters, then even the occasional
natural downward flash would not causedamageand henceit would go
un-noticedunlessthe tower wasinstrumentedto detectIightning strikes.
The so-calledlightning elimination devicesFailmiserablyand the
Fallacyof the underlying conceptgetsexposedwhen their contiguration
doesnot changethe geometryof the tower to one which is significantly
less susceptibleto the generationof upward flashes. They also fail
when applied to a tall structurewhich is located in a low-altitude area
so that its effective height is below the critical value of 300 rr~ This is
what happenedin the Plotida installationswhich were testedduring the
famous 1975 and 1989 programs [2, 4, 11,. 18, 211. Consider the
following:
1. According to [2], the averagealtitude of the site at Tampaairport is
only about20 ft (6.1 m), and the height of the tower is 230 fi (70.1 m).
Hence the effective height of the tower is only about 76.2 m. This
being lessthan 300 tn. upward flashesdo not occur and hencea charge
dissipater,regardlessof its configuration,will havelittle or no effect on
the incidenceof lightning strikesto the tower.
2. According to [ 111,the shapeof all the dissipation arrays used on
three structures at Kennedy Space Center which are discussed in
Section2.1(1) was that of flat panel arrays(fakir’s bed of nails). Fig. 2
shows two of those structuresas examples. Such dissipatersdo not
change’the effective configuration of the structure and hence cannot
have an impact on the occurrenceof upward flashes. Further, the
overall heights of the structuresshown in Fig. 2 are 427 ft (130.2 m)
and 250 ft (76.2 m), respectively. With the altitude of the subject
ocean-sideinstallation being only a few meters,the effective heightsof
both structures were less than half the 300 m critical value. Hence
upward flashesdid not occur in the first place. The combination of the
ahove factors made the ahove sites the perfect place to demonstrate
the fallacy of the underlyiw theory, and that is exactly vhat
. .
happened!

In the’above cases,the relatively high frequencyof lightning strikes
‘was attributableto the excessiveground flash densityratherthan to the
occurrenceof upward flashes. In the mediumrangeof effectiveheights,
say 300 to 500 m, both upward and downward flashes occur in
significant numbers. Hencethe geometricalshapemodification caused
by installing an umbrella or conic dissipater would produce a
noticeable reduction rather than “ehmination” of lightning strike
incidents. The Cajun Electric Power Cooperativecase in item 3 of
Section3 appearsto be an exampleof sucha case. The caseof the gas
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Fig. 2. Comigurationsof the dissipationarraysusedon the
Mobile ServiceStructuresat KennedySpaceCenter [ 111.
stack-of the Peachbottomatomic power plant which is mentioned in
item 2 of Section3 alsoappearsto fall in that categoryeven though the
reportingpersonappearsnot to understandwhat is really happening.
Based on the words used by some of the “s.atisfIedcustomers”
themselves,and noting that none of the subject installations was
instrumentedto ascettainthe incidence of direct lightning strikes and
that the observation periods were short in most cases, it is more
appropriate to state that lightning elimination devices significantly
reducedor eveneliminatedlightning damagein thosecasesratherthan
statethat they eliminatedlightning itself. Hencethoseobservationsare
alsoin agreementwith the abovetheory.
Note that a typical Franklin rod system together with lowresistancegroundingandsurgesuppresserswill preventdamagebut the
tall structure will continue to experience the annoying frequent
transientsassociatedwith the occurrenceof upward flashes. That is one
reasonwhy the operatorsof sometall towers felt an improvementwhen
their Franklin rod systemswerereplacedby chargedissipaters.In other
cases,the improvementmainly resulted from the grounding and surge
suppression improvements associated with the new installation.
Needlessto say, such improvementswould have materialized if the
Franklin rods were retained and only the grounding and the surge
protectionwereimproved.
An article by radio consultant Chuck Condron, which was
originally published in Radio Guide magazineand excerpts of which
were included in literature distributed by Manufacturer “A”, gives a
classical example of the effects of grounding and surge suppression
improvements.The anicle talks of the frequentoutagesexperiencedby
the transmitter of KMGR-FM, which was located in a rocky area at
Lake Mountain when only two loosely-installedground rods were used
at the baseof the tower, and how things significantly improved (from
about one outage per week to only about twice per year) when
manufacturer“A” replaced these by seven chemical leaching rods
arrangedin a circle andinterconnectedwith 3/V (19 mm) copperwires.
The samearticle statesthat Kool-FM in Phoenix, Arizona, drastically
reduced its surge problems by instalhng surge suppressersbuilt by
manufacturer“X.

Neither transmission line towers nor substation structures has the
needle-likeshapewhich causesthe generationof upward flasheson tall
communicationtowers. Hence they do not experienceupward flashes
and only downward flashesoccur. This being the case,and since none
of the charge dissipates is capable of “eliminating” the natural
downward flashes, such devices are uselesswhere power lines and
substations are concerned. The only exception is any “tall”
communicationtower which may be part of the facilities of a substation.
In the few caseswherethe introduction of chargedissipatersimproved
the lightning performance of a power system component, such an
improvement could have been obtained by applying traditional shield
wires. For example, most utilities build distribution lines with neither
shield wires nor low resistancegrounding. Where the line is not
shielded by adjacent buildings and trees and is located in a high
keraunic level area,outageswill be frequent. It is preposterousthen to
install twin barbed shield wires togetherwith low resistancegrounding
at eachtower then suggestthat the improvementwas causedby the ion
dissipation of the barbed wires. Such a case could have been
adequatelyhandled at a fraction of the cost by installing just a single
traditional shield wire plus low resistancegrounding.

6. CONCLUSIONS
1. Natural downwardlightning flashescannotbe prev&ted.
2. Ihe induced upward flasheswhich occur on structureshaving
effective heights (altitude of the peak) of 300 m or more can be
preventedby modifying the needle-like shapeof the structure. Some
charge dissipater designs inadvertently accomplish this and hence
appearto “eliminate” lightning. Such an effect has little or nothing to
do with the existenceof multiple points on thosedevices.
3. Charge dissipaterswill have no effect, whether intended or
inadvettent, on the frequencyof lighming strikes to tall towers where
the altitude of the site is such that the effective height of the tower is
lessthan about 300 m
4. Charge dissipaterslike ball atrays and panel anays will have
little or no effect, whether intendedor inadvertent,on the frequencyof
lightning strikes to tall towers becausetheir shapeand dimensionsdo
not significantly reducethe susceptibilityof the tower to the generation
of upward flashes.
5. Charge dissipaters will have no effect whatsoever on the
frequency of lightning strikes to substations and trausmission
towers since such systemsdo not experienceupward flashes.
Finally, it is hoped that the publication of this paper will induce an / ,*
organizationwhich owns suitabletall structuresand hasadequateR&D
‘h
funds to test the above theory by comparingthe lighming incidenceto
j
two tall towers; one of which is equippedwith an umbrella array made ,/
of barbed wire while the other is equipped with an umbrella
plain wire. The author would be pleasedto assist in
detailsof suchtests.
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