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Storm Generated
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•• SizeSize
–– RangeRange 10 to 103 kM10 to 103 kM22

–– AverageAverage 15 kM15 kM2 2 

•• ChargeCharge
–– RangeRange 10 to 120 C10 to 120 C
–– 99%99% 40 C40 C

•• Voltage at peak Voltage at peak 101099 to 10to 101010 VoltsVolts

•• Height Above Earth Height Above Earth 0.1 to 6 0.1 to 6 kMkM

Pre-Discharge
(Cell Data)

PrePre--DischargeDischarge
(Cell Data)(Cell Data)



Leader Data (99%)Leader Data (99%)

•• Total ChargeTotal Charge 1 to 20 C1 to 20 C
•• Average ChargeAverage Charge 5 C5 C
•• Per Unit LengthPer Unit Length 1010--3 C/M3 C/M
•• Propagation Speed Propagation Speed 0.4 0.4 -- 1.2 M/us1.2 M/us
•• Pulse Rise TimePulse Rise Time 100 ns100 ns
•• Leader PotentialLeader Potential 107 107 –– 1010 Volts1010 Volts
•• Step Time Step Time 13 to 50 us13 to 50 us
•• Step LengthStep Length 10 to 200 Meters10 to 200 Meters



Return Stroke DataReturn Stroke Data
Peak CurrentPeak Current 2 to 510 kA2 to 510 kA

99%99% << 200 kA200 kA

50%50% ≅≅ 30 kA30 kA

Polarity NegativePolarity Negative > 90%> 90%

Time Between flashesTime Between flashes > 10 Seconds> 10 Seconds

No. Strokes per Flash         No. Strokes per Flash         11--2727

Time Between StokesTime Between Stokes 10 10 –– 30 ms 30 ms 

Duration (99%)Duration (99%) 30 to 200 30 to 200 µµss

RFI Range (95%)RFI Range (95%) 200 kHz 200 kHz -- 20 20 mHzmHz
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Buried Data & Phone Lines

Earth Current TransientsEarth Current Transients

Nearby Strike



Atmospheric TransientsAtmospheric Transients

Varying 
Electrostatic
Field

Varying 
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Nearby 
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Nearby 
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*Suspended Power Lines

*Inter-Plant
Data Lines

*Will Experience Induced Transients



Computer System

PBX
Satellite System

EMP Field
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IT: Induced Transients

di
dt

= 100 kA
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Stroke Channel EMPStroke Channel EMP



Note: 
A ground of 5 ohm develops 100kV
during a 50%tile strike

Grounding Resistance

Grounding ProblemGrounding Problem



Secondary Effects SummarySecondary Effects Summary

• Earth Current Transients
• Atmospheric Transients
• Electromagnetic Pulse
• The Bound Charge
• Electrostatic Pulse
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Strike Risk AssessmentStrike Risk Assessment
•• Not An Exact ScienceNot An Exact Science
•• One Strike Indicates Risk Of OthersOne Strike Indicates Risk Of Others
•• Inconsistent HistoryInconsistent History
•• Requires At Least 20 Years of StatisticsRequires At Least 20 Years of Statistics
•• Depends On:Depends On:

•• Isokeraunic NumberIsokeraunic Number
•• Structure, Height and SizeStructure, Height and Size
•• Surroundings Surroundings 
•• Storm PatternsStorm Patterns





World Isokeraunic Map



The OptionsThe Options

CollectorsCollectors

DivertersDiverters

PreventorsPreventors



Air Terminal Concepts 
(not technology)

H

R

Assumed Protected 
Area

H1
R2 Assumed 

Protected Area

R1

No supporting foundation in physics*

*According to NFPA-780 9/99 study





Power Surges & Induced Transients
(Power Lines)
Power Surges & Induced Transients
(Power Lines)

Induced Transients
(Data & Control Lines)
Induced Transients
(Data & Control Lines)

Points Of VulnerabilityPoints Of Vulnerability
Direct Strikes
(Towers, Elevated Structures)
Direct Strikes
(Towers, Elevated Structures)



BRINGING   LIGHTNING BRINGING   LIGHTNING 
STRIKE  PREVENTION  STRIKE  PREVENTION  

INTO INTO 
THE  21st  CENTURYTHE  21st  CENTURY



The Industry Standards…The Industry Standards…The Industry Standards…

• Over 250 Years with no 
Significant Changes

• No Foundation in Physics
• Based on “historical precedent”  
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The Advent of CTSThe Advent of CTS

•• December 2001 December 2001 
Over 33,000 System Years of Over 33,000 System Years of 
Accumulated Performance Accumulated Performance 
History.History.



Foundational DefinitionsFoundational Definitions

•• Lightning is a DischargeLightning is a Discharge
•• Discharge Transfers Charge Discharge Transfers Charge 

(Ampere(Ampere--Seconds)Seconds)
•• The CTS is a Charge Transfer The CTS is a Charge Transfer 

System (CTS = generic name)System (CTS = generic name)



The CTS ObjectiveThe CTS Objective
•• Use Points to Transfer Charge Use Points to Transfer Charge 

From Site Slowly and ContinuouslyFrom Site Slowly and Continuously
•• Use the Storm Electric Field for Use the Storm Electric Field for 

Motivating ForceMotivating Force



The Technological Basis 
Demonstrated

The Technological Basis The Technological Basis 
DemonstratedDemonstrated

•• Field ExperimentsField Experiments

4 sets, 3 points4 sets, 3 points
170 µa170 µa



LEC SimulatorLEC Simulator

Defines Ionization Capability



Lab TestsLab Tests
Measuring Point Discharge Current As A Measuring Point Discharge Current As A 
Function Of VoltageFunction Of Voltage

Visible CoronaVisible Corona



A Visible Space ChargeA Visible Space Charge
Security Camera Video PhotoSecurity Camera Video Photo
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Strike Prevention Strike Prevention 
RequirementsRequirements

•• Prevent formation of upward leader Prevent formation of upward leader 

from protected site.from protected site.

•• Prevent termination of downward Prevent termination of downward 

leader from storm cell.leader from storm cell.



< 30kV/m< 30kV/m
Cell inducedCell induced
Charge Charge 
(electrostatic shadow)(electrostatic shadow)

The The PrestrikePrestrike SituationSituation



Isolating the SiteIsolating the Site
Space ChargeSpace Charge
Prevents Rising Prevents Rising 
LeadersLeaders

ProtectedProtected
Area (a)Area (a)

Cell Induced Cell Induced 
Charge (A)Charge (A)

IonizerIonizer

(GCC)
Ground Current
Collector

(GCC)
Ground Current
Collector



Space ChargeSpace Charge
ShieldShield

Up to 7000% reduction*Up to 7000% reduction*
(to less than 500V/mtr.)(to less than 500V/mtr.)

< 30kV/m< 30kV/m

Protected AreaProtected Area

Electrostatic Field MeasurementsElectrostatic Field Measurements

* Major test site in Singapore 

Sensor
Sensor



CTS ConclusionsCTSCTS ConclusionsConclusions

1. Sound Theoretical Bases (in physics)
2. Verifiable Statistics (before/after data) 
3. Theory Validated in Worldwide Lab & Field 

Testing Programs
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3.3. Theory Validated in Worldwide Lab & Field Theory Validated in Worldwide Lab & Field 

Testing ProgramsTesting Programs



LEC’s 
CTS 

Applications 

WORLDWIDE
INSTALLATIONS
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WORLDWIDEWORLDWIDE
INSTALLATIONSINSTALLATIONS



Off Shore PlatformOff Shore Platform

Papua, New Guinea 



What a Recent IEEE Paper Said

“The end may be near for the two hundred
year old method of using Franklin rods 
to collect, control and convey to earth 
the awesome and destructive power 
of lightning.”

“The charge transfer system of preventing
lightning strikes to the protected area 
is a valid concept and will replace the Franklin
rod method.” 

Donald W. Zipse, P.E., Life Fellow IEEE




