
s 4HEBASICPRINCIPLESOFGROUNDINGOFELECTRICALSYSTEMS
s 4HEFUNCTIONOFPOWERSYSTEMGROUNDINGANDTHEVARIOUS

OPTIONSAVAILABLE
s 2OLEOFPROTECTIVEGROUNDINGINENSURINGSAFETY�SIZINGOF

GROUNDINGCONDUCTORS
s )MPORTANCEOFEQUIPOTENTIALBONDINGINENSURINGSAFETY
s $ESIGNOFGROUNDELECTRODES�MEASUREMENTOFSOILRESISTIVITY

ANDGROUNDELECTRODERESISTANCE
s &UNDAMENTALPRINCIPLESINTHEDESIGNOFGROUNDINGSYSTEMSIN

SUBSTATIONS
s 3OLVINGSTATICELECTRICITYRELATEDHAZARDSBYGROUNDINGAND

BONDING
s 2OLEOFGROUNDINGINPROTECTINGSUBSTATIONSTRUCTURESFROM

LIGHTNINGHAZARD
s 2OLEOFGROUNDINGINSURGEPROTECTIONOFPOWERDISTRIBUTION

EQUIPMENTANDSENSITIVESYSTEMS
s .OISEINELECTRICALSYSTEMSANDTHEROLEOFGROUNDINGINNOISE

MITIGATION

s )NSTRUMENTATIONANDCONTROLENGINEERS
s #ONSULTINGENGINEERS
s %LECTRICALENGINEERS
s 0ROJECTENGINEERS
s -AINTENANCEENGINEERS
s 0OWERSYSTEMPROTECTIONANDCONTROLENGINEERS
s "UILDINGSERVICEDESIGNERS
s $ATASYSTEMSPLANNERSANDMANAGERS
s %LECTRICALANDINSTRUMENTATIONTECHNICIANS

EARTHING OF UTILITY ANDINDUSTRIAL DISTRIBUTION SYSTEMS
FOR ENGINEERS AND TECHNICIANS

WHAT YOU WILL LEARN:

WHO SHOULD ATTEND:
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The Program

&EW TOPICS GENERATE AS MUCH CONTROVERSY
AND ARGUMENT AS THAT OF GROUNDING �OR
EARTHING AS IT IS CALLED IN SOME COUNTRIES	
AND THE ASSOCIATED TOPICS OF LIGHTNING AND
SURGEPROTECTIONOFELECTRICALANDELECTRONIC
SYSTEMS�!NY ENGINEER DEALING WITH POWER
SUPPLY NETWORKS NEEDS TO UNDERSTAND THE
BASICPRINCIPLESOFGROUNDINGSYSTEMDESIGN
ANDITSROLEINENSURINGSAFETYOFEQUIPMENT
AND PERSONNEL�! CORRECT UNDERSTANDING OF
THEBASICPRINCIPLES INVOLVEDWILL HELPHIM�
HER TOAVOIDMISTAKES INGROUNDINGSYSTEM
DESIGN�MISTAKESTHATCOULDLEADTOEXPENSIVE
FAILURESANDLONGDOWNTIME�

)NTHISWORKSHOP�WEWILLTRYTODEMYSTIFYTHE
CONCEPTSOFGROUNDINGASAPPLICABLETOUTILITY
NETWORKS AND INDUSTRIAL PLANT DISTRIBUTION
SYSTEMSASWELL AS THEIRASSOCIATEDCONTROL
EQUIPMENT�)NFACT�ALOTOFMYTHSHAVEBEEN
BUILTAROUNDTHISSUBJECT�ALTHOUGHITISQUITE
A SIMPLE ONE WHEN APPROACHED FROM BASIC
PRINCIPLES�/URENDEAVOURWILL THEREFOREBE
TO EXPLAIN THE FUNDAMENTALS OF GROUNDING�
WHICH WE HOPE WILL ENABLE THE READERS TO
GAINACORRECTPERSPECTIVEOFTHESUBJECTAND
GIVE THEM THE KNOWLEDGE NEEDED TO SOLVE
REALLIFEGROUNDINGPROBLEMS�

%SSENTIALLY THIS WORKSHOP IS BROKEN DOWN
INTOSYSTEMGROUNDING�PROTECTIVEGROUNDING
AND SURGE�NOISE PROTECTION OF POWER AND
ELECTRONICS SYSTEMS NORMALLY FOUND IN
DISTRIBUTION NETWORKS� ! BRIEF INTRODUCTION
TO THE DESIGN OF SUBSTATION GROUNDING HAS
BEEN INCLUDED� $ETAILED INFORMATION ON
GROUND ELECTRODES AND MEASUREMENT OF
GROUNDRESISTANCEISALSOAVAILABLE�

Pre-requisites 
3OMEWORKINGKNOWLEDGEOFBASICELECTRICAL
EQUIPMENTISREQUIRED�ALTHOUGHTHISWILLBE
COVERED AT THE BEGINNING OF THE COURSE�
2EALLIFE EXPERIENCE WITH SUCH EQUIPMENT
AND HANDSON TESTING WILL ENABLE THE
WORKSHOPTOBEPLACEDINCONTEXT�

The Workshop

OVERVIEW

s "ASICSOFGROUNDING
s "ONDING 
s 2OLEOFGROUNDINGINLIGHTNINGPROTECTION
s 'ROUNDELECTRODESANDFACTORSAFFECTING

THEIREFFICACY
s 'ROUNDINGISSUESINOUTDOORSUBSTATIONS
s 'ROUNDINGFORSTATICCHARGES
s 3URGEPROTECTION
s )MPORTANCEOFGROUNDINGINMITIGATIONOF

NOISEINSENSITIVECIRCUITS
s )MPORTANCEOFLOCALCODES

POWER SUPPLY SYSTEM  

GROUNDING

s 4YPESOFSYSTEMGROUNDING
 5NGROUNDEDSYSTEMS 
 3OLIDLYGROUNDEDSYSTEMS 
 )MPEDANCEGROUNDINGUSINGNEUTRAL

REACTOR 
 2ESONANTGROUNDINGUSINGNEUTRAL

REACTOR
 )MPEDANCEGROUNDINGTHROUGHNEUTRAL

RESISTANCE
s #LASSIFICATIONOFSUPPLYSYSTEMSBASED

ONGROUNDING 
s 0OINTOFGROUNDING 
s /THERCHALLENGES

PROTECTIVE GROUNDING

s %LECTRICSHOCK�ITSCAUSEANDEFFECTS
s $IRECTANDINDIRECTCONTACT
s 4OUCHANDSTEPPOTENTIAL
s 2OLEOFPROTECTIVEGROUNDINGIN

MINIMISINGTHESHOCKHAZARDS
s %QUIPOTENTIALBONDING
s 0ROTECTIVEGROUNDINGCONDUCTORSAND

INSTALLATION
s 'ROUNDFAULTPROTECTION
s 3YSTEMCLASSIFICATIONBASEDONSYSTEM�

PROTECTIVEGROUNDING

GROUND ELECTRODE SYSTEMS

s 3OILRESISTANCEANDFACTORSAFFECTINGSOIL
RESISTIVITY

s -EASUREMENTOFSOILRESISTIVITY
s 2ESISTANCEOFGROUNDELECTRODEAND

DISTRIBUTIONOFRESISTANCEINSURROUNDING
SOILLAYERS

s %LECTRODECURRENTCAPACITY
s 'ROUNDELECTRODECONFIGURATIONS
s 0ARALLELELECTRODES
s 'ROUNDELECTRODERESISTANCE

MEASUREMENT
s #HEMICALELECTRODES
s #ONCRETEENCASEDELECTRODESANDSPLICING

METHODS
s #ORROSIONOFBURIEDELECTRODES
s 'ROUNDINGSYSTEMMAINTENANCE

SUBSTATION GROUNDING 

DESIGN

s 'ROUNDINGPRACTICES
s "ASICDESIGNAPPROACH
s #ALCULATINGTHEGROUNDFAULTCURRENT
s 'ROUNDPOTENTIALRISEIN(6SYSTEMS
s 'ROUNDINGDESIGNIN,6AND-6

SUBSTATIONS�INSTALLATIONS
s 'ROUNDINGGRIDDESIGNFOR(6�%(6

SUBSTATIONSASTEPBYSTEPAPPROACH
s )NTRODUCTIONTOTWOLAYERSOILMODEL



SUBSTATION GROUNDING 

DESIGN CONT.

s 4RANSFERREDPOTENTIALANDWAYSOF
AVOIDING

s 0OINTSNEEDINGSPECIALATTENTIONIN
SUBSTATIONGROUNDINGDESIGNANDFOR')3
EQUIPMENT

s $ESIGNOFSUBSTATIONSCONTAINING
CONVERTEREQUIPMENTFEEDINGTO(6$#
TRANSMISSIONSYSTEMS

s %NSURINGEFFECTIVESUBSTATIONGROUNDING
IMPORTANTASPECTS

STATIC ELECTRICITY AND 

PROTECTION 

s 7HATISSTATICELECTRICITYANDHOWISIT
GENERATED�

s %XAMPLESOFSTATICCHARGEBUILDUPAND
ITSDANGERS

s %NERGYOFSPARKDUETOSTATICELECTRICITY
s 7AYSOFCONTROLLINGSTATICBUILDUP
s 2ISKASSESSMENTANDPREVENTIVE

MEASURES

GROUNDING FOR LIGHTNING 

PROTECTION OF BUILDINGS AND 

STRUCTURES

s 4HEPHYSICSOFLIGHTNING
s ,IGHTNINGINCIDENCEINDIFFERENTLAND

MASSES
s ,IGHTNINGSTRIKEPROBABILITY
s ,IGHTNINGPROTECTION
s 0LANNINGFORPROTECTIONANDDECISION

FACTORS
s )MPROVEDAPPROACHTOLIGHTNING

PROTECTIONANDNONCONVENTIONALSYSTEMS
s %FFECTOFLIGHTNINGSTRIKESONELECTRICAL

INSTALLATIONS

SURGES AND SURGE 

PROTECTION  

s 3URGES�THEIRCAUSESANDMITIGATION
s 4HEWAYSBYWHICHSURGESCOUPLEINTO

ELECTRICALCIRCUITS
s "ONDINGOFGROUNDINGSYSTEMS
s "ASICPRINCIPLEOFSURGEPROTECTIONAND

COMMONLYUSEDSURGEPROTECTIONDEVICES
s 'RADEDSURGEPROTECTION
s 3ELECTINGAPPROPRIATESURGEPROTECTIVE

DEVICESANDTHEIRPOSITIONINGINASYSTEM
s )MPORTANCEOFCORRECTGROUNDING

PRACTICESFORSENSITIVEEQUIPMENT
s /THERWAYSANDDEVICESFORMITIGATING

SURGEPROBLEMS
s #OMPARATIVEMERITSOFDIFFERENTTYPESOF

30$SFORSENSITIVEEQUIPMENT
s (YBRIDSURGEPROTECTIVEDEVICES
s 3URGEPROTECTIONOFTELEMETRYANDDATA

COMMUNICATIONSYSTEMS

ELECTRICAL NOISE AND 

MITIGATION

s $EFINITIONOFELECTRICALNOISE
s (OWARESENSITIVECIRCUITSAFFECTED�
s .OISECATEGORIES
s .OISEFROMPOWERELECTRICALEQUIPMENT
s .OISECOUPLINGINTOSIGNALCIRCUITS
s .OISEMITIGATIONMEASURES
s 2OLEOFPROPERGROUNDINGINREDUCING

NOISE
s .OISECONTROLBYPROPERGROUNDINGOF

503DERIVEDSUPPLIES

SUMMARY, OPEN FORUM  

AND CLOSING


