
s฀ 4HE฀BASIC฀PRINCIPLES฀OF฀GROUNDING฀OF฀ELECTRICAL฀SYSTEMS
s฀ 4HE฀FUNCTION฀OF฀POWER฀SYSTEM฀GROUNDING฀AND฀THE฀VARIOUS฀

OPTIONS฀AVAILABLE
s฀ 2OLE฀OF฀PROTECTIVE฀GROUNDING฀IN฀ENSURING฀SAFETY�฀SIZING฀OF฀

GROUNDING฀CONDUCTORS
s฀ )MPORTANCE฀OF฀EQUIPOTENTIAL฀BONDING฀IN฀ENSURING฀SAFETY
s฀ $ESIGN฀OF฀GROUND฀ELECTRODES�฀MEASUREMENT฀OF฀SOIL฀RESISTIVITY฀

AND฀GROUND฀ELECTRODE฀RESISTANCE
s฀ &UNDAMENTAL฀PRINCIPLES฀IN฀THE฀DESIGN฀OF฀GROUNDING฀SYSTEMS฀IN฀

SUBSTATIONS
s฀ 3OLVING฀STATIC฀ELECTRICITY
RELATED฀HAZARDS฀BY฀GROUNDING฀AND฀

BONDING
s฀ 2OLE฀OF฀GROUNDING฀IN฀PROTECTING฀SUBSTATION฀STRUCTURES฀FROM฀

LIGHTNING฀HAZARD
s฀ 2OLE฀OF฀GROUNDING฀IN฀SURGE฀PROTECTION฀OF฀POWER฀DISTRIBUTION฀

EQUIPMENT฀AND฀SENSITIVE฀SYSTEMS
s฀ .OISE฀IN฀ELECTRICAL฀SYSTEMS฀AND฀THE฀ROLE฀OF฀GROUNDING฀IN฀NOISE฀

MITIGATION

s฀ )NSTRUMENTATION฀AND฀CONTROL฀ENGINEERS
s฀ #ONSULTING฀ENGINEERS
s฀ %LECTRICAL฀ENGINEERS
s฀ 0ROJECT฀ENGINEERS
s฀ -AINTENANCE฀ENGINEERS
฀s฀ 0OWER฀SYSTEM฀PROTECTION฀AND฀CONTROL฀ENGINEERS
s฀ "UILDING฀SERVICE฀DESIGNERS
s฀ $ATA฀SYSTEMS฀PLANNERS฀AND฀MANAGERS
s฀ %LECTRICAL฀AND฀INSTRUMENTATION฀TECHNICIANS

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฀
SURGE฀PROTECTION฀OF฀ELECTRICAL฀AND฀ELECTRONIC฀
SYSTEMS�฀!NY฀ ENGINEER฀ DEALING฀ WITH฀ POWER฀
SUPPLY฀ NETWORKS฀ NEEDS฀ TO฀ UNDERSTAND฀ THE฀
BASIC฀PRINCIPLES฀OF฀GROUNDING฀SYSTEM฀DESIGN฀
AND฀ITS฀ROLE฀IN฀ENSURING฀SAFETY฀OF฀EQUIPMENT฀
AND฀ PERSONNEL�฀!฀ CORRECT฀ UNDERSTANDING฀ OF฀
THE฀BASIC฀PRINCIPLES฀ INVOLVED฀WILL฀ HELP฀HIM�
HER฀ TO฀AVOID฀MISTAKES฀ IN฀GROUNDING฀SYSTEM฀
DESIGN�฀MISTAKES฀THAT฀COULD฀LEAD฀TO฀EXPENSIVE฀
FAILURES฀AND฀LONG฀DOWNTIME�

)N฀THIS฀WORKSHOP�฀WE฀WILL฀TRY฀TO฀DEMYSTIFY฀THE฀
CONCEPTS฀OF฀GROUNDING฀AS฀APPLICABLE฀TO฀UTILITY฀
NETWORKS฀ AND฀ INDUSTRIAL฀ PLANT฀ DISTRIBUTION฀
SYSTEMS฀AS฀WELL฀ AS฀ THEIR฀ASSOCIATED฀CONTROL฀
EQUIPMENT�฀)N฀FACT�฀A฀LOT฀OF฀MYTHS฀HAVE฀BEEN฀
BUILT฀AROUND฀THIS฀SUBJECT�฀ALTHOUGH฀IT฀IS฀QUITE฀
A฀ SIMPLE฀ ONE฀ WHEN฀ APPROACHED฀ FROM฀ BASIC฀
PRINCIPLES�฀/UR฀ENDEAVOUR฀WILL฀ THEREFORE฀BE฀
TO฀ EXPLAIN฀ THE฀ FUNDAMENTALS฀ OF฀ GROUNDING�฀
WHICH฀ WE฀ HOPE฀ WILL฀ ENABLE฀ THE฀ READERS฀ TO฀
GAIN฀A฀CORRECT฀PERSPECTIVE฀OF฀THE฀SUBJECT฀AND฀
GIVE฀ THEM฀ THE฀ KNOWLEDGE฀ NEEDED฀ TO฀ SOLVE฀
REAL฀LIFE฀GROUNDING฀PROBLEMS�

%SSENTIALLY฀ THIS฀ WORKSHOP฀ IS฀ BROKEN฀ DOWN฀
INTO฀SYSTEM฀GROUNDING�฀PROTECTIVE฀GROUNDING฀
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฀
GROUND฀RESISTANCE฀IS฀ALSO฀AVAILABLE�

Pre-requisites 
3OME฀WORKING฀KNOWLEDGE฀OF฀BASIC฀ELECTRICAL฀
EQUIPMENT฀IS฀REQUIRED�฀ALTHOUGH฀THIS฀WILL฀BE฀
COVERED฀ AT฀ THE฀ BEGINNING฀ OF฀ THE฀ COURSE�฀฀฀
2EAL
LIFE฀ EXPERIENCE฀ WITH฀ SUCH฀ EQUIPMENT฀
AND฀ HANDS
ON฀ TESTING฀ WILL฀ ENABLE฀ THE฀
WORKSHOP฀TO฀BE฀PLACED฀IN฀CONTEXT�

The Workshop

OVERVIEW

s฀ "ASICS฀OF฀GROUNDING฀
s฀ "ONDING฀ ฀
s฀ 2OLE฀OF฀GROUNDING฀IN฀LIGHTNING฀PROTECTION
s฀ 'ROUND฀ELECTRODES฀AND฀FACTORS฀AFFECTING฀

THEIR฀EFFICACY฀
s฀ 'ROUNDING฀ISSUES฀IN฀OUTDOOR฀SUBSTATIONS
s฀ 'ROUNDING฀FOR฀STATIC฀CHARGES฀
s฀ 3URGE฀PROTECTION฀฀
s฀ )MPORTANCE฀OF฀GROUNDING฀IN฀MITIGATION฀OF฀

NOISE฀IN฀SENSITIVE฀CIRCUITS
s฀ )MPORTANCE฀OF฀LOCAL฀CODES฀฀

POWER SUPPLY SYSTEM  

GROUNDING

s฀ 4YPES฀OF฀SYSTEM฀GROUNDING

฀ 5NGROUNDED฀SYSTEMS฀ ฀

฀ 3OLIDLY฀GROUNDED฀SYSTEMS฀ ฀

฀ )MPEDANCE฀GROUNDING฀USING฀NEUTRAL฀

REACTOR฀ ฀

฀ 2ESONANT฀GROUNDING฀USING฀NEUTRAL฀

REACTOR฀

฀ )MPEDANCE฀GROUNDING฀THROUGH฀NEUTRAL฀

RESISTANCE
s฀ #LASSIFICATION฀OF฀SUPPLY฀SYSTEMS฀BASED฀

ON฀GROUNDING฀฀฀ ฀
s฀ 0OINT฀OF฀GROUNDING฀ ฀
s฀ /THER฀CHALLENGES

PROTECTIVE GROUNDING

s฀ %LECTRIC฀SHOCK�฀ITS฀CAUSE฀AND฀EFFECTS฀฀
s฀ $IRECT฀AND฀INDIRECT฀CONTACT
s฀ 4OUCH฀AND฀STEP฀POTENTIAL
s฀ 2OLE฀OF฀PROTECTIVE฀GROUNDING฀IN฀

MINIMISING฀THE฀SHOCK฀HAZARDS
s฀ %QUIPOTENTIAL฀BONDING
s฀ 0ROTECTIVE฀GROUNDING฀CONDUCTORS฀AND฀

INSTALLATION
s฀ 'ROUND฀FAULT฀PROTECTION
s฀ 3YSTEM฀CLASSIFICATION฀BASED฀ON฀SYSTEM�

PROTECTIVE฀GROUNDING

GROUND ELECTRODE SYSTEMS

s฀ 3OIL฀RESISTANCE฀AND฀FACTORS฀AFFECTING฀SOIL฀
RESISTIVITY

s฀ -EASUREMENT฀OF฀SOIL฀RESISTIVITY
s฀ 2ESISTANCE฀OF฀GROUND฀ELECTRODE฀AND฀

DISTRIBUTION฀OF฀RESISTANCE฀IN฀SURROUNDING฀
SOIL฀LAYERS

s฀ %LECTRODE฀CURRENT฀CAPACITY
s฀ 'ROUND฀ELECTRODE฀CONFIGURATIONS
s฀ 0ARALLEL฀ELECTRODES
s฀ 'ROUND฀ELECTRODE฀RESISTANCE฀

MEASUREMENT฀
s฀ #HEMICAL฀ELECTRODES
s฀ #ONCRETE฀ENCASED฀ELECTRODES฀AND฀SPLICING฀

METHODS
s฀ #ORROSION฀OF฀BURIED฀ELECTRODES
s฀ 'ROUNDING฀SYSTEM฀MAINTENANCE฀

SUBSTATION GROUNDING 

DESIGN

s฀ 'ROUNDING฀PRACTICES฀฀
s฀ "ASIC฀DESIGN฀APPROACH
s฀ #ALCULATING฀THE฀GROUND฀FAULT฀CURRENT
s฀ 'ROUND฀POTENTIAL฀RISE฀IN฀(6฀SYSTEMS
s฀ 'ROUNDING฀DESIGN฀IN฀,6฀AND฀-6฀

SUBSTATIONS�INSTALLATIONS
s฀ 'ROUNDING฀GRID฀DESIGN฀FOR฀(6�%(6฀

SUBSTATIONS฀
฀A฀STEP
BY
STEP฀APPROACH
s฀ )NTRODUCTION฀TO฀TWO
LAYER฀SOIL฀MODEL

฀

SUBSTATION GROUNDING 

DESIGN CONT.

s฀ 4RANSFERRED฀POTENTIAL฀AND฀WAYS฀OF฀
AVOIDING

s฀ 0OINTS฀NEEDING฀SPECIAL฀ATTENTION฀IN฀
SUBSTATION฀GROUNDING฀DESIGN฀AND฀FOR฀')3฀
EQUIPMENT

s฀ $ESIGN฀OF฀SUBSTATIONS฀CONTAINING฀
CONVERTER฀EQUIPMENT฀FEEDING฀TO฀(6$#฀
TRANSMISSION฀SYSTEMS

s฀ %NSURING฀EFFECTIVE฀SUBSTATION฀GROUNDING฀
฀
IMPORTANT฀ASPECTS

STATIC ELECTRICITY AND 

PROTECTION 

s฀ 7HAT฀IS฀STATIC฀ELECTRICITY฀AND฀HOW฀IS฀IT฀
GENERATED�

s฀ %XAMPLES฀OF฀STATIC฀CHARGE฀BUILD฀UP฀AND฀
ITS฀DANGERS

s฀ %NERGY฀OF฀SPARK฀DUE฀TO฀STATIC฀ELECTRICITY
s฀ 7AYS฀OF฀CONTROLLING฀STATIC฀BUILD฀UP
s฀ 2ISK฀ASSESSMENT฀AND฀PREVENTIVE฀

MEASURES

GROUNDING FOR LIGHTNING 

PROTECTION OF BUILDINGS AND 

STRUCTURES

s฀ 4HE฀PHYSICS฀OF฀LIGHTNING
s฀ ,IGHTNING฀INCIDENCE฀IN฀DIFFERENT฀LAND฀

MASSES
s฀ ,IGHTNING฀STRIKE฀PROBABILITY
s฀ ,IGHTNING฀PROTECTION
s฀ 0LANNING฀FOR฀PROTECTION฀AND฀DECISION฀

FACTORS
s฀ )MPROVED฀APPROACH฀TO฀LIGHTNING฀

PROTECTION฀AND฀NON
CONVENTIONAL฀SYSTEMS
s฀ %FFECT฀OF฀LIGHTNING฀STRIKES฀ON฀ELECTRICAL฀

INSTALLATIONS

SURGES AND SURGE 

PROTECTION  

s฀ 3URGES�฀THEIR฀CAUSES฀AND฀MITIGATION
s฀ 4HE฀WAYS฀BY฀WHICH฀SURGES฀COUPLE฀INTO฀

ELECTRICAL฀CIRCUITS
s฀ "ONDING฀OF฀GROUNDING฀SYSTEMS
s฀ "ASIC฀PRINCIPLE฀OF฀SURGE฀PROTECTION฀AND฀

COMMONLY฀USED฀SURGE฀PROTECTION฀DEVICES
s฀ 'RADED฀SURGE฀PROTECTION
s฀ 3ELECTING฀APPROPRIATE฀SURGE฀PROTECTIVE฀

DEVICES฀AND฀THEIR฀POSITIONING฀IN฀A฀SYSTEM
s฀ )MPORTANCE฀OF฀CORRECT฀GROUNDING฀

PRACTICES฀FOR฀SENSITIVE฀EQUIPMENT
s฀ /THER฀WAYS฀AND฀DEVICES฀FOR฀MITIGATING฀

SURGE฀PROBLEMS
s฀ #OMPARATIVE฀MERITS฀OF฀DIFFERENT฀TYPES฀OF฀

30$S฀FOR฀SENSITIVE฀EQUIPMENT
s฀ (YBRID฀SURGE฀PROTECTIVE฀DEVICES
s฀ 3URGE฀PROTECTION฀OF฀TELEMETRY฀AND฀DATA฀

COMMUNICATION฀SYSTEMS฀

ELECTRICAL NOISE AND 

MITIGATION

s฀ $EFINITION฀OF฀ELECTRICAL฀NOISE
s฀ (OW฀ARE฀SENSITIVE฀CIRCUITS฀AFFECTED�
s฀ .OISE฀CATEGORIES
s฀ .OISE฀FROM฀POWER฀ELECTRICAL฀EQUIPMENT
s฀ .OISE฀COUPLING฀INTO฀SIGNAL฀CIRCUITS
s฀ .OISE฀MITIGATION฀MEASURES
s฀ 2OLE฀OF฀PROPER฀GROUNDING฀IN฀REDUCING฀

NOISE
s฀ .OISE฀CONTROL฀BY฀PROPER฀GROUNDING฀OF฀

503฀DERIVED฀SUPPLIES

SUMMARY, OPEN FORUM  

AND CLOSING฀


