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This research introduces risk assessment on the hazard that causes failure of grounding 
system. Preliminary risk assessment model (PRA) is used to identify, determine and show 
risks in grounding system to indicate the suitable control case. The 5-Step Process of Risk 
Management is also used to identify system hazards, before conducting the analysis of 
probabilities, severities and rank risk. So PHA gives preventive and protective values for 
unacceptable risks.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

i 
 

 

Disclaimer 

    I hereby declare that this thesis is my own original work and that no part of it has 

been submitted for a degree qualification at any other university or institute. 

    I further declare that I have appropriately acknowledged all sources used and have 

cited them in the references section.  

 

Name: Hoda Saber Hafez Elsakhawy     Date: 

Signature: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

ii 
 

DEDICATION 

 

To my family, for their support and devotion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

iii 
 

ACKNOWLEDGEMENT 

Firstly, all praises and thanks to Allah –the All Knowing–for all his gifts and guidance. 

I would like to express my sincere thanks to my professors for their great efforts, 

patience and help. Thanks for Prof. Dr. FouadKhalaf for that I have learnt from him 

and for his continuous support. Also I would like to express my gratitude to Prof. Dr. 

AhdabElmorshedy for her help, patience, motivation, knowledge, valuable comments 

and her precious advices. 

Finally, I would like to thank my family for their endless support and encouragement. 

May Allah reward them all for their efforts and grant them the best in life. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

iv 
 

TABLE OF CONTENTS 

Contents 
ACKNOWLEDGEMENT ........................................................................................................ iii 

DEDICATION ............................................................................................................................ ii 

TABLE OF CONTENTS .......................................................................................................... iv 

LIST OF FIGURES .................................................................................................................. vii 

LIST OF TABLES ..................................................................................................................... ix 

ABBREVIATIONS ..................................................................................................................... x 

ABSTRACT ............................................................................................................................. xiii 

CHAPTER 1: INTRODUCTION ........................................................................................... 14 

1.1 Information of Electrical Cairo Zone ........................................................................ 1 

1.2 Control Cable Sheath Grounding ....................................................................................... 2 

1.3 GIS and Convention Substation ...................................................................................... 2 

1.4 Lightning Arrester and Accessories ................................................................................ 3 

CHAPTER 2: THE COMPONENTS OF SUBSTATION UNDER STUDY ........................ 6 

2.1 Definition and Introduction of the Substation ................................................................ 7 

2-1-1The meaning of Electrical Substation ..................................................................... 7 

2-1-2 Classification of the Substations............................................................................ 7 

2.2 Information about Abo Zaabel Substation (A.ZSS) 66/11 kV: ....................................... 8 

2-2-1 Introduction .......................................................................................................... 8 

2-2-2 System Parameter: ................................................................................................ 9 

2-3 Components of Abo Zaabal Substation (A.Z.S.S): ....................................................... 10 

2-3-1 Circuit Breaker (C.B) ............................................................................................ 10 

2-3-2 Power Transformer (TR) ...................................................................................... 11 

2-3-3 Current Transformer (CT) .................................................................................... 11 

2-3-4 Voltage Transformer (VT) .................................................................................... 12 

2-3-5 Disconnecting Switchgear (DS) ............................................................................ 13 

2-3-6 Power Cables ....................................................................................................... 13 

2-3-7 Protection and Metering Equipment ................................................................... 14 

2-3-8 Surge Arrester: .................................................................................................... 15 

CHAPTER 3: GROUNDING GRID DESIGN CALCULATION OF SUBSTATION 

220kV ......................................................................................................................................... 16 

3.1 Basic Objectives: ............................................................................................................ 16 

3.2 Value of Earthing Grid Resistance: .............................................................................. 16 



 
 

v 
 

3.3 Characteristics of Soil Resistivity: ................................................................................. 16 

3.4. Soil Structure and Selection of Soil Model: .................................................................. 17 

3.4.1 Investigation of Soil Structure: ............................................................................ 17 

3.4.2 Soil Resistivity Result: .......................................................................................... 17 

3.5. Calculations: ................................................................................................................. 22 

3-5-1 Calculation of Maximum Grid Current in Amperes: - ........................................... 22 

3.5.2 Minimum size for earthing conductor: ................................................................ 23 

3.6 Base of Design: ............................................................................................................... 24 

3.7 Hazard Voltages: ........................................................................................................... 24 

3-7-1Ground Potential Rise (GPR): ............................................................................... 25 

3-7-2 Step Voltage: ....................................................................................................... 25 

3-7-3 Touch Voltage: .................................................................................................... 25 

3-7-4 Tolerable Limit of Touch and Step Voltage: ......................................................... 26 

CHAPTER 4: PHA AND ITS TYPES .................................................................................... 30 

4.1 Process Hazard Analysis (PHA) .................................................................................... 30 

4.2. List of Types of PHA. .................................................................................................... 30 

4.3 Procedure for Preliminary Hazard Analysis ................................................................ 32 

CHAPTER 5: DEFECTIVE GROUNDING IN ABO ZAABL SUBSTATION ................. 35 

5.1 Introduction ................................................................................................................... 35 

5.2 Hazard Bank .................................................................................................................. 35 

5.2.1 Sources of Mechanical Hazards ........................................................................... 35 

5.2.2 Sources of Electrical Hazard .............................................................................. 36 

5.2.3 Hazards of Human Origin (personal) .................................................................... 36 

5.2.4 Environmental Hazard ......................................................................................... 37 

5.3 Recommends .................................................................................................................. 40 

5.4. Applying Risk Concepts Introducing Risk in A.Z. Substation: ................................... 43 

CHAPTER 6: TOTAL RISK ANALYSIS OF GROUNDING SYSTEM ........................... 44 

6.1 Risk Assessment: ............................................................................................................ 44 

6.2 Basic of Risk Assessment: .............................................................................................. 44 

6.3. Quantitative Risk Analysis: .......................................................................................... 45 

6.4. Qualitative Risk Analysis: ............................................................................................ 45 

6.5. Total Risk Assessment: ................................................................................................. 46 

6.6. Risk Control in ABO ZAABAL Substation ................................................................. 47 

CHAPTER 7: RISK CONTROL OF GROUNDING SYSTEM IN A.Z. ............................ 49 



 
 

vi 
 

7-1 Definition of Risk Control: ............................................................................................ 49 

7-2 Importance of Risk Control .......................................................................................... 49 

7-2-1 Methodology ............................................................................................................... 49 

7-3 PROCEDURE FOR SYSTEMATIC RISK CONTROL .............................................. 50 

7-4 Components/ Risk Control Matrix................................................................................ 51 

CHAPTER 8: GENERAL CONCLUSIONS AND RECOMMENDATIONS .................... 58 

8-1 General Conclusions ...................................................................................................... 58 

8-2 Recommendations.......................................................................................................... 58 

8.3 Future Work .................................................................................................................. 59 

REFERENCES ......................................................................................................................... 66 

APPENDIX (A) ......................................................................................................................... 62 

APPENDEX (B) ........................................................................................................................ 71 

 

 

 

 

 

 



 
 

vii 
 

LIST OF FIGURES 
Figure (1.1) The position of lightning arrester in the circuit 

Figure (1.2) The function of lightning arrester 

Figure (1.3) Touch and Step Voltage 

Figure (2.1) Abo Zaabal Substation 

Figure (2.2) Abo Zaabal Substation 

Figure (2.3) Abo Zaabal Substation 

Figure (2.4) A.Z.SS Geological Location 

Figure (2.5) Circuit Breaker 

Figure(2.6) Power Transformer 

Figure (2.7) Current Transformer 

Figure (2.8) Voltage Transformer  

Figure (2.9) Disconnecting Switch 

Figure (2.10) Transmission Line 

Figure (2.11) Protection and Metering Equipment 

Figure (2.12) Surge Arrester 

Figure (3.1) The Effect of Temperature on resistivity of soil 

Figure (3.2) The Measurement of Soil Resistivity 

Figure ( 3.3 ) The Effect of Moisture on Soil Resistivity 

Figure (3. 4 ) The effects of temperature and moisture on resistivity 

Figure (3.5) The Steps of Design 

Figure (3.6 ) Step and Touch Voltage 

Figure(3.7) Ground Resistance Test for Ground Grid Using Fall-of-Potential 

Method 

Figure(3.8) Some Method for Test Soil Resistivity 

Figure (4.1) Procedure for Preliminary Hazard Analysis 

Figure (5.1) Risk Management 

Figure (5.2) Effect of Grounding System 

Figure (5.3) Hazards Inheritance of Component 

Figure (5.4) Hazards/Risks Due to Operations on Component 

Figure (5.5) System The 5-Step Process 



 
 

viii 
 

Figure (5.6) Total Hazard/Risk Assessment Process 

Figure (6.1) Risk Assessment Process 

Figure (6.2) Total Risk Control (FMECA) 

Figure (7.1) Risk Control Flowchart With FMECA 

Figure (7.2) Earthing System Life Cycle Management 

Figure (7.3) Risk Distribution Before Control 

Figure (7.4) Risk Distribution After Control 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

ix 
 

LIST OF TABLES 
 

Table (3.1) Soil Types and Type of Earth Average Resistivity in Ohm-meters 

Table (3.2) Material Constant 

Table (5.1) Type and Component of Hazard in Substation 

Table (6.1) Probability Assessment Ratings for the Hazards  

Table (6.2) Severity Assessment Ratings for the Hazards 

Table (6.3) Severity Assessment Ratings on system for the Hazards 

Table (6.4) Risk Categories 

Table (6.5) Risk Ranking Categories& Categorization 

Table (6.6) Risk Ranking &Categories Legend 

Table (7.1) Risk Assessment Matrix 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

x 
 

ABBREVIATIONS 
 

0 = Thermal Coefficient of Resistivity at 0 C 

r = Thermal Coefficient for Resistivity at Reference Temperature 

r = The Resistivity of Ground Conductor at Reference Temperature 

A =    Conductor Cross Section in mm2 

A.Z.SS = Abo Zaable Substation 

AIChE = American Institute of Chemical Engineers 

BS = British Standard 

C.T = Current Transformer 

CB = Circuit Breaker                   

CCPS = Center for Chemical Process Safety  

Cs = Reduction Factor Considering Reflection and Thickness of 

Surface Layer (gravel layer) 

Df = The Decrement Factor for the Entire Duration of fault tfgiven in 

sec 

EETC = Egyptian  Electricity Transmission Company 

EHV SS = Extra-High Voltage Substation; Voltages Between 132 kV and 

400 kV 

EPA’s = Environmental Protection Agency 

EPG = Electric Power Grid 

EPR =  Earth Potential Rise 

EUS = Egyptian Utility Standard 

FMEA = Failure Mode and Effects Analysis 

GIS = GAS Insulation System 

GPR = Ground Potential Rise 

HAZID =  Hazard Identification Analysis             

HAZOP = Hazard and Operability Study  

HSW = Health and Safety at Work  

HV SS = High Voltage Substation ; Voltages Between 33 kV and 66 kV 

IEC = International Electro-Technical Commission 

IEEE =  Institute of Electrical and Electronics Engineers 

If = The RMS Value of Symmetrical Ground Fault Current in 



 
 

xi 
 

Amperes 

IG = Maximum Grid Current in Amperes 

Ig = The RMS Symmetrical Grid Current in Amperes 

NG = National Grid           

O.H.T.L = Overhead Transmission Lines  

OHSAS 18001 = According to Occupational Health and Safety Assessment Series 

OSHA = The Occupational Safety and Health Administration  

PDF = Probability Density Function  

PHA = The Process Hazard Analysis 

PHA =  Preliminarily Hazard Analysis  

PP = Power Plant  

PPHA = The Preliminary Process Hazard Analysis 

PRA = Probabilistic Risk Analysis  

PSA =  Probabilistic Safety Analysis 

PSM = Process Safety Management 

PSM = Process Safety Management  

QRA =  Quantitative Risk Analysis 

RMP = Risk Management Program 

RMP = Risk Management Program  

RR =  Risk Ranking 

Sf = The Fault Current Division Factor 

Std. = Standard 

Ta = Ambient Temperature in C 

tc = Time of Current Flow in s 

TCAP = Thermal Capacity Factor from Table 1, in J/cm3/C 

Tm = Maximum Allowable Temperature in C 

TR =  Power Transformer 

Tr = Reference Temperature for Material Constants in C 

ts = Fault Clearing Time (1 s) 

U.G.P.C = Underground Power Cables  

UHV SS = Ultra-High Voltage Substation ; Operating on Voltage Above 400 

kV 


