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SPECIAL NOTE 

 

Due to the continuous evolution of the SESTLC Pro software, you may find that some 

of the screens obtained using the present version of the SESTLC Pro package are 

slightly different from those appearing in this manual. Furthermore, small differences 

in the reported and plotted numerical values may exist due to continuous 

enhancements of the computation algorithms. 
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INTRODUCTION 

1.1 OBJECTIVE 

This How To…Engineering Guide shows you how to use the SESTLC Pro to quickly estimate the 

nearby pipeline potentials under both steady state and fault conditions, as well as the electromagnetic 

field caused by the transmission line during steady state conditions on a nearby farm land. It also 

computes the line parameters of the transmission line. This manual provides step-by-step instructions 

on how to input the data, carry out the computation and explore the computation results. 

Substation 1 Substation 2

Fault Location

Transmission Line

Pipeline

 

Figure 1.1 Illustration of the EM Field and Interference Analysis Problem 

   

Please note that you may press the F1 key at any time to display context-sensitive on-line help 

pertinent to the topic to which you have given focus with your mouse. You may also access the 

complete help file by selecting Contents from the Help menu of the SESTLC Pro software interface. 
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1.2 COMPUTER MODELING TOOL 

The SESTLC Pro (Transmission and Distribution Line Calculator) is to provide a quick estimate of 

the expected level of the quantity being calculated. This software package features transmission & 

distribution line structure databases coupled with databases containing an extensive library of 

conductors including rails and typical pipelines. These databases together with the intuitive user 

interface should provide a very fast and efficient tool for estimating the magnitude of the desired 

quantities for simple configurations.  

The SESTLC Pro has been designed with simplicity in mind, providing much useful information 

with minimal data entry, when applied to simple system configurations. This can be very helpful for 

preliminary analyses of more complex systems. The analytical method and algorithm used in the 

SESTLC Pro is described in greater length in the help topic entitled “Analytical Methods and 

Algorithms”. 

Please note that for more complex systems or for a final design involving complex configurations 

that cannot be easily simplified, the Right-of-Way package, the TRALIN and SPLITS modules or 

the HIFREQ module should always be used. 

The main functions of the SESTLC Pro are summarized as follows: 

1. Electric and magnetic field calculations; 

2. Steady state condition inductive interference calculation; 

3. Fault condition inductive and conductive interference calculation;  

4. Model a jagged exposed line (pipeline, railroad, etc); 

5. Line parameter calculation. 

1.3 METHODOLOGY USED IN SESTLC 

In the SESTLC, the analysis is normally carried out in six major steps as follows: 

Step 1 The first step of the study is aimed at determining a line parameter matrix. The conductor-

based line parameters are computed first, accounting for the presence of a uniform soil. A 

bundle reduction procedure is applied to get the phase-based line parameters if the phase 

wire/shield wire is a bundle of single conductors. If the sequence components are requested, 

a neutral wire elimination procedure is applied. 

Step 2 The induced current in the neutral wire is computed with the assumption that the 

transmission line is infinitely long. 

Step 3 During stead state conditions, the induced potentials caused by the phase and shield wires on 

the exposed line are calculated. 

Step 4 When a single-phase-to-ground fault occurs on a transmission line (or a substation), the 

faulted structure discharges a large current into the earth and hence raises the soil potential in 

its vicinity. The fault current distribution in the neutral wire and the towers is computed. The 

soil potential rises in the vicinity of the faulted structure are computed by assuming point 

sources (or hemispherical electrodes if close enough to the pipe) in order to simplify 
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computations. If the pipeline is coated, the coating stress voltages (difference between the 

pipe GPR and the soil potential at the surface of the coating) will also be computed. 

Step 5 The electric field and the magnetic field produced by the phase and neutral wires are 

computed. The presence of transmission line towers is taken into account in the computation 

of the electric field. 

1.4 ORGANIZATION OF THE MANUAL 

In accordance with the computation methodology described above, the manual is organized as 

follows: 

Chapter 2 describes the terminologies in the SESTLC and defines the system data which is 

required for the study. 

Chapter 3 briefly introduces the components of the SESTLC program.  

Chapter 4 describes the data entry and presents the results for a steady state interference 

computation.  

Chapter 5 describes the data entry and presents the results for a fault condition computation.  

Chapter 6 describes the data entry and presents the results for the computation of the electric and 

magnetic fields.  

Chapter 7 describes the data entry and presents the computation of the line parameters of the 

transmission line.  

Chapter 8 conclusions. 

1.5 SOFTWARE NOTE 

This tutorial assumes that the reader is using the Windows version of CDEGS. 

1.6 FILE NAMING CONVENTIONS 

It is important to know which input and output files are created by the CDEGS software. All CDEGS 

input and output files have the following naming convention: 

 

XY_JobID.Fnn 

 

where XY is a two-letter abbreviation corresponding to the name of the program which created the 

file or which will read the file as input. The JobID consists of string of characters and numbers that 

is used to label all the files produced during a given CDEGS run. This helps identify the 

corresponding input, computation, results and plot files. The nn are two digits used in the extension 

to indicate the type of file.  

The abbreviations used for the various CDEGS modules are as follows: 

Application Abbreviation  Application Abbreviation 

RESAP RS  FCDIST FC 
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MALT MT  HIFREQ HI 

MALZ MZ  FFTSES FT 

TRALIN TR  SICL* SC 

SPLITS SP  CSIRPS* CS 

SESTLC TC  SESEnviroPlus TR 

SESShield LS  SESShield-3D SD 

GRSPLITS-3D SP  ROWCAD RC 

* The SICL module is used internally by the Input Toolbox data entry interface. The CSIRPS 

module is used internally by the Output Toolbox and GRServer – graphics and report 

generating interface. 

The following four types of files are often used and discussed when a user requests technical support 

for the software:  

 .F05 Command input file (for engineering applications programs). This is a text file that can 

be opened by any text editor (WordPad or Notepad) and can be modified manually by 

experienced users. 

 .F09 Computation results file (for engineering applications programs). This is a text file that 

can be opened by any text editor (WordPad or Notepad).  

 .F21 Computation database file (for engineering applications programs). This is a binary file 

that can only be loaded by the CDEGS software for reports and graphics display.  

 .F33 Computation database file (for engineering applications programs MALZ and HIFREQ 

only). This is a binary file that stores the current distribution to recover. 

For further details on CDEGS file naming conventions and JobID, please consult CDEGS Help 

under Help | Contents | File Naming Conventions.  
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1.7 WORKING DIRECTORY 

A Working Directory is a directory where all input and output files are created. In this tutorial, we 

recommend the following Working Directory: 

 

C: (or D:)\CDEGS Howto \SESTLC\ 

 

This manual was created using “D:\ CDEGS Howto\SESTLC” as the working folder, this will be 

reflected in the various screen shots shown in the manual. 

You may prefer to use a different working directory. Either way, you should take note of the full 

path of your working directory before running SESTLC, as you will need this information to follow 

this tutorial. 
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1.8 INPUT AND OUTPUT FILES USED IN TUTORIAL 

There are two ways to use this tutorial: by following the instructions to enter all input data manually 

or by loading the input files provided with the tutorial and simply following along. 

All input files used in this tutorial are supplied on your DVD. These files are stored during the 

software installation under documents\Howto\SESTLC (where documents is the SES software 

documentation directory, e.g., C:\Users\Public\Documents\SES Software\version, and version is the 

version number of your SES Software) Note that this folder is a distinct folder than the SES software 

installation directory, e.g, C:\Program Files\SES Software\version (where version is, again, the 

version number of your SES Software). 

Copying Input Files to Working Directory 

For those who prefer to load the input files into the software and simply follow the tutorial, you can 

copy all of the files from the documents\Howto\SESTLC directory to your working directory. 

After the tutorial has been completed, you may wish to explore the other How To… Engineering 

manuals which are available as PDF files on the SES Software DVD in the folder \PDF\HowTo. 

If the files required for this tutorial are missing or have been modified, you will need to manually 

copy the originals from the SES Software DVD. 

Both original input and output files can be found in the following directories on the SES Software 

DVD: 

Input Files: Examples\Official\HowTo\SESTLC\inputs 

Output Files: Examples\Official\HowTo\SESTLC\outputs 

Note that the files found in both the ‘inputs’ and the ‘outputs’ directories should be copied directly 

into the working directory, not into subdirectories of the working directory. 
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TERMINOLOGIES IN SESTLC & 

DESCRIPTION OF THE PROBLEM 

2.1 TERMINOLOGIES IN SESTLC 

Figure 2.1 shows a typical two terminal network that can be analyzed by the SESTLC. 

 

Terminal 1

(Substation 1) (Substation 2)

(Fault Location)

Terminal 2

Central Site

Transmission Line

Exposed CircuitSpan (Pipeline)

 

Figure 2.1 A Typical Two Terminal Network Analyzed in SESTLC. 

The following introduces briefly the terminologies used in the SESTLC. The On-line Help provides 

more details. 

 Central Site: This is the location upon which a given study focuses. It usually corresponds to 

a power substation or a major industrial plant where a fault occurs. However, it could also be 

a transmission tower or a building, or a house. Electric lines from both sides of the terminals 

are connected to the Central Site. 

 Terminal: This is a location corresponding to a power substation or power plant. Each 

terminal is represented by a current source which is connected to a grounding system. 

 Span and Tower: A line span is a span between two shunt impedances. Each transmission 

line span is modeled as a series impedance of a conductor grounded by a tower shunt 

impedances resistance. Note that the sections are numbered starting from 1 at the section 

adjacent to the Central Site. The last section (no number) is the section adjacent to the 

terminal section described earlier and is called the Terminal Section. 

 Exposed Circuit: A jagged Exposed Circuit (for example, pipelines and railroads) is 

assumed to consist of a number of straight conductors in a continuous path, which is an 

arbitrary 3D linear jagged path starting from the left side and extending to the right side. The 

characteristics of each segment can be defined individually. 

 Properties of Each Terminal: The number of spans, span lengths and the foot resistances of 

the towers for each terminal can be different. 
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2.2 COORDINATES SYSTEM IN SESTLC 

Figure 2.2 shows the right-hand coordinates system used in the SESTLC. The transmission line is 

defined along the X axis from Terminal 1 to Terminal 2. Terminal 1 is defined at X = 0. The Y axis 

points to the left of the cross-section when going from Terminal 1 to Terminal 2, with Y = 0 at the 

center of the transmission line (this is a choice of convenience, you can change it if you want). The Z 

axis points up, with Z = 0 at the earth surface. The coordinates of the exposed line P1, P2, P3,   etc. are 

defined with respect to this coordinate system.   

Terminal 1 Terminal 2

Y

X

Z
P1

P2

P3

P4
P5

P6

P7

P9

P10

P11

Exposed Circuit

P8

 

Figure 2.2 Coordinate System in SESTLC 

2.3 DESCRIPTION OF THE PHYSICAL SYSTEM AND 
OBJECTIVES OF THE STUDY 

2.3.1 Description of the Physical System 

Figure 2.3 shows the system under study. It consists of a 230 kV transmission system with a 10 

(0.273 m OD) pipeline running along the transmission line.  

P1

Substation 1

(Rg = 0.5 )

Substation 2

(Rg = 0.5 )

X = 24000 m

100 m

2000 m

100 m

X = 0 m

X

Y

Tower
  #10

Tower
  #20

P2

P3

P4

P5

P6

P7

P8

P9

P10

P11

230 kV Transmission Line
120 Spans, 
Span Length = 200 m

10” Pipeline

Tower
  #30

Tower
 #100

Tower
 #90

Tower
  #110Faulted Tower  #80

(X = 16000 m)

FarmProfile 1 Profile 101

Central Site
Terminal 2Terminal 1

1000 m

 

Figure 2.3 Schematic of the System under Study 

Terminals 1 and 2 correspond to Substations 1 and 2, respectively. Both substations have 0.5 ohm 

ground resistance. There are 120 spans between two substations which are 24 km apart. The span 

length is 200 meters.  
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The 10 pipeline runs along a jagged path with a total length of 23.423 km. The pipeline crosses the 

230 kV transmission line at the mid-span between Tower #80 and Tower #81. There is a farm land 

which occupies an area of 100 m by 1000 m between Tower #80 and Tower #85.  

The outer radius of the pipe is 0.1365 meters (5 Standard Size); the thickness of the pipe wall is 9.2 

millimeters.  The pipe is made of steel, which has a relative resistivity of 10 (with respect to 

annealed copper) and a permeability of 300. The pipe is buried at 1 meter below the earth surface. 

The coating resistance is assumed to be 100,000 ohm.m
2 

(a high end value), with a thickness of 

0.001 m.  Both ends of the pipe are not grounded; therefore, the termination shunt impedances are 

infinite.  

The coordinates of the pipeline are listed in Table 2-1 

Point Section 

Name 
X (m) Y (m) Z (m) 

P1 N/A 4000 1000 -1 

P2 SEC1 7000 2000 -1 

P3 SEC2 8000 1000 -1 

P4 SEC3 10000 2000 -1 

P5 SEC4 12000 2000 -1 

P6 SEC5 13000 3000 -1 

P7 SEC6 16000 1000 -1 

P8 SEC7 16000 -1000 -1 

P9 SEC8 17000 -2000 -1 

P10 SEC9 20000 -1000 -1 

P11 SEC10 20000 -4000 -1 

Table 2-1: Coordinates of 10 Pipeline 

During a normal load operation, the current in each phase is 400 A. During a fault at Tower #80, the 

fault current contribution from each substation is assumed to be 4000 A, which is ten times larger 

than the steady-state current. 

2.3.2 Objectives of the Study 

The following are the objectives of the study: 

 Estimate inducted voltages and currents along the 10 pipeline during the steady state 

conditions. 

 Estimate pipeline potentials, currents and coating stress voltages during the fault conditions. 

 Estimate electromagnetic fields in the farm land at the height of 1 meter above the earth 

surface during the steady state conditions. 

 Compute line parameters. 
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2.3.3 The Cross Section of the 230 kV Transmission Line 

The cross section of the transmission line is illustrated in Figure 2.4. The cross-section is constant 

over the portion of the transmission line under study. The sag of the line is not considered in the 

model. Each tower has two 7 No. 8 Alumoweld type neutral shield wires and the phase wires are 795 

MCM ACSR Drake. The phase wires are not transposed.  

 

Y

Z

Pipeline

C A

Looking from Terminal 1 towards Terminal 2

 

Figure 2.4 Cross Section of Transmission Line. 

2.4 THE SUBSTATION TERMINALS 

The grounding resistance at Substations 1 and 2 is 0.5 Ω. Figure 2.5 illustrates a circuit diagram of 

the power system under study during a phase-to-ground fault condition on Phase A. 

30 

0.5  0.5 

 

30 

30 

Phase A Phase A80 Sections (Spans) 40 Sections (Spans)

Terminal 1
(Substation 1)

Terminal 2
(Substation 2)

Central Site
(Tower #80)

4000 A4000 A

 

Figure 2.5 Power System Network Analyzed in Example 
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In this study, we assume that the highest fault current discharged by Tower #80 occurs for a 230 kV 

single-phase-to-ground fault at Tower #80 on Phase A. 
1

. We also assume that short-circuit 

calculations carried out by the power utility provide the following fault current contributions from 

Phase A of each terminal substation: 

Terminal 1: 4000 A 

Terminal 2: 4000 A 

2.5 THE SOIL CHARACTERISTICS 

The average soil resistivity along the transmission line is 100 m.  

                                                 
1
 Note that typically, it is conservative to model a fault occurring on the phase furthest from the static wires, since this 

results in the lowest current pulled away from the substation grounding grid by means of magnetic field induction 

between the faulted phase and the static wires. 
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PROGRAM HIGHLIGHTS & USING SESTLC 

In this chapter, we will briefly describe the highlights and major functions of the program. A more 

detailed description of the program’s capabilities will be given in the chapters that follow. The on-

line Help provide further detailed descriptions about each module. 

3.1 PROGRAM HIGHLIGHTS 

With the SESTLC, the data entry requirements are reduced to a minimum. The following are the key 

input data screens: 

 Cross Section: This screen defines the coordinates of the phase and shield wires forming the 

cross-section of the transmission line. It also defines the radius and 

characteristics of phase and shield wires. 

 Exposed Circuit: There are two options in this screen: the Parallel Exposed Line option and 

the Jagged Exposed Line option.  The outer radius, the inner radius, the 

characteristics of the pipe material and of the coating, and the terminal 

impedances are needed for both options. As its name indicates, the Parallel 

Exposed Line option is used to model an exposed line that runs parallel to the 

transmission line. The required data includes the length of parallelism, as well 

as the length of the portions of the line that are perpendicular to the 

transmission line (at either end of the exposed line). The pipe and coating 

characteristics are uniform in this case. For the Jagged Exposed Line option, 

the exposed line can follow an arbitrary path consisting of straight sections; this 

path is specified by the coordinates of the starting points of the straight 

conductor sections, and the ending point of the last section. The pipe and 

coating characteristics can be different from section to section.  

 Energization:  For steady state induction and electric and magnetic field computations, this 

screen defines the voltages and currents on each phase.  

 Terminal:  During fault conditions, this screen defines the Fault Current from each 

terminal, the terminal Earth Impedance, the Number of Sections, Span 

Length and Tower Ground Impedances. Since the currents in non-faulted 

phases are usually much smaller than the current in the faulted phase, only the 

fault current is accounted for in the computation of fault condition interference 

effects.  

 Computation:  This screen defines locations at which the electric and magnetic fields are to be 

computed. This can be specified as individual calculation points, as a linear 
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array of such points (a profile) or as points regularly filling a region in the form 

of a parallelogram (a surface).  

 Tower: This screen defines tower structures as a wire mesh of metallic conductors in 

order to account for their effects on the electric and magnetic field calculations. 

 Soil Type:  The average uniform soil resistivity along the transmission line is defined.  

Once the data has been entered, simply click the Process button and let the program do the rest. The 

program will compute and produce plots and reports in your working folder. 

3.2 USING SESTLC 

In this chapter, we will describe in detail how to get started by creating a new project with the New 

Project wizard.  

3.2.1 Start-Up Procedure 

 

 

In the SES Software <Version> group folder, where <Version> is the version number of the 

software, you should see the icons representing Autogrid Pro, AutoGroundDesign, CDEGS, 

Right-of-Way, SESEnviroPlus, SESShield-3D and SESTLC software packages, as well as four 

folders. The Documentation folder contains help documents for various utilities and software 

packages. The Program Folders provides shortcuts to programs, installation and projects folders. 

The System folder allows you to conveniently set up security keys. Various utilities can be found in 

the Tools folder. The main function of each software package and utility is described hereafter.  

SOFTWARE PACKAGES 
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 Autogrid Pro provides a simple, integrated environment for carrying out detailed grounding 

studies. This package combines the computational powers of the engineering programs RESAP, 

MALT and FCDIST with a simple, largely automated interface.  

 AutoGroundDesign offers powerful and intelligent functions that help electrical engineers 

design safe grounding installations quickly and efficiently. The time devoted to design a safe and 

also cost-effective grounding grid is minimized by the use of automation techniques and 

appropriate databases. This module can help reduce considerably the time needed to complete a 

grounding design. 

 Right-of-Way is a powerful integrated software package for the analysis of electromagnetic 

interference between electric power lines and adjacent installations such as pipelines and 

communication lines. It is especially designed to simplify and to automate the modeling of 

complex right-of-way configurations. The Right-of-Way interface runs the TRALIN and SPLITS 

engineering modules and several other related components in the background. 

 SESEnviroPlus is a sophisticated program that evaluates the environmental impact (radio 

interference, audio-noise, corona losses, and electromagnetic fields) of AC, DC or mixed 

transmission line systems. 

 SESShield-3D is a powerful graphical program for the design and analysis of protective 

measures against lightning for substations and electrical networks. Its 3D graphical environment 

can be used to model accurately systems with complex geometries. 

 SESTLC is a simplified analysis tool useful to quickly estimate the inductive and conductive 

electromagnetic interference levels on metallic utility paths such as pipelines and railways 

located close to electric lines (and not necessary parallel to them), as well as the magnetic and 

electric fields of arbitrary configurations of parallel transmission and distribution lines. It can 

also compute line parameters. 

 CDEGS is a powerful set of integrated engineering software tools designed to accurately analyze 

problems involving grounding, electromagnetic fields, electromagnetic interference including 

AC/DC interference mitigation studies and various aspects of cathodic protection and anode bed 

analysis with a global perspective, starting literally from the ground up. It consists of eight 

engineering modules: RESAP, MALT, MALZ, SPLITS, TRALIN, HIFREQ, FCDIST and 

FFTSES. This is the primary interface used to enter data, run computations, and examine results 

for all software packages other than Right-of-Way, Autogrid Pro, AutoGroundDesign, SESTLC, 

SESShield-3D and SESEnviroPlus. This interface also provides access to the utilities listed 

below. 

TOOLS 

 AutoTransient automates the process required to carry out a transient analysis with the HIFREQ 

and FFTSES modules 

 CETU simplifies the transfer of Right-of-Way and SPLITS output data to MALZ. A typical 

application is the calculation of conductive interference levels in an AC interference study.  
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 FFT21Data extracts data directly from FFTSES’ output database files (File21) in a spreadsheet-

compatible format or in a format recognized by the SESPLOT utility. 

 GraRep is a program that displays and prints graphics or text files. For more information on 

GraRep see Chapter 6 of the Utilities Manual or invoke the Windows Help item from the menu 

bar. 

 GRServer is an advanced output processor which displays, plots, prints, and modifies 

configuration and computation results obtained during previous and current CDEGS sessions.  

 GRSplits plots the circuit models entered in SPLITS or FCDIST input files. This program 

greatly simplifies the task of manipulating, visualizing and checking the components of a 

SPLITS or FCDIST circuit. 

 GRSplits-3D is a powerful interactive 3D graphical environment that allows you to view and 

edit the circuit data contained in SPLITS input files and to simultaneously visualize the 

computation results.  

 ROWCAD is a graphical user interface for the visualization and specification of the geometrical 

data of Right-of-Way projects. Its 3D graphical environment can be used to visualize, specify 

and edit the path data of Right-of-Way, and to define the electrical properties of those paths. 

 SESAmpacity computes the ampacity, the temperature rise or the minimum size of a bare buried 

conductor during a fault. It also computes the temperature of bare overhead conductors for a 

given current or the current corresponding to a given temperature, accounting for environmental 

conditions.  

 SESBat is a utility that allows you to submit several CDEGS engineering program runs at once. 

The programs can be run with different JobIDs and from different Working Directories. 

 SESCad is a CAD program which allows you to create, modify, and view complex grounding 

networks and aboveground metallic structures, in these dimensions. It is a graphical utility for the 

development of conductor networks in MALT, MALZ and HIFREQ.  

 SESConductorDatabase gives access to the SES Conductor Database. It allows you to view the 

electrical properties of conductors in the database, and to add new conductors to the database or 

modify their properties. 

 SESEnviroPlot is a graphical display tool is an intuitive Windows application that dynamically 

displays arrays of computation data produced by the SESEnviro software module. 

 SESGSE rapidly computes the ground resistances of simple grounding systems, such as ground 

rods, horizontal wires, plates, rings, etc, in uniform soils. SESGSE also estimates the required 

size of such grounding systems to achieve a given ground resistance. 

 SESPlot provides simple plots from data read from a text file. 
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 SESScript is a simple programming language that automatically generates input files for 

parametric analyses. 

 SESShield provides optimum solutions for the protection of transmission lines and substations 

against direct lightning strikes and optimizes the location and configuration of shield wires and 

masts in order to prevent the exposure of energized conductors, busses and equipment. It can also 

perform risk assessment calculations associated with lightning strikes on various structures. 

 SESSystemViewer is a powerful 3D graphics rendition software that allows you to visualize the 

complete system including the entire network and surrounding soil structure. Furthermore, 

computation results are displayed right on the system components. 

 SoilModelManager is a software tool that automates the selection of soil model structures that 

apply during various seasons. 

 SoilTransfer utility allows you to transfer the soil model found in several SES files into several 

MALT, MALZ or HIFREQ input (F05) files. 

 TransposIT is a tool for the analysis of line transpositions on coupled electric power line 

circuits. To ensure that voltage unbalance is kept within predefined limits, it allows the user to 

determine the optimal number of power line transpositions and their required locations. 

 WMFPrint displays and prints WMF files (Windows Metafiles) generated by CDEGS or any 

other software. 

3.2.2 Start SESTLC 

In the SES Software group folder, double-click the SESTLC icon to start the SESTLC program. At 

this point, you may create a new project or open an existing one, as detailed below. 

 



Chapter 3.  Program Highlights & Using SESTLC 

Page 3-6 

3.2.3 Creating a New Project  

Click on the New Project button to activate the New Project Wizard for data 

entry. You will see a screen which allows you to select the kind of 

computations that you want to carry out. Following the wizard step by step, 

you complete the data entry easily. If you are tired of input the data, you can 

load an existing input file for a quick tutorial purpose. Section 3.2.4 shows 

how to load an existing file. If you want to use New Project Wizard to 

complete your data entry, you can skip section 3.2.4. 

You can click the Finish button in the wizard anytime to return to the main 

screen. You can then use the navigation bar, which is located at the left side of 

the main interface, to continue your data entry or modify the data already 

entered. 

3.2.4 Opening an Existing Project  

If you are in the New Project Wizard screen, click Cancel to go back to the Main screen.  Click on 

Open Project to browse for an existing project file. Navigate to your working folder (D:\CDEGS 

Howto \ SESTLC), then double-click the file “TC_Steady_Induction.F05”. This will load a project 

defining the data used for the steady state induction calculation part of this tutorial. You can also 

load other three files in the same folder for different kinds of computations.  

In summary, the input files are: 

 TC_Steady_Induction.F05:  for steady state interference computation (see Chapter 4); 

 

 TC_Fault_Induction.F05: for fault condition interference computation (see Chapter 5);  

 

 TC_EM_Fields.F05:    for electric and magnetic field computations (see Chapter 6);  

 

 TC_Line_Parameters.F05:   for line parameter computation (see Chapter 7). 
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STEADY STATE INTERFERENCE 

CALCULATION 

This chapter describes how to estimate induced voltages on the 10 pipeline caused by the 230 kV 

transmission line during the normal load operation.  

4.1 DATA ENTRY 

The following provides the steps to prepare the steady state interference file 

“TC_Steady_Induction.F05”: 

Step 1. In the SESTLC main screen, click the New Project button to activate the New Project 

Wizard. Select the Steady State Interference computation type, then click Next to go to the 

General screen. 

 

Step 2. In the General screen, we recommend the following Working Directory and Job ID 

as explained in Chapter 1:  

Working Directory: C: (or D:) \CDEGS Howto\SESTLC 

Job ID:    Steady_Induction 

The Run Identification is used to identify the plots and reports created by the program. 

Normally, it should be the same as the Job ID. The Case Description is an optional 

description of the model. The System Frequency textbox allows you to specify the operating 

frequency of the power system under study. The System of Unit allows you to select the 

system of units used to enter data. 
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Step 3. Click the Next button to go to the Exposed Circuit screen. There are two input options 

in this screen, namely: Jagged Exposed Line Path option (default) and Parallel Exposed 

Line Path option.  

a. Select the Jagged Exposed Line Path option.  

b. The coordinates of the pipeline are provided in Table 2-1. Copy and paste the X, Y, Z 

coordinates in the table into the SESTLC screen, followed by the Section Name. 

c. Change the default coating resistance is from 10,000 ohm-m
2
 to 100,000 ohm-m

2
. 

Under the Coating Resistance column, select all cells and enter 100,000. This 

defines the coating resistances of all sections of the pipeline. Note that this value can 

be different if the sizes of a pipe are different.  

d. The Ground Resistance column allows you to enter a lumped ground resistance (in 

ohms) at each row (i.e. corresponding to Point Pi). The lumped ground resistances 

can represent the ground resistance at a valve station or anode bed, etc. In this case, 

these values are all left as blank, i.e., a default very large value. 

e. The Span Length (default value 300 m) and Subdivision per Span Length (default 

value 3) are used to control subdivision along the pipeline in order to accurately 

compute leakage currents and pipeline potentials. In this case, we will take the default 

values.  

f. The 10 pipeline can be conveniently defined by using the conductor database. Under 

the Conductor Name, select all cells and click on the cell. You will see the following 

Conductor Database screen. From the drop-down menu, select Pipes-Steel and 

select 10 STD (standard size). This will automatically define the Outer Radius, 

Inner Radius, Relative Resistivity and Relative Permeability.  

g. The Left Ground Impedance and the Right Ground Impedance are grounding 

impedances at the left end (start point) and the right end of the pipeline respectively. 

In this example, both ends of the pipe are floating; the default large number 99999 is 

used for both ends. 
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Step 4. Click the Next button to specify the cross section of the transmission line shown in 

Figure 2.4. Click on the Phase Wires tab to specify the cross section of the phase wires. 

Under the Conductor Name column, select all cells and click on the cell. You will see the 
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following Conductor Database screen. From the drop-down menu, select ACSR and select 

Drake. 

 

 

 

Step 5. Click the Neutral/Shield Wires tab to specify the cross section of the neutral wires. 

4000 
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Step 6. Click the Next button to specify the energization of the phase wires. First define the 

phase currents (magnitude and angles). The check box for “Account for Capacitive Effects” 

is not selected by default since the capacitive couplings can be ignored for the buried 

pipeline. Note that for above ground conductors, this option should be used. 

 

Step 7. Click the Next button to specify the average soil resistivity 100 ohm-m along the 

transmission line. 
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Step 8. Click Next again to go to the Advanced screen. Select the Show Plots button to 

instruct the program to display the computation plots on screen.  

 

Step 9. Click Finish. The New Project Wizard is now completed. All data have been entered 

and you are transferred to the main screen of SESTLC. From the main screen, you can 

always modify your data by navigating to the desired screen under the Select Page screen.  
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4.2 RUNNING THE PROGRAM AND VIEWING COMPUTATION 
RESULTS 

If you are a demo user, you cannot save your data and process your run. However, you can directly 

view the existing saved results by clicking View Report or View Plot button on the toolbar of the 

main interface.  

Click on the Process button . The program starts and, at completion, displays plots of the 

computation results, along with the data for each plot. The plotted quantities are shown in the 

following three plots: 

Induced Potential of the Pipeline 

Coating Stress Voltage of the Pipeline  

Longitudinal Current of the Pipeline 

In this case, the first and second plots are identical since this is for steady state condition. Therefore 

we show only the first one. 
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At the same time, the following message asks you whether or not you want to continue creating the 

plots.  Click Yes in the message window to start the next plot. 
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Note that you can read the data points by just placing the mouse on the plot area. You can also rotate 

the view of the plot by dragging the mouse while keeping the left button clicked.  The computation 

results are also stored in a text file in your project folder (D:\CDEGS Howto \SESTLC). The file 

name is “TC_Steady_Induction.F09”.  You can access this file by clicking the View Report button 

 in the toolbar at the top of the SESTLC main interface. The following figure shows a portion of 

the file.  
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FAULT CONDITION AC INTERFERENCE 

CALCULATION 

This chapter describes how to estimate the potentials (both inductive and conductive) and the coating 

stress voltage on the 10” pipeline during the 230 kV transmission line fault at Tower #80. The 

currents on the neutral wires are also calculated. 

5.1 DATA ENTRY 

The following provides the steps to prepare the fault condition interference file 

“TC_Fault_Induction.F05”: 

Step 1. In the SESTLC main screen, click the New Project button to activate the New Project 

Wizard. Select the Fault Condition Interference computation type, then click Next to go to 

the General screen. 

 

Step 2. In the General screen, we recommend the following Working Directory and Job ID 

as explained in Chapter 1:  

Working Directory: C: (or D:) \CDEGS Howto\SESTLC 

Job ID:    Fault_Induction 

The Run Identification is used to identify the plots and reports created by the program. 

Normally, it should be the same as the Job ID. The Case Description is an optional 

description of the model. The System Frequency textbox allows you to specify the operating 
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frequency of the power system under study. The System of Unit allows you to select the 

system of units used to enter data. 

 

Step 3. Click the Next button to go to the Exposed Circuit screen. Repeat Step 3 in Chapter 4. 

The following is the input screen. The coordinates that appear in the data grid are taken from 

Table 2-1 in Chapter 2. 
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Step 4. Click the Next button to specify the cross section of the transmission line shown in 

Figure 2.4. Again, repeat Step 4 in Chapter 4. Click on the Phase Wires tab to specify the 

cross section of the phase wires.  

 

Click on the Neutral/Shield Wires tab to specify the cross section of the neutral wires. Repeat Step 

5 in Chapter 4. 

 

Step 5. Click the Next button to specify the terminals of the transmission line in Figure 2.5. 

We will first define Terminal 1 according to Figure 2.5 and enter the data in the following 

screen. The Neutral Connection Impedance is the impedance between neutral and the 

substation ground system (default value 0). 
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Step 6. Click the Next button to specify the parameters of Terminal 2. Enter the data in the 

following screen. As compared with Terminal 1, we only need to change the Number of 

Sections from 80 to 40. 

 

Step 7. Click the Next button to specify the average soil resistivity 100 ohm-m along the 

transmission line. 
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Step 8. Click the Next button to go to the Central Site screen. In this screen, you can specify 

the phase number at which fault happens in Faulted Phase field. Specify a string (<20 

characters) in Central Site Name field. The Grid Impedance is the ground impedance at the 

point of the fault. In this tutorial, the fault occurs at Tower #80 which has 30 Ω ground 

resistance.  

 

Step 9. Click Next again to go to the Advanced screen. Select the Show Plots button to 

instruct the program to display the computation plots on screen.  
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Step 10. Click Finish. The New Project Wizard is now completed. All data have been entered 

and you are transferred to the main screen of SESTLC. From the main screen, you can 

always modify your data by navigating to the desired screen under the Select Page screen.  
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5.2 RUNNING THE PROGRAM AND VIEWING COMPUTATION 
RESULTS 

If you are a demo user, you cannot save your data and process your run. However, you can directly 

view the existing saved results by clicking View Report or View Plot button on the toolbar of the 

main interface.  

Click on the Process button . The program starts and, at completion, displays plots of the 

computation results, along with the data for each plot. 

The quantities plotted are: 

Magnitude of Shunt Potential. (Tower Potential) 

Magnitude of Shunt Current. (Tower Current) 

Induced Pipe Potential (Induction Component). 

Induced Pipe Potential (Conductive Component). 

Stress Voltage of Pipeline. 

Longitudinal Current of Pipeline. 

Click Yes in the message window to start the next plot. 
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The computation results are also stored in a text file in your project folder (D:\CDEGS 

Howto\SESTLC). The file name is “TC_Fault_Induction.F09”.  You can access this file by clicking 

the View Report button  in the toolbar at the top of the main screen. The following figure shows 

a portion of the file.  
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ELECTRIC AND MAGNETIC FIELD 

CALCULATION 

This chapter describes how to estimate the electric and magnetic fields generated by the 230 kV 

transmission line during the normal load operation. The area of the study is the farm shown in Figure 

2.3. The computation accounts for the induced current in the neutral wires and the induced charges 

in the nearby tower structures. 

6.1 DATA ENTRY 

The following provides the steps to prepare the electric and magnetic fields computation file 

“TC_EM_Fields.F05”: 

Step 1. In the SESTLC main screen, click the New Project button to activate the New Project 

Wizard. Select the Electric and Magnetic Fields computation type, then click Next to go to 

the General screen. 

 

Step 2. In the General screen, we recommend the following Working Directory and Job ID 

as explained in Chapter 1:  

Working Directory: C: (or D:) \CDEGS Howto\SESTLC 

Job ID:    EM_Fields 
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The Run Identification is used to identify the plots and reports created by the program. 

Normally, it should be the same as the Job ID. The Case Description is an optional 

description of the model. The System Frequency textbox allows you to specify the operating 

frequency of the power system under study. The System of Unit allows you to select the 

system of units used to enter data. 

 

Step 3. Click the Next button to specify the cross section of the transmission line shown in 

Figure 2.4. Again, repeat Step 4 in Chapter 4. Click on the Phase Wires tab to specify the 

cross section of the phase wires.  

 

Click on the Neutral/Shield Wires tab to specify the cross section of the neutral wires. Repeat Step 

5 in Chapter 4. 
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Step 4. Click the Next button to go to the Energization screen. In this screen, the normal load 

voltages and currents are specified. Under the Neutral Current Options, select the Account 

for currents induced on neutral wire (assuming no transposition). This tells the program 

to compute the induced current in the neutral wires, and also to include the contribution of 

the neutral current when computing the magnetic field. Note that the voltages entered in this 

screen are the phase-to-ground voltages, i.e.,       √             

 

Step 5. Click the Next button to go to the Tower Conductors screen. This screen allows you 

to specify the conductors making up the transmission line towers. The presence of these 

conductors affects the distribution of the electric field in the space.  Since the effect of the 

tower conductors is negligible when the observation points are far away from the tower, 

usually only the towers located closest to the calculation points need to be modeled.   
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A total of six towers are modeled (Tower#80 to Tower#85). The following screen provides the input 

data. To approximately estimate the effects of the tower, each tower is modeled as two 30 meter 

slanted poles with a radius of 20 cm.  

 

Step 6. Click the Next button to specify the average soil resistivity 100 ohm-m along the 

transmission line. 

 

Step 7. Click the Next button to go to the Computations screen and start specifying the 

location of the points at which the electromagnetic fields are to be computed. As shown in 

Figure 2.3, we want to calculate the electromagnetic fields in the 100 m by 1000 m farm area 

between Tower #80 and Tower #85.  
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In the following screen under the Profiles tab, we will first define a computation profile 

which consists of 101 points. The profile starts at (16000, -50, 1), along the Y-axis with an 

increment of dY = 1 m. The profile is located at 1 meter above the earth surface. 

 

We will then define a computation surface by duplicating the computation profile 101 times 

along the X-axis, with an increment of X Shift = 10 m. In the Computations screen, click on 

the Surface button to invoke the Surface screen. Enter the data according to the following 

screen. Click OK to go back to the Computations window. 

 

Step 8. Click the Next button to go to the Advanced screen. Check the Show Plots option to 

plot the results on screen. Three common units of magnetic field are available in this screen.  

microTesla is selected for this case. 
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Step 9. Click the Finish button. The New Project Wizard is now completed. All data have 

been entered and you are transferred to the main screen of SESTLC. From the main screen, 

you can always modify your data by navigating to the desired screen under the Select Page 

screen. 
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6.2 RUNNING THE PROGRAM AND VIEWING COMPUTATION 
RESULTS  

If you are a demo user, you cannot save your data and process your run. However, you can directly 

view the existing saved results by clicking View Report or View Plot button on the toolbar of the 

main interface.  

Click on the Process button : the computation results of electric field and magnetic field on the 

observation surface you specified will be plotted in 3-D plots, along with the data for each plot.  

The first plot is Magnitude of Y Component of Magnetic Field (A/m):  

 

At the same time, the following message asks you whether or not you want to continue creating the 

plots. 
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Click the Yes button: the program is going to the remaining nine plots one by one: 

2. Magnitude of Z Component of Magnetic Field 

3. Resultant of Magnetic Field 

4. Semi-Major Axis of Magnetic Field 

5. Scalar Potential Magnitude 

6. Magnitude of Y Component of Electric Field 

7. Magnitude of Z Component of Electric Field 

8. Magnitude of X Component of Electric Field 

9. Resultant of Electric Field 

10. Semi-Major Axis of Electric Field 

 

We will only present some of plots. For example, the effects of tower exhibit as peaks on the 

following Plot #5: Scalar Potentials Magnitude plot. Plot #8 shows the Magnitude of X 

Component of Electric Field. 
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The computation results are also stored in a text file in your project folder (D:\CDEGS 

Howto\SESTLC). The file name is “TC_EM_Fields.F09”.  You can access this file by clicking the 

View Report button  in the toolbar at the top of the main screen. The following figure shows a 

portion of the file.  
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LINE PARAMETER CALCULATION 

This chapter shows how to use SESTLC to compute the line parameter calculation.  The computed 

line parameters include the conductor based line parameters, the phase based line parameters and the 

symmetric components of the system. Note that the line parameters are part of the computation when 

the SESTLC is used to study the electric and magnetic fields and to carry out the steady state or fault 

conditions studies. The line parameters are saved in the SESTLC output files (.F09 files). 

7.1 DATA ENTRY 

The following provides the steps to prepare the fault condition interference file: 

Step 1. In the SESTLC main screen, click the New Project button to activate the New Project 

Wizard. Select the Line Parameters computation type, then click Next to go to the General 

screen. 

 

Step 2. In the General screen, we recommend the following Working Directory and Job ID 

as explained in Chapter 1:  

Working Directory: C: (or D:) \CDEGS Howto\SESTLC 

Job ID:    Line_Parameters 

The Run Identification is used to identify the plots and reports created by the program. 

Normally, it should be the same as the Job ID. The Case Description is an optional 
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description of the model. The System Frequency textbox allows you to specify the operating 

frequency of the power system under study. The System of Unit allows you to select the 

system of units used to enter data. 

Step 3. Click the Next button to specify the cross section of the transmission line shown in 

Figure 2.4. Again, repeat Step 4 in Chapter 4. Click on the Phase Wires tab to specify the 

cross section of the phase wires.  

 

Click on the Neutral/Shield Wires tab to specify the cross section of the neutral wires. 

 

Step 4. Click on the Next button to go to the Advanced screen. Be default, the Sequence 

Components option is checked to request the computation of the sequence components. 
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Step 5. Click the Finish button. The New Project Wizard is now completed. All data have 

been entered and you are transferred to the main screen of SESTLC. From the main screen, 

you can always modify your data by navigating to the desired screen under the Select Page 

screen. 

7.2 RUNNING THE PROGRAM AND VIEWING COMPUTATION 
RESULTS 

If you are a demo user, you cannot save your data and process your run. However, you can directly 

view the existing saved results by clicking View Report button on the toolbar of the main interface.  

Click on the Process button  to start the program and compute the line parameters. The 

computation results are stored in a text file in your project folder (D:\CDEGS Howto\SESTLC). The 

file name is “TC_Line_Parameters.F09”.  You can access this file by clicking the View Report 

button  in the toolbar at the top of the main screen. The following figure shows a portion of the 

file.  
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CONCLUSION 

This concludes our concise step-by-step instructions on how to prepare, submit and examine results 

for a rapid AC interference and electromagnetic fields computations for a transmission line system 

with the pipeline by using the SESTLC Pro.  

Keep in mind that for more complex systems or more detailed studies, the Right-Of-Way software 

package or MultiField (the HIFREQ computation module) are recommended. For details on how to 

use the Right-of-Way software, please consult the How To…Engineering Guide titled “A Simple 

AC Total Interference Mitigation Study Using SES Software”. For details on how to use the 

HIFREQ computation module, please consult the How To…Engineering Guide titled 

“Electromagnetic Fields under a Transmission Line and Induced Currents on a Fence” 

Only a few of the many features of the software have been used in this tutorial. You should try the 

many other options available to familiarize yourself with the CDEGS software package. Your SES 

Software DVD also contains a wealth of information stored under the PDF directory. There you will 

find the Getting Started with SES Software Packages manual (\PDF\getstart.pdf) which contains 

useful information on the CDEGS environment. You will also find other How To…Engineering 

Guides, Annual Users’ Group Meeting Proceedings and much more. All Help documents are also 

available online. 
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