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reported and plotted numerical values may exist due to continuous enhancements of 
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OBJECTIVES 

This “How To…” engineering manual is an introduction to AC interference analysis using SES’ 

specialized software packages SESTLC, Right-of-Way or MultiLines+, MultiFields and 

MultiFieldsPro. 

Its main objective is to describe in detail how to carry out a complete AC interference study, i.e., 

capacitive, inductive and conductive, based on a simple example. This document should be 

considered as an introduction to the subject of AC interference, EMI and EMC and is not a substitute 

to an appropriate training course aimed on this important subject. Its main goal is to teach the user 

how to use the target software package. 

This manual covers the following material: 

1. The work that is involved in carrying out an AC interference study; i.e., Anatomy of a typical 

study. 

2. Choosing the right software for the job. The three basic SES software packages that can be 

used and their features. 

3. Step-by-step guide to building simple models with each of the software packages, generating 

results and interpreting them. Mitigation measures are discussed as well. 

4. More advanced features of the software. 

5. Quick reference for SESCAD, the graphical interface used to create 3-dimensional network 

systems. 

6. Detailed lists of data that can be sent to the utilities involved in the study (power company, 

pipeline company, railway company, telephone company). 

7. Glossary. 

8. Useful references on the study and mitigation of AC interference. 

This manual is intended for readers evaluating the software or learning to use it. 
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OVERVIEW OF A TYPICAL INTERFERENCE STUDY 

A pipeline, railway or telecommunication cable (referred to herein as exposed line) sharing a 

common corridor with AC power transmission or distribution lines captures a portion of the 

electromagnetic field energy surrounding the power lines in the air and soil. This captured energy, 

often designated as AC interference can result in an electrical shock hazard for people touching the 

exposed lines or metallic structures connected to them or simply standing near them. Furthermore, 

excessive stress voltages across rails, telephone pairs or pipe walls and coating surfaces can result in 

degradation or damage to equipment and puncture of pipe coating, leading to accelerated corrosion 

and can damage insulating flanges and rectifiers. In the case of extreme soil potential rise, the 

exposed line wall itself can be damaged or punctured. Excessive rail-to-rail voltages (difference of 

potentials between rails) can compromise the normal operation of the signal and protection systems 

of the railways. Excessive induced power frequency noise in the telecommunication cables can 

degrade the signal quality of the cables. 

Electromagnetic interference caused by electric transmission and distribution lines on neighboring 

metallic utilities such as oil, gas and water pipelines, railways and telecommunication cables has 

increased significantly in recent years. This is due to the tremendous increase in the load and short-

circuits current levels that are the result of the growing energy demand. Another reason for increased 

interference levels originates from the more recent environmental concerns which impose on various 

utilities the obligation to share common corridors in an effort to minimize the impact on wildlife and 

other related threats to nature. 

The cause and effect of AC interference from electrical power lines to adjacent utilities are well 

understood and the relative codes and standards are well documented. Several methods and software 

tools to analyze and compute the AC interference levels have been developed. Various mitigation 

techniques to reduce AC interference levels to the safe limits have been introduced and implemented 

widely. This document describes the essential methods and steps to carry out an AC interference 

study. 

What follows is an outline of the objectives and tasks associated with a typical study of the electrical 

interference occurring in one or more exposed lines due to their proximity to transmission lines 

which exist in the same corridor. 

2.1 OBJECTIVES 

The primary objectives of an interference study are as follows: 

 Determine what mitigation is required to reduce exposed lines potentials to less than a given 

maximum level throughout the right-of-way during worst case steady state conditions. This 

level is less than 15 Vrms pipe-to-local-soil potentials at exposed pipeline appurtenances, as 

required by NACE International Standard SP0177-2007, but less than 50 Vrms pipe-to-local-

soil potentials in areas such as at non-exposed pipeline appurtenances (per OSHA and NEC, 

circuits operating at less than 50 V do not require special protective measures). Or it can be 

as low as 10 Vrms in others. 
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 Develop gradient control grid designs to protect exposed appurtenances, such as pipeline 

valve sites, during fault conditions, according to IEC Standard 479 or ANSI/IEEE Standard 

80-2000 safety criteria. Verify also that touch voltages at these installations are less than 15 

Vrms during worst case steady state conditions. This requirement is set forth in NACE 

International Standard SP0177-2007 and CSA Standard C22.3 No. 6 - M1991. Cigré WG 

36.02 Technical Brochure No.95, 1995 provides similar guidelines. For railways, AREMA 

standards or equivalent should be used. Similar standards apply for other types of exposed 

lines. 

 Determine the maximum stress voltages occurring during fault conditions along the exposed 

lines. These stress voltages should not exceed prescribed limits. If necessary, design 

mitigation to reduce these stress voltages. 

2.2 PROJECT TASKS 

The tasks involved in an interference mitigation design study are as follows: 

Project Set-Up. 

Data Collection and Review: Provide a detailed description of the data required for the study as soon 

as you are ready to perform the work. 

Site Selection for Soil Resistivity Measurements. 

On-Site Training of Group Making Soil Resistivity Measurements and Associated Preparation (if 

necessary): It is important that the measurement team fully understand the procedures that must be 

followed in order to obtain correct readings and troubleshoot any problems that might arise. They 

must use special equipment to filter out 50/60 Hz noise flowing in the earth or induced in equipment 

leads by the magnetic field surrounding the AC power line. They must also minimize inter-lead 

coupling and coupling between different pieces of equipment. Furthermore, they must avoid the 

influence of bare buried conductors. This requires suitable test equipment, correct measurement 

techniques, and constant monitoring of the readings for anomalies, so that rapid remedial action can 

be taken. 

Soil Resistivity Measurements (by the trained group or qualified team). 

Telephone/Fax Support of Team Making Soil Resistivity Measurements: This will be especially 

important during the initial days following the training, during which the team is likely to have 

questions. During this period also, the readings should be closely monitored for signs of trouble. 

Interpretation of Soil Resistivity Measurements. 

It is important that the soil resistivity measurements be resolved into multilayered soil structures so 

that conductive interference from faulted transmission line structures is properly computed in order 

that the necessary grounding and gradient control mitigation systems are designed in a safe and cost-

effective manner. 

Right-of-Way Model. 
A detailed model including electric power lines, pipelines, railways, telecommunication lines and 

any associated facilities (e.g., power plants, substations) and grounding (e.g., sacrificial anodes, 

tower/pole grounding) should be created, in order to account for the interactions of all of these 
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entities in the determination of inductive and conductive interference levels in the exposed lines. It is 

important to include overhead ground wires, neutral conductors, other nearby metallic lines or 

conductors not explicitly under study as well as guy wire anchors connected to overhead ground 

wires. 

Load Simulations. 

During power line load conditions, magnetic field inductive interference constitutes essentially all of 

the interference present, once the exposed line is constructed: the key concern here is exposed line 

potentials (that lead to touch and step voltages and other possible equipment stress voltages). In the 

study of load conditions, it is important to consider possible phase unbalance. The influence of 

significant harmonic currents during steady-state conditions should be examined, if applicable. 

Fault Simulations. 

During fault conditions, conductive (through-earth) and inductive interference levels must be 

combined in order to compute exposed line potentials, stress voltages and touch & step voltages. 

Faults should be simulated at representative intervals throughout the joint-use corridor (preferably at 

every transmission line structure, if possible) and currents injected into the earth by transmission line 

structures properly considered. Stress voltages and touch voltages at representative locations 

throughout the corridor length should be computed.  

Power Plant and Substation Models. 

The modeling of the skeletons of the grounding systems of any power plants or substations close to 

the exposed lines under study may be necessary, for the estimation of through-earth transferred 

voltages during fault conditions. Power plants directly connected to the exposed lines under study 

must also be modeled.  

Mitigation Design: Gradient Control Wires. 

This step determines the required extent of the gradient control wires in terms of zones along the 

exposed length. The particular characteristics of the mitigation wire elements in each zone should be 

determined as a function of the local multilayered soil model and interference levels: e.g., the 

number of wires required and whether any existing counterpoise conductors associated with 

transmission line structure grounding must be relocated or removed.  

Gradient Control Grids for Exposed Appurtenances. 

If required, grounding system designs should be elaborated for exposed line appurtenances at which 

touch or step voltages remain excessive with gradient control wires added.  

Final Report. 

A letter report or a detailed, bound final report should be presented upon completion of the study. 

The key elements to be included are as follows: 

 Tabulated multilayer soil structures from multilayer soil resistivity analysis. 

 Graphs comparing measured apparent soil resistivity values with those generated by 

equivalent multilayer soils obtained from interpretation of the measurements. 

 Plots of exposed line potentials as a function of position along the corridor, for worst case 

load conditions, with and without the proposed mitigation. 
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 Plots of exposed line potentials and stress voltages resulting from magnetic induction, as a 

function of position along the corridor, for all faults modeled, with and without mitigation. 

 Plots of exposed line touch and stress voltages resulting from the combined effects of 

conductive interference from nearby faulted transmission line structures and inductive 

interference, for representative sites, with and without mitigation. 

 Perspective and plan-view plots of touch voltages associated with any gradient control grid 

design required for exposed line appurtenances.  

2.3 SUMMARY OF DATA NEEDED FOR AC INTERFERENCE 
STUDY 

See below as well as Appendix E, F, G and H for detailed information on the data required in order 

to complete a typical interference analysis. Appendix I provides additional information on this 

subject as well. The following gives a brief summary of the required analysis tasks. 

2.3.1 AC Interference for Pipelines 

Data you will need: Refer to Appendix E and F 

Load Conditions 

 Inductive Interference 

 Capacitive Interference 

Fault Conditions 

 Inductive Interference 

 Conductive Interference 

 Capacitive Interference 

Results Needed to Be Explored: 

 Transferred Potentials 

 Coating Stress Voltages 

 Safety for Exposed Appurtenances: Touch And Step Voltages 

 Rating of Cables and DC Decouplers 

 Leakage Current Density 

Mitigation Criteria: 

 Load Conditions:  

o Touch Voltages at Exposed Pipeline Appurtenances: < 15 V 

o Touch Voltages on Non-Exposed Pipeline Appurtenances : < 50V 

o Transferred Potentials Outside Joint-Use Corridor 

o Leakage Current Density (ac induced corrosion) 

 Fault Conditions: 

o Touch and Step Voltages at Exposed Pipeline Appurtenances: IEEE safety 

criteria 

o Coating Stress Voltage: 2 kV ~ 5 kV 
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2.3.2 AC Interference for Railways 

Data you will need: Refer to Appendix E and G 

Load Conditions 

 Inductive Interference 

 Capacitive Interference 

Fault Conditions 

 Inductive Interference 

 Conductive Interference 

 Capacitive Interference 

Results Needed to Be Explored: 

 Transferred Potentials: Rail Ground Potential Rises, Touch And Step Voltages (For 

Personnel Safety, Arrestor Rating Under Fault Conditions,) 

 Rail-To-Rail Voltages (For Equipment Susceptibility) 

 Voltages Across Insulated Joints (For Personnel Safety) 

 Longitudinal Current Flows In The Rails 

Mitigation Criteria: 

 Load Conditions:  

o Rail Ground Potential Rise Along The Rail Tracks: < 25 V 

o Touch Voltages On Rail Tracks:  

o Rail-To-Rail Voltage On Equipment: < Equipment Susceptibility 

o Voltage Across The Insulting Joint: < 50 V 

 Fault Conditions: 

o Touch And Step Voltages On The Rail Tracks: IEEE Safety Criteria 

o Longitudinal Current In The Rails: DCD & Arrestor Rating   
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2.3.3 AC Interference for Telecommunication Cables 

Data You Will Need: Refer To Appendix E and H 

Load Conditions 

 Inductive Interference 

 Capacitive Interference 

Fault Conditions 

 Inductive Interference 

 Conductive Interference 

 Capacitive Interference 

Results Needed To Be Explored: 

 Transferred Potentials: Sheath Ground Potential Rises (Common Mode Voltages), 

Touch And Step Voltages (For Personnel Safety, Arrestor Rating Under Fault 

Conditions,) 

 Cross-Talk Or Transverse Voltages (For Equipment Susceptibility) 

 Voltages Across Wires And Sheaths (For Personnel Safety) 

 Longitudinal Current Flows In The Sheaths 

Mitigation Criteria: 

 Load Conditions:  

o Sheath Ground Potential Rise 

o Touch Voltages:  

o Transverse Voltage On Equipment: < Equipment Susceptibility 

 Fault Conditions: 

o Sheath Ground Potential Rise 

o Voltage Across Wire Pairs And Across Sheath And Wires 

o Touch Voltages On The Sheaths: IEEE Safety Criteria 

o Longitudinal Current In The Sheaths 
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2.4 SOIL RESISTIVITY MEASUREMENTS AND 
INTERPRETATION 

Soil resistivity measurements and interpretation are one of the key tasks in any serious accurate AC 

interference study. Please refer to Appendix J for measurement and interpretation techniques 

recommended by SES.  

The time required to measure the required soil resistivity data over the entire X km of exposed line 

will depend on several factors, including the number of daylight hours during the measurement 

process, ease of site access, the weather, and the terrain. We have seen a team of two men 

completing two measurement sites per day, where each measurement site requires on the order of 15 

measurements, at Wenner pin spacings varying between 0.5 m and 100 m (between adjacent pins). 

Sites are selected where particularly high levels of interference are expected, where exposed 

appurtenances are located and at intervals of 2 km or less within and near the interference zones, 

where the actual spacing required depends on the degree of uniformity of the soil structure along the 

length of the exposed line route. 

Note that care should be taken in selecting the soil resistivity measurement equipment, in choosing 

the exact measurement traverse locations, and in taking the measurements, to insure satisfactory 

results. SES can provide support in this regard. No other field data is required provided that the 

drawings and data supplied by the gas and electric companies are complete and accurate. Collecting 

the data, however, should not be underestimated as a task, since data is frequently incomplete or 

unclear and requires further questioning or even field checks. Soil resistivity measurements are made 

over a considerable range of depths, as voltages transferred to the exposed line location by faulted 

transmission line towers or poles can be greatly influenced by deeper soil resistivities, as can the 

performance of long gradient control mitigation wires: as described in the paper transmitted to you 

previously, the soil layering can result in order-of-magnitude differences in conductive interference 

levels and mitigation performance. Having this data permits accurate modeling and, ultimately, cost-

effective mitigation designs. 

See Appendix J for further details. 

Three modern and automated software packages, that can analyze and compute accurately the AC 

interference levels, are introduced and used as an example. 
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INTRODUCTION: CHOOSING YOUR SOFTWARE 

PACKAGE 

SES offers a choice of three software packages for the modeling of corridors shared by power lines 

and other utilities or structures, such as pipelines, railroads, communications cables or fences, in 

which undesirable voltages can be induced by the power lines. These software packages compute 

induced voltages and currents and allow the user to study the efficacy of measures designed to 

reduce these voltages and currents to acceptable levels. 

3.1 SESTLC-PRO 

The first package, SESTLC Pro, is an easy to use estimating software tool, both for the 

determination of interference levels and examination of mitigation solutions. This software can be 

characterized as follows: 

1. It is very easy to use, with a user interface that leads the user from the first screen of data 

entry through the plotting of computed interference levels, with logically sequenced screens. 

The user may at any time move from any screen to any other, in order to make additions or 

modifications. 

2. Context-sensitive help is provided for every field of every screen. 

3. Data entry is limited, so results can be obtained very quickly. 

4. The topology of the system under study is simple as well: one overhead power line, with as 

many circuits as desired, approximated as running in a straight line throughout the corridor 

under study. AC interference levels may be computed in a single “exposed” utility (e.g., a 

pipeline), which runs along this corridor, with a variable separation distance from the power 

line. If more than one “exposed” utility exists along the right-of-way, then they can be 

analyzed in separate runs. 

5. The power line may have any number of shield wires and neutral conductors, each with a 

different conductor type, if desired. All of these grounded conductors are assumed to be 

bonded together at frequent intervals. 

6. The exposed utility begins at some point along the common route, zigzags any number of 

times, remaining continuous, then ends further along the route. It is terminated at both ends 

by equivalent ground impedances, representing the portion of the exposed utility outside the 

joint-use corridor. Each section of the exposed utility may have different characteristics 

(conductor size and electrical characteristics, ground resistance or coating resistance 

7. The user specifies an average power line structure ground resistance that applies to all towers 

or poles [different value for sections of different terminals, for central site, for terminals]. 

Each segment of the exposed utility may have a different ground resistance, which could, for 

example, represent a pipeline coating resistance or a made grounding system designed to 

reduce induced voltages. 
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8. Based on user-specified current flow in each of the power line phases, during load or fault 

conditions, SESTLC Pro automatically computes induced current flow in shield and neutral 

wires, then computes induced voltages and currents in the exposed utility. During fault 

conditions, SESTLC Pro also estimates soil potentials transferred close to the exposed 

circuit by all towers or poles injecting current into the earth. SESTLC Pro adds together the 

effects of the induced voltage and the transferred soil potential to obtain the total interference 

(for a pipeline, this would be the coating stress voltage) during fault conditions. Note that 

SESTLC Pro assumes that all exposed utility grounding electrodes are placed far enough 

away from the exposed utility that they neither modify earth potentials near the exposed 

utility nor pick up transferred potentials from nearby power line structures. This is generally 

a conservative (i.e., pessimistic) assumption as far as touch voltages or coating stress 

voltages on the exposed utility are concerned, particularly in the case of a nearby fault. On 

the other hand, this assumption can be optimistic with respect to current flow. 

9. One single soil resistivity value (i.e., a uniform soil model) is used to compute induced 

voltages and potentials transferred through the soil. This is a very important approximation 

and simplification. 

10. SESTLC Pro may be used to explore how changing the values and locations of ground 

resistances on the exposed circuit will mitigate interference levels. SESTLC Pro cannot, 

however, model accurately gradient control wires, a highly effective form of mitigation, 

which is required when interference levels are high. Right-of-Way Pro and MultiFields (see 

below) are required to model this type of mitigation and to carry out more accurate and more 

complex studies. However, it is possible to estimate the effects of gradient control wires by 

assuming a bare exposed line along the path where mitigation wires are planned. 

11. SESTLC Pro also computes the following: 

a. Line parameters of the system modeled (i.e., self and mutual, series impedance and 

shunt admittance values), 

b. Electric field values beneath the power line, accounting for the influence of power 

line structures, 

c. Magnetic field values beneath the power line. 

Use SESTLC Pro to determine whether an AC interference problem exists and for an estimate of 

mitigation requirements where interference levels are not very severe. Note that the choice of the soil 

resistivity used in the modeling can have a great impact on the estimated interference levels during 

fault conditions, especially if there are power line structures close to the exposed circuit. 

3.2 RIGHT-OF-WAY PRO 

Right-of-Way Pro is specifically designed for AC interference studies. Based on the TRALIN and 

SPLITS computation software modules, it can rapidly model a corridor in which multiple energized 

and de-energized power line circuits and other utilities run alongside one another, at varying 

separation distances, for hundreds of kilometers or miles. Based on a circuit model of the joint-use 

corridor, Right-of-Way Pro computes voltages and currents occurring in all circuits and parallel 

metallic conductors, throughout the corridor, accounting for magnetic field inductive coupling and 
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electric field capacitive coupling. With the MALZ computation software module, conductive 

through-earth coupling is addressed as well. 

Typical applications are gas pipeline, railway or communication cable induction studies and safety 

studies involving de-energized circuits running parallel to energized circuits. Right-of-Way Pro 

examines both load and fault conditions, automatically running faults throughout the entire length of 

any energized circuit and plotting the maximum induced voltages occurring in the other metallic 

structures modeled, throughout the length of the joint use corridor. 

For the determination of through-earth coupling and for the design of mitigation, Right-of-Way Pro 

provides the MALZ computation software module, which can accommodate any number of soil 

layers, coated conductors, pipes, and account for longitudinal voltage drop in conductors due to their 

non-zero impedance. The RESAP computation software module is also provided for the 

transformation of soil resistivity measurements into a layered soil model that can be used by MALZ. 

Right-of-Way can accommodate changing soil characteristics throughout the entire length of the 

corridor under study. Furthermore, Right-of-Way runs the inductive and capacitive coupling 

calculations very quickly. 

Data entry into Right-of-Way consists essentially of entering typical cross-sectional configurations 

of each power line, along with the electrical characteristics of each conductor, and then specifying 

the map coordinates of the center lines of each power line and other metallic structure modeled. 

Other details, such as ground impedances, interconnections between conductors, source voltages or 

currents, desired fault locations (if any) etc. are also specified to complete the circuit model. Right-

of-Way can model pipe-enclosed groups of cables, with each cable consisting of three concentric 

elements. 

If you add the FFTSES program to Right-of-Way, you can decompose transient/lightning waveforms 

into their frequency components, run Right-of-Way, then reconstitute the time-domain response of 

the system you are studying. 

When compared with MultiFields, the primary limitation of Right-of-Way Pro is the approximation 

it introduces through its use of an enhanced version of Carson’s equations, rather than a direct 

solution of Maxwell’s equations. Furthermore, for simple studies, data entry in MultiFields is more 

rapid and more intuitive. 

3.3 MULTIFIELDS 

Data entry into the HIFREQ computation software module of MultiFields is much like that of 

MALT and MALZ, i.e., the user describes a network of conductors in three-dimensional space, 

either by typing their Cartesian coordinates, or by importing them from a CAD file (in DXF format), 

or by drawing them with a mouse in SESCad, or a combination of these methods. Unlike MALT and 

MALZ, HIFREQ allows aboveground conductors to be modeled in addition to buried conductors. 

Another important difference is that HIFREQ considers not only conductive, through-earth coupling 

between conductors, but also accounts for magnetic field inductive coupling and electric field 

capacitive coupling, thus providing a complete and accurate prediction of the interactions between 

the conductor systems modeled. Furthermore, HIFREQ allows conductors to be energized by the 
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specification of either a GPR (ground potential rise), a voltage source or a longitudinal current flow 

or a combination of these. Finally, HIFREQ computes not only current flows and GPR values for all 

conductors modeled; it also computes earth and air potentials, electric field levels and magnetic field 

levels at user-specified locations. 

With this powerful program, which solves Maxwell’s equations numerically for a system of 

conductors that can just as well be a substation, complete with grounding system and overhead 

busbars, or a power line corridor, complete with multiple overhead lines, pipelines, railways, 

communication cables and lattice towers, you can perform EMF analyses, AC interference studies, 

and grounding studies. If you add the FFTSES program to HIFREQ, you can decompose 

transient/lightning waveforms into their frequency components, run HIFREQ, then reconstitute the 

time-domain response of the system you are studying. 

For AC interference studies, particular advantages of HIFREQ include the simplicity of data entry 

and the seamless calculation and combination of inductive, capacitive and conductive components 

together. 

When compared with Right-of-Way Pro, the primary limitation is the representation in each 

simulation of a single soil structure, which can be uniform, two-layer, or multi-layer for the entire 

corridor. Thus, depending upon the application, more than one run may be necessary, if the soil 

structure changes significantly throughout the corridor. Furthermore, Right-of-Way Pro offers the 

advantage of automated modeling of faults throughout the joint-use corridor. Note however that soil 

structure along the right-of-way can be accounted for in MultiFields by using the “impedance to 

remote soil” insertion technique. 
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A SIMPLE INTERFERENCE ANALYSIS USING SES 

SOFTWARE PACKAGES 

This chapter presents a simple example that will be studied using the three software packages 

presented in this guide. A 115 kV transmission line and a 24” (0.61 m) high pressure gas pipeline 

share a common corridor for a distance of 5 miles (8.049 km). The system being modeled is shown 

in Figure 4.1. It consists of the following four major components: 

 A power system network consisting of a 115 kV overhead transmission line; 

 Two substations (terminals) from which power is fed to the transmission line network; 

 A buried 24” high pressure gas pipeline; 

 The characteristics of the soil along the right-of-way under study. 

 

 

Figure 4.1 Perspective View, Plan View and Cross-Section of the Right-of-Way 
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Figure 4.1 is a perspective view of the transmission line and pipeline system. As can be seen, the 24" 

diameter pipeline enters the right-of-way in an orthogonal direction, 15 miles (24.146 km) west of 

Substation No. 1 (Terminal 1), until it reaches a point 25 ft (7.622 m) away north of the 115 kV 

transmission line. It then continues horizontally parallel to the transmission line, continuous for 2 

miles (3,220 km), before crossing the transmission line to the south side. It then parallels the 

transmission line for 3 miles (4.829 km) at a distance of 75 ft (22.86 m) from the transmission line 

with, 20 miles (32.195 km) from Substation No. 2.  

Modeled Data 

The 115kV Transmission Line 

The modeled 115 kV line is about 40 miles (64.390 km) long (see Figure 4.1). The 115 kV 

transmission line consists of steel poles in a Delta configuration. Figure 4.1 shows a typical cross 

section of the single-circuit steel poles. The conductor characteristics are as follow: 

 Phase conductor: 477 ACSS 

 Shield wire: OPGW Optical ALCOA 48/48/606  

 Span length: An average spacing of 400 ft (121.95 m) is used 

 Pole configuration: As shown in Figure 4.1 

Pole and substation grounding systems 

 Pole foundation: Each pole foundation is modeled as a 1’ (0.305 m) diameter steel pole, 20’ 

(6.098 m) deep. The ground resistance is computed based on a 100 Ω-m uniform soil 

resistivity (two uniform zones) along the right-of-way. The computed ground resistance 

value of a pole is 10.67 Ω.  

 Substation grounding systems: the grounding resistance of the two substation grounding 

systems are assumed to be as follows: 

Substation No. 1: 0.5 Ω 

Substation No. 2: 1.0 Ω 

Fault and Load Currents 

The anticipated normal peak load current value provided is a balanced three phase current of 830 A.  

The short-circuit calculations here been carried out by the power utility for a single-phase-to-ground 

fault at various locations along the right-of-way. This information is usually based on a bolted fault 

assuming a zero ohm equivalent ground impedance at the fault site. 

During fault conditions, currents flow in all three phase conductors of the transmission line, with the 

maximum current flowing in the faulted phase. Although a single phase conductor has been modeled 

in each of the fault scenarios studied, the net total fault current (zero sequence currents) flowing to 

the fault location from both sides of the fault has been represented, accounting for the contributions 

of all three phases. The canceling effect of the overhead ground wires has been retained, as these 

have been modeled as well. Detailed discussions about the fault study are provided in the next 

chapters. 

The net fault currents (computed as a vector sum of all phases) are as follows: 
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Fault Location From Substation No.1 From Substaion No. 2 

Substation No. 1 11,263 A-88.05 A 1,452 -75.82 

Midway 8,462 A-86.06A 2,083 -80.67 

Substation No. 2 6,888 A-84.68A 2,704 -82.32 

Pipeline Details 

The pipeline is modeled with the following dimensions and electrical characteristics: 

Diameter (inches) 24 (0.610 m) 

Wall thickness (inches) 0.375 (0.9527 cm) 

Burial depth (cover) in inches 36 (0.915 m) 

Steel resistivity in p.u. (with respect to anneal copper) 10 

Steel permeability (with respect to free space) 300 

Coating resistance (ohm-ft
2
)  440,108 

Coating thickness (ft) 0.00328 (1mm) 

Soil Characteristics 

A uniform soil with a resistivity value of 100 Ω-m is used for both zones (1 and 2) throughout the 

right-of-way1. 

 

                                                 

1
 The case of a different uniform soil resistivity value in zone 2 is illustrated and discussed later in Chapter 6 that deals with the Right-Of-way software 

package. 
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USING THE SESTLC PRO SOFTWARE PACKAGE 

Carrying out an AC interference study with SESTLC Pro is extremely easy, as shown by the window 

screen shots displayed below. The sequence of screens is quite explicit. Therefore, no detailed 

comments are provided except if necessary. 

5.1 STEADY STATE INTERFERENCE CALCULATION 

In this section, the steady state interference levels caused by the transmission line on the pipeline 

during normal load operations are computed.  

Starting SESTLC  

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

software, select 

SESTLC.  

5.1.1 Data Entry 

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

 

Click here 
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Select the Steady State Interference computation type, then click Next to go to the General screen. 

Specify the Working Directory (i.e., ..\HowTo\Right-Of-Way\A Simple AC Total Interference 

Study\SESTLC\Steady State\). Type a Job ID; this is an arbitrary character string that is used to 

identify the files created by the program. For this tutorial, use “Steady State”. The file 

..\HowTo\Right-Of-Way\A Simple AC Total Interference Study\SESTLC\Steady State\TC_Steady 

State.F05” stores all entered data (see Printout A.1 in Appendix A for the detailed SICL
2
 compatible 

input commands). 

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 Units allows you to select the system of units you wish to use to enter 

your data. 

 

Click the Next button to go to the Exposed Circuit screen. 

                                                 

2
 SICL stands for SES Input Command Language. 
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The above screen is suitable for specifying an exposed line that is parallel to the transmission line. In 

the case under study, however, the exposed line is not parallel to the transmission line, so we need to 

specify a jagged exposed line. Check the Enable Jagged Exposed Line Path option (this option is 

available for SESTLC Pro only): the following screen appears: 
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In this screen, you can specify the characteristics of a jagged line. The value Coating Resistance 

right beneath the Enable Jagged Line Path checkbox is the coating resistance that will apply by 

default to all sections of the exposed line: each section will use this value unless a different coating 

resistance is explicitly specified in the row corresponding to the section in the Specify Exposed 

Line Path grid. The coordinates that appear in the data grid are those specified in Chapter 4. The 

Span Length is 300 ft; the Subdivision per Span Length in the pipeline is specified as 3. 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 (i.e., the pipeline terminates at that location and does not continue beyond that point); the 

large number 99999 is used for both ends. 

Click the Next button to specify the cross section of the transmission line shown in Figure 4.1. Click 

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

 

 

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

 

Click the Next button to specify the energization of the phase wires. Only the phase currents are 

needed, since the phase voltages have no impact on steady-state interference effects if capacitive 

coupling effects are negligible as is the case here on the buried pipeline. 
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Click the Next button to specify the average characteristics of the soil along the transmission line. 

 

Click Next again to go to the Advanced screen. Select the Show Plots button to tell the program to 

display the computation plots on screen once computations are completed.  
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Click on 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 clicking the name of the desired screen in the navigation bar at the left of the 

screen.  
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5.1.2 Running the Program and Viewing Computation Results 

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

computation results. The plotted quantities are: 

Induced Potential along the Pipe Line 

Longitudinal Current along the Pipeline 

Etc. 

(Click Yes in the message shown between the plots to show the next plot.) 

 

Figure 5.1 Induced Potentials in 24 Gas Pipeline: SESTLC Approach 

The computation results are also stored in a text file in your project folder “..\HowTo\Right-Of-

Way\A Simple AC Total Interference Study\SESTLC\Steady State\”. The file name is 

TC_ROW_HOWTO_EXAMPLE.F09.  You can access this file by clicking the View Report button  

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

 



Chapter 5.  Using the SESTLC PRO Software Package 

Page 5-8 

5.2 AC INTERFERENCE CALCULATIONS DURING FAULT 
CONDITIONS 

This section computes the AC interference on the pipeline caused by the 115 kV transmission line 

during a fault (short circuit between phase and neutral) occurring at mid-way of the right-of-way. 

The distribution of the currents in the faulted phase and neutral are calculated. The interference 

levels on the pipeline such as induced potentials (both inductive and conductive) and coating stress 

voltages are computed. 

In SESTLC, the fault location is always at the Central Site. The portion of transmission line on the 

left and right sides of the fault location including the substation are designated as Terminal 1, and 

Terminal 2 respectively. 

5.2.1 Data Entry 

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

 

Select the Fault Condition Interference computation type. Then, the data entry for a fault condition 

will be quite similar to the steady state case, except for the energization part. Since we have a steady 

state model already, we can load and modify the steady state model in order to get the fault model.    

Launch SESTLC, and load the steady state model, i.e., “TC_Steady State.F05”. Then, save it as… 

“..\Fault\TC_Fault.F05”. 

Under Computation Type, select Fault Condition Interference, then save the data one more time. 

We now have a data file in the fault format mode.  
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The data provided for Terminal 1, Terminal 2 and Central Site define the fault energization 

information and fault location respectively.  

Based on the fault current data defined in Chapter 4, enter the data as in the following screens for 

each terminal and for the Central Site.  

    

 

This completes the data entry of the fault condition. 
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5.2.2 Running the Program and Viewing Computation Results 

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

computation results. The plotted quantities are: 

Induced Potentials along the Pipe Line 

Coating Stress Voltages along the Pipeline  

Etc… 

 (Click Yes in the message shown between the plots to display the next plot). 

 

Figure 5.2 Induced Potentials in 24 Gas Pipeline during a Fault at Mid-way of Right-of-way: 

SESTLC Approach 
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USING THE RIGHT-OF-WAY PRO SOFTWARE 

PACKAGE 

Although more complicated than in the case of SESTLC, carrying out an AC interference study with 

Right-of-Way Pro is not as hard as one would expect for such a powerful and feature-filled software 

package, as the following screen shots will show. 

 

The first task and the most important part of the study is to build the network circuit based model 

(fictitious circuit in a 2D world, as shown in Figure 6.1) from the circuit of interest in our 3D world 

(as shown in Figure 4.1), based on the pertinent geometrical data, energization and electrical 

characteristics information. The next task is to specify and carry out a normal steady-state load 

study. Finally, the last task is to specify and carry out fault conditions analyses at specified intervals 

along the transmission line. 

The principles demonstrated in this chapter for this simple case apply equally well for more complex 

studies. 

6.1 INTRODUCTION 

In this chapter, we will focus on setting up the circuit model described in Chapter 4 and obtain the 

induced pipeline potentials during steady-state (or “load”) and fault conditions. Detailed descriptions 

will be given on how to set up the input file for the Right-of-Way (ROW) software. The induced 

pipe potentials for two operating conditions will be examined: (a) normal peak load condition; and 

(b) fault conditions as mentioned in Chapter 4. 

6.2 DESCRIPTION & PLANNING OF THE CIRCUIT MODEL 

Right-of-Way Pro is based on a circuit approach theory. It is strongly recommended that you start an 

AC interference study by first drawing a sketch of the circuit corresponding to the right-of-way 

under study. Figure 6.1 shows a typical circuit model that can be analyzed by the ROW and 

MultiLines+ software package that use the SPLITS computation engine module. The definitions and 

conventions in the circuit model can be found in a context sensitive on-line help and a How To… 

manual that describes the three computation engine modules used by ROW, Namely, TRALIN (Line 

parameter computations), SPLITS (circuit model computations) and MALZ (frequency based 

grounding computations). 

The circuit model for the steady-state condition is shown in Figure 6.2. As you will see later in this 

chapter, every component in this circuit corresponds to an entry in the ROW software. Once the data 

entry and circuit creation process is completed, a ROW input file is created which represents exactly 

the circuit in Figure 6.2. This input file is compatible with the SPLITS computation module input 
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command language
2
 (SICL) software. For example, this file can be modified manually outside the 

ROW environment by experienced users.  

Before we start describing the circuit model in Figure 6.2, it is necessary to introduce the essential 

definitions and conventions of the circuit model in ROW and SPLITS. Appendix B of this guide 

provides a complete list of the terminology used in the ROW software package.  

 

Figure 6.1 Typical Generalized Power Circuit Configuration 
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Figure 6.2 Circuit Model during Steady-State Conditions (load condition) 

The basic steps required to specify a complete ROW model are described hereafter. 

Step 1: Select Terminals & Central Site  

The circuit model shown in Figure 6.2 contains two terminals corresponding to Substation No. 1 and 

Substation No. 2. The central site is selected just outside of Terminal No.1. Thus, Terminal 1, is 

essentially made of a very short length of transmission line from the Central Station to the terminal. 

The two terminals supply currents to the lines. There are a total of 5 so called generalized phases 

(busses) in this circuit. Phases 1 to 4 correspond to Phase N (shield wire or neutral), Phases A, B and 

C (the 3 energized phases) of the 115 kV line, and Phase 5 represents the 24” pipeline under study. A 

phase is defined as one or several conductors which share the same energization type and value. 
For example, two overhead ground wires are normally bundled into a single phase (here, Phase 1) 

since they are connected via the tower, and thus share the same energization which is of course zero 

or none.  

Each terminal is defined by its source voltages or currents, source equivalent (Thevenin) impedances 

and terminal ground impedance (i.e., ground impedances at the substation). The transmission lines 

and pipelines are divided into many sections, each of which is characterized by its series impedance, 

shunt impedance and mutual couplings (inductive and capacitive) between the phases in the circuit.  

Step 2: Select Regions & Sections 

Any soil or conductor characteristics change introduces a new Region. In Terminal 2, the pipeline 

starts at Point 1 (see Table 6.1); no pipeline exists before this point. So, a separate region that does 

not contain any pipeline is defined. Similarly, the pipeline stops at Point 6 (see Table 6.1). 

Therefore, from Point 6 to the end of Terminal 2, another region that does not contain any pipeline 

can be defined. Therefore, 3 regions are selected in Terminal No 2.  
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A section, usually, represents a span of the transmission line. However, more sections are required 

for more accurate results when pipelines intersect with the transmission lines. In this case a section 

can represent a portion of the span. In other cases, many spans that are far from the region of interest 

can be grouped into one section. The circuit in Figure 6.2 serves as a guideline for the construction 

of the circuit. This diagram will be referred to frequently as we are building this circuit. 

The shunt impedances of the overhead ground wire of each section are the tower ground resistances 

of the transmission line. This value is usually provided along with the transmission line data, but it 

can also be computed by the SES specialized grounding software packages provided that the 

configuration of the tower footing is given. For a coated pipeline, the shunt impedance of the 

pipeline of each section is determined by the pipeline coating leakage resistance (in -m
2
 or -ft

2
) 

based on the length of each section in the ROW program. If a bare pipe is encountered, the shunt 

impedance can also be estimated easily.  

Step 3: Select Line Paths and Satellite Conductors 

(Please read Appendix G of this manual for further detailed explanations.)  

A “Line Path” in the ROW program is defined as a group of conductors that remain at fixed 

separation distances from one another throughout the corridor under study. A Line Path is typically a 

transmission line, a pipeline, or a railway, sometimes a group of pipelines. There are four types of 

Line Paths in ROW: 

 The Main Line Path, of which there can only be one: this is usually chosen to be the most 

important transmission line, in terms of length and current flow. 

 Principal Line Paths, of which there can be as many as desired, and can be transmission lines, 

pipelines, railways, etc. 

 Cable Line Paths which permit the modeling of complex power cables or communications 

cables. 

 Group Line Paths, which permit the modeling of a number of cables located within a pipe 

enclosure, with each cable at an arbitrary location from the pipe enclosure center. 

A Main Line Path or Principal Line Path consists of a reference conductor and optional satellite 

conductors. For a transmission line, the reference conductor is usually selected to be along the 

centerline of a transmission line so that the horizontal positions of satellite conductors are entered 

easily in ROW. The map positions of reference conductors of Line Paths are defined in an absolute 

coordinate system, while the horizontal positions of satellite conductors are specified once, as an 

offset position from their reference conductor. The heights of the satellite conductors are defined by 

their actual heights.  

Two Line Paths have been chosen in this study. The Main Line Path is chosen to be the 115 kV 

transmission line. Phase 1 (i.e., N the shield wire) is chosen to be the reference conductor which is 

along the centerline of the transmission line; all other conductors are entered as satellite conductors 

and their separations to the reference conductors can be entered conveniently. There is one Principal 

Line Path. Principal Line Path 1 is chosen to be the 24 gas pipeline, which is physically present 

along a portion (about 6 miles) of the right-of-way.  
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Step 4: Determine Separation Distances between Pipelines and Transmission Lines and Define 

Regions, Attribute Sets and Sections 

The next step is to measure separation distances between the pipelines under study and various 

transmission lines. In this simple example, only the separation distances between the 24 pipeline 

and the 115 kV transmission line need to be measured along the entire length of the right-of-way. 

The detailed list of the 3 Regions located in Terminal 2 and corresponding sections in the circuit of 

Figure 6.2 is given in Table 6.1. 

Prior to the separation measurements, it is useful to have an overview of the number of REGIONS 

and ATTRIBUTE SETS to be used in your model. A REGION is a portion of the right-of-way where 

no significant change occurs in the soil structure and in the characteristics of any of the line-paths 

under study, except that a line-path needs not exist throughout the region.  

Important Notes 

 

A new region must start if the soil resistivity changes significantly, or if the number of conductors 

changes, or any conductor characteristics changes or any one of the path configurations (i.e. the 

relative positions between the conductors within a path) changes. 

An Attribute Set defines the characteristics of conductors in each line-path, the relative positions of 

satellite conductors within each path and the associated phase leakage impedances. Several regions 

can be associated to a given Attribute Set even if the positions of the line paths relative to each other 

in the regions are different from one region to the other. In the following, we will illustrate more 

specifically how the Regions and Attribute Sets are selected and entered in this study.  

In this study, there are 3 regions created along the 21-mile right-of-way from Terminal 1 and 

Terminal 2. None of the 3 regions are due to changes of the soil resistivity (100 ohm-m uniform soil 

is used throughout the right-of-way).  

Important Notes 

1. Higher soil resistivity leads to less cancellation effects from the soil and therefore stronger 

inductive coupling between the transmission lines and pipelines. 

2. The bottom soil layer resistivity plays a major role in computing the mutual coupling between 

pipelines and transmission lines assuming infinite depth of this layer. 

Table 6.1 gives the separation distance between the 24 pipeline and the transmission line, as well as 

the region and section cut points, according to Figure 4.1. The letter T in the Section Cut column 

indicates whether a real tower should be assigned to this section in the input file (this is important 

information when conductive interference computations are performed). The key sections under the 

“Section Number (SPLITS Model).” column are shown in Figure 6.2. 
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Region Point 

Absolute X 

Distance of 

Transmission 

Line Main 

Path (ft) 

Relative X 

Distance of 

Principle 

Pipeline Path 

(ft) 

Separation 

Distance of 

Pipeline to 

Transmission 

Line (ft) 

Section 

Cut 

Tower 

Number 

Section 

Number 

(SPLITS 

Model) 

1 P0 0 Dummy Dummy --- 1 
0 

(Terminal 1) 

1 P1 79200 Dummy Dummy 
198  T

3
 

(15 miles) 
198 198 

        

2 P1 79200 0 Infinite --- --- 198 

2 P2 79201 1 25 --- --- 198 

2 P3 89760 10560 25 
26 T 

(2 miles) 
224 224 

2 P4 89761 10561 -75 --- --- 224 

2 P5 105600 26400 -75 
40 T 

(3 miles) 
264 264 

2 P6 105601 26401 Infinite --- --- 264 

        

3 P10 105601 Dummy Dummy ---   

3 P11 211200 Dummy Dummy 
264 T 

(20 miles) 
528 

528 

(Terminal 2) 

Table 6.1 Separation Distance between 24” pipeline and 115 kV Transmission Line 

(measured from the center of the transmission line). Region and Section Cuts 

Each region is discussed below (see also the circuit model in Figure 6.2). 

Region 1: Created to model the 24 pipeline as a dummy line, since the 115 kV transmission 

line extends further by 15 miles. Section 1 in this region represents the first span 

outside Terminal 1. The total of 198 sections are determined as follows: 15 miles * 

5280 / 400 ft (span length) = 198. 

Region 2: This region is created by following the Main-Path, i.e., the 115 kV transmission 

line. A new region is created due to the presence of the 24” pipeline.  

Region 3: Represents the rest of the transmission line up to Terminal 2, for 20 miles. No 

pipeline exists in this region. Sections 265 to 528 correspond to this portion.  

Important Notes 

1. To avoid having the same x-coordinate in ROW defined twice (ascending x-coordinate is 

always recommended. Any x-backward should be avoided), P1 and P2 are separated by 1foot. 

The same technique is used for P3 & P4, P5 & P6. 

2. A total of 26 sections are created for P2 – P3: 2 miles * 5280/400 ft = 26. 

3. A total of 40 sections are created for P4 – P5: 3 miles * 5280/400 ft = 40. 

                                                 

3
 The letter “T” indicates a real tower should be assigned to this section in the input file 
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6.3 BUILD CIRCUIT MODEL FOR NORMAL PEAK LOAD 
CONDITIONS (SCENARIO NORMAL_LOAD) 

This section and the next section describe in detail how to build the circuit model shown in Figure 

6.2 for the steady-state case analysis using the Build System Configuration module and the Modify 

Circuit module (next section) of the ROW software package.  

6.3.1 Start Up Procedures 

 

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

software, click on the Right-of-Way icon to start the ROW program main interface (if not already 

started). After the ROW logo screen is displayed, you should see the following screen, which shows 

several large buttons, some of which are disabled at this stage. Note that the logo screen can be 

closed quickly by clicking on it. 

The buttons mentioned above control essentially the following eight main integrated modules: 

 Module 1 (Project Management, Settings and Frequency & Units buttons) handles various 

aspects of project management; allowing the user to modify the 

limits of various parameters such as number of terminals, 

number of conductors, etc (Settings screen); specify common 

system data such as system of units and power frequency 

(Frequency & Units screen).  

 Module 2 (Build System Configuration button) is the core of 

the ROW program. It is used to specify the right-of-way circuit 

model through a series of intuitive windows interfaces.  

 Module 3 (Create Circuit button) builds the original circuit 

model of the network that will be used to carry out the 

computations. Automatically computes the required line 

parameters (using the TRALIN computation engine) to produce 

the complete data file that can be read by the circuit solver 

computation engine SPLITS. 

 Module 4 (Modify Circuit button) retrieves data from, and 

makes modifications to a SPLITS-compatible input file initially 

produced by ROW. 

 Module 5 (Monitor Fault button) allows you to automatically model faults along a transmission 

line, at any combination of group of sections (spans) with the possibility to define arbitrary 

Click here 
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section increments between applied faults. The program will generate summary files containing 

useful information about the monitored “exposed” phase conductor (pipeline, railway, etc.) and a 

reference phase conductor (ground-wire, etc.) at every section. 

 Module 6 (Total Interference button) computes the conductive interference component and the 

sum of the inductive and conductive components. 

 Module 7 (Process button) is in charge of calculating the inductive & capacitive interference 

levels during load or fault conditions as well as the total interference inductive and conductive 

levels during fault conditions, including current and voltage distributions. 

 Module 8 (Plot & Report button) provides various utilities, e.g.: system input & computation 

results reporting with a text file, circuit plotting and envelope curve plotting. 

In the following, each of these modules will be discussed. Because the primary objective of this How 

To… Technical Guide is to provide you with step-by-step instructions on how to complete an AC 

interference study using ROW, many detailed explanations about terminology and functionality used 

in the ROW program will be referred to the Right-of-Way On-line Help that can be accessed by 

pressing F1 when the mouse is focused on a required control, in order to avoid unnecessary 

repetitions.  

6.3.2 Create New Project Workspace 

The first step in setting up the input files for your AC interference study is to create a working space, 

which is known as a Project. This is done by clicking the Project Management button. An Open 

Project screen appears.  

Click on the New tab to request a new project space. You may first see the following screen in which 

a Project Name Project1 and a Scenario Name Scenario1 is automatically assigned by the 

program. 

    

In this example, we decided to create a project called Simple Study under an existing folder 

..\HowTo\Right-Of-Way\A Simple AC Total Interference Study\ROW\. We will first enter Simple 

Study in the data entry of the Project Name. A sub-folder called Simple Study under 

..\HowTo\Right-Of-Way\A Simple AC Total Interference Study\ROW is automatically offered 

while you are typing the project name Simple Study. You can manually rename the project folder 

name (under Project File Location) if you wish this name to be different from the Project Name. 
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However, for clarity purpose, it is usually recommended to keep the same name for the Project File 

Location and the Project Name. 

 

To create a scenario called Normal_Load, enter Normal_Load under Scenario Name. Again, A sub-

folder called Normal_Load under ..\HowTo\Right-Of-Way\A Simple AC Total Interference 

Study\ROW\Simple Study\ is automatically offered while you are typing the scenario name 

Normal_Load. It is also recommended to keep the same name for the Scenario File Location and 

the Scenario Name. 

Click the Create button. The Simple Study project and the Normal_Load scenario are created. The 

newly created folders and files can be viewed in the following Windows Explorer screen. 

 

The file Simple Study.row is a project file for the Simple Study project. It is an ASCII file only 

containing the information regarding all the scenarios defined under this project. Under the scenario 

Normal_Load, you will find a file called RW_Normal_Load.F05 (see Printout A.2 in Appendix A 

for the detailed commands). This file was created the moment the scenario Normal_Load was 

created. Like any module of SES Software, this F05 file, RW_Normal_Load.F05, stores all the other 

data regarding the circuit corresponding to the scenario Normal_Load.  

Right-of-Way on-line help provides further details about the file naming convention. 

The Settings screen allows you to set the limits of various parameters (under the Limits Tab). The 

default limits are usually adequate. The definitions of Path, Region, Attribute Sets, etc are provided 

in Appendix B. They will also be discussed more specifically in the following sections. 

After the project and scenario are created, three additional buttons (Frequency & Units, Build 

System Configuration and Create Circuit) are now enabled and you are now ready to build the 

circuit model. The Frequency & Units screen allows a user to specify common system data. Case 
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Description (optional) allows you to enter a block of comments. There is no limit for the number of 

words to enter. Run Identification (optional) is used to define a text consisting of a maximum of 20 

characters to identify the run. System Frequency defines the electric power system frequency. 

System of Units: defines the unit system used in the ROW model: Metric or British Imperial. In this 

example, the British system of units is selected (with radii measured in Inches). 

 

6.3.3 Define Central Site and Line-Paths in the Build System 
Configuration screen 

In the following sections, it will be assumed that the reader is entering the data as indicated in the 

instructions. Note that it is advisable to save your work regularly by using Save Project (CTRL-S) 

under Project menu in the ROW main screen. The data, entered up to that point, will be saved in the 

file RW_Normal_Load.F05. This file can be retrieved at any time by using Open Scenario under 

the Project menu in the ROW main screen. The same considerations apply if a data entry session 

has to be interrupted. (Click Cancel, then close all active windows to exit the program after saving 

your data.) 

If you intend to enter the data manually, proceed with this section, otherwise, you can import all the 

data by proceeding as follows: 

 Select Open Project (CTRL-O) under the Project menu in the ROW main screen. Go to your 

working directory (defined in Chapter 2) and go to the Simple Study subfolder. You should 

now see the following Open Project screen. Select the file Simple Study.ROW and click the 

Open button. The project Simple Study is now loaded. It contains three scenarios: 

Normal_Load, Fault and FaultWithMit, as indicated by the three folders in the Open Project 

screen.  

 Now select Open Scenario under the Project menu in the ROW main screen. You should now 

see the following Open Scenario screen. Select the file RW_Normal_Load.F05 and click the 

Open button. The scenario Normal_Load is now loaded. Note that when an existing project is 

loaded into the ROW program, an active scenario (the one last saved) is also loaded 

automatically. In this case, the active scenario in the original Simple Study project was Fault. 
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The data described in the preceding sections will now be entered in the Build System 

Configuration screen. Click the Build System Configuration button in the ROW main interface. 

The following screen appears. Since a large amount of data is 

going to be entered, the data entry in ROW is designed such 

that the sequence of data entry in the Building the Right-of-

Way System screen is controlled by the availability of the 

buttons. The first step is to define the central site. 

You must now click the Define Central Site button (this 

button is in red initially to indicate no data has been entered for 

the Central Site). 

Based on the circuit model shown in Figure 6.2, the central site 

is defined by the data shown in the following screen. Enter 

MyCentralSite as the name for the Central Site, enter 5 for 

Total Number of Phases. A table of 5 rows is automatically 

opened under the Define Phases frame to enter your data. 

Since all of the phases are open-circuited (with respect to the 

site local ground bus) at the Central Site (which is assumed to 

be a fictitious site rather than a real substation or transmission tower with a true grounding system), 

you just need to enter the phase names according to the following screen and table. The Ground 

Impedance of the central site is also set to a large value to indicate that there is no real grounding 

system at this site. Click OK to go back to the Building the Right-of-Way System screen. 

We will now introduce 2 Line-Paths as described previously. Enter 2 in the Number of Paths, a 

table of 2 rows under Define Paths is opened. By default, the first row is used to define the Main 

Line-Path (Path 1), the remaining rows are used to define the Principal Line-Paths. You can change 

the Line-Path type (except for the Main Line-Path) to Group or Cable type by clicking on the cell 

under Path Type and make an appropriate selection from the drop down menu.  
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We start with the Main Line-Path which is chosen to be the 115 kV transmission line (see Figure 4.1 

& Figure 6.2). Click the cell corresponding to this row (present Status No) under Defined. Define 

Path 1 button is now enabled. Click this button to define the Main Line-Path. As shown in Chapter 4 

or Figure 6.2, the 115 kV transmission line consists of one main conductor (Neutral or shield wire) 

and 3 satellites. The conductors’ names and their phase numbers are shown in the screen.  

Important Notes 

1. Both path names and conductor names are optional to be defined. You can simply leave them as 

empty cells – undefined. It is however strongly recommended to define them. 

2. Any bundled conductors, e.g., two shield wires, can be assigned to the same phase number. 

This will instruct the program to bundle the two conductors together when their line parameters 

(series and mutual impedances) are computed. 
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By convention, Conductor No. 1 is always chosen as the Reference 

conductor of the Main Line-Path. The rest of the conductors in the 

Main Line-Path are the satellite conductors. Displacement of Main 

Conductor is the distance between the Main conductor (Neutral) and 

the survey line of the transmission line. Usually, the survey line is at 

the geometric center of the transmission line. Since the neutral 

conductor is on the center transmission line, the Displacement of 

Main Conductor is 0. The data entry for the Displacement of Main 

Conductor is useful since the separation distances between pipelines 

and transmission lines are very often measured between the pipelines 

and the survey line, while the Reference conductor of the Main Line Path may not always be at the 

survey line of the transmission line. The value in the Displacement of Main Conductor (positive or 

negative) is going to be added to the separation distances between the Main Line-Path and the rest of 

the Line-Paths. 

Click OK to go back to the Building the Right-of-Way System screen. Line-Path 2 can be defined 

similarly. Enter the Path Name as shown in the following table. The Number of Satellites for this 

path is zero. The Conductor Name and Phase No. are entered according to the following table.  

Path No. Path Name Path Type Conductor No. Name Phase No. 

2 24InPL Principal 5 PIPE24 5 

6.3.4 Define Attribute Sets in Building the Right-of-Way System 
screen 

After the central site and line paths are completely defined, the Attribute Sets frame is now active. 

Enter 1 in the Number of Sets to define the only attribute set 

required in this study.  

Click on the Specify button to define the attribute set. The 

following screen appears (with all data fields empty and 

Defined status as No). As explained in Section 6.2, an 

Attribute Set defines the characteristics of all the Line-Paths 

introduced. It defines the characteristics of the conductors in 

each line path and the relative position of the satellite 

conductors within each path. From Figure 4.1, the heights or 

burial depths of the reference conductors of all the Line-

Paths are entered under Uniform Height in the following 

screen. Negative values are defined for the 24 gas pipe since 

they are below the earth surface. The Reference Conductor of 

the Main Line-Path is Conductor Neutral, which is at a height 

of 90 ft above ground. 
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We will first define the attribute set for the Main path by clicking on the corresponding cell under 

Defined, then clicking on the Edit Path 1 to define the characteristics of all conductors in the Main 

path. The other paths are defined in a similar way. The following screen appears (with all data fields 

empty and Defined status marked as No initially). 

    

The horizontal separations and heights of the reference and each satellite conductors are entered 

according to Figure 4.1. 

Conductor Name Horizontal Separation (ft) Uniform Height (ft) 

Neutral 0 90 

Phase_A -8 75 

Phase_B 8 80 

Phase_C 8 70 

The above table lists the Horizontal Separation and Uniform Height of the conductors in the MAIN 

Line-Path 

Note that the horizontal separations are measured with respect to the Reference conductor of the 

Main Line-Path. The characteristics of the Reference and Satellite conductors are defined by clicking 
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on the corresponding cell under Defined. Click on the Define 

Conductor 2 Characteristics button. We will define the 

characteristics of the conductor labeled Phase_A by selecting it from 

a database. Select Import from database in the Conductor 

Characteristics screen.  

Click the OK button. The Conductor Database screen appears. You 

can click on the Customize button to add and/or remove data fields to 

display. Select ACSR from the Conductor Class combo drop list. Scroll down to find the ACSR 

Flicker conductor (477 kcmil cross Section). The characteristics of the conductor are grouped under 

Conductor Fields which defines the physical properties of the conductor, Real Part and Imaginary 

Part which define the electrical properties of the conductor. Please consult the on-line help (by 

pressing the F1 Key) for details of these data fields. Click the Export button. If you wish to view the 

data just defined, click the corresponding cell under Defined. Click the Define Conductor 2 

Characteristics button and select Edit/View data in the Conductor Characteristics screen.  

 

Click the Close button in the Conductor Specification screen to return to the Conductor 

Attributes for Path (Main/Principal) 1 screen. The other 2 phase conductors Phase_B to Phase_C 

and the overhead ground wires OPGW Optical ALCOA 48/48/606 can be defined similarly using 

Import from database. Note that you can take advantage of the Copy from existing conductor 

option to quickly define the two other phase conductors Phase _B to Phase _C by using the already 

defined phase conductor Phase_A.  
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The OPGW Optical ALCOA 48/48/606 can be imported from the Optical Conductor Class list. 

 

Click the OK button on the Conductor Attributes for Path (Main/Principal) 1 screen to return to 

the Conductor Attributes Set 1 screen. We will now define the conductor characteristics of the 24 

(0.610 m) gas pipeline. Click the corresponding cell under Defined for Path 2, and then click Edit 

Path 2 to define the characteristics of all conductors in Path 2. The screen shown to the left appears 

(with all data fields empty and Defined status as No). The characteristics of the 24 (0.610 m) 

pipeline are defined by clicking the corresponding cell under Defined, and then clicking the Define 

Conductor 5 Characteristics button. Select Import from database in the Conductor 

Characteristics screen. Click the OK button. Select PIPES-STEEL from the Conductor Class list. 

Scroll down to find the 24 STD conductor. The Conductor Name in the database consists of two 

fields: Nominal Pipe Diameter followed by Wall Thickness Schedule. Note that in the name field for 

the Wall Thickness Schedule, ES = Extra Strong, STD=Standard, and DES = XX Strong. The pipe 
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24 (0.610 m) STD is a 24” (0.610 m) pipe with a wall thickness of 0.375” (0.9527 cm). Click the 

Export button.  

The following screen shows the characteristics of the 24 pipeline. The selected relative resistivity 

and permeability for carbon steel are 10 (with respect to copper) and 300 (with respect to free space), 

respectively. The most appropriate values are usually current dependant. 

    

The last item in defining an Attribute Set is to specify the phase Shunt Impedances required by the 

inductive and capacitive interference computations, Coating Characteristics (for the conductive or 

total interference computations) and phase Dummy Status by clicking the Define Phase Leakage, 

Status… button available from the “Conductor Attributes Set” screen. 

Important Notes 

The shunt leakage impedance of a conductor consists of two components that are in series: 

1. The coating leakage impedance, which is made of a resistive and capacitive parts acting in parallel. 

The resistive part is a function of the effective resistivity of the coating and of the coating thickness. 

The capacitive part is a function of the coating permittivity and coating thickness. Once combined, 

they form the effective coating impedance. Quite often, the capacitive part can be neglected at 

power frequencies except when soil resistivity is high. 

2. The conductor surface to soil interface shunt leakage to remote earth or ground impedance which is 

essentially a function of the conductor overall radius and soil structure characteristics. 

In the Phase Leakage, Status… screen, the shunt impedance of a phase must be defined in two 

blocks of columns representing the Coating Characteristics and the total Shunt Impedance (i.e., 

shunt impedance due to the coating + the ground leakage impedance). Thus, the Shunt Impedance 

column represents the sum of the shunt coating impedance and the shunt earth leakage (ground) 

impedance. This is the value that is used directly as the phase shunt impedance by the inductive 

and capacitive computation engine (SPLITS). The Coating Characteristics column represents the 
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shunt impedance due to the conductor coating only without the shunt earth leakage (ground) 

impedance which is always computed directly by the conductive computation engine (MALZ) in 

order to determine the conductive and inductive interference components (if EMF was specified) 

used by the total interference module. Consequently, the coating characteristics data are intended 

to be used exclusively by the MALZ computation module and, therefore, are directly exported to 

MALZ. The total shunt impedance values are for the exclusive use of the SPLITS computation 

module. It is important that the two blocks of data be consistent with each other. Typically, the 

user should compute the total shunt impedance using the MALZ module before building the 

ROW model. This is particularly important if accurate values are desired when soil resistivities 

are high and the ground impedance of the conductor can no longer be neglected compared to its 

coating impedance or when the conductor is bare or has poor coating impedances. 

Enter the data according to the following screen. 

 

 

Depending on the selected option displayed in the “Unit” columns, the shunt impedance/coating 

characteristics of each phase can be specified in several ways. This screen is also used to set the 

dummy status of a phase. If a phase is set to “Dummy”, its series impedance and shunt impedance 

are set to a very large value (open circuit), and there it will have no mutual impedance to any other 

phases. In other words, this dummy phase is a nonexistent phase along the specified zone of the 

terminal. 

The shunt impedances of a phase conductor bundle are normally the capacitance to ground of that 

phase, and can be computed automatically by ROW (using the Computed option). The shunt 

impedance of the overhead ground wire is normally the tower ground impedance in parallel with the 

overhead ground wire capacitance to ground. However, since the shunt capacitance is much larger 

than the shunt impedance of the tower, one can usually ignore the capacitance value. In this 

example, this value is set to a distinctive value of 10.67  (using the Ohms/section option). The 

shunt impedance of the pipeline is usually defined in Ohms-ft
2
 or Ohms-ft. It is defined essentially 

by the characteristics and thickness of its coating. We will use here a value of 440108 Ohms-ft
2
 as 

defined in Chapter 4 for the Total Shunt Impedance. As you may have noticed, we are ignoring the 

This is the total (overall) shunt impedance. It 

includes the coating shunt impedance and conductor 

ground leakage impedance. 
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pipeline ground (leakage) impedance because it is considered to be small compared to its coating 

leakage impedance. This is particularly true when soil resistivity is low. 

The field Resistivity of a phase conductor is defined by the conductor’s coating. For all above 

ground conductors, it is not necessary to define a coating so you can leave this field empty (air is a 

very good insulation, anyway). If for any reasons, it is important to define the coating of a conductor 

(overhead or buried), it should not be bundled with any other conductors so that its coating can be 

specified directly. The coating resistivity can be defined in Ohm-m (resistivity). The coating 

thickness is assigned to 0.00328 ft as defined in Chapter 4. This completes the definition of Attribute 

Set 1. 

In the following two sections, we will complete specifying the circuit as shown in Figure 6.2 by 

defining Terminals 1 & 2. Click OK until you return to the Building the Right-of-Way System 

screen. 

6.3.5 Defining Terminal 1 

 A definition of a terminal consists of two parts: definition 

of terminal energizations and definition of regions. Click the 

Terminals tab in the Building the Right-of-Way System 

screen. Enter 2 in the Number of Terminals: the Terminal 

Energization button is now active. It is in red for now, 

indicating that no data has been entered yet. Select 1 from 

Select Terminal and change the preset terminal name 

Terminal_1 to substation 1.  

6.3.5.1 Define Terminal Energization 

Click the Energization button. The following screen 

appears (with empty data fields), allowing you to define the 

ground impedance and energizations (voltage or current 

sources) of each bus at Terminal 1. The ground impedance 

at Terminal 1 is as assumed to be 0.5+j 0.0 . By clicking 

on the cell under Energization Status, you can choose one 

of the following four options to energize a Bus. 

 Voltage: Specify a voltage source for the Bus. 

 Current: Specify a current source for the Bus. 

 VI-Energ: Specify a source voltage and a source current at the same time, and ROW will 

determine an appropriate equivalent source impedance for the Bus. This option replaces a 

trial-and-error process of determining suitable equivalent source impedances, which is 

otherwise made difficult by the transmission line impedance and mutual coupling between 

phases having considerable influence on the fault currents. One single ROW run can provide 

the required source impedances. This option is particularly useful when it is necessary to 

determine equivalent source impedances based on the fault current data at a single fault 

location. 

 Dummy: When this type is selected, ROW assumes that the specified phase does not exist 

between the terminal and the central site. Note that the previously mentioned “Dummy” 
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status under the Attribute Set only sets certain regions (sections) of a phase to dummy (non-

existing), while the “Dummy” status under the Energization Status sets the phase to dummy 

(non-existing) for all regions along this terminal. This will be discussed more specifically in 

the next section.  

The source voltages (phase-to-ground) are set to 66.395 kV and the source impedances are set to 

0 . Note that by using voltages as source energizations, capacitive coupling effects are 

accounted for in the computations 

 

You can press the F1 key at any time to view context sensitive on-line help related to any selected 

field for more details on the various options discussed here.  

Important Notes 

1. A phase conductor can be energized with Current or Voltage or VI-Energ, depending on 

the project needs. If only inductive coupling is of concern, i.e., no capacitive coupling is 

involved, Current energization is a good choice if one knows the value of this current. If 

both inductive and capacitive couplings are of concern, however, the phase conductor has to 

be energized with Voltage and an appropriate equivalent source impedance is required. 

2. All non-energized conductors, such as shield wire ground conductors, pipelines, railways or 

communication lines, etc., should be specified using the Voltage energization mode. 

Typically, in this case the source voltage is zero and the equivalent source impedance is 

defined as follows. 

3. The Equivalent Source Impedances field defines the phase connection status to the 

terminal grounding system. If a phase (line) is connected to the terminal neutral point 

(grounding structures), then you should specify an equivalent source impedance value 

(typically, zero). If a phase (line) is not connected to the terminal neutral point, i.e. open 

circuited, specify a very large value or select Open Connection in the Connection Option. 

The program will set the equivalent source impedance to a large value (999999+j999999 

ohms). 
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4. You can use an alternative method to define a non-existing or Dummy phase (line) to 

specify that this phase does not exist. The self impedances of the line sections at the central 

station and at the terminal are set to a very large value (to simulate an open-circuited 

section), while all mutual impedances between the line and other lines are set to zero. It is 

also acceptable to assign a zero source voltage to the fictitious line. However, specifying 

“Dummy” Voltage Status is the preferred method, as it minimizes the possibility of 

numerical problems during computations (truncation or round-off errors). 

The above screen shows the energizations at Terminal 1 during normal load conditions. 

During steady-state conditions, we focus on the inductive coupling between the transmission line 

and the pipeline. However, in order to keep the voltage level to account for the capacitive coupling 

(if any) correctly, it is preferable to use a Voltage source. For example, Terminal 1 will be energized 

at 66.395 kV and actual source impedances are assigned in Terminal 2 to maintain the voltages on 

the line (see Terminal 2 energization in Section 6.3.6.1). By using a voltage source, the transmission 

line self impedances and mutual impedances between phases influence the steady-state currents. The 

source impedance, therefore, should be computed properly, accounting for the phase line impedance. 

For a two terminals network such as the one shown in Figure 4.1 or Figure 6.2, a voltage source can 

be applied as shown. The other terminal will not be energized as is shown hereafter. 

Press OK to return to the Terminals tab. 

6.3.5.2 Define Regions 

There is one region along the terminal associated to Substation 1, as shown in Figure 6.2. The 

pipeline does not exist along that terminal, but the transmission line does in order to more easily 

specify the energizations described in the above section. The span length is 300 feet. Note that the 

length of the transmission line is not critical here since we will compute a source impedance that 

takes into account the system length in order to obtain the correct voltages and currents along the 

line.  

However, this length should not be too short (such as 1 foot or less) to avoid numerical instability. 

Important Notes 

Numerical instability can occur during computations when a very small or a very large number 

exists in a section (circuit cell). This can originate from:  

Short-circuit connections that are made at sections which have very small series 

impedances (for example, a section of only 1 foot long). 

Very large shunt impedances are specified along with very small ones in one or more 

sections. 

Type 1 in the Number of Regions field and click on the Define Region button. The screen shown on 

the left appears. 

Applicable Local Scale Factor specifies the scaling factor to be applied to the X-Y coordinates 

specified in the Define Cut and Define Path screens for this region (see next). By default, the value 

equals the global scaling factor defined in the Advanced screen of the Building the Right-of-Way 
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System screen. In this study, all distances are measured in feet and the Applicable Local Scale 

Factor is therefore 1 for all regions since we are working with the British system of units.  

Click on the Define Soil Type button to define the average soil resistivity in this region. The default 

value is 100 ohm-m. In this case, we will leave the default value unchanged since we use 100 ohm-m 

soil for the whole right-of-way.  

    

Important Notes 

1. Higher soil resistivity leads to less cancellation effects from the soil and therefore stronger 

inductive coupling between the transmission lines and pipelines. 

2. The bottom soil layer resistivity may play a major role in computing the mutual coupling 

between pipelines and transmission lines because the depth of this layer is infinite. 

The Selected Conductor Attribute Set list allows you to select which Attribute Set is to be 

associated with this region. The Alter Conductor Attribute Set button allows you to use an 

Attribute Set as a template to create a new Attribute Set with modified Leakage Impedance, Phase 

Status… data pertaining to the region under consideration. For example, to define the dummy status 

of the pipeline in this region, first click the Alter Conductor Attribute Set button, then click the 

option button Break the linkage to the Attribute Set so that you can customize the Attribute Set 

for this region. Click the cells corresponding to Pipe and change the Phase Status from Real to 

Dummy. Note that the default setting “Automatically update from the Attribute Set” ensures that 

the data in the input grid related to this region gets updated automatically (provided that the linkage 

is not broken) every time the corresponding Attribute Set is changed when specifying Attribute Sets 

(using the Specify button in the Attribute Sets tab of the Building the Right-of-Way System 

screen). 
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Click OK to return to Region 1 of Terminal 1 screen. This screen defines the absolute coordinates 

of the Main conductor in the region. The start point and end point must be specified if the region is 

the first (starting) region, while only the end point is specified if the region is not at the beginning of 

the right-of-way. Note that the Y coordinate can be always 0 to keep the system simple (i.e. the Main 

is the Reference x-axis). The Z coordinate becomes editable if the Uniform Height option in the 

Advanced screen (in the Building the Right-of-Way System screen) is set to No, otherwise, it is 

non-editable, such as in this case. 

The value of 300 is entered for the X-End field. The Total Length becomes also 300. 

The Cuts Status will allow you to define the cuts for Region 1 of Terminal. The cuts are 

necessary in order to segment the whole length of the right-of-way along the specified terminal into 

smaller sections that typically correspond to a transmission line span. This screen allows you to 

specify the X-coordinates of points along the Main conductor which delimits groups of sections and 

also to indicate how many sections exist between each point and the previous one. Three types of 

cuts, Uniform Cuts, Automatic Non-Uniform Cuts, and User Defined Non-Uniform Cuts, can be 

applied to the region. In this case, Uniform Cuts is chosen. The No. of Sections is 1. Press F1 for a 

detailed explanation for Automatic Non-Uniform Cuts, User Defined Non-Uniform Cuts. 

Because the pipeline is dummy in this region, there is no need to define it under Other Paths (see 

the screen below). In the next section, we will describe how they should be defined when they 

represent realistic lines. Click the OK button several times to return to the Building the Right-of-

Way System main screen.  
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6.3.6 Defining Terminal 2 

In this section, Terminal 2 will be defined. We will describe in great detail how to define the regions 

in this terminal, which covers the entire length of the right-of-way under study. Select 2 from Select 

Terminal and change the preset terminal name from Terminal_2 to substation 2. As shown in the 

circuit of Figure 6.2, there are 3 regions in Terminal 2. Enter 3 in Number of Regions to request a 

list of 3 regions to be defined. 

6.3.6.1 Defining Terminal Energization 

    

Click the Energization button. The terminal energizations for Substation 2 can be defined in the 

same way as for Terminal 1. The assumed ground impedance at Terminal 2 is 1 . The 

energizations of all phase busses are defined as shown in the above screen. 

Appendix K provides detailed steps on how to obtain the source impedances in this terminal. 
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6.3.6.2 Defining Region 1 

Region 1 along Terminal 2 can be defined in the same way as Region 1 along Terminal 1. The 

differences between the two regions are: (a) the transmission line is 79,200 ft long (15 miles) and (b) 

the Number of Sections or cuts is 198 (79,200/400 span length). The two newly specified fields are 

shown in the following screen. Remember to click on Alter Conductor Attribute Set, and set the 

Phase Status of the Pipe to Dummy. 

 

6.3.6.3 Defining Region 2 

As indicated in Figure 6.2 in Section 6.2, Region 2 represents the transmission line from Points P1 to 

P6 in Figure 4.1. The following describes how to enter the data shown in Figure 6.2 into the 

corresponding screens of ROW.  

    

In the Building the Right-of-Way System screen, select 2 from the Define Region list and click the 

Define Region button. Enter 26,400 ft (5 miles) as the Total Length for the Main Path (115 kV 

transmission line) and click the Define Cut button. The No. of Sections is 66 (5*5280/400).  

Click Other Paths to define the Principal Line-Paths for the pipeline. In the Other Conductor 

Paths frame, first click the data field under Defined corresponding to the 24 pipeline (24InPL), 
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then click the Define Path 2… button. The separation distances between the 24 pipeline given in 

Figure 4.1 are entered as shown in the following screens. 

 

6.3.6.4 Defining Region 3 

Based on Figure 4.1 and the circuit model shown in Figure 6.2, Region 3 can be defined.  Region 3 

can be defined in the same way as Region 1 along Terminal 2 was defined. The differences between 

the two regions are: (a) the transmission line is 105,600 ft long (20 miles) and (b) the Number of 

Sections or cuts is 264 (105,600/400 span length). The two changes are shown in the following 

screen. Again, remember to set the Phase Status of the Pipe to Dummy using the Alter Conductor 

Attribute Set button.  

 

Alternative Automated Input Method 

SES has developed an automated CAD-based graphical interface alternative, via the module 

ROWCAD, in order to specify the required data described in the above Section 6.3.5. This 

approach is almost completely based on a graphical representation of the right-of-way network 

configurations instead of the series of window interfaces described above.  
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We will not delve here into ROWCAD for the system considered, however you may consult 

Chapter 7 of this manual for a treatment of this case, or the ROWCAD User’s Manual if you wish 

to learn more.  

6.3.7 Saving the Data & Displaying the ROW Configuration   

After completing the data entry of the entire right-of-way, save the data first. Before any 

computation, it is always useful to visually validate the data by displaying the configuration of the 

right-of-way for the applicable terminal. Since the entire right-of-way is defined under Terminal 2, 

click the Plot Network button in the Building the Right-of-Way System screen when Terminal 2 is 

selected. Select both terminals and click on the Display (SESCad) button.  

 

 

The configuration of the right-of-way under study is displayed in SESCAD. For those who are not 

familiar with the SESCAD software package, please consult the on-line help to get more information 

about it. To zoom in an area in the right-of-way under study, click on the Zoom button  and then 

draw a rectangle around the area. You can also use the Measurement Tool to verify the separations 

between various paths. 
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6.3.8 Initial Circuit Model Creation Using the Build Circuit & Process 
Module 

Click OK in the Building the Right-of-Way System screen to return to the main Right-of-Way 

screen. With the data entry completed, you can now create the initial circuit model by clicking on the 

Create Circuit button on the Main screen. Select the option button Build the Whole Circuit 

Model, then click OK/Apply. The ROW program will begin to compute the line parameters section 

by section and region by region. The following message window indicates the progress of the 

computation. 

 

At the end of computation, a SPLITS input file SP_Normal_Load_0.F05 corresponding to the initial 

circuit model shown in Figure 6.2 is constructed. Note that the modifications to this circuit, such as 

changing shunt impedance, etc., have not yet been applied. They will be carried out in the next 

section by using the Modify Circuit module.  

    

Important Note 

SP_Normal_Load_0.F05 is a SPLITS compatible input circuit file. This circuit file can work 

independently without the ROW software package. For example, you can modify the file and run it 

in the MultiLines software package or any compatible CDEGS software package. 
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Section 6.4 demonstrates how to use the Modify Circuit module. As an example, we will redefine 

the tower resistance by using this module. Since the tower resistance has already been defined in 

the Leakage Status… screen, you can skip this section, and directly go to Section 6.5. 

6.4 BUILDING THE FINAL CIRCUIT MODEL USING THE 
MODIFY CIRCUIT MODULE (NORMAL_LOAD SCENARIO) 

The Modify Circuit module is a utility that retrieves data from, and makes modifications to, a 

SPLITS-compatible network definition input file initially produced by the Right-of-Way program or 

any of the CDEGS software packages. Many flexible functions are available. To demonstrate how to 

use this module, we will describe in this section the operations required to modify the initial circuit 

model and obtain the final circuit model shown in Figure 6.2. 

The following table lists these operations: 

Operation No. Set No. Phase No. Sections No. Description of Operation 

1 1 1 1  to 528 Assign all shunt tower impedances connected to the 

shield wires along Terminal 2 to 10.67 Ohms.  

 

Important Notes 

The file naming convention for this module is: 

Input: SP_Scenario_ReferenceCircuitModelID.f05: A SPLITS-compatible file (before 

modifications). Where Scenario is the scenario ID for the project and 

ReferenceCircuitModelID is an integer representing the reference ID of the SPLITS file, 

typically, 0, 1 … 

Output: SP_Scenario_NewCircuitModelID.f05: A SPLITS-compatible file (after 

modifications). Where NewCircuitModelID is an integer representing the new ID of the 

SPLITS file, typically, 1, 2… 

Operations to be applied: MODSP_Scenario_X_Y.f05: The command file that 

records the operations made on a SPLITS file. It can be loaded by this module. X and Y 

are integers. X is the reference circuit model ID. Y is the new circuit model ID. 
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Click the Modify Circuit button in the ROW main screen; the 

following screen appears. The Reference Circuit Model ID 

and New Circuit Model ID are set to 0 and 1, respectively. 

The Reference Circuit Model ID 0 selects the Target file (i.e., 

the file to which the five operations are going to apply) to be 

SP_Normal_Load_0.F05, while the New Circuit Model ID 1 

determines that the resulting file will be 

SP_Normal_Load_1.F05 after the operations. The Reference 

Circuit Model and New Circuit Model ID number also 

determine the Modify Circuit input file to be loaded when you 

click the Load button. In this case, an input file 

MODSP_Normal_Load_0_1.F05 will be loaded. 

Once you have chosen a Reference and New circuit, the View/Edit – GRSPLITS-3D button 

becomes active. GRSPLITS-3D, is a powerful 3D graphics input processor designed to make it 

possible to visualize the circuit model represented by a SPLITS command input file. All sections and 

terminals can be displayed, as well as all data related to the circuit components. 

 

The tool allows a quick, or detailed, overview of the built and modified circuits, making verifications 

and error catching easy and efficient. You can also make quick and simple modifications to the 

circuit. Note however that any edits made are non-repeatable, and thus it is preferable to use the 

Modify Circuit module for this task and use GRSPLITS-3D only as a viewer when working with 

ROW, or for quick one-time only tests. More details on GRSPLITS-3D, its capabilities, and how to 

use it can be found in the GRSPLITS-3D User’s Manual. A quick overview video is also available. 
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In the following sections, it is assumed that the reader is entering the data as indicated in the 

instructions. Again, note that it is advisable to save your work regularly by clicking on the Save 

button and following the instructions in the dialog box. The data, entered up to that point, will be 

saved in an ASCII command file named MODSP_Normal_Load_0_1.F05. This file can be retrieved 

at any time by clicking on the Load or Open button and by following the instructions in the dialog 

box. The same considerations apply if a data entry session has to be interrupted. (Click Cancel, then 

close all active windows to exit the program after saving your data.) 

If you intend to enter the data manually, proceed with this section, otherwise, you can import all the 

required data by proceeding as follows: 

Importing DATA 

Method 1 - Click the Load button, the data file MODSP_Normal_Load_0_1.F05 will be 

selected automatically. Click Yes to load that file. 

Method 2 - Click the Open button, then browse to the data file 

MODSP_Normal_Load_0_1.F05 described in the next section to load it. 

6.4.1 Replacing Shunt Impedance (Operation 1) 

Click the New button to start a new operation. The window to select the working terminal appears. 

Select the target terminal and click OK to go back to the Modify Circuit main window. Then all 

possible operations or functions become available. 

 

Operation 1 is defined by using the Shunt Impedance option in the Self Data Modification. Click 

on the New Set button. Choose Replace With option and enter 10.67 + j 0 as the new impedance 

value. Choose Phase 1 and enter Sections 1 and 528. Set No. 1 is now defined. 
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Important Note 

Currently, a maximum of 30 sets for each operation is allowed. 

After all operations have been defined, click the OK/Apply button in the Modifying Circuit main 

screen to start processing. Once the conversion is completed, return to the ROW main screen.  

A SPLITS compatible file SP_Normal_Load_1.F05 is created which corresponds to the final circuit 

model shown in Figure 6.2. This circuit model is the base circuit that can be used to various 

scenarios corresponding to different cases, such as load conditions and fault conditions.  

Important Notes 

Any changes to the right-of-way  physical network (i.e., dimensions, soil structures, conductor 

characteristics, that will alter the circuit model), must be followed by the following operations: 

 Run Create Circuit to generate the original SPLITS file, i.e., Sp_ScenarioName_0.f05; 

 Apply all operations defined in Modify Circuit to update the final circuit, i.e., 

Sp_ScenarioName_xx.f05, where xx is an integer, e.g., Sp_Scenario_1.f05, 

Sp_ScenarioName_2.f05, etc. 
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6.5 COMPUTING INDUCED POTENTIALS FOR NORMAL 
PEAK LOAD CONDITIONS  

Important Note 

If you decided to skip Section 6.4 then the circuit number extension “x” shown in the file name 

SP_Normal_Load_x as referred to in this section and in the following sections will be displayed as 

“0”, instead of “1” as shown below. In other words all operations described hereafter will be 

carried out on the circuit defined in the “Sp_Normal Load_0.f05 input file. 

There are two ways to submit SP_Normal_Load_1.F05 in order to process the required 

computations that yield the induced pipeline potentials. If you are an experienced CDEGS user, you 

can submit this file to the SPLITS computation module. You can also proceed as described in the 

following. 

To submit this file in the ROW environment, click the Process button in the ROW main screen. 

Select Process Circuit Model No. (Single SPLITS Run) 1 (Where “1” represents the SPLITS 

circuit number, Sp_Normal Load_1.f05) in the screen, and click OK/Apply. The SPLITS 

computation module starts. After completion, click the Back to Main button to return to the ROW 

main screen. 

To examine the induced pipeline potentials and various physical quantities, click the Plot & Report 

button in the ROW main screen. Select 1 from the drop-down list of Reference Scenario 1 (Where 

“1” represents the SPLITS circuit number, Sp_Normal Load_1.f05). Click the Regular Plot button 

in the following screen and click on the Open button to load. 

 

SP_Normal_Load_1.F21 1 (Where “1” represents 

the SPLITS circuit number, Sp_Normal 

Load_1.F21) database file. The Regular Plot button 

will only examine the results of a single SPLITS 

run, while the Envelope Plot button enable you to 

examine results of a monitored fault study (see next 

chapter). The Output Toolbox SPLITS screen will 

appear and you are now ready to make plots.  

 

 

 



Chapter 6.  Using the Right-of-Way Software Package 

Page 6-35 

Important Note 

 Before any examining the induced voltages or any other items, it is always recommended that 

the currents in all transmission lines be plotted to make sure the energized currents are correct, 

since this is the most important parameter for the induced interference levels. Such verifications 

are basic and essential checks in interference studies. 

 The Type of Process option defines which actions will be performed when clicking OK/Apply. 

If the Step-by-Step Process option is selected, the program will run only the selected Process 

option and corresponding computation module. If the Process All Steps Automatically option 

is selected, the program will run all necessary computation modules, starting with the creation 

of the circuit model. For example, for the Process Circuit Model No. (Single SPLITS Run) 

option, if the Step-by-Step Process is selected, the program will run the SPLITS computation 

module only on the defined circuit. However, if the Automatic All Process is selected, the 

program will run in the following sequence: TRASPL to create the original circuit in the Create 

Circuit module; all predefined Modify Circuit operations, if any, to update the circuit model; 

and finally the SPLITS computation module to solve the circuit model.     

 The View Output can control whether or not the program should automatically switch to the 

output session to examine the computation results once the computations are completed in the 

processing session. 

To examine the currents in the phase conductors, under Determine, select Section (Longitudinal or 

Series) Currents. In the Type of Y axis option, select the Magnitude radio button. Enter 2 and 4 

for the Starting Bus and Ending Bus, respectively. Under the Terminal option, select the One 

Terminal Plot option and enter 2 in the Terminal Number box. Click the Plot\Draw button. The 

following plot appears. This plot confirms that the currents in the phase conductors are 830 A, the 

expected value. Now we will examine the induced potentials on the pipeline. Click 2D Plots under 

Determine and select Shunt (Tower Ground) Potentials if not already selected. Enter 5 for both 

the Starting Bus and Ending Bus. Under the Terminal option, click the One Terminal Plot option 

button and enter 2 in the Terminal Number box. Enter 190 for the Beginning Section and 270 for 

the Ending Section (pipeline starts at 198 and ends at 264, beyond these sections, the other ones are 

not of interest to us in this case). Click the Plot/Draw button. 
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The plot below shows that the maximum pipeline potential is about 42 volts, which is within the 50 

V limit during steady-state conditions (higher than the 15 V steady-state touch voltage safety limit 

given in CSA Standard C22.3 No. 6-M91 for exposed pipeline structures). No mitigation measures 

are required except at exposed appurtenances. 
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Figure 6.3 Induced Potentials in 24 Gas Pipeline during a Balanced Normal Load Steady-

State Condition: ROW Approach 

6.6 COMPUTATION OF INDUCED PIPELINE POTENTIALS 
DURING FAULT CONDITIONS 

6.6.1 Introduction 

The circuit model built for load conditions serves as a basis for the models used for fault simulations. 

In this study, since the right-of-way contains only two energization sources (Terminal 1 & Terminal 

2) for the fault current contributions, it is a relatively simple matter to set up a circuit model for 

computing the induced pipeline potentials during fault conditions. Therefore, we will only discuss 

the important differences between the load and fault condition models in this chapter. The fault 

simulations discussed in this chapter will provide the fault current distribution for the conductive 

(total interference) study. The pipeline potentials presented in this section constitute only the 

inductive component of the total pipeline coating stress voltage during faults: Unlike load 

conditions, faults entail an additional conductive component that must be considered. 

6.6.2 Fault Current Data 

During fault conditions, currents flow in all 3 phase conductors of the transmission line, with the 

maximum current flowing in the faulted phase. Fault current contributions were supplied for three 

fault locations: at Terminal 1, at Terminal 2, and midway between these. Chapter 4 lists the fault 

current data supplied. For a single-phase-to ground fault, the current on the faulted phase is usually 

much larger (about 10 times) than the currents on the non-faulted phases. Therefore, since this is our 

case in this example, only the faulted phase needs to be modeled here. There are situations where the 

currents in the non faulted phases are large compared to the faulted one. In this case, it is important 

to model all phase conductors during fault conditions. 
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Important Notes 

For the non-faulted phases, there are 3 ways to represent them: 

1. Not model them at all: Dummy the non-faulted phases; 

2. Model them as in the steady state condition: energize the non-faulted phase with the 

steady state currents; 

3. Model them as is: Energize the non-faulted phases with their known provided currents 

when faults occur on the faulted phase. 

The canceling (mitigating) effect of the overhead ground wires has been retained, as these have been 

modeled as well. 

6.6.3 Description of Circuit Model 

Figure 6.4 shows the circuit model for the phase-to-ground fault study. Phase A1 (BUS or LINE 2) 

is selected as the faulted phase, the remaining phase conductors (BUSSES 3 to 4) are set as Dummy 

lines as discussed above. The OHGW and pipelines are modeled as before. The circuit in Figure 6.4 

can be created by modifying only the terminal energizations selected for the steady-state condition 

shown in Figure 6.2.ical Power Circuit Configuration 

 

Figure 6.4 Circuit Model during Fault Conditions 

For phase-to-ground fault conditions, voltage or current sources can be used. The energizations 

selected in ROW will depend on what fault current data is available. With some prompting, fault 

current data is often provided by the electric utility at a number of locations (although, often this data 
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is provided only for faults at terminals, such as power plants or substations). When the fault 

contributions only come from two sources (such as in this study), it is most convenient to use the 

current source option to simulate faults on transmission line towers along the right-of-way under 

study. The fault can be simulated on every tower or every other tower or at user-defined intervals 

(this is the so-called Monitored Fault in ROW). The fault currents at these fault locations will be 

computed based on an interpolation of the known fault currents and their distances from the sources. 

In other cases, when fault currents are contributed by several sources, voltage sources with 

appropriate source impedances can be used. In such cases, the key step is to adjust the source 

impedances of the terminals in the circuit model so that the currents from the SPLITS circuit model 

match the currents supplied by the electric utility. The fault current data for selected locations is used 

to adjust the source impedances until reasonable agreement is reached. The VI-Energization option 

described in Section 6.3.5 can be conveniently used for this purpose. Note that close matches at all 

fault locations between the currents from the SPLITS circuit model and the currents supplied may be 

difficult to achieve because the SPLITS circuit model may not contain all the network elements 

modeled by the utility supplying the fault current data. Erring on the high side should result in a bit 

of a safety margin. 

6.6.4 Carry out Monitored Fault Runs 

With the fault current data provided at Terminal 1, Midway along the right of way and at Terminal 2, 

the current sources alternative will be used for the Monitored Fault runs.  

Important Note 

Starting from version V14.0, the fault condition study can always share the same scenario as the 

steady state condition, i.e., the enenergization under the fault conditions can be re-defined in the 

Monitor fault module. It is not necessary to have different scenario for fault conditions.  

Therefore, as an alternative method to study fault conditions, Section 6.6.4.1 can be skipped. You 

can directly go to Section 6.6.4.2. 

6.6.4.1 Creating Scenario FAULT using Scenario NORMAL_LOAD 

A new scenario named “FAULT” will be created based on Scenario “NORMAL_LOAD”. The 

following briefly describes the required steps to create this new scenario. 

1. In the ROW main interface, click on Project | Save Scenario As. Enter “Fault” as the 

Scenario Name and then click on the Create icon. You are now in the FAULT scenario.  
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2. Click on the Build System Configuration button. Modify the Energizations of both 

terminals so that Busses 3 and 4 are set to “DUMMY” as discussed before. Note that the 

energization on Phase 2 (i.e., the faulted phase) will be defined later in Monitor Fault because 

we are using Current Energization). Click OK to exit the Building the Right-of-Way 

System module. 

    

Important Note 

Voltages with appropriate source impedances on the faulted phase should be defined here if voltage 

sources are used. 

3. Click on Create Circuit in the ROW main screen. Select Update Terminal Energization & 

Central Site for Circuit Model No. 1 to avoid regenerating the terminal section output files 

and click OK/Apply. Terminals 1 and 2 in the SPLITS file corresponding to Fault Circuit 

Model No. 1 (SP_Fault_1.F05) are updated.  
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6.6.4.2 Defining Monitored Faults for SP_Fault_1.F05 

Click the Monitor Fault button in the ROW main screen and the data in the following screen will 

define the monitored fault scenario. Set the Reference Circuit Model to 1. The monitored faults 

will be simulated in the SPLITS file SP_Fault_1.F05. By default, the Source Current is checked 

under Type of Source. The Fault Connection Impedance is by default set to a very small value. 

However, this value is editable for flexibility. 

 

Click on the Define Source button and enter the fault current data in the following screen. The three 

table entries correspond to the fault currents at Terminal 1 (Substation 1), Midway along the right of 

way and at Terminal 2 (Substation 2), respectively. 

 

The data in the Define Faults frame define a fault between BUS 2 (Phases) and BUS 1 (Reference 

Phase). The faults will be simulated at Section 1 of Terminal 1 (Substation 1), and from Sections 

188 to 274 (the 115 kV transmission line in the studied right-of-way) at every other tower along 



Chapter 6.  Using the Right-of-Way Software Package 

Page 6-42 

Terminal 2 (Substation 2). Section 188 (start) and Section 274 (end) are chosen such that faults at 10 

towers beyond the end of parallelism between the 24 pipeline and the transmission line are studied. 

This will ensure that the maximum induced pipeline potentials during faults are completely 

determined. Click on the Monitor Data button to define the exposed phase, which is usually the 

pipeline under study. BUS 5 is thus selected.  

 

Click OK twice to return to the ROW main screen. Click the Process button and select Monitored 

Fault On Circuit Model No. 1 (Induction Envelope). Click OK/Apply. A total of 44 fault runs 

will be launched. 

By default, the resulting SPLITS input (extension F05) and output files (extension F09 and F21) are 

kept for all the faults simulated under a subfolder called ..\MonitorFault_Store-1 (“1” corresponds 

to the SPLITS circuit number, Sp_Fault_1.f05). Note that this option requires you to have enough 

hard disk space on your computer to store these results, if the right-of-way is a large network. The 

fault simulation progress is displayed in the following message window. 

    

6.6.4.3 Plotting Monitored Faults for SP_Fault_1.F05 

At completion of these runs, click the Back to Main button to return to the ROW main screen. Now 

click on Plot & Report, then on Envelope Plot to examine the maximum induced pipeline 

potentials as a result of the faults. Select Reference Scenario 1 since the monitored fault runs are 

done using the reference circuit SP_Fault_1.F05. 
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Most of features in the screen below are self-explanatory. The drop-down menu under Plot 

Quantity allows you to select various quantities. By default, Maximum Exposed Phase (e.g., Pipe) 

Induced GPR is selected. 

 

If you keep the default settings in the ROWPlot screen and click the Draw button, you will obtain a 

plot showing the pipe GPR along Terminal 2 and also at the Central Site (Section 0), which is not 

relevant data for the 24 pipeline because it does not exist there. We will generate a one terminal plot 

for Terminal 2 from Sections 150 (the pipe starts at Section 199) to 300 (the pipe ends at Section 

264), based on the selections shown on the ROWPlot screen. Click on the Draw button, the plot of 

Figure 6.5 is produced. 
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Figure 6.5 Induced Potentials in the 24 Pipeline during Fault Conditions (plotted as a 

function of Section Number) 

Note that Figure 5.2 in SESTLC corresponds to a single fault 231 sections away from the 

Terminal 1. With a span length of 400 ft, this puts the fault 17.5 miles from Substation 1, near the 

crossing. Figure 6.5 in ROW corresponds to all faults from Section 188 to 274 (see page 6-41) which 

is carried out by the Monitor Fault in ROW (not available in SESTLC). Therefore Figure 6.5 

provides an envelope of the maximum of all these faults. In order to generate a plot for a single fault 

at Section 230 in ROW, you can use Plot | Regular Plot and load the Sp_T02L01S0230.F21 under 

\Fault\MonitorFault_Store-1. 

To plot the pipeline potential against the Section or Span Length, click the radio button 

Section/Span Length (ft) Based on Phase. If the PIPE (Phase 5) is selected, as shown in the 

following screen, the results will be plotted against the pipeline distance measured from the origin of 

the pipeline. 
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Figure 6.6 Induced Potentials in the 24 Pipeline during Fault Conditions (plotted as a 

function of Distance from Terminal 1) 

 

These plots can also be sent to a file (for post processing, i.e., printing, loading to a graphics 

package, etc.) by selecting the File or Both option buttons in the Draw frame. In this case, you 

should select a suitable graphics language protocol (under Graphics Language/Protocol) 

compatible with your printer before creating a plot file, which can be sent later to your printer. The 

default printer/plotter graphics language protocol is EMF (Enhanced Windows Metafile).  
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6.7 COMPUTING TOTAL INTERFERENCE  DURING FAULT 
CONDITIONS 

6.7.1 Introduction 

Under fault conditions, AC interference includes inductive, capacitive and conductive components. 

To compute the conductive interference component, one can use the CETU software tool to retrieve  

the injected tower currents computed from ROW or SPLITS, and then use the MALZ software 

separately to compute the conductive component and then add it to the induction component 

obtained from ROW in order to have the total AC interference level. Of course, one can carry out 

this current retrieval operation manually from the SPLITS F09 output file as well. Obviously, this 

approach is cumbersome and error prone and may result in inaccurate computations in some 

complicated cases. For example, one can only add the interference magnitudes of the two 

components without considering their angle. As a result, the total AC interference is over-estimated. 

In some cases, the exposed line (pipelines\, rail, etc.) is also connected directly to the power system 

ground making it impossible to separate the conductive coupling mechanism from the inductive and 

capacitive coupling mechanisms. 

For this reason, the recent versions of the ROW software package generates a MALZ computation 

module input file that includes the electromotive force (EMF) terms (Total Interference module) 

that were computed by the circuit model of ROW. Hence, ROW is able to conduct a complete AC 

interference study under fault conditions that includes the inductive, capacitive and conductive 

coupling components. 

6.7.2 Create Total Interference MALZ Model 

Click the Total Interference button on the Main screen to access the 

Create Total AC Interference MALZ Model File module. In this 

module, a MALZ model file which includes EMF terms is created 

based on the right-of-way system defined while building the right-of-

way network system module (section 6.3), based on the selected 

options and definitions as defined in the Total Interference module. 

The EMF terms are used to account for the induced effects on a 

exposed line due to currents flowing in phase conductors, overhead 

ground wires or other lines. This term represents the inductive 

interference component. Consequently, the results obtained from the 

MALZ model computation give the TOTAL interference level 

(conductive and inductive components). 

6.7.2.1 Determine the Study Type 

Select the study type: All Fault Locations to specify that all faults 

defined in Monitor Fault will be studied or Fault at to indicate that only a specific fault location 

will be studied. We analyze all fault locations here. 
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Important Notes 

If a single fault (Fault at) is studied,  

1. Click the Browse button to open a file dialog to bring a compatible SPLITS output database 

file (i.e., *.f21), which was computed by the ROW software package or by the SPLITS 

computation module.   

2. Select the appropriate Sp_xxxxx.f21 SPLITS output database for a fault occurring at the 

target fault location.  

6.7.2.2 Define the Conductor Network in the Total Interference MALZ 
Model 

When an exposed line (pipeline, telecommunication line, railway, etc.) shares the same corridor with 

the transmission line, the inductive component is impressed on the exposed line by the magnetic 

field generated by the current flowing in the power line. In order to define the buried conductor 

network in the total interference MALZ model, proceed as follows: 

 Make sure that the Lines & Profiles tab is activated. 

 Make sure that “Include EMF Terms (Inductive Interference)” is on (default option). If 

this flag is off, the computation results from the MALZ run will not include the inductive 

component (i.e., the conductive component only will be computed) although the EMF terms 

are still exported to the MALZ input file.   

 Select the paths (or Phases) that will be in the MALZ model. These usually consist of the 

exposed lines, such as pipelines, railways etc. that you want to analyze in order to determine 
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their AC interference levels induced by the power lines. In this example, the pipeline (Path 

No. 2) is selected. 

 Define the paths (or Phases) that will have observation point profiles where the required 

values computed. Again, normally, these are the exposed lines. Two types of profiles are 

available: profiles defined as a shifted horizontal distance and depth with respect to the 

reference conductor of the path or profiles defined along a conductor surface of the path. 

Since we want to have the pipeline coating stress voltages in this example, a profile “On 

Reference Conductor Surface” of Path No. 2 is defined. 

 Other options are also available to define the Lines & Profiles further. 

Important Notes 

The Paths (conductors) & Profiles required in a MALZ computer model file are defined in the Lines 

& Profiles tab of the Create Total Interference Model screen. It is not necessary that all paths 

defined in ROW be included in a MALZ file. You can select only the lines that are relevant, i.e., those 

lines that are of interest or have influence on the computed interference levels on the exposed lines. 

Normally, these would include the studied lines paths (e.g., exposed lines such as pipelines, railways 

etc.) and all other lines such as mitigation systems and grounding wires that have a significant 

influence on both conductive inductive interference levels.  Because the target file is a MALZ input 

file, the following rules are applicable. 

1. If a conductor in the selected path is aboveground (it can be a transmission line or a pipeline or a railway) 

in the Paths (or Phases) in Conductive Model list box, it will be located below the earth surface at a 

depth equal to the conductor radius plus 0.1 m or 0.328 ft depending on the global units system. This 

conductor will be insulated to prevent it from participating in the conductive interference. 

2. If a buried conductor is selected, the program will check how the coating characteristics are defined for this 

line in ROW.  

 If the Coating Characteristics of this line is defined as “Resistance (ohm-m
2
 or ohm-ft

2
)” or 

“Resistivity (ohm-m)”, the program will take the resistance or resistivity of each region to define 

the coating type characteristics in the MALZ computer model. The coating thickness will be 1 mm 

or 0.03937 inch depending on the global units system in ROW. 

 If the Coating Characteristics of this conductor is undefined, the program will assume that the 

conductor is bare and will assign it a coating type of 0. 

 If the real part of the Coating Characteristics of this conductor is a negative value, the program will 

assume that the conductor is insulated and will assign it a coating type of -1. 

3. The conductor characteristics in the MALZ computer model will be defined based on the conductor 

characteristics specified in ROW. If the conductor characteristics change along the right-of-way, the 

program will define the conductor type region-by-region. 

4. For a cable path, the core, sheath and amour will be arranged as single conductors lying above each others, 

from top to bottom. The distance between two conductor surfaces is 0.01 m or 0.0328 ft depending on the 

global units system defined in ROW. The sheath and amour conductors in the MALZ computer model will 

be modeled as hollow conductors. The outer conductor (e.g. amour) will have a coating type matching the 

defined one in ROW while the inner conductors (e.g. core and sheath) will be insulated.  

5. For a group path, each cable will be treated as a single cable as described above. Their relative positions 

within the enclosure are as defined in ROW. The pipe enclosure will be at the center. The pipe enclosure is 

modeled as a solid conductor with a radius equivalent to the original cross-section area of the pipe 

enclosure as defined in ROW. The outer conductor (e.g., pipe-enclosure) will have a coating-type matching 

the defined one in ROW while the inner conductors (e.g., cores, sheaths and amours) will be insulated.  

6. Profiles can be defined as a new path shifted by a specific horizontal distance and depth with respect to a 
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conductor of the path (default) or along a conductor surface of the path.  

7. By default, the distance between points is 1 m or 3.28 ft depending on the global units system. For profiles 

along the conductor surface, a profile is specified on the top of the conductor with a shifted depth equal to 

the conductor outer radius plus 1 mm or 0.03937 inch. For example, if a conductor of a path is at a depth Z, 

a profile will be specified at a depth Zp = Zc – Conductor Radius – 1 mm, where Zc is the depth of the 

conductor center. 

8. Profiles for a Cable path will be specified only along the core conductor. For a Group path, the profiles will 

be specified only along the pipe enclosure. For a Main or Principal path, the profiles will be specified 

along each conductor, including the Reference conductor and the Satellite conductors. 

6.7.2.3 Define Towers and Their Energizations in the Total Interference 
MALZ Model 

When a fault occurs on a transmission line, the faulted structure and adjacent ones discharge large 

currents into the earth and hence raise the soil potential in their vicinity. If the pipeline coating has a 

high resistivity, the pipeline potential will remain relatively unaffected by the high potential of the 

surrounding soil. This difference in potentials between the pipeline and the surrounding earth due to 

currents discharged into the earth by a faulted transmission line structure represents the conductive 

interference. To define the towers along with their currents which are injected into the soil, proceed 

as follows: 

 Make sure that the Tower Selections & Tower Currents tab is activated. 

 Define the paths that contain the towers which contribute to the conductive components to 

the studied exposed lines. Here, Path No. 1 is the transmission line. Therefore, it is selected 

in the “Found along Path No.” field. 

 

 Select the tower grounding configuration. Three typical tower foundations (i.e., Single Rod 

or Square Array of 4 Rods or Two Rod H-Frame) are available. Users can define the tower 

structure grounds in greater details (rod length and array dimensions). A 1 ft diameter steel 

pole, 20 ft long as specified in Chapter 4 is assumed. 
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 Define the tower current threshold. In this example, any tower that is injecting a current 

larger than 0.001 A and up to 50 towers on each side of the faulted tower will be selected 

(contributions from the further towers are negligible).    

Other options are also available to define the Tower Selection & Tower Currents further. 

Important Notes 

The tower ground conductors and tower current engergizations required in the MALZ 

computation module are defined in the Tower Selection & Tower Current tab of the Creating 

Total Interference Model screen. Again, you may only want to include the towers which make 

“noticeable” contributions to the conductive component. The Total Interference module allows 

you to define each individual tower.   

1. Users can define a tower as any shunt impedance smaller than a threshold value (e.g., 1000 

ohms) for the selected phases defined in “Found along Path No.” field. Towers for a Cable 

path are defined only for the core conductor. For a Group path, the towers are defined only 

for the pipe enclosure. For a Main or a Principal path, the towers can be defined for each 

conductor, including the Reference conductor and the Satellite conductors. However, if a 

conductor has the same phase number as one of the conductors that has already been 

specified as having towers along its path, it is then considered not to have towers (this is the 

case of two neutral conductors that share the same phase number in a transmission line). 

2. The tower grounding configuration to be used in MALZ can be defined as a Single Rod or a 

Square Array of 4 Rods or a H-Frame of 2 Rods. The dimension of the tower can be defined 

using the “Single Rod Length”, “Dimension and Rod Length” and “Rod Radius” fields. 

3. The towers that will be included in the final MALZ computer model file can be restricted as 

those towers that are defined by the “Export Energized Tower Only” option or left 

unrestricted by selecting “Export All Towers” regardless of whether they are energized or 

not. 

4. The tower energizations can be defined according to two concurrent options:  

 Any tower whose computed shunt current magnitude is larger than the specified 

value; 

 Towers as defined by the user. These towers are defined on a Terminal-by-

Terminal base. The Central Site is recognized as Section 0 of any terminal. 

6.7.2.4 Create A Total Interference MALZ Model File 

To create the total interference MALZ model file, simply click the button “Create Total 

Interference Model File”: the final MALZ models (MALZ input files, extension f05) are generated 

in the “..\Monitor Fault_Store-1\” folder (each MALZ file represents a fault location (like in the 

Monitor Fault module). As usual, you can view or edit this MALZ file using SESCad which can be 

accessed by clicking the SESCad button. 
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Important Note 

Since the conductive interference level is sensitive to the soil structure and its 

characteristics, in most cases, it may be necessary to redefine the local soil type. By default, 

the soil type defined in ROW for the region where the studied fault occurs will be used (an 

uniform soil is usually used but it may not be good enough for a conductive study). One can 

redefine the local soil structure through SESCad or CDEGS Input Toolbox or by editing the 

MALZ computer model (i.e., MZ_*.f05) file directly with any text editor. 

6.7.3 Compute the Total Interference Level 

The final total interference MALZ model files have been created. To carry out the computation 

proceed as follows: 

  

 Click the OK button to go back to the Main screen; 

 Go to the Process window by clicking the Process button on the Main screen; 

 Make sure that the “Compute Total Interference on Circuit Model” option is selected 

and the Circuit Model is 1; 

 Click OK/Apply.    
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Important Notes 

1. Before examining the results, verify if all MALZ total interference runs are successful by 

checking the log file in the scenario subfolder  ..\Envelopes\ROW_MALZAll_FaultWithMit.log 
 

Two envelope files are generated by the process, i.e., the pipeline total coating stress voltages: 

..\envelopes\TotCoatingStressV_Fault_1.out (“1” represents the SPLITS circuit number 

(Sp_Fault_1.f05) and the pipeline GPR: ..\envelopes\TotMetalGPR_Fault_1.out (“1” represents 

the SPLITS circuit number (Sp_Fault_1.f05) 

 

6.7.4 Examining the Results 

At completion of these runs, click the Back to Main button to return to the ROW main screen. Now 

click on Plot & Report, then on Envelope Plot to examine the maximum induced pipeline 

potentials as a result of the faults. Select Reference Scenario 1 since the monitored fault runs are 

done using SP_Fault_1.F05.  

 

 

Again, most of features in the screen above are self-explanatory. The drop-down menu under Plot 

Quantity allows you to select various quantities. Select Maximum Total Coating Stress Voltage 

(e.g., Pipe). 

If you keep the default settings in the screen above and click the Draw button, you will obtain a plot 

containing the pipe coating stress voltages. Click on the Draw button, the plot of Figure 6.7 is 

produced. Note that the curve is plotted as a function of distance from the origin of the pipeline. 
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Figure 6.7 Total Coating Stress Voltages in the 24 Pipeline during Fault Condition (plotted 

as a function of the distance from the origin of the Pipeline). 
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6.8 MITIGATION MEASURES 

The maximum induced pipeline potential (42 V) during normal load conditions as shown in Figure 

6.4 doesn’t exceed the 50 V limit. Mitigation measures on the pipeline are therefore not required. 

Note, we are assuming that touch voltage reduction, if required, will be carried out locally at 

exposed appurtenances. 

The maximum pipeline coating stress voltage and touch voltage (4,946V) during fault conditions as 

shown in Figure 6.6 exceeds the 2,500 V limit. Mitigation measures on the pipeline are therefore 

required. 

A conceptual outline of an AC interference study, including mitigation design, is provided in 

Appendix I. It has been SES’ experience, in numerous electromagnetic interference projects, that 

mitigation measures should usually first be designed for fault conditions, in order to reduce the total 

coating stress voltage of the pipeline and touch voltage along the pipeline below the design 

threshold. The required mitigation is then checked for load conditions and is often satisfactory: fault 

conditions typically drive the mitigation design. If the results are not satisfactory for load conditions, 

then the mitigation design is further refined.  

6.8.1 Creating Scenario FaultWithMit using Scenario FAULT 

A new scenario named FaultWithMit will be created based on Scenario FAULT. In this 

FaultWithMit scenario, a new phase line that represents the mitigation wire conductor will be added 

as a satellite of the 24” Pipeline path. The mitigation wire conductor will be located at the bottom of 

the pipeline trench (5 ft deep and 1 ft away from the edge of the pipeline). The following briefly 

describes the required steps to add this mitigation wire. 

Important Note 

The approach that was described in the previous version of this document, i.e., Version No. 13, 

for modeling the zinc mitigation wire is still valid. However, the following approach is 

recommended. 

 In the ROW main interface, click on Project | Save Scenario As. Enter “FaultWithMit” as 

the Scenario Name and then click on the Create icon. You are now in the FaultWithMit 

scenario.  
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 Click on the Build System Configuration button. Click on Define Central Site… button. 

Add a new phase (No. 6 MitZinc) in the Central Site screen. 

 

 Add a new satellite conductor as Phase No. 6 to the 24InPL path. Since the mitigation wire is 

designed to be connected to the pipeline, make sure that the ‘Connect the satellite 

conductor(s) to the reference conductor at every xxxx span” option is turned on. 

 

 Click on the Specify… button in the Attribute Sets tab. Specify the mitigation conductor as 

follows: 



Chapter 6.  Using the Right-of-Way Software Package 

Page 6-56 

 

 Define conductor 6 characteristics under the PIPES_AND_ANODES conductor class and 

select the Zinc Ribbon 

 

 

 Click on the Energization button in the Terminal Tab. Modify the Energizations of both 

terminals so that Bus 6 is set to be “Voltage” for the pipeline. Click OK to exit the Building 

the Right-of-Way System module. 
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 Define the Phase Status of the MitZinc phase to “Dummy” for all Regions for which the Pipe 

status is “Dummy”. 

Important Notes 

The zinc ribbon mitigation wire is a bare conductor. It can now simply be defined as Computed, 

leaving the Resistivity field blank or the Thickness as 0 to indicate that the wire is bare. The 

program will compute the shunt impedance of the mitigation wire (Phase #6) automatically 

based on the specified Impedance Computation Wire Length in the Build Network 

System/Advanced screen. 

6.8.2 Obtain the Initial Circuit Model Using the Build Circuit & Process 
Module 

Because the network has been modified (i.e., a new phase line has been added) you need to recreate 

the initial circuit model in the Create Circuit screen. Select the option button Build the Whole 

Circuit Model, then click OK/Apply. The ROW program will begin to compute the line parameters 

section by section and region by region.  

 

At the end of the computations, a SPLITS input file SP_FaultWithMit_0.F05 that includes: the 

mitigation wire conductor is constructed and is connected to the pipeline (Phase #5). 
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6.8.3 Carry out Monitor Fault Runs 

Click the Monitor Fault button in the 

ROW main screen. The data in the 

following screen define the monitored 

fault scenarios. Set the Reference Circuit 

Model to 0. The monitored faults will be 

modeled based on the SPLITS file 

SP_Fault_0.F05. Note that in order to 

save computation time, we will will 

model faults at Section 1 of Terminal 1 

(Substation 1), and at between Sections 

188 and 274 (the 115 kV transmission 

line in the studied right-of-way) at every 

20th tower, instead of every other tower, 

along Terminal 2 (Substation 2). 

Click OK to return to the ROW main 

screen. Click the Process button and 

select Monitored Fault On Circuit 

Model No. (Induction Envelope) 0. 

Click OK/Apply. A total of 5 fault runs will be launched. 

By default, the resulting SPLITS input (extension F05) and output files (extension F09 and F21) are 

kept for all the faults simulated under a subfolder called ..\MonitorFault_Store-0 (“0” corresponds 

to the SPLITS circuit number, Sp_Fault_0.f05). 

 

6.8.4 Plotting the Monitored Faults for Sp_FaultWithMit_0.f05 

By now, the maximum induced voltage pipeline potentials are computed for the mitigation case. You 

can examine the results by using the Plot & Report module (see Section 6.6.4.3). 
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6.8.5 Creating the Total Interference MALZ Model 

Repeat the process used to create the previous 

total interference MALZ models (see Section 

6.7.2). All Fault Locations will be defined based 

on Circuit Model No. 0.  

To create the total interference MALZ model 

file, simply click the button “Create Total 

Interference Model File”: the final MALZ 

models (MALZ input files, extension f05) are 

generated in the “..\Monitor Fault_Store-0\” 

folder (each MALZ file represents a fault 

location like in the Monitor Fault module). As 

usual, you can view or edit this MALZ file using 

SESCad which can be accessed by clicking the 

SESCad button. 

We will import a MALZ template file that 

contains a few physical connections between the 

24 inch pipeline and the mitigation wire to 

ensure that the pipeline and the mitigation wire are connected solidly, i.e., 

MZ_Extra_Connection_Template.f05. Click the Browse… button to get the following already built 

file: “..\FaultWithMit\Template\Mz_Extra_Connection_Template.f05” 

6.8.6 Compute the Total Interference Level 

Again, the final total interference MALZ model files have been created. To carry out the required 

computations proceed as follows: 

 Click OK button to go back to the Main screen; 

 Go to the Process window by clicking the Process button on the Main screen; 

 Make sure that the “Compute Total Interference on Circuit Model” option is selected 

and the Circuit Model is 0; 

 Click OK/Apply.   
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6.8.7 Examining the Results 

At completion of these runs, click the Back to Main button to return to the ROW main screen. Now 

click on Plot & Report, then on Envelope Plot to examine the maximum induced pipeline 

potentials as a result of the faults. Select Reference Scenario 0 since the monitored fault runs are 

done using the SP_FaultWithMit_0.F05 file. As can be seen from Figure 6.8, the pipeline coating 

stress voltage has been reduced to an acceptable level. 

 

Figure 6.8 Total Coating Stress Voltages in the 24 Pipeline during Fault Conditions (plotted 

as a function of the distance from the origin of the pipeline): With a Mitigation 

Wire. 

Important Note: 

After the mitigation wire is designed to satisfy the fault conditions, it is necessary to comfirm 

that the designed mitigation wire also meets the steady state conditions requirement. This step 

was carried out successfully for this example. 
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WORKING WITH ROWCAD IN THE RIGHT-OF-WAY 

PRO SOFTWARE PACKAGE 

In recent years, an increased number of complex electromagnetic interference projects have been 

carried out by SES. These projects require the modeling of many hundreds of miles of joint-use 

corridor. In one such study, an electric power company planned to build approximately 330 miles of 

345 kV and 115 kV transmission line and rebuild approximately 200 miles of other transmission 

lines at these same voltage levels, in order improve system reliability and meet increasing demand. 

The new transmission lines would run parallel to one high pressure natural gas pipeline, for a 

distance of approximately 125 miles, another such pipeline, for a distance of approximately 80 

miles, and railroads for a total distance of about 16 miles. Furthermore, the planned transmission 

lines cross an additional 7 pipelines and 4 railroads at a number of locations.  

 

Although the tasks illustrated in the preceding chapter are simple enough to complete by entering 

data into ROW directly, which requires data input in tabular format, for large complicated right-of-

way AC interference problems, it is essential to use a CAD based graphical interface to carry out this 

work.  

SES has developed ROWCAD which is a CAD compatible graphical 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. 

 

7.1 INTRODUCTION 

The objective is this chapter is to describe in detail how to carry out the following tasks using 

ROWCAD:  

1. Prepare/create a geometry model which consists of lines (transmission lines, pipelines, 

railways, telecommunications, etc) under study; 

2. Define the Central Site, Terminal(s) and the Main Path, graphically; 

3. Assign soil regions and Attribute Sets; 

4. Automatically make section cuts against the Main Path and generate regions; 

5. Export regions into ROW. 

It is assumed that a user has defined the Attribute Sets and Terminal Energizations by following 

the instructions in Section 6.3.3 and Section 6.3.4, respectively.  The Regions in Section 6.3.6 will 

be automatically regenerated by ROWCAD. 

The focus of this chapter is to illustrate the use of ROWCAD with a simple example, please consult 

the ROWCAD Users’ Manual for further details. 



Chapter 7.  Working with ROWCAD in the Right-of-Way Software Package 

Page 7-2 

7.2 CREATING A NEW ROW PROJECT FOR USING ROWCAD 

The following lists the steps required to create a new ROW project by saving the existing ROW 

project which is created in the preceding chapter. 

 create a new folder “ROWCAD” under “C:\Howto\A Simple AC Total Interference Study”  

 Start the ROW program and load the ROW project in the preceding chapter.  

 In the ROW screen, select Project | Save Project As… 

 Browse to “C:\Howto\A Simple AC Total Interference Study\ROWCAD”, click Save. The 

project files are created.  

 

 

 

7.3 ENABLE ROWCAD OPTION 

The ROWCAD input method option is now selected by default for new ROW projects.  However, 

should it appear to be unavailable, the following provides the steps to enable this option: 

 In the ROW screen, click on the Build System Configuration button.  

 In the Building the Right-of-Way System screen, click Advanced.  

 In the Advanced Features screen, select Use ROWCAD. 

 Click OK to return to the Building the Right-of-Way System screen. 
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Note that the default import method for ROWCAD is in Attribute Set mode.  The Cross-Section 

mode will be covered in a subsequent How To manual. 

7.4 DEFINE REGIONS IN ROWCAD 

We are now ready to define the regions using ROWCAD.  In the Building the Right-of-Way 

System screen, select the Terminals tab.  Click on the ROWCAD button to launch ROWCAD. 

 

From the File menu, choose New in order to open a new project and save it at an appropriate 

location on your disc.  The file prefix needs to be “RC_”.  Also, from the Preferences panel, you can 
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specify the units of the system and select the input mode, which should be Attribute-Set Mode for 

this example. 

 

7.4.1 Define Paths 

As mentioned in Section 6.2, a “Line-Path” in the ROW and ROWCAD programs is defined as a 

group of conductors that remain at fixed separation distances from one another throughout the 

corridor under study. A Line-Path is typically a transmission line, a pipeline, a railway or a 

telecommunication line, sometimes a group of pipelines.  

The following describes how to create and import polylines and how to assign them to the Paths in 

ROWCAD. 

 

7.4.1.1 Polylines in ROWCAD 

A polyline in ROWCAD can be the centerline (sometimes called the survey line) of a transmission 

line or utility lines (pipeline, railroad, telecommunications, etc.).  It is a line which consists of many 

segments. In a large AC interference project, you should always try to first obtain the polylines in 

electronic format (DXF or Excel).  

A polyline in ROWCAD must meet the following criteria: 

 It must be continuous; 
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 If it represents an overhead transmission line, each segment must correspond to one span of 

the transmission line. Therefore, every node in the polyline represents a transmission line 

structure. 

 If it represents an underground power cable, there must be a node in the polyline which 

corresponds to the locations where the faults are to be studied (such as manholes etc). 

 The segments must be created in a continuous order, i.e. from the first segment to the last 

segment. 

 

7.4.1.2 Prepare Polylines in SESCAD 

Two MALZ files have been prepared in advance according to the coordinates in Figure 4.1 by using 

SESCAD. The “mz_115kVTL.f05” and “mz_24inPipeline.f05” files correspond to the 115 kV 

transmission line and the 24 pipeline, respectively. You will find the two MALZ files under 

“C:\Users\Public\Documents\SES Software\<version number>\HowTo\Right-of-Way\A Simple AC 

Total Interference Study\ROWCAD - AttributeSetMode\Polylines”.  

If a polyline is continuous, but the segments are not in order, as is the case for the pipeline example 

file,  you can let ROWCAD attempt to reorder them automatically, as shown in the next subsection.  

Alternatively, you can reorder them manually in SESCAD using the Tools | Path Operations 

function.  For illustration, the following are the key steps to re-order the 24 pipeline in SESCAD. 

 In SESCAD, first load the “mz_24inPipeline.f05” whose segments are not in order. Select 

View | Labeling | Show Conductor Numbers to see the segment numbers. Select the entire 

path. 
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 Select the Tool | Path Operations. In the Path Operations window, select Conductors. 

Select only the “Do Not Shift” operation. Enter 10 ft under the Depth field. This is to create 

a new path at a depth of 10 ft. 
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 Click OK. A new path at a depth of 10 ft is generated. Since the old path is still selected, you 

can simply press the Delete key to delete the old path (see screen below). 

 Move the new path back to 4 ft by using the Tools | Shift Objects. 

 The segment numbers should now be ordered, as seen in the figure below. 
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7.4.1.3 Import Polyline 

We are now ready to import the two polylines: “mz_115kVTL.f05” and “mz_24inPipeline.f05” into 

ROWCAD. 

 In the ROWCAD screen, select Files | Import Polyline 
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 Browse to the file “mz_115kVTL.f05”, and click Open. 

 

 Repeat the same process for the “mz_24inPipeline.f05” file.  If the segments have not been 

reordered ahead of time using SESCAD as illustrated previously, ROWCAD displays the 

following message, giving you the option to let ROWCAD attempt to reorder the polyline 

automatically.  Press Yes if this is the case. 

 

7.4.1.4 Assign Central Site and Terminals on the Polylines 

 In the ROWCAD screen, select the 115kVTL polyline under the “UnAssigned Polylines”.  

 You can double-click on the rectangle in the Color column to change the automatically 

assigned color, if desired. 

 Select the Central Site Definition Mode (circled in red in the image below) and set Point 2  

as the Central Site by clicking on it in the viewer. Note that this point is at 300 ft away from 

the West end of the transmission line, which will become Terminal 1. 
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 Selecting the Central Site and Terminals tab, you can create two terminals and name them 

(and the Central Site) as they were originally named in the ROW program.  In the Select 

Terminal Mode (circled in red in the image below), select Substation 1 and assign it to Point 

#1. Assign Substation 2 to Point 530. 
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 Now the 115kVTL polyline is ready for to be assigned to a Path, and a green checkmark 

appears under the ‘Path Ready?’ heading in the Paths tab.  Note that if the Path Assignment 

Mode was set to Automatic, the polyline will already have moved from the UnAssigned 

Polylines list to the Paths list. 
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 Similarly, select the 24inPipeline polyline under the “UnAssigned Polylines”. Assign the 

Central Site to Point 1 and the terminal Substation 2 to Point 7(see screen below). 
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 Both polylines are now ready to be assigned to paths, now that they each have a Central Site 

and Terminals assigned to them. To make the Path assignment, drag and drop the 115kVTL 

polyline under the “Main #1-Path”.  Notice that stars appear on the nodes of this polyline to 

indicate that it is part of the Main Path. Create a second Path by clicking on the Add New 

Path button.  Drag and drop the 24inPipeline polyline under the #2-Path (see screen below). 

 

7.4.2 Assign Soil Regions and Attribute Set to the Main Path 

 In this manual, we only have a single uniform soil. However, for illustration purposes, we 

assume that there are five soil resistivity measurements made along the right-of-way. Figure 

7.1 shows the five locations: 

a. Soil Resistivity Measurement #1: at Substation 1;  

b. Soil Resistivity Measurement #2: near Tower #198 where the 24” pipeline enters the 

right-of-way;  

c. Soil Resistivity Measurement #3: near Tower #224 where the 24” pipeline crosses the 

right-of-way;  

d. Soil Resistivity Measurement #4: near Tower #264 where the 24” pipeline leaves the 

right-of-way;  

e. Soil Resistivity Measurement #5: at Substation 2;  
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Figure 7.1 Soil Resistivity Measurements Locations (refer to tower numbers) and Soil 

Boundaries (green lines). 

 Click on the Main Soil and Attribute Set Mapping tab to create the five soil regions (Sub 

1, Soil#1, Soil#2, Soil#3, Sub 2). Click on the Color to distinguish their boundaries. 

 

 Based on Figure 7.1 , first assign Soil “Sub 1” to Segments 1 through 99 of the 115kVTL 

polyline (which is part of the Main Path) by clicking on the “+” sign in the Affected 
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Segments column. Notice how the thickness of the polyline where the assignment is made 

increases and its color changes to that of the corresponding soil.   

 

 Based on Figure 7.1 , assign the rest of soils, as shown in the following screen. Note that the 

soil region boundaries have been set to the mid-point between two soil resistivity 

measurement locations. 
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 In this right-of-way model, there is only one Attribute Set. Therefore, we first declare its 

existence by clicking on Add in the Attribute Set Definition group and we assign it from 

Segment 1 to Segment 529 in the same way as for the soils.  This time, it is the inner part of 

the polyline that changes color to that corresponding to the Attribute Set being assigned. 
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7.4.3 Generate Regions  

At this point, no Tasks or Errors should be remaining in the issues list.  This is an indication that the 

system is ready for the generation of regions. Warnings and Messages are informative only and will 

not prevent you from continuing. 

 Select File | Generate Regions: this will automatically generate all regions. 
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7.4.4 Import Regions Into ROW 

 We are now ready to import the regions back into ROW. First select File | Save to save the 

work. Click File | Exit and ROWCAD will return to Right-of-Way after displaying a 

message reminding you that the ROWCAD data needs to be explicitly imported.  

 In Right-of-Way, make sure the energizations for both terminals have been defined and that 

the ROWCAD Input Mode corresponds to the mode that was used in ROWCAD, i.e. 

Attribute Set, then click on the Import button.  Browse to your ROWCAD file and click 

Open.  Click Yes in the confirmation dialog to start the importing procedure.  If any regions 

were previously defined for the terminals, these will be overwritten by the new data.  
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 Click Yes or OK on the subsequent confirmation dialogs to import all regions for terminal 1.     
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 Similarly accept the importing for terminal 2.  All regions are then imported successfully.  

The Plot Network function can be used as before to confirm that the geometry of the system 

was imported correctly. Note that compared to the approach used in the previous chapter, 

many more regions have now been defined for terminal 2: 528 vs 3.  This is because using 

ROWCAD gives more flexibility in defining the exact geometry and there is less of a need 

for the extra step of subdividing regions into smaller section.  Most of the time, therefore, a 

region will be synonymous to a section when using ROWCAD. 

 During the import, a copy of the ROWCAD project is placed inside a ROWCAD Project 

folder under the Right-of-Way scenario folder.  If changes are required to the ROWCAD 

project, the changes can be made to either of projects, as long as you regenerate the regions 

and import them into Right-of-Way from the corresponding updated file location. 

After the import, the work in Right-of-Way can continue as per section 6.3.8 with the 

understanding that the regions and section numbers will need to be adjusted according to the 

region numbers generated by ROWCAD. 
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USING THE MULTIFIELDS PRO SOFTWARE 

PACKAGE 

Contrary to the SESTLC and Right-Of-Way software packages that need to convert real world 

objects to circuit parameters in order to use circuit theory to carry out the inductive and capacitive 

interference, MultiFields is a software package that uses  electromagnetic field theory to compute 

directly from the real 3D world data all required interference components. Therefore, carrying out an 

AC interference study with MultiFields is extremely easy, as the Window screens below will show. 

8.1 STEADY STATE INTERFERENCE CALCULATION 

In this section we will compute the steady state interference on the pipeline caused by the 

transmission line during normal load conditions using the MultiFields HIFREQ computation 

module.  

8.1.1 Data Entry 

The HIFREQ input file can be prepared using one of the two users’ input interface modules 

provided: Windows Input Mode (Input Toolbox) and a Graphical Mode (SESCad), or simply using a 

standard text editor to create and modify the input file. The following section describes the Windows 

compatible Input session, which is used to generate the SICL (SES Input Command Language) 

mode compatible input files, (.F05 file extensions) shown in Printout A.1 to Printout A.3 of 

Appendix A. 

Windows Input Mode 

This section describes in detail how to prepare the HIFREQ data by using the Windows Input Mode. 

The most important features in preparing the data are explained. 

Start Up Procedures 

 

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

software, double-click the CDEGS icon to start the CDEGS program. You will be prompted for a 

Working Directory and a Current Job ID. Enter the complete path of your working directory in 

Click here 
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the Working Directory box (or use the Browse button to find the directory). Any character string 

can be used for the Current Job ID – “ROW_Howto_Example” is used for this part of this tutorial. 

For the fault study, more than 500 conductors are needed. From CDEGS main window, select 

Settings | Input | Program setup, and increase the number of conductor and the number of 

individual points to 1000. 

The following screen will appear:  

    

Click the HIFREQ button located within the toolbar. Note that the HIFREQ screen will appear as 

shown below (but without the Module Description text) and you are now be able to input the data.  

In the following section, it is assumed that the reader is entering the data as indicated in the 

instructions. Note that it is advisable to save your work regularly with the use of the File | Save 

menu item. The entered data will be saved in the editable (text) file called 

HI_ROW_Howto_Example.F05. The file can be retrieved at any time with the use of the File | 

Import / Load menu item. The same method can be used if a Specify session has to be interrupted 

(click Cancel then close all active windows to exit after saving your data). 

If you intend to enter the data manually, proceed directly. If you do not wish to do so, you can 

import all the data by proceeding as follows. 

Important Notes 

Click on the File | Import/Load menu item, then change the File Name in the dialog box to 

..\HowTo\Right-Of-Way\A Simple AC Total Interference 

Study\HIFREQ\HI_ROW_Howto_Example.F05 (or browse to it) then click on the Load button in 

the dialog box. The data described in the next section will be loaded and you will not have to enter 

it. 

 The HIFREQ input file commands are grouped into modules, reflecting the hierarchical nature of 

the SES Input Command Language (SICL). Each module of Printout A.3 in Appendix A (with the 

exception of the OPTION module) is associated to a button in the HIFREQ screen. The OPTION 

module is actually part of the HIFREQ main screen. 



Chapter 8.  Using the Multifields Pro Software Package 

Page 8-3 

The Help Key (F1) can be used to obtain relevant context-sensitive information when any CDEGS 

text field is selected.  

The data entry field in the Module Description tab allows you to enter comments that will be used 

to describe the case to be analyzed by the HIFREQ computation module. They are also repeated and 

shown in the HIFREQ ASCII output file.  

A run-id ROW_Howto_Example1 is entered in the Run-Identification data entry field and the 

Imperial (British) System of Units is chosen. 

The soil structure is defined by clicking on the Soil Type button. The following screen will appear. 

HIFREQ supports horizontally layered soils, with any number of layers (Uniform, Horizontal – 2 

Layer, Horizontal – 3 Layer and Horizontal – Multilayer): It also supports an Infinite Medium 

soil model. Select a Uniform soil. The data entry fields in the Soil Characteristics block allow you 

to define the properties of the air and earth. In this example, the default properties for both air and 

earth (a soil with a resistivity of 100 -m, a relative permeability of 1 and a relative permittivity of 

1) are used. You can therefore simply click OK to return to the HIFREQ main screen.  

    

In the SYSTEM module, which is invoked by clicking on the System button, the Characteristics of 

conductors (such as conductor types, coating types) as well as the specified Conductor Currents 

and Energization modes are defined in the Define block, then the conductor network is entered and 

energized under the Main-Ground Conductors block. The Subdivision block allows you to specify 

the total number of conductor segments desired. Adequate conductor subdivisions into shorter 

segments are required in order to accurately reflect longitudinal and leakage current variations along 

conductors. 
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Four types of conductors are specified in this study:  

 Phase conductor: 477 ACSS 

 Shield wire: OPGW Optical ALCOA 48/48/606  

 Pipeline: Hollow Tubular Steel Conductors 

 Transmission Line Poles and Associated Grounds: Default Copper Conductors (the 

conductor type is not important in this case because the conductors are short) 

These conductor types are specified by clicking on the Conductor Types button then entering the 

relevant data which includes resistivity, permeability, internal radius and, optionally, the impedance 

load of the conductor.  

 

Conductor type No. 1 (the 24” pipeline) is made of steel, Conductor Type No. 2 is a OPGW Optical 

ALCOA 48/48/606 shield wire, Conductor Type No. 3 is made of aluminum (477 ACSS). 

Conductor Type No. 0 is the default conductor, which is copper, unless it has been redefined by the 

user. 

The 24” pipeline is also coated with the “Coat Type No. 1” material that is defined as having coating 

resistivity of 40,898,000 ohm-m and a thickness of 0.00328 ft (1mm). This is equivalent to a 

440,108 ohm-ft
2
 coating leakage resistance. Click OK to return to the HIFREQ (System) screen.  
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The energization of the transmission line is carried out by means of the LEAD (the word LEAD is 

synonymous with current) and GPR energization types: the first injects a current in the network and 

the second maintains the conductors at a desired potential. Note that a VOLTAGE energization type 

could also be selected in order to apply equivalent energization sources. The currents and ground 

potential rises (GPR) are specified by clicking on the Energization button in the HIFREQ (System) 

screen. The magnitude and phase of the currents and GPR are entered in the following screen.  

 

For example, Buses No. 1 and No. 4 are represent LEAD energizations with currents of 830e
-j0

 A 

and 830e
-j180

 A, respectively. They correspond to the 830 A current flowing during steady state 

conditions between the two ends of the Phase A conductor. The same pairs are for Buses No. 2 and 

No. 5, and Buses No. 3 and No. 6. Buses No. 7 and 8 are subject to a GPR energization 

corresponding to a potential of 0.001e
j0

 Volts, which is imposed on the grounded shield wires. Click 

OK to return to the HIFREQ (System) screen. 

With the conductor type, coating type and energization type specified, the conductor network can 

now be defined and energized in the Main-Ground Conductors block in the HIFREQ (System) 

screen. The characteristics of conductors and their energizations are attributed by selecting the 

appropriate code (pointer) number in the data entry field under Main-Ground Conductors. Note 

that you must scroll the window horizontally to access all of the data entry fields. This task and all 

the preceding ones are, of course, easier to perform throught the SESCad graphical interface 

package. 

To enter manually large number of conductors in the data grid would not be practical. As already 

suggested, it is faster and much more convenient to complete this job using SESCad. 
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For example, the 216480 ft long Phase conductor A shown in Figure 4.1, which extends from Ys = -

8.0 ft to Yp = + 8 ft and is at 75 ft above the earth surface, is defined in row C1 in the above screen. 

The radius of the 477 kcmil ACSS conductor is 0.42285 inch. The coordinates (Xs, Ys, Zs) specify 

the origin of the conductor and (Xp, Yp, Zp) specify its end. The Number of Segments 

(subdivisions) of Phase A is set to 100. The Conductor Type 3 is selected for this conductor, i.e., 

477 kcmil ACSS. The Coating Type 0 selects the default coating type, i.e., no coating. The Bus 

Number (here set to 1) means that this conductor is connected to Bus No. 1, i.e., energized with an 

800 A current.   

One way to energize a Phase conductor is to use a short, e.g., 0.5 ft long, conductor at the end of the 

Phase conductor. This short conductor is connected to the associated Bus Number, which is defined 

to be a lead type energization. This assignment can be done in SESCad simply by right-clicking the 

conductor. 

The shield wire conductor potential defined in row C13, is clamped by the 2 ft short conductor 

defined in row C14 that is subjected to the GPR type energization defined by the Bus Number of 

type 7. 

Voltage energizations can also be used to energize the transmission line. The VOLTAGE 

energization allows for more realistic modeling at the expense of a little bit more work. In this case, 

we need three VOLTAGE energizations, one for each phase. Furthermore, an impedance, typically a 

resistor, must be attached to each phase to limit the current flow. A resistance of 79.994  (which is 

much larger than the impedance of the wires) will give a current of 800 A for the 115 kV line 

(phase-to-neutral 115/sqrt(3)). 

You can examine the configuration of your conductor network easily while you are entering 

conductors. To view the conductor network, click the Show Data button in the HIFREQ (System) 

screen and several buttons will appear. The Animate button will rotate the conductor network 

automatically. Consult the on-line help for more detailed instructions on how to view the conductor 

network in several useful ways. 

Of course, the “best” view of the network is obtained using SESCad. It can be accessed easily by 

clicking the SESCad… button. 

Return to the HIFREQ screen by clicking OK. The COMPUTATION module, which is invoked by 

clicking on the Computations button in the HIFREQ screen, defines the physical quantities to be 

computed, the location of the observation points where these quantities are to be computed and the 

frequencies at which the computations are to be carried out. Select Points in the Specify option.  
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In this example, the GPR and the scalar potential 

are computed for a single frequency (60 Hz). 

Note that it is recommended to request the 

electric and magnetic fields as well since 

computation time will not changed noticeably 

because of this request. There are 203 observation 

points, all located at 4ft below the earth’s surface 

(i.e. at Z = 4ft). The observation points are set 

along the pipeline. See Table 8.1 for the complete 

list of observation points. 

You can now return to the HIFREQ screen by 

clicking OK. At this point, you have completed 

the preparation of the data. From File, click Save. 

This will save two files under the names 

HI_TUT2A.F05 and HI_TUT2A.INP. Each file 

can be reread using the File | Import / Load 

menu item. The *.F05 file is ASCII file you can 

edit and view at any time. 

Now the file HI_ROW_Howto_Example.f05 is ready to be submitted to the HIFREQ computation 

module in the next chapter. Click  in the toolbar to go back to the CDEGS startup screen. 
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Table 8.1 Observation points 

Profile 

number 

X 

(Feet) 

Y 

(Feet) 

Z 

(Feet) 

Profile 

number 

X 

(Feet) 

Y 

(Feet) 

Z 

(Feet) 

Profile 

number 

X 

(Feet) 

Y 

(Feet) 

Z 

(Feet) 

Profile 

number 

X 

(Feet) 

Y 

(Feet) 

Z 

(Feet) 

1 79200 5305 4 1 79200 25 4 1 89760 -75 4 1 105600 -75 4 

1 79200 5122.931 4 1 79385.26 25 4 1 89944.19 -75 4 1 105600 -257.069 4 

1 79200 4940.862 4 1 79570.53 25 4 1 90128.37 -75 4 1 105600 -439.138 4 

1 79200 4758.793 4 1 79755.79 25 4 1 90312.56 -75 4 1 105600 -621.207 4 

1 79200 4576.724 4 1 79941.05 25 4 1 90496.74 -75 4 1 105600 -803.276 4 

1 79200 4394.655 4 1 80126.32 25 4 1 90680.93 -75 4 1 105600 -985.345 4 

1 79200 4212.586 4 1 80311.58 25 4 1 90865.12 -75 4 1 105600 -1167.41 4 

1 79200 4030.517 4 1 80496.84 25 4 1 91049.3 -75 4 1 105600 -1349.48 4 

1 79200 3848.448 4 1 80682.11 25 4 1 91233.49 -75 4 1 105600 -1531.55 4 

1 79200 3666.379 4 1 80867.37 25 4 1 91417.67 -75 4 1 105600 -1713.62 4 

1 79200 3484.31 4 1 81052.63 25 4 1 91601.86 -75 4 1 105600 -1895.69 4 

1 79200 3302.241 4 1 81237.89 25 4 1 91786.05 -75 4 1 105600 -2077.76 4 

1 79200 3120.172 4 1 81423.16 25 4 1 91970.23 -75 4 1 105600 -2259.83 4 

1 79200 2938.103 4 1 81608.42 25 4 1 92154.42 -75 4 1 105600 -2441.9 4 

1 79200 2756.034 4 1 81793.68 25 4 1 92338.6 -75 4 1 105600 -2623.97 4 

1 79200 2573.966 4 1 81978.95 25 4 1 92522.79 -75 4 1 105600 -2806.03 4 

1 79200 2391.897 4 1 82164.21 25 4 1 92706.98 -75 4 1 105600 -2988.1 4 

1 79200 2209.828 4 1 82349.47 25 4 1 92891.16 -75 4 1 105600 -3170.17 4 

1 79200 2027.759 4 1 82534.74 25 4 1 93075.35 -75 4 1 105600 -3352.24 4 

1 79200 1845.69 4 1 82720 25 4 1 93259.53 -75 4 1 105600 -3534.31 4 

1 79200 1663.621 4 1 82905.26 25 4 1 93443.72 -75 4 1 105600 -3716.38 4 

1 79200 1481.552 4 1 83090.53 25 4 1 93627.91 -75 4 1 105600 -3898.45 4 

1 79200 1299.483 4 1 83275.79 25 4 1 93812.09 -75 4 1 105600 -4080.52 4 

1 79200 1117.414 4 1 83461.05 25 4 1 93996.28 -75 4 1 105600 -4262.59 4 

1 79200 935.3448 4 1 83646.32 25 4 1 94180.47 -75 4 1 105600 -4444.66 4 

1 79200 753.2759 4 1 83831.58 25 4 1 94364.65 -75 4 1 105600 -4626.72 4 

1 79200 571.2069 4 1 84016.84 25 4 1 94548.84 -75 4 1 105600 -4808.79 4 

1 79200 389.1379 4 1 84202.11 25 4 1 94733.02 -75 4 1 105600 -4990.86 4 

1 79200 207.069 4 1 84387.37 25 4 1 94917.21 -75 4 1 105600 -5172.93 4 

    

1 84572.63 25 4 1 95101.4 -75 4 1 105600 -5355 4 

    

1 84757.89 25 4 1 95285.58 -75 4 

    

    

1 84943.16 25 4 1 95469.77 -75 4 

    

    

1 85128.42 25 4 1 95653.95 -75 4 

    

    

1 85313.68 25 4 1 95838.14 -75 4 

    

    

1 85498.95 25 4 1 96022.33 -75 4 

    

    

1 85684.21 25 4 1 96206.51 -75 4 

    

    

1 85869.47 25 4 1 96390.7 -75 4 

    

    

1 86054.74 25 4 1 96574.88 -75 4 

    

    

1 86240 25 4 1 96759.07 -75 4 

    

    

1 86425.26 25 4 1 96943.26 -75 4 

    

    

1 86610.53 25 4 1 97127.44 -75 4 

    

    
1 86795.79 25 4 1 97311.63 -75 4 

    

    

1 86981.05 25 4 1 97495.81 -75 4 

    

    

1 87166.32 25 4 1 97680 -75 4 

    

    

1 87351.58 25 4 1 97864.19 -75 4 

    

    

1 87536.84 25 4 1 98048.37 -75 4 

    

    

1 87722.11 25 4 1 98232.56 -75 4 

    

    

1 87907.37 25 4 1 98416.74 -75 4 

    

    

1 88092.63 25 4 1 98600.93 -75 4 

    

    

1 88277.89 25 4 1 98785.12 -75 4 

    

    

1 88463.16 25 4 1 98969.3 -75 4 

    

    

1 88648.42 25 4 1 99153.49 -75 4 

    

    

1 88833.68 25 4 1 99337.67 -75 4 

    

    
1 89018.95 25 4 1 99521.86 -75 4 

    

    

1 89204.21 25 4 1 99706.05 -75 4 

    

    

1 89389.47 25 4 1 99890.23 -75 4 

    

    

1 89574.74 25 4 1 100074.4 -75 4 

    

    

1 89760 25 4 1 100258.6 -75 4 

    

        

1 100442.8 -75 4 

    

        

1 100627 -75 4 

    

        

1 100811.2 -75 4 

    

        

1 100995.3 -75 4 

    

        

1 101179.5 -75 4 

    

        

1 101363.7 -75 4 

    

        

1 101547.9 -75 4 

    

        

1 101732.1 -75 4 

    

        
1 101916.3 -75 4 

    

        

1 102100.5 -75 4 

    

        

1 102284.7 -75 4 

    

        

1 102468.8 -75 4 

    

        

1 102653 -75 4 

    

        

1 102837.2 -75 4 

    

        

1 103021.4 -75 4 

    

        

1 103205.6 -75 4 

    

        

1 103389.8 -75 4 

    

        

1 103574 -75 4 

    

        

1 103758.1 -75 4 

    

        

1 103942.3 -75 4 

    

        
1 104126.5 -75 4 

    

        
1 104310.7 -75 4 

    

        

1 104494.9 -75 4 

    

        

1 104679.1 -75 4 

    

        

1 104863.3 -75 4 

    

        

1 105047.4 -75 4 

    

        

1 105231.6 -75 4 

    

        

1 105415.8 -75 4 
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8.1.2 Submitting the Run 

Click the Compute/Submit button  to submit and run the model. The HIFREQ program will 

start and will carry out all requested computations.  At completion, the program will produce three 

important files: an OUTPUT file (HI_ ROW_Howto_Example.F09), a REPORT file (HI_ 

ROW_Howto_Example.F17) and a DATABASE file (HI_ ROW_Howto_Example.F21). 

The OUTPUT and REPORT files are ASCII files, while the computation DATABASE file is a 

binary file. Any ERROR or WARNING messages generated during the HIFREQ run will appear in 

the OUTPUT file. You can view the output file by clicking on the File Viewer ( ) button in the 

Output section of the toolbar. You can also use the GraRep utility to view and edit any ASCII 

output files. 

8.1.3 Examining the Results 

If the CDEGS-Examine-HIFREQ screen is not already visible, click on the  (Examine) button 

on the toolbar, and click No if prompted to save: the CDEGS-Examine-HIFREQ screen will 

appear and you are now ready to make 

Computations plots or Configuration plots.  

Click the Computations option button (at the 

top of the screen). The HIFREQ 

(Computations) screen should appear. 

Select the various options indicated in the 

above screen drop-down menus (i.e., 

Conductor Data, Metal GPR and Nearest 

Conductor, if not already selected) and click 

the Plot/Draw button to show the following 

pipeline GPR plot (Figure 8.1). 
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Figure 8.1 Induced Potentials in 24 Gas Pipeline during a Balance Normal Load Steady-

State Condition: HIFREQ Approach 

8.2 FAULT CONDITION INTERFERENCE CALCULATION 

8.2.1 Data Entry 

Unlike ROW (which can simulate faults at specified intervals along the right-of-way automatically), 

HIFREQ can model only one fault location at a time. 

Only a few changes to the previous steady state input file, HI_ROW_Howto_Example.f05, are 

needed to produce a computer model for a fault at the middle tower. The input file corresponding to 

the fault is available in your CDEGS directory under the name: 

HI_ROW_Howto_Example_Fault.f05. 

To prepare the HIFREQ input file for the fault case, the JobID must first be changed to 

ROW_Howto_Example_Fault. This can be done by entering “ROW_Howto_Example_Fault” in 

the Current JobID box in the CDEGS main screen. Click the HIFREQ button located in the 

Toolbar. The HIFREQ screen will appear and you are now ready to input the data.  

The strategy adopted here will be to reload the input file for the Steady State Case 

HI_ROW_Howto_Example_Fault.f05 and modify it slightly. If you do not wish to go through these 

steps, you can import all the data from the file HI_ROW_Howto_Example_Fault.f05 that has been 

prepared for you.  

Important Note 

Click on the File | Import/Load menu item. Change the File Name in the dialog box to 

HI_ROW_Howto_Example_Fault.f05, then click on the Load button in the dialog box. The data 
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described in the next section will be loaded and you will not have to enter it. 

It is recommended to use a different Run-Identification (EXAMPLE2 - FAULT, in the HIFREQ 

main screen) for this case in order to avoid confusion (click Specify to define this value). Most of 

the changes are in the SYSTEM module. The energization of the network must be changed 

completely. A fault mid-way (Section 231 in Terminal No. 2) of the right-of-way is modeled, and 

the fault currents at this location are obtained from the computations given in the previous chapter 

that focuses on the ROW software package. The new ENERGIZATION data are:  

Bus Type Magnitude (A) Angle (Deg) 

1 Lead 8462 -86.06 

2 Lead 830 120 

3 Lead 830 -120 

4 Lead 2083 -80.67 

5 Lead 830 -60 

6 Lead 830 60 

7 GPR-Pot 0.0001 0.0 

8 GPR-Pot 0.0001 0.0 

Furthermore, a new conductor must be introduced to cause a short between Phase A and a shield 

wire. This data should be inserted at the end of the Main-Ground Conductors grid. 

Xs 

(Origin) 

Ys 

(Origin) 

Zs 

(Origin) 

Xp 

(End) 

Yp 

(End) 

Zp 

(End) 

Radius Nseg Con

d 

Coat Bus 

92472.7 0 -90 92469 -8 -75 0.264 1 0 0 0 

All other conductors are as before. This operation can be done using the “Create” function. 

    

The situation is now as follows. Phases B and C are assumed to be unaffected by the fault. They 

carry a current of 830 A as specified during steady state conditions. To simulate the fault, a current 

of 8462<-86.06 A is specified at one end of Phase A while a current of 2083<-80.67 A is specified at 

the other end. 
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You can now return to the HIFREQ screen by clicking OK. At this point, you have completed the 

preparation of the input data. From File, click Save. This will save two files under the names 

hi_ROW_Howto_Example_Fault.f05 and * .inp for redundancy. The files can be reread using the 

File | Import/Load menu item. The *.F05 and *.inp files are ASCII files you can edit and view at 

any time. 

Now the file hi_ROW_Howto_Example_Fault.f05 is ready to be submitted to the HIFREQ 

computation module.  

8.2.2 Submitting the Run 

Click the Compute/Submit button  to submit and run the model. The HIFREQ program will 

start and will carry out all requested computations.  At completion, the program will produce two 

important files: an OUTPUT file (HI_ROW_Howto_Example_Fault.F09), and a DATABASE file 

(HI_ROW_Howto_Example_Fault.F21). 

8.2.3 Examining the Results 

If the CDEGS-Examine-HIFREQ screen is not already visible, click on the  (Examine) button 

on the toolbar, and click No if prompted to save: the CDEGS-Examine-HIFREQ screen will 

appear and you are now ready to make Configuration and Computations plots as in the previous 

case. Figure 8.2 shows the pipeline GPR. 

 

Figure 8.2 Induced Potentials in 24 Gas Pipeline during a Fault at Mid-way of Right-of-way: 

HIFREQ Approach 
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CCCHHHAAAPPPTTTEEERRR   999 

ADVANCED RIGHT-OF-WAY PRO 

CONCEPTS 

9.1 RUNNING ROW IN BATCH MODE 

ROW interfaces can be overwhelming and frustrating for some complex right-of-way models, 

especially if you are not a frequent user. The new ROWBatch feature allows you to run several key 

ROW modules through the command mode session. The modules can be run without going through 

the ROW interfaces as long as the input files are prepared. The modules can be run directly from a 

command prompt, or with the SESBatch utility. Therefore, you can submit a series of ROW cases to 

SESBatch, just like for the other computation modules. 

For now, the following ROW modules can be run in command mode (SESBatch). 

- Generate an original circuit model (SPLITS file), i.e., run the TRASPL.exe computation tool; 

- Monitor faults along the right-of-way, i.e., run the SPLITSAll.dll computation tool; 

- Modify a circuit model to obtain a new circuit model, i.e., run the MODSplits.dll 

computation tool; 

- Create total interference envelopes (coating stress voltage & metal GPR) with the EMF 

option, i.e., generate the MALZ files, run MALZ, extract MALZ outputs and create the 

envelopes. 

This section describes briefly how to use SESBatch for ROW.  

9.1.1 How to Run? 

The programs can be run much like any other SESBatch module runs or command-mode program. 

The name of the input file is loaded into SESBatch or specified on the command line determines the 

module that will be run. For the command-mode, assume that the CDEGS installation folder is the 

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

in the \HowTo\Right-of-Way\A Simple AC Total Interference Study\ROW\Simple Study\Fault 

folder you will find a Right-of-Way example available.  

1. Generate an original circuit model (Splits file), i.e., run TRASPL.exe: 

\SESSoftware\<Version> \HowTo\Right-of-Way\A Simple AC Total Interference Study\ROW\Simple 

Study\Fault\TS_Fault.f05” 

2. Monitor faults along the right-of-way, i.e., run SPLITSAll.dll; 

\SESSoftware\<Version> \HowTo\Right-of-Way\A Simple AC Total Interference Study\ROW\Simple 

Study\Fault\SA_Fault.f05” 

3. Modify a circuit model to obtain a new circuit model, i.e., run MODSplits.dll 

\SESSoftware\<Version> \HowTo\Right-of-Way\A Simple AC Total Interference Study\ROW\Simple 

Study\Fault\MS_Fault.f05” 
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4. Create total interference envelopes (coating stress voltage & metal GPR) with the EMF option, 

i.e., generate the MALZ files, run MALZ.exe, extract MALZ outputs and create the envelopes. 

\SESSoftware\<Version> \HowTo\Right-of-Way\A Simple AC Total Interference Study\ROW\Simple 

Study\Fault\TE_Fault.f05 

9.1.2 What Are the Inputs and How to Prepare them?  

The following table summarizes the characteristics of the input file: 

Program 

Module Name 
Input Name Convention Notes 

Create Circuit 

(TRASPL.exe) 
TS_ScenarioName(orJobID).F05 

1. ‘TS’ represents TraSpl. 

2. This file is created automatically whenever the 

ROW scenario is saved. 

3. This file is identical to the ROW input file, i.e., 

RW_ScenarioName.f05. Therefore, you can copy 

RW_ScenarioName.f05 and rename it as 

TS_ScenarioName.f05, if necessary. 

Monitor Fault 

(SplitsAll.dll - 

Generate Inductive 

Interference 

Envelope) 

SA_ScenarioName(orJobID).F05 

1. SA represents SplitsAll 

2. This file is created automatically whenever the 

ROW scenario is saved. 

3. This file includes the COMPUTATION block in 

ROW input file. Therefore, you can create this file 

by copying the COMPUTATION block of the file 

RW_ScenarioName.f05. 

Modify Circuit 

(ModSplits.dll) 
MS_ScenarioName(orJobID).F05 

1. MS represents ModSplits. 

2. This file contains only three lines, each defining the 

path to a file: the input SPLITS file, the output 

SPLITS file, and the MODsplits input command file, 

e.g.: 

 

Compute Total 

Interference 

(Generate the Total 

Interference 

Envelope) 

TE_ScenarioName(orJobID).F05 

1. TE represents the Total interference with the EMF 

included option. Later, we will have the total 

interference envelope with the combined conductive 

and inductive option. 

2. This file is created automatically whenever the 

ROW scenario is saved. 

3. This file is identical to the ROW input file, i.e., 

RW_ScenarioName.f05. Therefore, you can copy 

RW_ScenarioName.f05 and rename it as 

TE_ScenarioName.f05. 
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9.1.3 How Do I Know If My Runs Are Successful or Not? 

A log file which records the run progress, the run status and the other related information is 

generated at the end of each batch run. Therefore, you can verify if a run was successful or not. 

Program Module Name Log File Name Convention 

Create Circuit (TRASPL.exe) ROW_Network_JobID.log 

Monitor Fault (SplitsAll.dll) ROW_MonitorFault_JobID.log 

Modify Circuit  (ModSplits.dll) ROW_ModifyCircuit_JobID.log 

Compute Total Interference 

(Generate the Total Interference Envelope) 

ROW_TotalInterferenceMALZ_JobID.log (creating MALZ 

input files) & 

ROW_MALZAll_JobID.log (run MALZ and generate the 

envelope) 

 

9.2 MORE FLEXIBLE ENVELOPE EXTRACTIONS 

ROW now computes and extracts the maximum envelopes in a more flexible way. The steps are as 

follows. 

 Step 1: Create the inductive SPLITS model files, i.e., SP_xxxxx.F05, for all defined 

fault locations: click the Create Inductive Model (Splits) Files button in the Monitor Fault 

screen. The input (F05) files are stored in the “..\MonitorFault_Store-x\ folder (where x 

represents an integer that corresponds to the circuit model number). 

 Step 2: Run the SPLITS models (i.e., Sp_xxxxx.F05) with SESBatch or other available 

tools; 

 Step 3: Extract the Envelopes, i.e., 

 Go to the Process screen and click the Advanced button. The Advanced 

Process screen is accessed 

 Make sure that the Reference Circuit Model is correct 

 Select the quantity for which you like to generate a maximum envelope curve, 

for example, Inductive Conductor Metal GPR 

 Select the Target Phase No. 

 Click the Process button 
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The following inductive envelopes can be obtained for any defined Target (Exposed) phase: 

 Maximum Section Current 

 Maximum Shunt Current Per Unit Length 

 Maximum Conductor Metal GPR 

 Maximum Conductor Metal GPR at Fault Locations 

Finally, a built-in Excel tool is now available. It automates the creation of Excel plots of 

monitored variables as a function of distance along the right of way. Press the Plot button on the 

Advanced Process… screen to define the type of plots that you wish to produce as shown in the 

following screen: 

 

Step 1: Click this button 

to create all SPLITS 

models (i.e., *.F05). 

Step 3.1: Click this 

button to access the 

Advanced screen. 

Steps 3.2, 3.3 & 3.4: Select the 

Reference Circuit Model; Envelope 

Quantity & Exposed Phase No. 

Step 3.5: Click here to 

generate the envelope 
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Pressing the Proceed button will generate the required Excel plot as shown below. 
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AAAPPPPPPEEENNNDDDIIIXXX   AAA 

COMMAND INPUT MODE 
Any of the interfaces listed below or a text editor can be used to prepare the input data. The 

Windows input modes convert the results of an input session to a Command Mode compatible 

ASCII input file which can be edited at any time. This document describes the Windows session 

mode detail. 

 The Windows Input mode. 

 The Command Mode. 

 Plain Text Editor Mode. 

SESTLC Pro Command Input: 

Printout A.1 shows the SESTLC file that describes the problem being modeled for the steady state 

case in the Chapter 5. The complete file is available in your CDEGS directory under the name 

..\HowTo\Right-Of-Way\A Simple AC Total Interference Study\SESTLC\Steady 

State\TC_Steady State.F05. The input file for the fault case is also available in your CDEGS 

directory (under the name ..\HowTo\Right-Of-Way\A Simple AC Total Interference Study 

\SESTLC\Steady State\TC_Fault.F05). 

These SESTLC files can be edited directly by an experienced user or are automatically produced 

when using one of the above-listed input interface modules. The dialogue, character-based menu 

and Windows input modes convert the results of an input session to a Command mode compatible 

ASCII input file that can be edited at any time. Similar files can be prepared quite easily by 

following the information contained in the template shown in Printout A.1. 

SESTLC 

  TEXT,MODULE,0,A simple AC interference study 
  OPTIONS 

    TRANSPOSITION,NO 

    RUN_IDENTIFICATION,ROW_Howto_Example 
    UNITS,INCH-RADIUS 

    REDUCTION,YES 

    SEQUENCE,YES 
  GRAPHICS,YES 

  SOIL_TYPE 

    UNIFORM,100.,1.,1. 
  SYSTEM 

    PHASE,1,-8.,75.,0.01,0.,1.,1. 

    PHASE,2,8.,80.,0.01,0.,1.,1. 
    PHASE,3,8.,70.,0.01,0.,1.,1. 

    NEUTRAL,0,0.,90.,0.30315,0.1004,3.276,1. 

    EXPOSED_LINE 
      PATH_POINT,s1,79200.,5305.,-4.,12.,11.625,10.,300.,440108.,0. 

      PATH_POINT,s2,79200.,25.,-4.,12.,11.625,10.,300.,440108.,0. 

      PATH_POINT,s3,89760.,25.,-4.,12.,11.625,10.,300.,440108.,0. 
      PATH_POINT,s4,89760.,-75.,-4.,12.,11.625,10.,300.,440108.,0. 

      PATH_POINT,s5,105600.,-75.,-4.,12.,11.625,10.,300.,440108.,0. 

      PATH_POINT,s6,105600.,-5355.,-4.,12.,11.625,10.,300.,440108.,0. 
      CHARACTERISTICS,AREA-FOOT,440108.,99999.,0.,99999.,0.,0.01 

  ENERGIZATION 

    CURRENT,POLAR,1,830.,0. 
    CURRENT,POLAR,2,830.,120. 

    CURRENT,POLAR,3,830.,240. 

  COMPUTATION 
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    DETERMINE,STEADY-STATE-INDUCTION 

ENDPROGRAM 

 

Printout A.1 SESTLC Input File for the Steady State Case 

Right-of-Way Pro Command Input: 

Printout A.2 shows the ROW file that describes the problem being modeled for the steady state 

case in the Chapter 6. The complete file is available in your CDEGS directory under the name 

..\HowTo\Right-Of-Way\A Simple AC Total Interference Study\ROW\Simple 

Study\Normal_Load\RW_Normal_Load.f05. The input file for the fault case is also available in 

your CDEGS directory (under the name ..\HowTo\Right-Of-Way\A Simple AC Total 

Interference Study \ROW\Simple Study\Fault\RW_Fault.f05).   

These ROW files can be edited directly by an experienced user or are automatically produced 

when using one of the above-listed input interface modules. The dialogue, character-based menu 

and Windows input modes convert the results of an input session to a Command mode compatible 

ASCII input file that can be edited at any time. Similar files can be prepared quite easily by 

following the information contained in the template shown in Printout A.2. 

ROW 

 
OPTIONS 

  SAVEDVERSION,18 

  RUN-IDENTIFIcation,,18 
  SETUP,5,5,600,5,10,5,20 

  UNITS,INCH-RADIUS 

  FREQUENCY,60. 
  SKIPMUTU,1500. 

  BOUNDARY-SECTION,MAINCOORDINAtes 

    LENGTH-SECT,400. 

  DEBUG,NONE 

  PRINTOUT,MINIMUM 

  PSEUDO-IMPEDance,0.0001,0.0001,999999.,999999.,0.0,0.0 
  RECONCILIATIon-coordinates,NONE 

  UNIFORM-HEIGth,YES 

  PHASE-RENUMBer,NO 
  CONNECTION,NO 

  START-DATA,1,0. 

  SCALING,1.0 
  FILEMANAGEMENT,1,1,1,1,1,1,1,1 

  AUTOSESCadROW,NO 

 
SYSTEM 

  COMPONENTS,5,2,5,1,2 

 
  CENTRAL-STATion 

    GRID,MyCentralSite,999999.,999999. 

    BUSS,Neut,1,0,9999999.,9999999. 

    BUSS,PhaseA,2,0,9999999.,9999999. 

    BUSS,PhaseB,3,0,9999999.,9999999. 

    BUSS,PhaseC,4,0,9999999.,9999999. 
    BUSS,Pipe,5,0,9999999.,9999999. 

 

  CROSS-SECTIOn 
    MAIN,YES,115kVTL,0. 

      SATELLITE,Neutral,1 

      SATELLITE,Phase_A,2 
      SATELLITE,Phase_B,3 

      SATELLITE,Phase_C,4 

 
    PATH,PRINCIPAL,24InPL,Yes 

      SATELLITE,PIPE24,5 
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  ATTRIBUTE-SETs 

    SET 
      CHARACTERISTics 

        CONDUCTOR,ALCOA  48/48/606,259,0.3030724,0.1003743,1.969496E-02,-1,-1,-1,-1,-1,0.4989,0.4890784,-1,0.4777534,-1,1,2 

        CLASS_INFO,Optical,60,0 

        INFO_CONDUCTOR,ALCOA  48/48/606 

        CONDUCTOR,Flicher,477,0.4227422,0.1409639,2.829275E-02,4.698797E-02,7,-1,7.048196E-02,24,0.1978367,0.1970351,-

1,0.432954,-1,1,1 

        CLASS_INFO,Acsr,60,0 

        INFO_CONDUCTOR,Flicher 

        CONDUCTOR,Flicher,477,0.4227422,0.1409639,2.829275E-02,4.698797E-02,7,-1,7.048196E-02,24,0.1978367,0.1970351,-
1,0.432954,-1,1,1 

        CLASS_INFO,Acsr,60,0 

        INFO_CONDUCTOR,Flicher 
        CONDUCTOR,Flicher,477,0.4227422,0.1409639,2.829275E-02,4.698797E-02,7,-1,7.048196E-02,24,0.1978367,0.1970351,-

1,0.432954,-1,1,1 

        CLASS_INFO,Acsr,60,0 
        INFO_CONDUCTOR,Flicher 

        CONDUCTOR,24" STD,576000.1,12,11.625,-1,-1,-1,300,-1,-1,-1,-1,10,-1,-1,0,0 

        CLASS_INFO,Pipes-steel,60,0 
        INFO_CONDUCTOR,24" STD 

 

      PHASE-STATUS 
        LEAKAGE,Neut,1,0,977777.,0.,1,,0.,1.,Ohm-m 

        LEAKAGE,PhaseA,2,0,,,3,,0.,1.,Ohm-m 

        LEAKAGE,PhaseB,3,0,,,3,,0.,1.,Ohm-m 
        LEAKAGE,PhaseC,4,0,,,3,,0.,1.,Ohm-m 

        LEAKAGE,Pipe,5,0,440108.,0.,2,440108.,0.03125,1.,Ohm-ft2 

 

      POSITION 

        MAIN-PRINCIPal-path,Yes,90. 

          SATELLITE,Yes,1,0.,90.,0.3030724,1.0,1.0 
          SATELLITE,Yes,2,-8.,75.,0.4227422,1.0,1.0 

          SATELLITE,Yes,3,8.,80.,0.4227422,1.0,1.0 

          SATELLITE,Yes,4,8.,70.,0.4227422,1.0,1.0 
 

        MAIN-PRINCIPal-path,Yes,-4. 

          SATELLITE,Yes,5,0.,-4.,12,1.0,1.0 
 

  CONFIGURATION 

    TERMINAL,substation 1,180 
      EARTH,0.5,0. 

      LINES 

        VOLTAGE,Polar,1,0.00001,0,0.,0. 
        CURRENT,Polar,2,0.830,0. 

        CURRENT,Polar,3,0.830,120. 

        CURRENT,Polar,4,0.830,240. 

        VOLTAGE,Polar,5,999999,999999,, 

 

      REGION,NOLINK,,1.0,1 
        SOIL,UNIFORM,100.0,,,, 

        LEAKAGE,Neut,1,0,977777.,0.,1,,0.,1.,Ohm-m 
        LEAKAGE,PhaseA,2,0,,,3,,0.,1.,Ohm-m 

        LEAKAGE,PhaseB,3,0,,,3,,0.,1.,Ohm-m 

        LEAKAGE,PhaseC,4,0,,,3,,0.,1.,Ohm-m 
        LEAKAGE,Pipe,5,1,440108.,0.,2,440108.,0.03125,1.,Ohm-ft2 

 

        MAIN,0.,0.0,,300.,0.0, 
          MCUTS,0,1 

        PRINCIPAL,1,1 

 
    TERMINAL,substation 2,0 
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      EARTH,1,0. 

      LINES 

        VOLTAGE,Polar,1,0.00001,0,0.,0. 

        VOLTAGE,Polar,2,0,80,66.395,0. 

        VOLTAGE,Polar,3,0,80,66.395,120. 

        VOLTAGE,Polar,4,0,80,66.395,240. 

        VOLTAGE,Polar,5,999999,999999,, 

 

      REGION,NOLINK,,1.0,1 

        SOIL,UNIFORM,100.0,,,, 

        LEAKAGE,Neut,1,0,977777.,0.,1,,0.,1.,Ohm-m 
        LEAKAGE,PhaseA,2,0,,,3,,0.,1.,Ohm-m 

        LEAKAGE,PhaseB,3,0,,,3,,0.,1.,Ohm-m 

        LEAKAGE,PhaseC,4,0,,,3,,0.,1.,Ohm-m 
        LEAKAGE,Pipe,5,1,440108.,0.,2,440108.,0.03125,1.,Ohm-ft2 

 

        MAIN,0.,0.0,,79200.,0.0, 
          MCUTS,0,198 

 

        PRINCIPAL,1,1 
 

      REGION,LINK,,1.0,1 

        SOIL,UNIFORM,100.0,,,, 
        LEAKAGE,Neut,1,0,977777.,0.,1,,0.,1.,Ohm-m 

        LEAKAGE,PhaseA,2,0,,,3,,0.,1.,Ohm-m 

        LEAKAGE,PhaseB,3,0,,,3,,0.,1.,Ohm-m 
        LEAKAGE,PhaseC,4,0,,,3,,0.,1.,Ohm-m 

        LEAKAGE,Pipe,5,0,440108.,0.,2,440108.,0.03125,1.,Ohm-ft2 

 
        MAIN,79200.,0.0,,105600.,0.0, 

          MCUTS,0,66 

 
        PRINCIPAL,1,1 

          COORDINATE,0.,5305., 

          COORDINATE,1.,25., 
          COORDINATE,10560.,25., 

          COORDINATE,10561.,-75., 

          COORDINATE,26400.,-75., 
          COORDINATE,26401.,-5355., 

 

      REGION,NOLINK,,1.0,1 
        SOIL,UNIFORM,100.0,,,, 

        LEAKAGE,Neut,1,0,977777.,0.,1,,0.,1.,Ohm-m 

        LEAKAGE,PhaseA,2,0,,,3,,0.,1.,Ohm-m 
        LEAKAGE,PhaseB,3,0,,,3,,0.,1.,Ohm-m 

        LEAKAGE,PhaseC,4,0,,,3,,0.,1.,Ohm-m 

        LEAKAGE,Pipe,5,1,440108.,0.,2,440108.,0.03125,1.,Ohm-ft2 
 

        MAIN,105600.,0.0,,211200.,0.0, 

          MCUTS,0,264 
 

        PRINCIPAL,1,1 
 

COMPUTATIONS 

  MONITOR-FAULt 
    REF-SPLITS-FILE,NO,.\Sp_Normal_Load_0.f05 

      CONNECTION-Impedance,0.0001,0 

      SOURCE-TYPE,0 
      TERMINAL, 

      TERMINAL, 

      MONITOR-DATA,NO 
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        DATA,1,1,0,0,0,0,0 

        VICTIM-PHASE, 
 

    REF-SPLITS-FILE,NO,.\Sp_Normal_Load_1.f05 

      CONNECTION-Impedance,0.0001,0 
      SOURCE-TYPE,0 

      TERMINAL, 

      TERMINAL, 
      MONITOR-DATA,NO 

        DATA,1,1,0,0,0,0,0 

        VICTIM-PHASE, 
 

ENDPROGRAM 

 

Printout A.2 ROW Input File for the Steady State Case 

MultiField+ Pro Command Input: 

Printout A.3 shows the HIFREQ file that describes the problem being modeled for the steady state 

case in the Chapter 8. The complete file is available in your CDEGS directory under the name 

..\HowTo\Right-Of-Way\A Simple AC Total Interference Study\HIFREQ\Steady State\ 
HI_ROW_Howto_Example.f05. The input file for the fault case is also available in your CDEGS 

directory (under the name ..\HowTo\Right-Of-Way\A Simple AC Total Interference Study 

\HIFREQ\Fault\ hi_ROW_Howto_Example_Fault.f05). 

These HIFREQ files can be edited directly by an experienced user or are automatically produced 

when using one of the above-listed input interface modules. The dialogue, character-based menu 

and Windows input modes convert the results of an input session to a Command mode compatible 

ASCII input file that can be edited at any time. Similar files can be prepared quite easily by 

following the information contained in the template shown in Printout A.3. 

HIFREQ 

 
TEXT,MODULE,A simple AC interference study: 

TEXT,MODULE,Steady state condition; 

TEXT,MODULE,Balanced Current 
OPTIONS 

  UNITS,INCH-RADIUS 

  RUN-IDENTIFICATION,ROW_Howto_Example1 
COMPONENTS 

  GROUP,,0,0,,,, 

SOIL-TYPE,LIMITED-LAYER 
SYSTEM 

  TOLERANCE,0.001,1.,0.005,0.00005,0.001,0.,0.,0.,0.5 

  ENERGIZATION,Lead,830.,0.,,,,,,Source-SES 1 
  ENERGIZATION,Lead,-415.,718.801,,,,,,Source-SES 2 

  ENERGIZATION,Lead,-415.,-718.801,,,,,,Source-SES 3 

  ENERGIZATION,Lead,-830.,-.0000725609,,,,,,Source-SES 4 
  ENERGIZATION,Lead,415.,-718.801,,,,,,Source-SES 5 

  ENERGIZATION,Lead,415.,718.801,,,,,,Source-SES 6 
  ENERGIZATION,GPR-Potential,.0001,0.,,,,,,Source-SES 7 

  ENERGIZATION,GPR-Potential,.0001,0.,,,,,,Source-SES 8 

  CHARACTERIST 
    CONDUCTOR-TY,,10.,300.,11.625,,0.,0.,0.,0.,24" pipe 

    CONDUCTOR-TY,,3.276,1.,.1004,,0.,0.,0.,0.,Sheild wire 

    CONDUCTOR-TY,,1.64,1.,0.,,0.,0.,0.,0.,Phase Conductor 
    COATING-TYPE,,40898000.,.00328,1.,1.,24" pipe 

    COATING-TYPE,,,,1.,1.,Bare-SES  1 

 
  NETWORK 

    MAIN-GROUND 

      CONDUCTOR,0,3,0,1,0.,-8.,-75.,216480.,-8.,-75.,.42285,100,0,, 
      CONDUCTOR,0,0,-1,1,-2.,-8.,-75.,0.,-8.,-75.,.42285,50,0,, 

      CONDUCTOR,0,0,-1,4,216482.,-8.,-75.,216480.,-8.,-75.,.42285,50,0,, 
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      CONDUCTOR,0,3,0,2,0.,8.,-80.,216480.,8.,-80.,.42285,100,0,, 
      CONDUCTOR,0,0,-1,2,-2.,8.,-80.,0.,8.,-80.,.42285,50,0,, 

      CONDUCTOR,0,0,-1,5,216482.,8.,-80.,216480.,8.,-80.,.42285,50,0,, 
      CONDUCTOR,0,3,0,3,0.,8.,-70.,216480.,8.,-70.,.42285,100,0,, 

      CONDUCTOR,0,0,-1,3,-2.,8.,-70.,0.,8.,-70.,.42285,1,0,, 

      CONDUCTOR,0,0,-1,6,216482.,8.,-70.,216480.,8.,-70.,.42285,1,0,, 
      CONDUCTOR,-1,1,1,0,79200.,25.,4.,89760.,25.,4.,12.,100,1,, 

      CONDUCTOR,-1,1,1,0,89760.,-74.9999999997,4.,105600.,-74.9999999997,4.,12.,100,1,, 

      CONDUCTOR,-1,1,1,0,89760.,25.,4.,89760.,-74.9999999997,4.,12.,1,1,, 
      CONDUCTOR,-1,2,0,0,0.,0.,-90.,216480.,0.,-90.,.30315,100,0,, 

      CONDUCTOR,0,0,-1,7,-2.,0.,-90.,0.,0.,-90.,.42285,1,0,, 

      CONDUCTOR,0,0,-1,8,216482.,0.,-90.,216480.,0.,-90.,.42285,1,0,, 
      CONDUCTOR,-1,1,1,0,79200.,5305.,4.,79200.,25.,4.,12.,100,1,, 

      CONDUCTOR,-1,1,1,0,105600.,-74.9999999997,4.,105600.,-5355.,4.,12.,100,1,, 

 
COMPUTATIONS 

  DETERMINE 

    POTENTIAL-SC,YES 

  OBSERVATION-POINTS 

    POINTS,1,79200.,5305.,4. 

    POINTS,1,79200.,5122.93103448,4. 
    POINTS,1,79200.,4940.86206897,4. 

POINTS,1,79200.,4758.79310345,4. 

 

ENDPROGRAM 

Printout A.3 HIFREQ Input File for the Steady State Case (Partial) 
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DEFINITIONS AND CONVENTIONS 

B.1 DEFINITIONS AND CONVENTIONS IN THE SPLITS 
COMPUTATION MODULE 

 Central Station 

This is the location upon which a given study focuses. It usually corresponds to a power 

substation or a major industrial plant. However, it could also be a building, a house or a 

transmission tower. Electric lines and metallic conductors (power lines or cables, distribution 

lines and/or communication lines and pipelines, etc.) connect the Central Station to Terminals. 

Often, the Central Station is the location of a power fault. 

 Terminals and Busses 

A Terminal is a location where the electrical lines and other metallic conductors originating from 

the Central Station busses (each line is associated with a specific bus at the Central Station) are 

connected to the rest of the network (transmission system, distribution system, etc). As seen in 

Figure 5.1, these terminals are the endpoints of the conductors in the model used for the 

program. Each terminal is identified by a name. The default name is UNSP. If several terminals 

exist, then different names should be used. 

 Lines and Line Source Voltages 

The SPLITS program assumes that there are the same number of lines between the Central 

Station and any terminal, and moreover, the program assumes that the lines are all connected to 

their associated busses (i.e. line 3 to bus 3). If a particular line does not exist in reality between 

the fault location and a given terminal, it is necessary to inform the program by means of the 

"DUMMY" descriptor. 

 Bus Connection Impedance 

The impedance of the connection between a bus and the ground network at the Central Station is 

specified by entering its resistive component followed by its reactive component. This 

impedance is also designated as the Bus-to-Neutral Connection impedance. 

If the bus is a ground wire bus, this bus connection impedance is typically zero. 

If the bus is a phase bus, the bus connection impedance is the transformer winding impedance of 

the corresponding phase, unless this bus is faulted. In such a case, the impedance to use is either 

zero or a value equal to the fault impedance. When no transformer exists, then the bus 

connection impedance value to use is a very high impedance to simulate an open-circuit 

condition. 

 Line Section 

A line section is a segment of line existing between two shunt impedances. The shunt impedance 

furthest away from the Central Station has the same number as the line section it bounds. Note 
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that the sections are numbered starting from 1 at the section adjacent to the Central Station. The 

last section (no number) is the section adjacent to the terminal section described earlier and is 

called the Terminal Section. 

 

 Mutual and Connection Impedances 

SPLITS automatically ignores any mutual or connection impedance between a section and itself. 

Mutual and connection impedance values can be specified between any pair of lines belonging to 

the same section. 

 Differentiating Between Lines 

SPLITS does not differentiate between an overhead ground wire, cable shield, pipe, etc., or 

phase wire. All of these are considered to be "Lines" connected to the associated bus. For 

example, a ground wire is a phase wire connected to a voltage source of 0 volts. In addition, the 

ground wire bus is connected directly to the ground network. Similarly, a section of pipe close to 

the power system can be described as a ground wire open at its terminals (use of high impedance 

values). 

Each line must terminate at a bus, which has a name and a number. The bus number is used by 

SPLITS to identify the bus. Consequently the bus number must be specified by the user. The bus 

name is optional but highly recommended. Similar names can be used for different busses. 

B.2 DEFINITIONS AND CONVENTIONS IN THE RIGHT-OF-WAY 
SOFTWARE PACKAGE 

 Phase 

All conductors having the same potentials are assigned a phase number. Each phase bundle is 

ultimately replaced by a single equivalent conductor for the circuit analysis to be performed by 

the circuit modeling (SPLITS) module. The number of allowed phases is practically unlimited. 

Note that when conductors in different line-paths are assigned the same phase number, they will 

be reduced together. Thus, phase number crosses line-path boundaries. For example, specify 1 

for phase A, 2 for phase B, 3 for phase C and 4 for ground return conductors. Each phase is 

identified with a number and a name. 

 Line-Path (Main/Reference, Principal) 

A line path is a group of conductors that are associated together for the purpose of the easier 

management of right-of-way conductors. At any given point along the transmission right-of-way, 

a line-path is composed of one or several parallel conductors (or none) in which one of them is 

expected to be the principal conductor while all other conductors are defined as satellite 

conductors. E.g., a single circuit transmission line contains three phases: A, B, and C. If Phase A 

is the principal conductor, then the other two phases are satellites of Phase A. A line-path is not 

necessarily continuous: one group of conductors representing the line-path may terminate at 

some point, while another group of conductors representing the line-path may begin at a later 

point.  
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There may be several principal conductors in a right-of-way. One principal conductor is chosen 

from each line path bundle of conductors (a bundle is a group of parallel conductors). The 

relative coordinates of a principal conductor are specified; the positions of other conductors in 

the same bundle are specified as relative spacings from the Principal conductor, i.e., they become 

satellites of the principal conductor. 

 Cable  

A cable consists of up to three concentric conductors, each with an outer layer of insulation. The 

center conductor, or core, may be a simple, solid conductor, or a composite conductor made up 

of several strands, not necessarily of the same diameter. The second innermost conductor is the 

sheath. If the cable doesn’t have one, simply don’t specify one. The outermost conductor is the 

armour. It is optional, too. Note that a cable must have a core. 

 Group 

A group is defined as a number of different cables located within a pipe enclosure at an arbitrary 

location from the pipe enclosure center. A group contains a minimum of one cable. If a group 

does not have a pipe enclosure, then it cannot contain more than one cable. 

 Terminal 

A terminal is the location where the electrical lines and other metallic conductors originating 

from the central station busses (each line is associated with a specific bus at the central station) 

are interconnected to the rest of the network (transmission system, distribution system, etc.). 

Each terminal is identified with a number and a name. If several terminals exist, then different 

numbers and names should be used. 

 Central Site 

The Central Site is the location upon which this study focuses. It usually corresponds to a power 

substation or a major industrial plant. However, it could also be a building, a house or a 

transmission tower. Electric lines and metallic conductors (power lines or cables, distribution 

lines and/or communication lines and pipelines, etc.) connect the central station to terminals. 

Often, the central station is the location of a power line fault. 

 Attribute Set 

An Attribute Set defines the characteristics of all conductors in a line path and the relative 

position of satellite conductors within a path. Several regions can be associated to a given 

Attribute Set even if the positions of the line paths relative to each other in the regions are 

different from one region to the other. It is practical to divide the transmission line right-of-way 

into attribute sets that are referenced by the regions. An attribute set consists of an integral 

number of transmission line sections. 

 Region 

A region is a portion of the transmission line right-of-way where the Main path (usually the 

transmission line) is straight, and where no significant change occurs in the characteristics of any 
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of the line-paths under study except that a line-path need not exist throughout the region. The 

characteristics of the path include the number of conductors, conductor diameters, coating 

resistances, soil resistivity, etc. 

 Satellite 

A satellite conductor is any conductor that is parallel to the Main Conductor or to a Principal 

conductor and whose position is specified as relative spacings from one of these. 

 Exposed Path 

A line that is subjected to AC interference by a passive power line. 

 Sections 

The Right-of-Way program subdivides the transmission line regions into sections, based on a 

nominal section (span) length specified by the user. A section usually corresponds to an actual 

transmission line span. 

 Input Toolbox 

A series interfaces for the development of conductor networks.  

 SESCAD 

A graphical utility for the development of conductor networks. 

 Touch voltage 

Potential difference between observation point and one or more conductors. 

 Step Voltage 

Potential difference between adjacent co-linear observation points. 

 Coating Stress Voltage 

The stress voltage across the coating of each conductor segment. 

 Pipeline Appurtenance 

A structure that comes above the earth surface. 
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AAAPPPPPPEEENNNDDDIIIXXX   DDD 

SAMPLE SPREADSHEET FOR RIGHT-OF-

WAY 
In order to expedite the work performed during the input session, it is advisable to collect some 

critical data and store it in a spreadsheet such as Excel. The data should focus on the following 

important major items. 

 Regions 

 Soil Types 

 Mile Posts 

 Section Numbers 

 Attribute Set Numbers 

 Conductor Coordinates 
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The following spreadsheet table was prepared based on the simple example specified in Chapter 4 

              

Sample Excel Spreadsheet for ROW           

              

      Main Path (TL)    Path 1 (PL)  

Terminal 
Number 

Region 
Number 

Attribute 
Set 
Number 

Soil 
Model 
Number   

Mile 
Post 

X-
coordinate 
(ft) 

Y-
coordinate 
(ft)   

Mile 
Post 

X-
coordinate 
(ft) 

Y-
coordinate 
(ft) 

1 1 1 1   0 0 0   DUMMY   

      0.0568 300 0   DUMMY   

                        

2 1 1 1   0 0 0    DUMMY DUMMY 

 1 1 1   15 79200 0    DUMMY DUMMY 

 2 1 1   15 79200 0    0 999 

 2 1 1   15 79201 0    1 25 

 2 1 1   17 89760 0    10560 25 

 2 1 1   17 89761 0    10561 -75 

 2 1 1   20 105600 0    26400 -75 

 2 1 1   20 105601 0    26401 999 

 3 1 1   20 105601 0    DUMMY DUMMY 

 3 1 1   40 211200 0    DUMMY DUMMY 
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AAAPPPPPPEEENNNDDDIIIXXX   EEE 

DATA REQUEST FOR AC INTERFERENCE 

STUDY: POWER COMPANY 

E.1 RIGHT-OF-WAY DATA: CONDUCTOR POSITIONS & 
PHASING 

1. Strip Maps. Please provide strip maps indicating, throughout the common right-of-way, 

transmission line routing, conductor heights above ground, and structure positions, for all 

circuits which run parallel to the exposed line (including exposed line feeds or taps) for even 

a short distance. Please note that at locations where the power line and exposed line veer 

apart, it is important to know the relative positions of the power line and exposed line up to a 

point where they are about 2 km apart. 

2. Phase Transpositions. Specify the locations of all phase transpositions as well as the 

configuration of all conductors whose positions change due to the transpositions: please 

provide enough information to allow three-dimensional modeling of all conductors 

throughout each transposition. 

3. Power Line Cross Sections. Please provide typical cross sections of the power line right-of-

way with:  

a) Phases and circuits labeled; 

b) Conductor spacings and heights above ground (at structure and midspan) clearly 

indicated. Include overhead ground wires. 

4. Remote Substation Locations. For all circuits which are present within the common right-

of-way, even for a short parallel distance, please specify the distance between the point 

where they leave the common right-of-way and the substation beyond the common right-of-

way to which they are connected. Please also indicate how many structures are present within 

this distance. 

5. Structure Grounding. For all circuits, indicate the footing type of the supporting structures: 

please provide a detailed description which includes the dimensions of the footing and of any 

associated grounding conductors, including rebars in concrete foundations. Please also 

indicate the distance between the structure footings if more than one are associated with a 

given structure (e.g., for lattice towers). 

6. Guy Wire Anchors. Please indicate at what locations there are guy wire anchors that are 

electrically continuous with static wires or neutral conductors: i.e., guy wires do not have 

insulating breakers in them and are bonded to static wires or neutral conductors at pole top. 
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7. Counterpoises. Please indicate positioning, length and conductor diameter of all existing 

buried counterpoises or other conductor networks which are within or close to the common 

right-of-way. 

8. Nearby Substation and Power Plant Grounding Systems. Please provide drawings of the 

grounding systems of any substations within 5 grounding system dimensions of the exposed 

line (i.e., for a 30 m x 25 m substation, please provide a sketch if the substation is within 5 x 

30 m = 150 m of the exposed line) or of power plants (including substations) which are fed 

by the exposed line. 

9. Single Line Diagrams. Please provide single line diagrams showing networks associated 

with all circuits present in the common right-of-way. 

E.2 CONDUCTOR CHARACTERISTICS 

Specify precisely the conductor type of all phase wires and static wires of all circuits in the common 
right-of-way. For long counterpoises, please also indicate the conductor type.  

E.3 GROUND RESISTANCES 

1. Structure Ground Resistances. Please provide, if available, a listing of the ground 
resistances of all power line structures in the common right-of-way and of all structures 
within a distance of 2 km beyond the point where each circuit leaves the common right-of-
way. If a listing of measured ground resistance values is unavailable, please provide typical 
value(s). 

2. Substation Ground Resistances. Please provide a listing of measured ground resistance 
values of all substations to which the circuits existing within the common corridor are 
connected. 

3. Static Wire Connections. For all circuits, indicate whether the static or neutral wires are 
electrically continuous with the structures which support them and with the substations at 
which they terminate. Provide the BIL rating for static wire insulators (if any). Indicate 
which structures are bonded to the static wires and the locations of static wire discontinuities. 

E.4 FAULT CURRENT DATA 
1. Fault Current Contributions. Please provide the single-phase-to-ground fault current 

contributions (magnitude and angle) from both sides of the faulted circuit and in all other 
transmission lines or circuits in the common right-of-way, even those whose parallel 
exposure to the exposed line is short or is far from the fault location, and in all circuits 
connected to substations/plants fed by the exposed line, for the following fault locations: 

At roughly 10% intervals of the common right-of-way length on each of the circuits 
present in the common right-of-way. For circuits with only a short parallel exposure 
to the exposed line, a minimum of one fault is required. Please be sure to include data 
for a fault occurring at any substations which exist within the common right-of-way. 

Note that a printout from a typical short circuit computer software package would be 
satisfactory and very helpful if a sufficient number of nodes have been defined to include all 
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circuits of interest for every fault location. If possible, please provide currents in all phases 
(including non-faulted phases), in amps. 

2. Soil Resistivity. Please indicate what soil resistivity was assumed for the computation of the 
line parameters used to calculate fault current values. 

3. Future Expansion. Please indicate for what period of time the fault current values are valid 
and what percentage increases can be expected in the future. 

4. Fault Duration: primary and secondary fault clearing times for all circuits for which fault 

current data has been provided. Please also provide details on automatic reclosure, if any. 

5. X/R Ratio. Please provide subtransient X/R ratio for each fault. 

6. Fault Type. Were fault current contributions determined assuming a bolted fault? If not, 
please explain. 

E.5 LOAD CURRENT DATA 
For all circuits within the common right-of-way, even those with only a short parallel exposure to 

the exposed line, please indicate the following:  

1. Phase-to-phase energization voltage, 

2. Magnitude and angle of present and well-defined future peak load and emergency load flow. 

Indicate if maximum load currents in one circuit necessarily coincide with small (or large) 

load currents occurring in another circuit or circuits: i.e., is there any correlation between the 

magnitudes and angles of the load currents in different circuits? 

3. What percentage increase can be expected to occur in the future for the values provided in 

item 2? 

4. Maximum load unbalance for each circuit. 

5. Maximum load harmonic currents for each circuit, if applicable. 

E.6 SYSTEM FREQUENCY 
Please specify the operating frequency of the power system (i.e., 50 Hz or 60 Hz or other). 

E.7 POWER PLANTS FED BY EXPOSED LINE 
For each power plant fed by each exposed line under study, please provide the following 

information, similar to that requested in the previous sections for the power lines paralleling the 

exposed line: 

1. Geographical map, to scale, showing all circuits connected to plant and the substations to which 

they are connected at the far end. 

2. Cross sections of all power line circuits connected to these plants/substations. 

3. Single line diagrams for all circuits associated with the power plants/substations. 
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4. Conductor and overhead ground wire characteristics for all circuits. 

5. Structure ground resistances and span lengths along all circuits. 

6. Substation and plant ground impedances (at both ends of each transmission line circuit). 

7. Grounding details of plant and substation (plan and specifications) to which the exposed line is 

connected. 

8. Plan drawing of plant, showing and labelling all power line circuits entering the plant. 

9. Current flows in all circuits connected to the plant/substation and in all circuits running parallel to 

the exposed line, during single-phase-to-ground faults occurring at the plant/substation and at 

10% intervals along each circuit connected to the plant/substation. 

E.8 RESOURCE PERSON 
Please provide the name, telephone number, FAX number, and e-mail address of a resource person 

who can respond to inquiries related to the data requested above. 
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DATA REQUEST FOR AC INTERFERENCE 

STUDY: PIPELINE COMPANY 

F.1 PHYSICAL DATA OF OVERALL SYSTEM 
1. Overview of System. Please provide a map on which are indicated the following:  

a) The pipelines under study,  

b) All parallel or roughly parallel high voltage circuits which come within 1 km of the 
pipelines, 

c) All other pipelines feeding or being fed by the pipeline under study, 

d) All exposed structures, such as valve sites, pig launchers & receivers, M&R stations 
compressor stations, and other such facilities on the pipelines listed above, 

e) All insulating flanges on the pipelines listed above, 

f) All anode beds on the pipelines listed above, 

g) Other pipelines which are parallel to the pipelines under study for significant 
distances (i.e., on the order of ½ km or more), or which cross them, or which come 
within 10 m of them, 

h) All electric substations and generating plants within 300 m of the pipelines under 
study or fed by the pipelines under study. 

i) Electric substations of both ends of each high voltage circuit shown on the map. 

Note that it is important to study the pipeline of interest as part of a system and not in 
isolation: AC interference does not recognize changes in pipeline ownership nor is it 
necessarily blocked by an insulating flange. Please include in the drawing therefore, all parts 
of the pipeline network which is under the influence of high voltage power line circuits and 
show all circuits which are in proximity with the pipeline network. 

2. Details of System Layout. Please provide plan view drawings of the system described in 
Item 1 above, allowing lengths and separation distances of all power lines and pipelines to be 
easily determined. In particular, please provide, for each power line structure (i.e., tower or 
pole), the following:  

a) Separation distance of the pipeline under study from the center of the structure, 

b) Separation distance of the pipeline under study from the edge of the structure (e.g., 
from the outside of the nearest tower leg). 
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Also, for all substations within 300 m of pipeline or generating plants fed by the pipeline, 
indicate the location of the pipeline on a layout drawing of the entire facility. 

3. Pipeline Dimensions. Please indicate the burial depth, the diameter and the wall thickness of 
the pipelines described in Section 1. Please also indicate the width of the bottom of the 
pipeline trench, for new construction. 

F.2 SOIL RESISTIVITY DATA 
Soil Resistivity Measurements: should be made using frequency-selective equipment and the 
Wenner method at spacings spanning the range of 0.1 to a minimum of 100 m (preferably, 200 m) at:  

1. All exposed structures (since gradient control grids may be necessary): e.g., at all valve sites, 
pig launchers, pig receivers, metering and regulating stations, compressor stations, etc.; 

2. Locations where one or more power lines deviate away significantly from the pipeline or 
vice-versa, at phase transposition locations, at power line crossings, and at intervals along the 
parallelism (so that the performance of mitigating wires can be assessed); 

3. Locations where the pipeline is particularly close to power line structures or grounds, 
including substation and power plant locations (for conductive coupling calculations). 

SES can provide specifications and training to ensure that these measurements are made properly. 
Note that since the safety of the mitigation designs and their cost are highly dependent on the soil 
data, it is essential that these measurements be made by well trained personnel. Recommended 
Wenner spacings in meters are: 0.1, 0.2, 0.3, 0.5, 0.1, 1, 2, 3, 5, 7, 10, 20, 30, 50, 70, 100, 200, and 
so on. 

Frost Depth. Provide the maximum depth of the frost line. 

F.3 EXPOSED STRUCTURES 
Please provide drawings of valve sites, pig launchers & receivers, metering and regulating stations 
and other exposed locations located along the pipeline under study or at its extremities. These 
drawings should clearly indicate the fence line, the locations and dimensions of gates, the property 
boundaries (i.e., the maximum extent of any gradient control grid which may be required), the 
locations and diameters of structures protruding out of the ground.  

Note that for sites requiring protection, safety considerations often require that gradient control 
conductors extend at least 1 m beyond the fence line: it is therefore best that the fence line be at least 
1 m within the property line so that gradient control grid conductors do not encroach on adjacent 
property. Furthermore, a layer of crushed rock may be required to extend outside the grid. 

F.4 ELECTRICAL DATA 
1. Coating Resistance. Provide an estimate or a measured value for the coating resistance of 

the pipeline, as installed. Note that a factory value is of no value here because damage to the 
coating during handling and installation reduces the coating resistance by several orders of 
magnitude from the factory value. Typical values lie in the range of 6,000 ohm-m² - 140,000 
ohm-m² or less, with the lower values being highly dependent on the local soil resistivity. 
Provide this data, if possible, for all other pipelines identified in Item 1. 
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2. Anode Beds. For each anode bed identified in Item 1.1, indicate its physical dimensions, 
configuration of anodes (diameter, length, spacing, horizontal/vertical orientation) and how 
the anodes are interconnected (with bare or insulated leads). If the ground resistances of the 
beds are known, please provide them. 

F.5 RESOURCE PERSON 
Please provide the name, telephone number, FAX number, and e-mail address of a resource person 

who can respond to inquiries related to the data requested above. 
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DATA REQUEST FOR AC INTERFERENCE 

STUDY: RAILWAY COMPANY 
1. Provide scaled maps of the track system that parallel the path of the studied power line.  

Maps should indicate railroad mileposts, road crossings, catenary structures, and signal 

locations, including road crossing names. 

2. Identify main and side track circuits along the path of the studied transmission line, including 

start and ending locations. 

3. Identify any rail yard that exists along the path of the studied transmission line. 

4. If electrified railroad, provide scaled maps of the power distribution system, including 

locations and one-line diagrams of electrical substations.  

5. If electrified railroad, provide the following information: distribution (electrified supply) 

cable/conductor size and composition; electrical insulator continuous voltage rating and BIL 

(basic Insulation Level) rating; location and applicable ratings of surge/lightning arresters 

(same as item 8); list and ratings of substation equipment, including grounding details; 

electrical one-line diagram of the electrified railroad car’s power and traction system, 

including ratings of electrical equipment. 

6. If electrified railroad, provide typical grounding details of catenary structures, including 

typical a.c. (alternating current) footing resistance. 

7. Typical range of ballast electrical resistivity for the track system; typical thickness or range 

of thickness, of the ballast. 

8. Unit length of the rails. 

9. Unit weight of the rail. 

10. Size of rails. 

11. Size and composition of ties. 

12. Provide the following for each manufacturer: Insulating Joints; electrode or other type of 

signal; electric lock; batteries; relays; tuned joint couplers; narrow band shunts; wide band 

shunts. 

13. Specify the range of impedances: inductance for electric locks, electrode or other type of 

signal circuits; capacitance for narrow and wide band shunts and tuned joint couplers. 

14. Provide location of track surge arresters, manufacturers, rated capacities, and destruction 

rating currents. 

15. Provide location and grounding details of track equipment housings. 

16. Briefly describe the approaches for each crossing. 
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17. Provide physical layout of all communication systems along the path of the new 345 kV 

transmission line. 

18. For communication cable system, provide the following: type of cable, size of cable, high 

voltage rating of cable insulation and manufacturer of cable system. 

G.1 RESOURCE PERSON 
Please provide the name, telephone number, FAX number, and e-mail address of a resource person 

who can respond to inquiries related to the data requested above. 
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DATA REQUEST FOR AC INTERFERENCE 

STUDY: TELEPHONE OR 

TELECOMMUNICATION CABLE COMPANY 
1. Provide scaled maps of communications or media cables (including fiber optic) that parallel 

the path new studied transmission line.  Information concerning underground duct bank 

configuration (if any) is also required. 

2. Location of switching, control and amplification equipment and enclosures, including details 

of electrical grounding. 

3. Location and manufacturer of electrical surge protection devices, whether independent or 

integral to other communications or media equipment.  Provide information regarding the 

maximum continuous operating voltage (MCOV) and maximum current or energy rating. 

4. Provide information pertaining to the manufacturer specifications of any overhead or 

underground communications and media cable(s) that parallel the path of the studied line.  

The specifications should include both electrical and mechanical construction specifications.  

These specifications, for example, may include cable diameter; sheath material, diameter and 

thickness; dielectric material and thickness; etc.  

5. Provide information pertaining to the installation of any communications or media cable, 

such as locations of and methods used for electrical grounding; typical height above ground; 

typical depth below ground; etc. 

H.1 RESOURCE PERSON 
Please provide the name, telephone number, FAX number, and e-mail address of a resource person 

who can respond to inquiries related to the data requested above. 
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FURTHER DISCUSSIONS ON AC 

INTERFERENCE STUDIES 
This appendix is intended and is useful mainly to users who are quite familiar with the ROW 

software. For novice users, it is preferable that the automated total interference procedure be used in 

order to compute the overall interference levels. 

I.1 INITIAL ANALYSIS 

I.1.1 Inductive Study 

Refer to all Right-of-Way How To… manuals, including Chapter 6 of this manual in order to follow 

the required steps to compute: 

- Induced voltages in exposed lines (i.e., pipe steel potentials) during load and fault conditions. 

- Currents injected into the earth by faulted electric power line poles/towers. 

I.1.2 Conductive Study 

See also the subsection entitled “Conductive Component” in the “Mitigation Design” section which 

follows. 

1. Choose representative fault locations throughout the corridor of concern and run Right-of-

Way for them, in order to compute the tower/pole injection currents. 

2. For each fault simulation, extract the tower/pole injection currents in the vicinity of the fault 

from the Right-of-Way output. The idea is to extract tower/pole currents having the greatest 

influence on the exposed line or enough towers/poles to represent most of the fault current. 

The required number of towers/poles depends upon the proximity of the exposed line to the 

transmission line: the closer the exposed line, the less towers/poles will have a significant 

influence on the exposed line at its closest point to the fault tower/pole. 

3. Model all of the tower/poles in the MALZ computation module which are expected to have a 

significant effect on the exposed line. 

4. An alternative to the two preceding steps, which can accelerate the process considerably, is to 

inject current into only one central tower/pole and let MALZ calculate the distribution of 

current among the other towers/poles. In order to do this, you must model the power line 

static wires as buried, insulated conductors, interconnecting the tower/pole grounds. For best 

accuracy, for power lines with dual static wires, you should model only one of the static 

wires, especially if both are good conductors (as opposed to Class A 3/8” galvanized steel, 

for example). If only one is a good conductor, model only that one. If they are both good 

conductors, for best accuracy, you can use TRALIN to calculate the self impedance of the 

pair of wires, then use the USER-SPECIFIED mode of conductor self impedance in MALZ: 

in this case, however, you need to specify all conductors, not just the static wires, in this 

mode. Make sure that you have an insulated conductor running between each tower/pole 

grounding system and the static wire, so that you can monitor how much current is flowing 
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into each grounding system. Once you have set up a model in this way, simply inject a 

nominal current into the static wire near the tower/pole at which you wish to simulate a fault. 

Next, look at how much current is flowing into the grounding system of the central 

tower/pole and compare with how much current the envelope data from the Right-of-Way 

Monitor Fault function indicates you should have: scale your MALZ results accordingly and 

you are done! 

5. In each MALZ run, compute earth potentials at the exposed line location. Typically, you do 

not need to model the exposed line at this point: at the fault location, it is usually 

conservative and fairly accurate to assume that the conductive component of the coating 

stress voltage is equal to the earth potential outside an absent exposed line. 

6. Perform a MALZ simulation for each layered soil structure near the fault location: soil 

layering has a great influence on conductive interference levels. 

7. In each soil structure, model a representative tower/pole grounding system & foundation in 

MALZ to compute its ground resistance. 

8. In order to avoid contradictions, you must reconcile the tower/pole ground resistances 

modeled in Right-of-Way with the tower/pole ground resistances obtained by modeling a 

typical tower/pole grounding system & foundation in each MALZ soil model: if the MALZ 

ground resistance is lower than the value you have used in Right-of-Way, you will obtain 

conservative results by multiplying the Right-of-Way currents by the ratio of Right-of-Way 

ground resistance divided by MALZ ground resistance, before entering these currents in the 

MALZ model; if the MALZ ground resistance is higher, then you will obtain conservative 

results by directly injecting the current from Right-of-Way in MALZ. Note that if the 

difference between the Right-of-Way and MALZ tower/pole ground resistances is too great, 

then you may obtain unrealistic and overly burdensome results. 

I.1.3 Combining Inductive and Conductive Interference Levels 
(Exposed line with Very Good Coating) 

1. Compute exposed line coating stress voltages and touch voltages using one of the following 

two methods:  

a. Subtract the earth potential computed by MALZ in the exposed line vicinity from the 

exposed line steel GPR computed by Right-of-Way: this subtraction must take into 

account phase angles of the two quantities. When you do so, be sure to verify that the 

phase angle of the MALZ tower/pole GPR is similar to that of the Right-of-Way 

tower/pole GPR: if they are close to 180 degrees apart, then the exposed line steel and 

earth potentials should be added together instead. 

b. Alternatively, simply add the magnitudes of the earth potential and exposed line steel. 

I.2 MITIGATION DESIGN 

I.2.1 Inductive Component 

1. In each soil structure measured in areas where mitigation appears to be required, model the 

mitigation system tentatively planned, using MALZ. If small, widely spaced grounding 

systems are planned, model one such grounding system in each soil structure, to determine its 
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ground impedance. If the grounding systems are within the zone of influence of one another 

(i.e., close together, such as a series of anodes) or if a continuous grounding system (such as 

a bare conductor running parallel to the exposed line) is planned, then model a long, nominal 

length, such as 1 km and compute not only its ground impedance, but also, in the case of a 

continuous system, exposed line coating stress voltages as a percentage of the exposed line 

steel GPR. When computed, coating stress voltages should be computed by defining earth 

potential profiles running along the entire length of the mitigation system and located just 

outside the exposed line coating, at, say, 12 o’clock, 3 o’clock, 6 o’clock, and 9 o’clock 

positions. If a single grounding system is modeled, a nominal energization of 1000 A at its 

connection point to the exposed line is fine. If multiple grounding systems are modeled, then 

connect them all to the same source bus, which should inject a nominal current of 1000 A. If 

a long continuous grounding wire or wire pair is modeled, then it should be energized at its 

planned connection points to the exposed line, with all injection points connected to the same 

source bus, which should inject a nominal current of, say, 1000 A.  

2. Do not forget to segment long conductors into sub-conductors: this is particularly important 

at endpoints and, in low resistivity soil, near connection points. It is usually practical to 

simply segment the conductor into a large number of equally long sub-conductors (e.g., 100 

for a 1 km length). To verify that segmentation is sufficient, re-run with twice as many 

conductor segments and see if any results change significantly. 

3. The ground impedance is then simply the GPR of the source bus (available in the MALZ 

output file) divided by the injection current (in this case, 1000 A). For a continuous 

grounding system or an extensive system of small systems in close proximity to one another, 

it is conservative to scale this ground impedance linearly to obtain a unit-length ground 

impedance: e.g., multiply by 10 the ground impedance obtained for a 1 km length of 

mitigation system, in order to obtain a conservative estimate of its ground impedance per 100 

m span. 

4. For continuous mitigation systems, the coating stress voltage can be obtained by requesting a 

touch voltage plot, expressed in %GPR, where the reference GPR is that of the source bus. In 

low resistivity soils, you will note that the coating stress voltage is highest midway between 

injection points. It is even higher at the termination point of the mitigation system. You must 

exercise judgment in deciding just how close to the edge of the mitigation system you want 

to consider coating stress voltages (when specifying your mitigation system at the end of the 

study, you can always require an additional length to provide the safety margin you need). 

5. Now you are ready for the inductive part of the mitigation design. By trial and error, you can 

now change the ground resistance of each exposed line to be mitigated, at different locations 

where excessive potentials are encountered, until satisfactory levels are obtained with Right-

of-Way. Step 2 gives you an idea of how much grounding these ground resistances represent 

(or if they are even achievable). Do not forget that, during fault conditions, the total exposed 

line coating stress voltage is equal to the sum of the inductive and conductive components. 

Nevertheless, in many cases, a reduction in induced voltages alone will suffice to achieve 

satisfactory coating stress voltages. Do not forget either to examine results for faults 

occurring at representative locations throughout the interference corridor: using the Monitor 

Fault function of Right-of-Way will allow you to do this. 
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6. Grounding the exposed line will reduce its absolute potential with respect to remote earth, as 

plotted by Right-of-Way. However, you can further apply the % GPR obtained in Step 3 

above to these potentials, in order to obtain the coating stress voltages associated with an 

exposed line protected by a continuous wire that is connected to the exposed line at regular 

intervals. Step voltages can be computed using earth surface potential profiles, in a manner 

similar to that used for the coating stress voltages. 

I.2.2 Conductive Component 

1. If the mitigation consists of small grounding systems, the conductive component of the 

interference levels can be assumed to be unchanged by the mitigation, with little undue 

pessimism. If the mitigation consists of wires running parallel to the exposed line and 

connected thereto, then it can reduce the conductive component substantially, although 

typically much less so than the inductive component. In evaluating the conductive 

component of interference levels, with mitigation in place, the objective is to create a MALZ 

model of a sufficient length of the exposed line system (perhaps all of it!), such as to include 

all grounding significantly affecting the pipe near the fault: this includes portions of the 

exposed line outside the zone of influence of the faults modeled. The MALZ model should 

include the exposed line, the mitigation system, and any other significant sources of 

grounding connected to the exposed line. 

Do not forget to segment long conductors into sub-conductors: this is particularly important at 

endpoints and, in low resistivity soil, near connection points. It is usually practical to simply 

segment the conductor into a large number of equally long sub-conductors (e.g., 100 for a 1 km 

length). To verify that segmentation is sufficient, re-run with twice as many conductor segments 

and see if any results change significantly. 

2. For representative worst case locations along the exposed line (e.g., where the inductive 

component is high, where the exposed line is particularly close to power line structures, or 

where soil conditions lead to particularly high interference levels), faults should be modeled 

in MALZ. The exposed line is left inert (we will add the induced voltage to the MALZ 

results at a later stage), whereas the transmission line structure grounding systems (and 

foundations) closest to the fault are modeled and energized. The number of structures 

requiring modeling depends upon two factors: proximity of the exposed line to the power line 

structures (the closer, the fewer needed) and the distribution of fault current among the 

faulted structures, as determined by Right-of-Way (the more uniform the spread of 

tower/pole current, the more structures are required). Conservative approximations can be 

made, if this does not make the required mitigation too onerous, such as injecting the entirety 

of the fault current into a small number of towers/poles. 

3. Next, for each chosen fault location, make sure you have simulated a fault in Right-of-Way 

at that location. Extract the currents corresponding to the towers/poles in your MALZ model 

and specify as separate source bus currents, each one connected to the appropriate tower/pole 

ground in your MALZ model. 

4. An alternative, which can accelerate the process considerably, is to inject current into only 

one central tower/pole and let MALZ calculate the distribution of current among the other 

towers/poles. In order to do this, you must model the power line static wires as buried, 

insulated conductors, interconnecting the tower/pole grounds. For best accuracy, for power 
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lines with dual static wires, you should model only one of the static wires, especially if both 

are good conductors (as opposed to Class A 3/8” galvanized steel, for example). If only one 

is a good conductor, model only that one. If they are both good conductors, for best accuracy, 

you can use TRALIN to calculate the self impedance of the pair of wires, then use the USER-

SPECIFIED mode of conductor self impedance in MALZ: in this case, however, you need to 

specify all conductors, not just the static wires, in this mode. Make sure that you have an 

insulated conductor running between each tower/pole grounding system and the static wire, 

so that you can monitor how much current is flowing into each grounding system. Once you 

have set up a model in this way, simply inject a nominal current into the static wire near the 

tower/pole at which you wish to simulate a fault. Next, look at how much current is flowing 

into the grounding system of the central tower/pole and compare with how much current the 

envelope data from the Right-of-Way Monitor Fault function indicates you should have: 

scale your MALZ results accordingly and you are done! 

5. Note that it is of capital importance to reconcile the tower/pole ground resistances modeled in 
Right-of-Way with those computed in MALZ. Always compute the ground resistance of a 
single pole/tower with MALZ in each soil structure under study and compare with the value 
used in Right-of-Way. If the MALZ ground resistance is lower than the value you have used 
in Right-of-Way, you will obtain conservative results by multiplying the Right-of-Way 
tower/pole ground currents by the ratio of the Right-of-Way tower/pole ground resistance 
divided by the MALZ ground resistance before applying to the MALZ model; if the MALZ 
ground resistance is higher, then you will obtain conservative results by directly applying the 
current from Right-of-Way in MALZ. Note that if the difference between the Right-of-Way 
and MALZ tower/pole ground resistances is too great, then you may obtain unrealistic and 
overly burdensome results.  

6. To compute exposed line coating stress voltages, define earth potential profiles along the 
length of the exposed line, just outside the coating: you may wish to run a profile along the 
top of the exposed line, one along the bottom, and two on either side. You may also wish to 
run a profile perpendicular to the exposed line, along the earth surface, to compute step 
voltages, which are exacerbated by the presence of gradient control wires.  

7. Run MALZ and obtain coating stress voltages by plotting touch voltages with respect to the 
nearest conductor (which happens to be the exposed line). Do not forget to apply the scaling 
factor, if you have used the scheme proposed in Step 4. You may also wish to plot step 
voltages. You may also wish to plot the ground potential rise of the exposed line steel (this is 
possible wherever earth potential profiles are present). Now you have the conductive 
component of the AC interference. 

I.2.3 Combining Inductive and Conductive Components 

1. Generally, the phase angles of the inductive and conductive components of coating stress, 
step voltages and touch voltages, in the vicinity of a fault occurring in an AC interference 
corridor, are such that the magnitudes of the conductive and inductive components can 
simply be added together, with little loss of accuracy. The effect of phase angles can be taken 
into account, by carefully carrying the phase angles of all quantities through the various steps 
above. 

I.2.4 Exposed line Appurtenances 
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1. There is little difference between computing touch voltages associated with a mainline 
valve’s gradient control grid and computing coating stress voltages along an exposed line 
running next to a gradient control wire. 

2. The inductive component is obtained by modeling the gradient control grid in the most 
appropriate soil structure, using either MALT or MALZ, with earth surface potential profiles 
specified throughout the grid area and extending at least 2 m outside the grid area and at least 
1 m outside the fence line (if there is a fence). The grounding grid is energized with a 
nominal current and its resulting ground potential rise is examined and compared with the 
maximum GPR computed by Right-of-Way at that location. The results are scaled 
accordingly. Touch voltages throughout the area enclosed by the fence and up to 1 m outside 
the fence are plotted; step voltages everywhere are plotted. This is the inductive component. 

3. The conductive component is obtained as described above for the exposed line mitigation, for 
a fault modeled on the tower/pole closest to the gradient control grid under study, but with 
the grid included in the model and the earth surface potential profiles described in the 
preceding step added as well. Again, touch and step voltage plots are produced, as in the 
preceding step. 

The magnitudes of the touch and step voltages obtained in Steps 2 and 3 are then added together to 

obtain the total interference levels. 
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AAAPPPPPPEEENNNDDDIIIXXX   JJJ 

SOIL RESISTIVITY MEASUREMENTS 

J.1 INTRODUCTION 
Soil resistivity measurements constitute the basis of any grounding study and are therefore of capital 

importance.  

Soil resistivity measurements are made by injecting current into the earth between two outer 

electrodes and measuring the resulting voltage between two potential probes placed along a straight 

line between the current-injection electrodes. When the adjacent current and potential electrodes are 

close together, the measured soil resistivity is indicative of local surface soil characteristics. When 

the electrodes are far apart, the measured soil resistivity is indicative of average deep soil 

characteristics throughout a much larger area.  

In principle, soil resistivity measurements should be made to spacings (between adjacent current and 

potential electrodes) which are at least on the same order as the maximum extent of the grounding 

system (or systems) under study, although it is preferable to extend the measurement traverses to 

several times the maximum grounding system dimension, where possible. Often, it will be found that 

the maximum electrode spacing is governed by other considerations, such as the maximum extent of 

the available land which is clear of interfering bare buried conductors.  

The attached data sheets provide electrode spacings that can be used, starting at short electrode 

spacings, for information about the surface soil layers, and ending at the largest electrode spacings. 

As can be seen, the electrode spacings increase exponentially in order to cover the entire range of 

required measurement depths as efficiently as possible.  

J.2 SPECIAL PRECAUTIONS 
Background Noise. Due to nearby sources of 50 or 60 Hz current and its harmonics, electrical noise 

at these frequencies are expected in the measurements, particularly for the larger electrode spacings. 

Conventional measurement methods can confound this noise with the measurement signal, resulting 

in apparent soil resistivity readings that can be an order of magnitude or more in excess of the true 

values. This suggests the need for equipment that uses a signal frequency other than 50 or 60 Hz and 

its harmonics and can efficiently discriminate between the signal filter and the noise. A soil 

resistivity tester such as the SYSCAL Junior or R1 Plus (the latter is strongly recommended when 

very large pin spacings or high resistivity surface material are expected), manufactured by Iris 

Instruments (Orleans, France), or the SuperSting R1 IP single channel memory earth resistivity and 

IP meter manufactured by Advanced Geosciences, Inc. of Austin, Texas, USA, achieves this 

function: both equipment are able to accurately measure its low frequency signal, even when the 

background 50 or 60 Hz noise is several thousand times larger in magnitude. In the following, we 

refer to the SYSCAl resistivity meter. However, the SuperSting meter has equivalent capabilities as 

well. Some high end resistivity meters manufactured by other organizations may have similar 

capabilities or better. Please compare products before selecting the equipment that best fits your 

needs and budget. 
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Interlead Coupling. Another problem that can be encountered at large electrode spacings, 

particularly when apparent resistivities are low to moderate, is magnetic field coupling between the 

current injection leads and the voltage measurement leads. This coupling induces noise at the same 

frequency as the signal into the measured voltage and amplifies the measured resistivity. While some 

equipment can detect the resulting phase shift in the measured voltage and make a partial correction, 

other equipment cannot. The SYSCAL soil resistivity tester circumvents this problem through use of 

a very low frequency signal (from 500 millisecond to 2000 millisecond square wave pulses, with 

2000 milliseconds being the preferred setting), which generates negligible magnetic field coupling. 

Influence of Bare Buried Metallic Structures. Bare metallic structures (including concrete-encased 

metal) of significant length buried in the vicinity of the measurement traverse can distort measured 

earth resistivities. When a measurement traverse runs parallel to a long structure of this type, 

significant error begins when the clearance between the traverse and the structure is on the same 

order as the electrode spacing. The error increases as the electrode spacing increases compared with 

the clearance. A similar effect is observed when the electrodes are placed near relatively small 

grounding systems which are interconnected by means of overhead wires. As a rule of thumb, to 

avoid significant error, there should be no bare metallic structures of significant size buried within a 

radius r of any of the measurement electrodes, where r is the spacing between adjacent current and 

potential electrodes. When the measurement traverse runs perpendicular to a buried metallic 

structure without crossing it, the clearance requirement need not be as severe. Computer modelling 

of the buried structure and measurement electrodes can provide an estimate of the measurement error 

to be expected for different soil structure types. 

Weak Signal. A weak measurement signal can result from a low-power source, a low-voltage source, 

or a high contact resistance of one or both of the current injection electrodes. The problem is most 

often experienced when driving electrodes in high resistivity surface soils or when the electrode 

spacing becomes large (the signal strength is inversely proportional to the electrode spacing, for the 

Wenner
4
 4-pin method, and inversely proportional to the square of the electrode spacing, for the 

Schlumberger 4-pin method, all other things being equal). Use of a powerful, high-voltage source is 

an obvious first step to eliminating this problem. Even with a good source, however, contact 

resistance can easily become a problem in high resistivity soils at the larger electrode spacings. The 

solution in this case is to drive the current-injection electrodes as deep as possible and wet the soil 

around these electrodes with saltwater
5
: this should be done only for the larger electrode spacings. If 

need be, multiple rods can be driven into the ground and connected together to constitute a larger, 

lower impedance electrode. On solid rock or in rock with a shallow soil layer over it, the electrodes 

can be laid horizontally on the rock and covered with conductive material, such as saltwater-

moistened earth. If the rock is highly localized, then the electrode position can be altered (and noted) 

to avoid the rock; interpretation software such as the RESAP module of the CDEGS software 

package will account for this. 

                                                 

4
 The Wenner and Schlumberger 4-pin methods differ only in the spacing of the two inner potential electrodes. Details on 

the recommended method will follow. 

5
 Note that only the area in the vicinity of the current injection electrodes should be wetted in this way. This will not 

influence the measurements significantly, provided that the wetted area is small compared to the inter-electrode spacing. 
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The SYSCAL soil resistivity tester constitutes a high-voltage, high-power source, compared to many 

other available models: its output voltage varies from 50 V to 400 V or higher and its output power 

can reach 50 –250 W (depending on the model).  

A weak signal can be detected by examining the magnitudes of the measured signal voltage and 

injection current; also by verifying the consistency of the readings. The SYSCAL can provide 

reasonably accurate readings for injection currents as low as 1 mA (a minimum of 5 mA is 

preferable) and signal voltages as low as 1 mV, in the presence of 50 or 60 Hz noise which is 4389 

times larger in magnitude. On the other hand, very low frequency background noise may require a 

stronger signal for good accuracy. Such a need can be detected by the standard deviation value, q, 

reported by the instrument as it takes a series of readings with a square wave of alternating polarity: 

when q is 0 at the end of the series of readings, the measurement is reliable; otherwise, a stronger 

signal should be sought. A series of 10 cycles or so should be selected for each measurement. Also, 

q should be watched as the measurements are made: if the string “***” appears during the readings, 

the measurement should be rejected. This is usually an indication that one of the current injection 

leads has become disconnected. A further precaution is to read the resistivity at two different 

injection currents, if possible: if consistent, then the reading is good. The attached data table reminds 

the instrument operator to record these important values. 

Erratic Readings. Erratic readings can occur due to poor connections or high contact resistance, 

background noise at a frequency similar to that used by the measurement equipment, nearby buried 

metallic structures, equipment failure, operator error, and other factors. Measured resistivities should 

be plotted on log-log graph paper in the field to permit detection of irregular measurements, so that 

corrective action can be taken immediately. Resistivity should be plotted versus electrode spacing: a 

smooth curve is expected. Sharp changes suggest a need for checking the equipment set-up, 

repeating measurements, and taking additional measurements at shorter and larger electrode spacings 

close to the problematic one. 

Excessive Voltage Magnitude. Certain versions of the SYSCAL require an input voltage (including 

both signal and noise) of less than 5 V to provide a reading. A voltage exceeding 5 V can occur 

when background noise is excessive: in this case the input voltage must be reduced with a voltage 

divider circuit (e.g., the voltage from the two inner potential electrodes is applied to a 100 k 

resistor in series with a 1 M resistor and the voltage across the 100 k resistor is measured by the 

M-N terminals of the SYSCAL, resulting in a 90.9% voltage reduction). An excessive voltage can 

also occur at short electrode spacings due to excessive signal strength. In this case, the voltage can 

be reduced by reducing the source voltage setting or by decreasing the current electrode depth. The 

attached data sheet provides typical electrode depths.  

Note that the depth of the current injection pins should never exceed 33% of the spacing between 

adjacent current and potential electrodes; the inner potential measurement pins should be driven to 

even shallower depths, as shown in the attached data sheet. This improves measurement accuracy at 

short electrode spacings. 

J.3 MEASUREMENT DETAILS 
The current injection leads are connected to the instrument terminals labelled “A” and “B”, the 

potential leads are connected to the terminals labelled “M” and “N”. The electrode spacing is keyed 
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in and the measurement process is launched. The instrument records and averages as many readings 

as the user sets the instrument to take (e.g., 6 or so). 

Measurements are to be made along the traverses determined in conjunction with SES (provided in a 

separate document). It is important that the maximum spacing between the two current injection pins 

along the longest traverse be at least equal to three times the maximum extent of the grounding 

system being designed, as a bare minimum, if this can be achieved without interference from nearby 

buried metallic structures. 

J.3.1 Schlumberger Method 

The measurements are to be made based on the Schlumberger 4-pin method, taking the precautions 

described in this document. The P1 and P2 potential pins should be installed at the center of the 

traverse, initially 1.0 m apart. The C1 and C2 current pins are to be driven into the ground at 

progressively increasing distances from their respective potential pins, starting 0.10 m from the 

nearest potential pin and increasing up to the maximum pin spacing specified by SES for each 

measurement traverse. The “maximum pin spacing” indicated for any given traverse is the maximum 

distance between each potential pin and its adjacent current pin. The separation distance between the 

inner potential pins remains at 1.0 m for the first few measurements, then increases as necessary to 

obtain a sufficiently strong measurement signal (i.e., at least 1-10 mV, if possible, and a q value of 

0). Note that before increasing the spacing between the potential pins, all practical attempts should 

be made to improve the contact resistance of the outer current injection pins: drive them deeper, use 

clusters of rods at the larger spacings, wet the ground close to the pins with saltwater (without 

wetting the ground close to the potential probes!). Ensure that the injection current is 5 mA or more 

and the measured signal voltage 1 mV or more, if at all possible. Each time the potential pin spacing 

is increased, repeat the preceding measurement: i.e., place the current pins to the distance separating 

them from the potential pins during the preceding measurement, for validation.  

J.3.2 Wenner Method (Fixed C1 & C2 Pin): One-Sided 

The measurements are to be made based on a modified Wenner 4-pin method, taking the precautions 

described earlier in this document. The test method chosen here gives greater weight to transferred 

potentials from the C1 electrode to locations tested in the future mine area and also obviates the need 

to move the C2 test electrode. 

The C1 electrode should be installed at the center of the future 260 kV substation site under test 

(there are two such substation sites). The C2 electrode should be installed 4 km away (the locations 

are specified below). The C1 and C2 electrodes must be installed such as to have low ground 

resistance: we wish to obtain approximately 500 mA or more of current flow from the soil resistivity 

meter when it is connected in series with the two electrodes. Start by driving 3 ground rods 0.7 – 1.0 

m into the ground, in a triangular formation, spaced about 1.7 m apart, with the 3 ground rods 

interconnected. Drive the rods deeper and add rods if need be; also pour salt water around each 

ground rod, if need be, to achieve a sufficiently low ground resistance. Connect a lead from the “A” 

terminal of the SYSCAL test meter to the C1 electrode array and another lead from the “B” terminal 

of the meter to the C2 electrode array. Use the Rtest function to verify that the total resistance of the 

C1-C2 circuit is on the order of 800 ohms or less.  
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This electrode set-up should be used for all readings in which the P1 electrode is 30 m or more from 

the center of the C1 electrode array. When the P1 electrode is less than 30 m from the C1 electrode, 

the latter should be reduced to a single ground rod driven 0.7 m or so into the ground. For even 

shorter spacings, the depth to which the C1 electrode is driven should never exceed 30% or so of the 

distance between C1 and P1. There is no need to modify your C2 electrode set-up: it can remain the 

same for all electrode spacings. 

The P1 and P2 electrodes are installed between the C1 and C2 electrodes, such that all electrodes are 

in a straight line. Connect the P1 electrode to the “M” terminal of the SYSCAL and the P2 electrode 

to the “N” terminal. For the first measurement of each traverse, place P1 and P2 such that the 

distances between adjacent electrodes (i.e., C1-P1, P1-P2, P2-C2) are all equal. This is the standard 

Wenner arrangement. After this first test, however, only the two potential electrodes are to be moved 

and always towards the C1 electrode. The C1-P1 and P1-P2 spacings are always equal: indeed, if it 

were not for the C2 electrode that remains immobile, the test would be a true Wenner test. From 

each pin spacing to the next, the C1-P1 and P1-P2 spacings are reduced by 1/3: in other words, 

multiply each pin spacing by 2/3 to obtain the next smaller pin spacing. The minimum required pin 

spacing is 0.3 m.  

The P1 and P2 rods (just one rod or spike each) should be driven only a few inches into the ground, 

such as to achieve reasonable contact resistance: if the electrode presents resistance when pulled out 

of the earth, then it is certainly deep enough. For small electrode spacings, the depth to which the P1 

and P2 electrodes are driven should not exceed 10% of the electrode spacing. 

To estimate apparent resistivity, use double the spacing between C1 and P1, instead of simply the 

spacing between C1 and P1 as you would for the regular Wenner method: i.e., apparent resistivity is 

approximately equal to 4 π a R, where a is the C1-P1 spacing and R is the apparent resistance. If you 

are using the SYSCAL to compute apparent resistivities for you, always enter double the spacing 

that you are testing. This will be valid for most pin spacings and is certainly satisfactory for the 

purpose of checking the data for erratic behavior. 

All the data indicated on the data sheets are to be recorded for each traverse, from the minimum pin 

spacing indicated on the form, up to the maximum pin spacing associated with the traverse (as 

indicated on the list of measurement traverses required for this project). 

At each pin spacing, measurements are to be made at two significantly different injection current 

levels, if possible, which can be achieved by varying the applied source voltage: a factor of two 

difference (on that order) between the two injection currents is to be obtained. The measured 

resistivity should be the same for both current levels: if not, start troubleshooting! 

On the attached form: 

  “Source Voltage” is the voltage applied to the current injection pins (12 V, 50 V, 100 V, 200 V, 

400 V or 600 V) and is set by a knob on some instruments; on others, this is automatically set by 

the instrument. 

 “Q:***?” indicates whether 3 asterisks appeared as a value for Q, while the meter is injecting 

current into the C1 and C2 pins. Either “yes” or “no” should be entered in this column. 

  “Q%” is the standard deviation value, Q, reported by the meter. 
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  “Vsignal” is the voltage measured by the soil resistivity meter between the potential pins (P1 

and P2). 

 “Iinject” is the current injected by the soil resistivity meter into the current pins (C1 and C2). 

 “Apparent Resistivity” is the apparent resistivity of the soil, as computed by the meter or by 

hand. 

The measured apparent resistivities are to be plotted versus pin spacing on log-log graph paper, as 

the measurements are taken. A fairly smooth curve should result. Wire connections and rod-to-soil 

contact should be verified if abrupt changes are observed; the presence of long buried metallic 

structures can also be responsible for such variations. As indicated above, if the low current test 

values do not match the high current test values, then a problem exists and the source of the problem 

should be investigated. Similarly, if Q% is greater than 0, connection and rod-to-soil contact should 

be checked. 

In addition, for each measurement traverse: 

1. Attach a sketch showing the traverse location & starting point in relation to existing nearby 

structures, including approximate distances from them; also show traverse on site plan. 

2. Please report any signs of pipes, pipelines, conduits, long sections of reinforced concrete, fences, or 

any other long, metal-bearing structures anywhere near the traverse. 

If an instrument is used which does not filter out voltages induced in the potential 

measurement leads by the current injection leads (this should be assumed if there is no indication to 

the contrary), then the following precautions should be taken: 

1. Separate the current injection test leads from the potential measurement leads by a fixed 

distance (e.g., 10 feet). 

2. For every pin spacing, take the measurements using another set potential leads that are 

significantly further away from the current leads and separated from them by a fixed distance 

(e.g., 100 ft). 

3. SES can compare these two sets of data to estimate induced voltages and correct the data for 

induced voltages. 

J.3.3 Interpretation 

The apparent soil resistivities measured at each site can be plotted along with the curve 

corresponding to the equivalent soil computed by the RESAP module of the CDEGS software 

package. Each graph also shows the equivalent soil structure corresponding to this data and indicates 

the location on the pipeline to which it corresponds. Good agreement between the two orthogonal 

traverses and the computed curve fits usually can be achieved, so that a multi-layer soil model is 

obtained and used for the AC interference analysis. 
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STEPS TO OBTAIN SOURCE IMPEDANCES 

BY USING VI-ENERGIZATION 

How to compute the source impedance: One method to compute the correct energization 

source impedance is to use the VI-Energ option first in order to determine it very precisely for the 

next and final ROW run. The following provides the steps briefly. A SPLITS example called 

Sp_Normal Load_1_VI.f05 files is provided with this tutorial. 

Step 1. In SPLITS circuit “_1”, modify Terminals 1 and 2 energizations as shown in the 

following screens: 

    

Step 2. Click Process to run the SPLITS circuit “_1”, i.e., Sp_Normal Load_1.f05: 

 

Step 3. Open “Sp_Normal Load_1.f09” with a text editor, and search for the string “Source 

Impedances” which are the required values. 

Energized Terminal Non Energized Terminal Energized Terminal 
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The source voltage applied to the 24 pipeline (Bus No. 5) and the overhead ground conductor (Bus 

No. 1) are set to zero. The source impedance for the overhead ground conductor is set to zero since it 

is connected to the grounding system at Substation 1. The Open status or some very large equivalent 

source impedance is assigned to the 24 pipeline since the pipeline is not bonded to the substation 

grounding system. 

Alternative Energization: note that during steady-state conditions, we focus on the inductive 

coupling between the transmission line and the pipeline. If the capacitive coupling can be ignored 

in a study, it is more convenient to use the Current source option to force the known load current 

on the phase conductors. For a two terminals network such as the one shown in Figure 4.1 or 

Figure 6.2, the current source can be specified as shown in the figures below: 
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Abstract 

AC interference in pipelines due to their proximity to high 

voltage electric power lines can result in electrical 

hazards to people and other adverse effects ranging from 

accelerated corrosion to pipe failure. This paper 

discusses software advances made in recent years 

permitting the accurate analysis of interference problems 

in right-of-way corridors shared by complex systems of 

high voltage power lines and pipelines. Also described 

are the resulting improvements made in mitigation 

methods, which have generated average cost savings of 

several millions of dollars per 100 km of right-of-way. 

New knowledge gained about the behaviour of 

pipeline/high voltage line systems from the application of 

computer modelling to interference studies is presented. 

Recent concerns related to the possibility of direct AC 

corrosion on pipelines are outlined. 

Introduction 

Electromagnetic interference caused by electric 

transmission and distribution lines on neighbouring 

utilities such as pipelines became a major concern in the 

early 60’s due to the significant increase in the load and 

short-circuit current levels needed to satisfy the energy 

required by the phenomenal industrial growth of Western 

nations. Another reason for increased interference levels 

originates from the more recent environmental concerns 

which impose on various utilities to share common 

corridors in an effort to minimize the impact on wildlife 

and other related threats to nature. 

A pipeline which shares a common corridor with AC 

transmission lines becomes energized by the magnetic and 

electric fields surrounding the power system in the air and 

soil. This AC interference can result in an electrical shock 

hazard for people touching the pipeline or metallic 

structures connected to the pipeline... or simply standing 

nearby; furthermore, damage to the pipeline’s coating, 

insulating flanges, rectifiers or even direct damage to the 

pipeline’s wall itself can occur.  

This paper discusses recent advances made in predicting 

and mitigating electromagnetic interference generated by 

electric lines on neighbouring utilities, with a particular 

emphasis on buried and aboveground  pipelines (oil, gas, 

water). It describes, primarily, state-of-the-art analysis 

tools and mitigation techniques which effectively reduce 

AC interference to acceptable levels, while yielding 

tremendous cost savings compared to alternative methods. 

Historical Perspective 

Although electromagnetic interference problems were 

analyzed in the early days of telegraph and telephony 

mainly as an inductive coupling problem between 

telecommunications circuits (crosstalk) and between 

electric lines and telecommunications lines (electric 

noise), it is only in the mid 60’s that the first detailed 

investigations of a realistic power line / pipeline 

interference analysis were published by Pohl [1] and 

Favez et al [2]. Another source of useful information was 

also published in the CCITT directives [3] which targeted 

primarily the problem of coupling between electric lines 

and telecommunications lines. A more recent edition of 

this document was published in 1989. 

In 1976, EPRI and A.G.A. jointly funded a research 

project which resulted in the development of a hand 

calculator program to predict inductively induced voltages 

on pipelines parallel to power lines [4,5,6,7,8]. Further 

work was carried out later in a follow-on research 

program to develop computer software which can handle 

realistic right-of-way in which pipelines and power lines 

are not always parallel [9]. Subsequent funding by EPRI 

and AAR focused on interference to railroad facilities 

[10,11] and a computer program called CORRIDOR, 

capable of predicting steady-state induced voltages on 

pipelines and railroad facilities was made available. In the 

late 80’s, the ECCAPP (Electromagnetic and Conductive 

Coupling Analysis from Power lines to Pipelines) was 

developed to account for both inductive and conductive 

coupling during fault conditions, a problem which could 

not be investigated using the CORRIDOR program 

[12,13,14].  

The preceding work focused mainly on the prediction of 

interference levels, but very little work was devoted to the 

development of sound and practical mitigation methods. 

Indeed, following the initial EPRI/A.G.A.- funded 

research work, a mitigation method called the 

“Cancellation Wire” technique was developed and 

presented as a highly effective approach to reduce 

inductive interference. As explained later, it turned out 

that this method was not appropriate because it transferred 

dangerous voltages from one location to another. 

Furthermore, all this work considered the soil to be 
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uniform and did not discuss the effects of soil 

inhomogeneity on the design of effective mitigation.  

Significant work on economically sound and practical 

mitigation measures started with studies in the Saudi 

desert and culminated in the development of a highly 

efficient mitigation solution capable of achieving 

significant inductive and conductive interference 

reduction, while accounting for the true nature of the soil 

structure. This new method was implemented along the 

NYPA/Empire State Pipeline right-of-way in the state of 

New York [15]. 

Interference Mechanisms and Mitigation Objectives 

Pipelines sharing a right-of-way with power lines may be 

subject to electrical interference due to both inductive and 

conductive effects. Magnetic induction (coupling) acts 

along the entire length of pipeline which is approximately 

parallel to the power line and can result in significant 

pipeline potentials even at relatively large separation 

distances. Conductive interference due to currents flowing 

in the soil is of particular concern at locations where the 

pipeline is close to transmission line structures which may 

inject large currents into the soil during power line fault 

conditions. Such structures include transmission line 

tower or pole foundations and substation grounding 

systems. 

The effects of power system interference on pipelines are 

due to the relative voltage difference which is created 

between the pipeline metal and the local soil. 

In terms of safety for personnel and the public, a potential 

shock hazard exists when someone touches an exposed 

part of the pipeline (such as a valve) while standing on 

soil which is at a different potential. The touch voltage to 

which a person would be subjected when standing near 

the pipeline and touching an exposed part of the pipeline 

is defined as the difference in potential between the 

pipeline metal and the earth surface above the pipeline. 

Similarly, the step voltage is the difference in potential 

between a person's feet, and is defined as the difference in 

earth surface potential between two points spaced 1 m 

(3.3 feet) apart. 

Power line / pipeline interference can also result in 

damage to the pipeline and its coating. Excessive coating 

stress voltages (the difference between the pipe steel 

potential and local soil potential) can result in degradation 

or puncture of the coating, leading to accelerated 

corrosion. In the case of an extreme soil potential rise, the 

pipeline wall itself can be damaged or punctured. 

Steady State or Load Conditions 

“Steady state conditions” designates normal operating 

conditions of the electric power transmission system, 

which can vary from low to high load conditions. During 

such conditions, the currents flowing in the 3 phases of 

each circuit are relatively low in magnitude (compared to 

fault conditions) and their effects on nearby pipelines tend 

to cancel one another out. As a result, AC interference 

levels during load conditions result from incomplete 

cancellation between phases, due to the difference in the 

relative distance of each phase from the nearby pipelines 

and due to any unbalance in the currents the 3 phases 

carry. 

Inductive Coupling 

Inductive interference is the dominant interference 

mechanism under normal power line conditions. Induced 

potentials on unmitigated pipelines can reach hundreds of 

volts at power line transposition locations or at locations 

where the pipeline and power line veer away from one 

another or cross each other. Induced steady-state pipeline 

potentials are more severe when the pipeline coating has a 

high electrical resistance. However, a high coating 

resistance is desirable from a cathodic protection 

standpoint, so reducing the coating resistance is not 

usually considered a viable solution. 

In spite of the relatively low magnetic field levels during 

steady state conditions, induced voltages on an 

unprotected pipeline can reach hundreds of volts. Even 

with extensive grounding systems connected to the 

pipeline, pipeline potentials can be on the order of dozens 

of volts, with hundreds of amps flowing in the pipeline. 

This constitutes primarily a shock hazard, which can be 

transferred miles away from the parallel corridor. 

Capacitive Coupling 

During pipeline construction activities, capacitive 

coupling between overhead lines and ungrounded metallic 

structures, such as vehicles with rubber tires or sections of 

pipe lying on wooden supports, may result in a potentially 

lethal energization of these structures. It is relatively easy 

to reduce these voltages to satisfactory levels with simple 

grounding installations (e.g., a ground rod will often be 

sufficient). Note, however, that for long sections of pipe, a 

significant magnetic induction component may also be 

present and require special care. Electrical safety 

inspectors are required to make voltage measurements and 

ensure that adequate precautions are being taken. 

Capacitive coupling effects in buried or grounded 

aboveground pipelines are negligible compared to 

magnetically induced voltages. 

Fault Conditions 

Inductive Coupling 
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During single-phase-to-ground fault conditions on the 

power line (i.e., a single energized phase wire is shorted 

to a transmission line structure or substation grounding 

system), induced potentials in a pipeline with no 

mitigation system can reach thousands of volts, due to the 

intense magnetic field caused by the large current which 

may flow in the faulted wire. In AC inductive interference 

studies, it is important that power lines as far away as 

300 m or more from the power line under study be given 

serious consideration.  

Conductive Coupling 

When a single-phase-to-ground fault occurs at a power 

line structure, the large fault current injected into the soil 

by the structure raises the local soil potential (see Figure 

1). A pipeline located nearby, however, will typically 

remain at a relatively low potential, due to the resistance 

of its coating and grounding at points distant from the 

fault location. The pipeline potential rise will be 

particularly small for a pipeline with a high resistance 

coating. Therefore, the earth around the pipeline will be at 

a relatively high potential with respect to the pipeline steel 

potential. 

 

Figure 1 Earth Surface Potentials in Area Containing 

Faulted Transmission Line Tower and Nearby 

Pipeline 

Unless the pipeline is perpendicular to the power line, the 

pipeline will be simultaneously subject to both inductive 

and conductive interference. In most interference studies 

performed by the authors, the change in pipeline steel 

potential due to induction is essentially opposite in sign to 

the soil potential change due to conduction, therefore 

inductive and conductive effects add, producing even 

more severe coating stress voltages and touch voltages. 

 

The magnitude of the conductive interference is primarily 

a function of the following factors: 

 Soil potentials and touch voltages due to conductive 

coupling are directly proportional to the potential rise 

of the transmission line structure grounding system - 

the structure Ground Potential Rise (GPR). This GPR 

is significantly smaller on transmission lines with 

continuous, low impedance overhead ground wires, 

which are bonded to each structure. 

 The separation distance between the faulted structure 

and the pipeline. 

 The size of the grounding system of the faulted 

structure: soil potentials decrease much more quickly 

with increasing distance from a small grounding 

system than from a large grounding system. 

 Soil structure: soil potentials, and therefore touch 

voltages, decrease with increasing distance away 

from the faulted structure, but the rate of decrease 

depends upon the soil structure, and especially on the 

soil layering characteristics, and thus can cause order 

of magnitude variations in interference levels from 

site to site.  

 Pipeline coating resistance: when the pipeline coating 

has a low resistance the pipeline collects a significant 

amount of current from the surrounding soil and rises 

in potential. At the same time, earth surface potentials 

in the vicinity of the pipeline decrease due to the 

influence of the pipeline. As a result, the potential 

difference between the pipeline and the surface earth 

can be significantly reduced. 

Excessive touch voltages due to conductive interference 

can be reduced by either reducing earth surface potentials 

in the vicinity of the pipeline, or by raising the pipeline 

potential near the faulted structure. The most effective 

mitigation systems perform both of these actions 

simultaneously. 

Transferred Voltages 

Due to inductive and conductive coupling, considerable 

voltages can be transferred many kilometers beyond the 

end of a common corridor. As a result, it is necessary to 

properly study the entire pipeline system, as mitigation 

may be required, for instance, to protect valve sites which 

are far away from the transmission line exposure location. 

Note also that insulating flanges may not be sufficient to 
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prevent such transferred voltages during fault conditions 

as any or all of the following can occur: 

 failure of the flange due to high stress voltages, 

 shunting of current around the flange by leakage 

current through the earth around the flange (if 

buried), 

 shunting of current past the flange by condensate or 

metallic debris in the pipeline at the flange location. 

Mitigation Objectives 

The mitigation system must achieve the following 

objectives: 

 During worst case power line load conditions, touch 

voltages at all exposed structures, such as valves, 

metering stations, and pig launchers/receivers, must 

be sufficiently low to minimize shock hazards to 

operating personnel and the public. NACE Standard 

RP0177-95 [16] recommends a 15-volt touch voltage 

limit, based on the let-go current threshold for most 

men. This limit is also set forth in CSA Standard 

C22.3 No. 6-M91 [17]. Note that this is the potential  

difference between two parts of the pipeline that can 

be contacted simultaneously and are at different 

potentials (e.g., the voltage difference across an 

insulating flange) or between the pipeline and the 

earth surface within reach of the exposed structure. 

The actual potential of the pipeline with respect to a 

remote point can be quite high, so long as the earth 

potential is also high: i.e., within 15 volts of the 

pipeline potential. This nuance is important as it 

means that mitigation systems need not lower 

pipeline potentials to 15 volts, provided that they 

transfer a sufficient percentage of the pipeline’s 

potential to the local soil. 

 During fault conditions, as for steady state 

conditions, touch and step voltages at all exposed 

structures must be sufficiently low to mitigate shock 

hazards. ANSI/IEEE Standard 80-1986 [18] provides 

safety criteria based on the heart fibrillation current 

threshold, derived from empirical work performed by 

Dalziel and others. For a 0.5-second fault duration, 

the touch and step voltage safety limits are both 

approximately 164 volts for a 50 kg subject if the soil 

resistivity is very low and no protective layer such as 

crushed rock or asphalt is installed over the earth. 

The safety limits increase as the fault duration 

decreases and the surface material resistivity 

increases. An international standard [19,20], 

published by the International Electrotechnical 

Commission (IEC), provides alternative safety 

criteria. Unlike the ANSI/IEEE standard, which 

assumes a constant 1000-ohm body resistance, the 

IEC standard accounts for variations in body 

resistance as a function of applied voltage. The 

fibrillation current versus time curves provided by the 

IEC standard are based on research performed since 

Dalziel’s work and result in substantially different 

values for certain fault durations, as shown in the 

comparison done in one CEA study [21]. For 

example, for a 0.5-second fault duration, the touch 

voltage limit derived from the IEC standard is 113 

volts, for a very low resistivity soil, as compared to 

164 volts for ANSI/IEEE Standard 80. 

 Special precautions must be taken by maintenance 

personnel when excavating portions of the pipeline to 

ensure safety in case of a fault. 

 Also during fault conditions, coating stress voltages 

must be maintained sufficiently low to prevent arcing 

through coating holidays. This typically occurs for 

coating stress voltages on the order of 3 - 5 kV or 

higher for modern coatings such as fusion bonded 

epoxy [22]. For bitumen coatings, glow arcing can 

occur for voltages as low as 1 kV [1]. This arcing can 

damage not only the coating but also the pipeline’s 

steel wall itself [2]. Indeed, in severe cases, the 

pipeline can rupture as a result [23]. 

 Achieve the preceding objectives, while minimizing 

the cost of the mitigation system. One key element 

here includes taking advantage of the soil’s 

multilayer structure to achieve good control of earth 

gradients without necessarily installing extensive 

grounding systems to bring pipeline potentials down 

to very low levels. In general, the more detail is 

included in the model used to perform the study, the 

more the mitigation system can be fine-tuned, as 

conservative assumptions, required in the absence of 

data, can be avoided. 

In addition to the above considerations, current research 

[24] indicates that corrosion can be caused directly by AC 

interference on pipelines whose measured CP levels are 

satisfactory according to current standards, particularly 

when the AC leakage current density is on the order of 20 

A/m
2
. 

Methodology for a Complete AC Interference / 

Mitigation Study 

This section presents an analysis/design methodology 

which, in the authors’ experience, produces effective 

mitigation, as confirmed by recent measurements [25], at 

a fraction of the cost of alternative methods. 

Soil Resistivity Measurements - A Key Element 

Soil resistivity measurements must be made at 

representative locations throughout the common 

pipeline/transmission line right-of-way in order to 
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characterize the soil structure as a function of depth, to 

significant depths, everywhere. Touch voltages, step 

voltages and coating stress voltages associated with the 

pipeline and resulting from fault currents injected into the 

earth by nearby electric power system structures are 

highly sensitive not only to the average soil resistivity at 

any location, but also to the relative thicknesses and 

resistivities of the soil layers present at that location. 

Order of magnitude errors in computed interference levels 

can result [15], if the soil structure is not adequately 

measured, resulting in excessive mitigation costs or 

underdesigned systems, with the latter entailing possible 

exposure to expensive safety or equipment integrity 

problems. The performance of mitigation systems, such as 

gradient control grids and gradient control wires, is also 

dependent on a good knowledge of detailed soil 

characteristics down to significant depths.  

Soil resistivity measurements are carried out using the 

Wenner 4-pin method up to electrode spacings on the 

order of 100 m or more, for typical applications. 

Measurement sites should be selected at regular intervals 

along the right-of-way and include strategic locations 

such as exposed pipeline appurtenances, sites where 

power lines structures are especially close to the pipeline, 

and sites where inductive interference levels are expected 

to be most severe. Precautions must be taken to permit 

detection and elimination of induced ac noise and noise 

from stray earth currents in the measurements. 

Furthermore, measurement traverses should be located 

and oriented such as to minimize interference from nearby 

bare buried metallic structures (such as water pipes and 

grounding systems). 

Equivalent soil structures must be derived from the soil 

resistivity measurement data with enough accuracy to 

allow prediction of interference effects from power 

system structures buried in those soils and prediction of 

the performance of mitigation systems. Often, three or 

more soil layers must be modelled in order to characterize 

a soil structure accurately. In interpreting the soil 

resistivity measurements, possible distortions arising from 

inductive coupling between the measurement leads must 

be considered and so must the burial depth of the 

measurement electrodes or pins for short electrode 

spacings [26]. 

Interference Analysis and Mitigation Design Process 

Inductive Interference Study 

All conductors in or close to the right-of-way of interest 

should be modelled by computer in order to accurately 

determine interference effects resulting from magnetic 

induction. Conductors of interest include phase 

conductors and non-energized conductors (e.g., static 

wires, neutral wires, continuous counterpoises) of the 

electric power system, coated pipelines, and long bare 

buried conductors such as water pipes, which can have a 

significant effect on interference levels, including 

considerable mitigating action. All significant deviations 

of these conductors and phase transpositions should be 

modelled, since voltage peaks will occur in the pipelines 

at these locations.  

For maximum emergency load conditions, accounting for 

the maximum expected load unbalance, touch voltages 

(typically equal to the pipeline potentials when the 

coating resistance is high and no mitigation is present) are 

computed throughout the entire length of interest of the 

pipelines. 

Usually (but not always), the worst case fault location for 

a given pipeline section is the power system structure 

closest to that section of pipeline. In order to protect a 

pipeline adequately, it is necessary to model faults at 

representative locations throughout its length of exposure 

to the transmission line (e.g., every 10% or more) in order 

to determine the worst case interference levels 

everywhere. For each fault, the following values are 

computed:  

1. induced pipeline potentials (and coating stress 

voltages) throughout the pipeline length of exposure, 

touch voltages at exposed pipeline appurtenances, 

and transfer voltages to locations outside the 

exposure zone. 

2. GPR of the faulted transmission line structure and 

neighbouring structures (required for the conductive 

interference study).  

3. distribution of total fault current between the power 

system static wires (or neutral wires) and the faulted 

structure. This must be done to avoid overly 

conservative (by an order of magnitude in some 

cases) conductive and inductive interference 

predictions. Note that static wires can carry a 

significant percentage of the total fault current 

throughout the pipeline parallelism in such a way as 

to cancel part of the magnetic field generated by the 

faulted phase conductors. 

Conductive Interference Study 

Because soil characteristics can change considerably from 

one part of a right-of-way to another, and because the 

current distribution between a faulted structure and the 

static wires (or neutrals) can also vary considerably from 

one location to another, it is important to model 

representative towers or poles throughout the 

pipeline/transmission line collocation zone in order to 

determine worst case conductive interference effects on 

each portion of the pipeline of interest.  
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The foundations of each representative structure (i.e., 

tower or pole) are modelled in the multilayer soil structure 

characterizing the surrounding area. Each structure is then 

energized to the GPR computed in the inductive 

interference analysis at that structure during a fault at that 

structure (accounting for the fact that most of the fault 

current is normally diverted away from that structure by 

the static wires), and earth potentials are computed as a 

function of distance away from the structure up to the 

pipeline position. If the distance between the pipeline and 

the nearest structure is not very small, then it may be 

necessary to include the effects of several structures in the 

calculation. Extensive bare buried metallic structures 

close to the pipeline, such as water pipes, may have a 

significant impact on the results and should be modelled. 

The grounding systems of substations close to the 

pipeline(s) of interest must be studied in the same manner 

as the towers/poles.  

Note that this calculation is very sensitive to the layering 

of the soil [15]. Calculating conductive interference levels 

based on uniform soil models can lead to order-of-

magnitude errors when the soil has a multilayer structure, 

thus requiring expensive conservatism, i.e., high 

mitigation costs. Similarly, a satisfactory equivalent two-

layer soil model may be impossible to find. Three or more 

soil layers must often be modelled in order to achieve 

satisfactory results. 

Mitigation Design 

Mitigation typically consists of gradient control grids at 

exposed pipeline appurtenances, to eliminate electrical 

shock hazards, and gradient control wires (other 

mitigation methods are typically less effective and more 

expensive, as described in the following section) along the 

pipeline to prevent excessive gradients from damaging the 

pipeline's coating and possibly the pipeline's steel wall. 

Designing safe and cost-efficient gradient control grids 

and gradient control wire systems requires computer 

modelling of these conductor systems in the soil 

structures obtained from detailed measurements at these 

locations. Touch and step voltages associated with 

gradient control grids are highly sensitive to the 

characteristics of the soil layers: structures with three or 

more layers are often required for satisfactory results.  

The same is true of the gradient control performance of 

the gradient control wires: the effectiveness of gradient 

control wires in reducing coating stress voltages varies 

considerably as a function of the soil structure. It is 

different for inductive and conductive interference, which 

must be studied separately and then combined together, as 

the magnitudes of inductive and conductive effects are 

typically additive. 

Furthermore, the frequency of interconnection required 

between the gradient control wires and the pipeline is very 

much a function of soil structure and resistivity, lower top 

soil resistivities requiring more frequent connections to 

offset the higher voltage drops along the gradient control 

wire conductors. 

Mitigation Methods 

Overview 

In the past, various types of mitigation strategies have 

been employed, but many have been found to be either 

ineffective or very expensive or even hazardous. The 

following subsections describe three types of mitigation 

system, beginning with two older (non-recommended) 

methods, i.e., lumped grounding and cancellation wires, 

and ending with the preferred method, i.e., gradient 

control wires. 

Note that in addition to these methods, all of which 

involve some form of pipeline grounding, the following 

are additional measures which can be considered to 

reduce AC interference levels in an effective manner, 

although all but the first represent options which may 

often not be available : 

1. Bonding across insulating flanges through solid state 

isolator/surge protectors, which maintain DC 

isolation, while establishing AC continuity for 

reduction of touch and stress voltages across these 

flanges.  

2. Bonding to substation/plant grounding systems 

through solid state isolator/surge protectors. This 

measure may be expedient for pipelines running 

beneath or feeding power plants or substations, but 

requires careful analysis to ensure that dangerous 

potentials are not transferred to remote locations. 

3. Increased separation distance between the pipeline 

and the nearby power lines. Note that while 

conductive interference levels drop off in an inverse 

proportion to the separation distance for uniform 

soils, inductive interference levels drop off much 

more slowly. For example, a recent CIGRÉ guide 

[27] suggests that pipelines within a zone of influence 

extending 200  meters (i.e., 2 km, for a 100 ohm-m 

soil) from the power line be studied, where  is the 

equivalent soil resistivity (including deeper layers) in 

ohm-m. 

4. Installation of continuous, low-impedance, overhead 

ground wires on the power line structures, bonded to 

the structures. This measure considerably reduces 

conductive interference levels, as the total available 

fault current is distributed among neighbouring 

structures, rather than being injected into the earth by 

a single structure. Furthermore, current flowing in the 

overhead ground wires can mitigate inductive 

interference levels considerably. The addition of 
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overhead ground wires, however, will often be out of 

the question, once the power line has been built. 

5. Judicious selection of the conductor phase sequence 

on double circuit lines can reduce interference levels 

substantially during load conditions (but not during 

fault conditions). 

6. Increased insulator BIL ratings on power line 

structures that are especially close to pipelines (e.g., 

at pipeline crossings) will reduce the likelihood of a 

fault at these structures. 

Note also that all of the methods which follow require 

engineering calculations specific to the voltage levels, soil 

structures and other particularities of the system under 

study. For example, gradient control mats are sometimes 

routinely specified for exposed pipeline structures, 

without any verification that their performance is 

satisfactory. As a result, although they will certainly 

lower touch voltages, there is no guarantee that they will 

lower touch and step voltages to safe levels. In fact, the 

gradient control grids may actually increase the safety 

hazard if they lower voltages from a range in which 

thermal damage to body tissue is likely (resulting in 

hospitalization for burns) and death from ventricular 

fibrillation less likely, to a range in which thermal damage 

does not occur, but ventricular fibrillation is most likely. 

Lumped Grounding or “Brute Force Method” 

The conceptually simplest manner of lowering AC 

interference levels in a pipeline is to connect the pipeline 

to a low impedance grounding system. If the impedance is 

made low enough, then the pipeline potential at the 

connection point can be decreased to any level desired. 

Unfortunately, achieving the low impedances required to 

achieve acceptable levels can require grounding systems 

of daunting proportions. For example, in a 100 ohm-m 

uniform soil, a 50 m long vertical rod will achieve a 

ground impedance of 3 ohms; to achieve an impedance of 

0.3 ohms, six 100 m long vertical rods spaced 100 m apart 

and connected by a bare horizontal conductor are 

required; to achieve 0.1 ohms, a 400 m x 800 m array of 

fifteen 300 m vertical rods are required. If the soil 

resistivity increases to 1000 ohm-m (not uncommon), 

then the dimensions of these systems must increase 

tenfold! Furthermore, these must be installed at multiple 

locations. These impedances are those determined from 

one early exploratory study performed by the authors to 

determine mitigation requirements for one parallel 

corridor they encountered (see Section 8.2 for further 

details). Clearly, this mitigation strategy can be both 

impractical and exhorbitantly expensive. 

On the other hand, in areas where soil resistivities are 

very low (e.g., resistivities on the order of 10 ohm-m or 

lower) this method can result in satisfactory protection 

systems, although such soil resistivities are more the 

exception than the rule. Unfortunately, when the 

multilayered structure of the soil is not accounted for in 

the mitigation design process, this is the only mitigation 

method, strictly speaking, which can assure sufficient 

protection.  

Cancellation Wires 

The Cancellation Wire technique [9], which was 

developed in the late 80’s as part of a series of 

EPRI/A.G.A. research projects, is a seemingly elegant 

method of mitigating pipeline voltages which, however, 

suffers from several serious problems. The technique 

consists of burying long wires parallel to the transmission 

line, often on the side opposite to the pipeline, or 

continuing along the transmission line right-of-way 

beyond points where the pipeline deviates out of the 

common right-of-way. Thus, the wires themselves are 

subject to interference from the transmission line. 

However, by carefully locating each wire, the voltages 

induced on it are out-of-phase with the voltages induced 

on the pipeline. Then, by connecting one end of the wire 

to the pipe, the out-of-phase voltages on the wire will 

cancel the voltages induced on the pipeline. The other end 

of the wire is left free. 

Problems with the technique include: 

 It is only designed to mitigate magnetically induced 

voltages, and does not address potentially damaging 

conductive interference during fault conditions. It 

may even worsen induced voltages for certain fault 

locations. 

 The wire can export excessive potentials to its free 

end, which is often on the other side of the power line 

right-of-way, where high potentials may not be 

expected and can represent a safety hazard.  

 The cancellation wire often crosses beneath the 

power line and thus increases exposure of the 

pipeline to virtually direct energization from a fallen 

line or, during fault conditions, from unknown 

grounding system components or metallic debris. 

 This mitigation scheme also often requires the 

purchase or leasing of additional land outside the 

pipeline right-of-way, which can represent a 

significant added cost.  

Gradient Control Wires 

Recent advances in interference control have resulted in 

the gradient control wire method. Gradient control wires 

typically consist of one or more bare zinc conductors in 

backfill, buried parallel and near to the pipeline, and 

regularly connected to it. They are a highly effective 

means of mitigating excessive pipeline potentials due to 
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both inductive and conductive interference. Gradient 

control wires accomplish their task by "evening out" 

pipeline and soil potential differences. Figure 2 shows one 

such installation. 

In the case of inductive interference, gradient control 

wires provide additional grounding for the pipeline, thus 

decreasing the induced pipe potential rise. At the same 

time, they raise local earth potentials, resulting in sharply 

lower touch and coating stress voltages (see Figure 3 for a 

typical touch voltage profile running across the pipe). In 

the case of conductive interference, gradient control wires 

dampen the soil potential rise in the neighborhood of the 

pipe. At the same time, pipe potentials are raised. Again, 

this results in reduced touch and stress voltages (see 

Figures 5 and 6, which corresponds to the mitigation 

system shown in Figure 4). 

When the gradient control wires are made of zinc, they 

behave like sacrificial anodes and can provide cathodic 

protection for the sections of the pipeline to which they 

are connected (assuming that an impressed current 

cathodic protection system is not required). 

Both single-wire and two-wire mitigation systems can be 

used. A typical two-wire mitigation system consists of 

two 1/29/16 diamond cross section zinc anode coil 

conductors (see Figure 2(a)) buried in parallel with the 

pipeline at the bottom of the pipeline trench or deeper
6
, 

with a minimum clearance of, say, 10 cm laterally from 

the vertical face of the pipeline. The gradient control wire 

(i.e., zinc ribbon anode) must be connected to the pipeline 

at regular intervals which are specified by the designer of 

the mitigation system. The connections are usually made 

via an insulated 4/0 AWG stranded copper conductor at 

each connection location. 

Gradient Control Grids 

In a similar way, rectangular or circular arrangements of 

gradient control wires can be used to achieve safety at 

exposed pipeline appurtenances. See Figure 9 for 

example. The spacing of the conductors, the distance they 

must extend beyond the outermost exposed structures 

(often a perimeter fence), the depth required of the 

perimeter skirt (at progressively greater depth, to control 

step voltages) and the resistivity of the earth surface 

covering layer (such as crushed rock, if required) must be 

determined based on the interference levels encountered, 

                                                 

6
 In this latter case, the zinc wire could be used to provide 

grounding during construction, if covered with a few 

inches of earth before connection to the structure being 

grounded. 

soil structure and proximity gradient distortion effects 

caused by nearby transmission line structures or, to a 

lesser degree, nearby non-energized buried metallic 

structures.  

Gradient Control Wire Performance 

Inductive Interference 

In Figure 3, a plot of earth surface potential (with respect 

to remote earth) along a traverse perpendicular to the 

pipeline is superimposed on a schematic diagram of the 

pipeline and wire installation, and a trace of the traverse 

location. The gradient control wires are placed at the 

bottom of the pipeline trench (38 inches apart, 72 inches 

deep) and raise local earth potentials, thus limiting touch, 

step, and coating stress voltages to a fraction of the 

pipeline potential with respect to remote earth. The earth 

surface potentials are expressed as a percentage of the 

pipeline potential rise. The soil structure for this example 

is given in Table 1. 

  

Figure 2 Typical Gradient Control Wire Installation: 

(a) Cross Section of Zinc Anode Coil 

Conductor Used for Mitigation; (b) Gradient 

Control Wire Pair in Pipeline Trench: Cross 

Section; (c) Section of Pipeline With Gradient 

Control Wire Pair: Plan View 
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Layer  Resistivity (Ohm-

m) 

Thickness 

(Feet) 

 

Top 871 2.3 

Middle 161 53 

Bottom 151 infinite 

 

Table 1  Sample Soil Structure Used to Demonstrate 

Effectiveness of Gradient Control Wire (Inductive 

Interference) 

 

Figure 3 Earth Surface Potentials along Profile 

Perpendicular to Pipeline Protected by 

Gradient Control Wires 

Near the pipeline, earth surface potentials are raised to 

approximately 87% of the pipeline potential. The 

difference in potential between the pipeline steel and local 

earth is therefore approximately 13% of the pipe potential 

rise. Thus, 13% of the pipeline GPR also represents the 

maximum possible touch and coating stress voltages, 

while step voltages will be even lower. 

The performance of gradient control wires is a function of 

the soil layering characteristics of the location where they 

are buried. Table 2 lists touch voltages, as a percentage of 

the pipeline potential with respect to remote earth, for a 

representative sample of soil structures encountered along 

an ANR Pipeline Company (Detroit, Michigan) right-of-

way in New York State. The table also shows the ground 

resistance per unit length of gradient control wire. The 

following observations can be made based on Table 2: 

1. The effectiveness of the gradient control wires in 

raising local soil potentials and reducing touch 

voltages varies by more than an order of magnitude 

as a function of soil structure: touch voltages vary 

from 2.4% to 67% of the pipeline GPR in the right-

of-way studied. 

2. Touch voltage as a percentage of pipeline GPR varies 

independently of gradient control wire ground 

resistance per unit length: i.e., an increase in touch 

voltage due to a change in the soil structure may be 

accompanied by either an increase or a decrease in 

the gradient control wire ground resistance. 

3. The gradient control wires are most effective at 

reducing touch voltages when they are located in a 

low resistivity soil layer, with high resistivity soil 

below (e.g., first table entry). They are least effective 

when located in a high resistivity layer, with a low 

resistivity soil below (e.g., last table entry). Thus, 

touch voltages are a function of the ratios of the 

resistivities in adjacent soil layers. In fact, touch 

voltages, expressed as a percentage of the pipeline 

GPR, are not influenced by the absolute resistivities 

of the soil layers, but only by their relative 

resistivities and thicknesses. 

4. The mitigating wire ground resistance per unit length 

is directly proportional to the soil resistivity for any 

given set of layer thicknesses and resistivity ratios. 

From the above discussion, it can be seen that a good 

knowledge of the soil structure is crucial in predicting the 

performance of a gradient control wire system and saving 

money on mitigation. 

Soil Structure  

Maximum 
Touch   

Ground 

Resistance per  

 

Layer 

No.* 

 

Resistivity 

(ohm-m) 

 

Thickness  

(ft) 

Voltage 

Over Wire 

Pair (%GPR) 

Unit Length of 

Wire Pair 

(ohm-ft) 

1 

2 

3 

48.7 

14.9 

350.5 

0.66 

7.83 

infinite 

2.4 

 

1074.2 

 

1 
2 

3 

178.9 
150.9 

86.8 

0.83 
10.00 

infinite 

26.0 
 

883.9 
 

1 

2 
3 

330.0 

1050.8 
37.8 

1.33 

6.16 
infinite 

67.2 

 

1845.4 

 

* Layer 1 is top layer, Layer 2 is next layer down, and so 

on. 

Table 2 Performance of Control Wire Pairs in 

Different Soil Structures. 

Conductive Interference 

As the following example shows, gradient control wires 

are also effective at reducing conductive interference 
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levels. Figure 4 is a plan view of a conductive interference 

site, where a pipeline crosses a 380 kV transmission line. 

The minimum clearance between the pipeline and the 

nearest tower leg is 26 m. 

The pipeline is modelled with a diameter of 20 cm, a wall 

thickness of 1.3 cm, a coating resistance per unit area of 

79220 ohm-m
2
. and a burial depth of 1.1 m. A total length 

of 8.2 km of the pipeline is represented in the computer 

model and each extremity is terminated with a 200 m 

vertical rod to represent the grounded structures to which 

the pipeline is eventually connected. 

Each tower footing is modelled as a pair of 6 m vertical 

rebar conductor spaced 0.8 m apart. The footings are 

spaced 10.8 m apart. The tower is surrounded by a square 

counterpoise loop, 20 m long per side, buried at a depth of 

0.7 m and connected to the footings by counterpoise 

conductors radiating diagonally away from the footings. 

A 1.3 m long vertical ground rod is present at each corner 

of the counterpoise loop. 

The equivalent two-layer soil structure at this site is as 

follows: 

Layer  Resistivity (Ohm-

m) 

Thickness (m) 

 

Top 1080 4.0 

Bottom 43 Infinite 

Table 3  Sample Soil Structure Used to Demonstrate 

Effectiveness of Gradient Control Wire (Conductive 

Interference) 

During a fault occurring at this structure, it is predicted 

that the tower will inject 3763 A into the earth. In the 

model, this current is therefore injected into the tower 

footings and earth surface potentials are computed along a 

200 m traverse located directly over the pipeline in the 

vicinity of the tower.  

Figures 5 and 6 are plots of earth surface potentials as a 

function of distance along the traverse, before and after a 

pair of gradient control wire is used. A pair of 100 m long 

wires has been installed 1 m away from and parallel to the 

pipeline and connected at three locations to the pipeline, 

as shown in Figure 4. Figure 6 shows that the gradient 

control wires have lowered the maximum soil potential 

above the pipeline from 743 volts to 370 volts. 

Furthermore, they have raised the potential of the pipeline 

in the vicinity of the tower from 13 Volts to 140 volts. As 

a result, the maximum touch voltage has been reduced 

from 730 volts to 230 volts. i.e., by 68%. 

Figure 4 Plan View of Conductive Interference Site 

 

Figure 5 Earth Surface Potentials Directly Above 

Pipeline in Vicinity of Faulted Tower: No 

Mitigation Present 
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Figure 6 Earth Surface Potentials Directly Above 

Pipeline in Vicinity of Faulted Tower: With 

Gradient Control Wires Present 

Note that the performance of the gradient control wires 

with respect to conductive interference is as much a 

function of soil structure as is their performance with 

respect to inductive interference. 

Software Tools 

Under the auspices of EPRI/A.G.A.(PRC), software was 

developed during the 1980’s to analyze interference 

problems and design mitigation for pipelines, railways 

and other utilities sharing common corridors with AC 

power lines, as the occurrence of common right-of-way 

became more and more frequent, as described in Section 

3. Initially, steady state power line conditions were the 

primary concern and only magnetic coupling was 

considered. It was subsequently recognized that fault 

conditions could result in serious damage to pipelines and 

safety hazards and the conductive interference component 

was therefore included.  

These early analysis tools were however limited in several 

ways, which have been overcome by more recent 

developments by Dawalibi et al [28,29,30,31,32,33]. 

Some of these are listed below: 

1. Multilayer Soil Structures. Whereas earlier software 

was limited to modelling buried metallic structures 

(e.g., tower/pole foundations or mitigation 

conductors) in homogeneous soils, these structures 

can now be modelled in stratified soils with any 

number of horizontal layers [28,30]. This allows the 

designer to account for the effects, for example, of a 

surface layer of low resistivity soil overlying a layer 

of rock, below which is located the water table. As 

discussed above, this kind of situation can result in 

order-of-magnitude errors in computed conductive 

interference levels when a uniform soil equivalent is 

used in the modelling (typically based on shallow soil 

resistivity readings). Modelling of multilayer soil 

structures allows adequate protection to be designed 

against arc burns or coating damage resulting from 

faults on nearby transmission line structures. In other 

situations, a deep, low resistivity soil layer can reduce 

the required extent, and therefore cost, of mitigation. 

2. More Complex Corridors. While many power 

line/pipeline corridors consist of one pipeline 

extending from point A to point B, with exposure to 

one set of transmission lines at one voltage, many 

corridors are  considerably more complex. Several 

pipelines may exist in the corridor, interconnected at 

one or more locations; pipeline taps may exist, which 

branch out of the main corridor, following another set 

of transmission lines or one (or more) circuits of the 

transmission lines in the main corridor, which also 

branch out of the main corridor. The transmission 

lines may have intermediate substations within, or 

close to, the main corridor. The pipelines under study 

may be connected directly or indirectly to the electric 

power system neutral or ground system: e.g., gas 

pipelines supplying a power plant and connected 

(deliberately, through DC-blocking devices) to the 

grounding system of the electric power system; 

pipelines continuous with a pumping or compressor 

station ground, which is connected to the electric 

power system neutral. These situations can now be 

accurately modelled with existing software. Accurate 

predictions allow cost reductions in mitigation, since 

major conservative simplifying assumptions need not 

be made. 

3. Integrated Inductive/Conductive Modelling. While 

earlier software was based on the assumption of 

essentially parallel facilities, cases arise in practise in 

which both the electric power lines and the pipelines 

follow curved paths which intersect one another, 

diverge, reconverge, etc., making them difficult to 

model accurately. Recently developed software does 

away with the parallel assumption and accounts for 

inductive and conductive effects between any given 

conductor segment and all other segments (both 

buried and aboveground) modelled [31,32,33]. 

4. Lightning and Transients. The new generation of 

software [31,32,33] can model high-frequency 

transients in the time domain, accurately accounting 

for the eletromagnetic interactions of a system of 

aboveground and buried conductors. As a result, the 

response of a pipeline to a lightning strike or other 

types of transients on a nearby transmission line can 

be computed. This is a new area of research, which is 

currently being explored, as described in Section 9 of 

this paper [34]. 

 Typical Results 

Empire State Pipeline: Gradient Control Wires Versus 

Cancellation Wires 
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Study Overview 

In one landmark study, SES modeled a 700,000 foot 

corridor shared by the proposed Empire State Pipeline 

(ANR Pipeline Company) and two New York Power 

Authority (NYPA) 345 kV transmission lines. The model 

consisted of the transmission line phase and static wires, 

and the buried pipeline. The right-of-way was modeled 

under worst-case steady-state conditions, with a 

maximum load current of 2000 A per phase. 

The proposed Empire State Pipeline was modeled as a 

hollow, coated, conductor buried 5 feet deep (to the 

pipeline center). Where the pipeline is parallel to the 

transmission lines, the pipeline was modeled 80 feet from 

the center line of the nearest transmission line. The layout 

of the right-of-way is shown in Figure 7. In this figure, the 

transmission line is taken as the reference, and the 

location of the pipeline with respect to the transmission 

line is shown by the jagged line below. The model 

included sacrificial anode beds with a ground resistance 

of 5 ohms, spaced 3600 feet apart. 

 

Figure 7 Right-of-Way Shared by Empire State 

Pipeline and NYPA Transmission lines 

Results 

The calculated worst case steady state induced voltages, 

with and without gradient control wires, are shown in 

Figure 8. This figure shows the induced pipeline potential 

with respect to remote earth, in volts (Y-axis), plotted 

against the distance measured along the pipeline, in feet 

(X-axis). 

Gradient Control Wires  

As can be seen from the top plot in Figure 8, when no 

mitigation is installed, three peaks on the order of 200 to 

250 volts result at the three most eastern (i.e., rightmost) 

transmission line phase transpositions. Smaller peaks 

occur at locations where the pipeline deviates from the 

transmission line right-of-way. 

When pairs of gradient control wires are installed parallel 

to the pipeline at locations with high interference levels, 

the induced voltages on the pipe are sharply reduced, as 

shown in the lower plot. At all locations where the zinc 

gradient control wires are present, the originally modeled 

anode beds have become superfluous and have been 

removed. 

From the lower plot, it can be seen that the proposed 

gradient control wire implementation effectively reduces 

pipeline potentials with respect to remote earth to less 

than 70 volts throughout the right-of-way, due to the 

additional grounding provided by the wires. With respect 

to local earth, the gradient control wires reduce touch 

voltages to less than 15 volts at all locations where they 

are installed.  

Exposed Sites 

Gradient control wires can provide effective mitigation, 

reducing pipeline potentials over almost all of the pipeline 

length. However, additional protection is often required at 

valve sites, metering stations, pig launchers/receivers and 

other accessible installations. Figure 9 shows a typical 

gradient control grid, which raises local earth potentials in 

the same way as the gradient control wires do. 

Superimposed on the plot of the grid layout is a plot of the 

earth surface potentials over the grid. 

The zinc conductors used for the grid are similar to those 

used for gradient control wires. The grid employs an 

exponentially spaced conductor layout, with increasing 

conductor density towards the edges. This type of design 

can easily be optimized so that touch voltages are uniform 

and within acceptable limits, while at the same time 

minimizing the amount of wire used. The outermost wire 

loop is buried deeper than the main grid, in order to 

minimize step voltages near the edge of the grid, which 

would otherwise be unacceptably high. It can be seen 

from the figure that touch voltages over the grid are a 

small fraction of the pipeline/grid GPR.  

Mitigation Cost Savings 

In the mitigation study presented in this article, the cost of 

mitigation for approximately 160 miles of exposed 

pipelines was estimated to be on the order of $ 30-40 

million for a cancellation-wire based system, and about $ 

10-12 million if gradient control wires were used 

according to a uniform soil model design approach. The 

cost was reduced to less than $ 2 million with the 

implementation of a gradient control wire system based 

on computer modelling of realistic multilayer soil 

structures. 
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Figure 8 Pipeline Voltages Due to Steady-State 

Inductive Interference, With and Without 

Mitigation 

 

Figure 9 Typical Gradient Control Grid and 

Corresponding Earth Surface Potentials 

Another Example: Lumped Grounding Versus 

Gradient Control Wires 

In another study, involving interference caused by 

SCECO (East) power lines on ARAMCO gas and oil 

pipelines in Saudi Arabia, it was possible to compare the 

cost of lumped grounding versus gradient control wires. 

In this case, the two parties involved required that AC 

interference levels be reduced such that touch voltages 

even on buried, normally inaccessible parts of the affected 

pipelines be maintained below the limits determined in 

accordance with the ANSI/IEEE Standard 80 

methodology. Furthermore, it was required that no 

protection be attributed to the high resistivity surface 

sand, which would otherwise have increased the touch 

and step voltage limits about tenfold or more at some 

locations. 

This study involved a total of sixteen 380 kV and 230 kV 

transmission line circuits influencing 19 pipelines and 6 

communications cables in a desert environment. It was 

necessary to model all simultaneously in order to compute 

induced voltages during load conditions, because of the 

interconnectedness of the system. Several pipelines were 

directly bonded to the grounding systems (or structures 

continuous with the grounding systems) of the generating 

plants associated with the 5 substations involved. The 

transmission line right-of-way system had a total length of 

over 200 km, with various transmission lines entering one 

common corridor and then veering off along independent 

corridors with some pipelines. Some of the pipelines were 

interconnected at crossings. 

Initially, based on limited soil resistivity measurements, it 

was estimated that mitigation costs based on the lumped 

grounding method would be on the order of $US 50 

million. Following detailed soil resistivity measurements, 

which required the use of special procedures and 

equipment to filter out 60 Hz noise and drive sufficient 

current in the high resistivity surface sand, it was possible 

to design site-specific gradient control systems, which 

reduced the estimated cost of mitigation to approximately 

$US 4 million. 

Current and Future Research Work 

As indicated in Section 7, research at present is centered 

on studies which are now possible for the first time, as a 

result of the development of a new generation of software 

[31,32,33], which can model simultaneously aboveground 

and buried structures, accounting for magnetic 

(inductive), resistive (conductive) and capacitive 

(electrostatic) coupling. Transients, such as switching 

surges, lightning strikes and faults can be analyzed in both 

the frequency and the time domains. 
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Figure 10 for example, shows the current distribution in a 

transmission line tower and nearby fence during a fault at 

the tower, accounting for both inductive and conductive 

coupling between the faulted transmission line and the 

fence. Figure 11 shows the time domain response of a 1.8 

km section of aboveground aqueduct to induction from 

transmission line shield wires centered 60 m away 

(laterally) which have been struck by lightning with a 

peak amplitude of 30 kA. 

This research will make it possible to verify and improve 

present mitigation design techniques, based on a more 

accurate assessment of the interactions of power lines and 

pipelines, particularly for close proximities at which the 

inductive and conductive components have significant 

influences on one another. 

Conclusions 

The following important conclusions can be drawn from 

the preceding discussion: 

 AC interference in pipelines can represent a 

significant safety hazard and threat to equipment 

integrity. 

 Some mitigation approaches that are still widely used 

can result in incomplete protection and considerably 

more expensive mitigation. 

 Gradient control wires constitute the most cost-

effective known mitigation solution. 

 Modelling of the soil’s multilayer structure is 

required for an accurate assessment of interference 

levels and of mitigation requirements; inadequate 

protection or overdesign or both can occur otherwise, 

at different locations of a given pipeline. 

 Detailed soil resistivity measurements, from surface 

layers to deep layers, are a must in order to determine 

the soil’s multilayer structure. 
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Figure 10 Current Distribution in a Tower and 

Nearby Fence During a Phase-to-Ground 

Fault Condition 

 

Figure 11 Time Domain Potential Rise of 

Aboveground Aqueduct (60 meter separation 

distance 30 -m soil resistivity) 
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