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PIPELINE WALL CONDITION 
INSPECTION USING BROADBAND 
ELECTROMAGNETIC PROBE (BEM)

The ability to identify and measure the integrity of ferrous 

pipe walls, particularly cast iron pipe, provides critical 

data needed to determine the strength and expected life 

of an underground facility. Broadband Electromagnetic Probe 

(BEM) pipe inspection technology provides the ability to make 

an informed decision on the most appropriate manner to replace 

gas facility and accurately rank pipe replacement in a gas utility’s 

Distribution Integrity Management Program (DIMP) program.

 Current and conventional approaches to DIMP programs 

vary by utility and how risk management is defined. Often, 

they include gathering information about the history of a 

pipe, including the miles and material categorized into sizes 

and pressure ranges. The definition of the “history of failure” 

includes the number of breaks, leaks, cracks in a certain distance. 

The goal is to target pipes that are going to leak and cause 

problems first. Cast iron pipes with known history of breaks 

and elevated operating pressures may automatically be targeted 

for replacement. Some utilities make replacement decisions 

based solely on pressure and location, for example in densely 

populated areas a blanket decision is made to replace pipes. These 

conventional methods of decision making are based on theoretical 

risk management, without a fact-based assessment of ferrous wall 

conditions. 

 PIPELINE RISK MANAGEMENT

 Gas utilities from the mid-Atlantic to the northeast region 

represent over 22,200 miles of cast iron facilities ranging in size 

from eight-inch to greater than thirty-inch diameter according to 

the 2017 PHMSA Annual Gas Distribution report. While PHMSA 

and State commissions are urging and/or requiring utilities 

to replace cast iron pipe, PHMSA also recognizes the need for 

technology that can identify the conditions and anomalies in 

pipes. In September 2018, PHMSA R&D held a working session 

in Baltimore which focused on pipeline integrity inspection 

technology with special attention to cast iron pipes, which are 

being targeted for replacement. The following excerpt is from 

PHMSA’s 2018 workshop:

 “Expanding In-Line Inspection Capabilities & Application –  

This group will discuss development of technology that can internally 

inspect natural gas and hazardous liquid pipelines. It will cover 

both piggable and hard to inspect pipeline systems where robotic 

solutions are necessary. A primary focus of this group is to envision 

technology solutions that advance the state of the art beyond current 

abilities and push for technology to detect anomalies having complex 

features.” 

 The need to utilize technology to identify the integrity of cast 

iron pipeline health is not only recognized by industry operators 

but also by the governing bodies of the natural gas industry. BEM 

technology specifically developed for cast iron pipe integrity 

assessment can determine wall thinning, graphitization and 

cracks, both by external or internal means. With the data provided 

by BEM tools, replacement methods can be evaluated with 

empirical data and facts to help determine the most cost effective 

and environmentally efficient solution.(1) 

 Often, the first decision of pipeline replacement is to utilize 

direct bury methods. This requires a full trench excavation and 

the abandonment of the old pipe. It is costly, especially when using 

steel for larger diameter pipes. Other costs include back filling, 

paving (temporary and final restorations), equipment and labor. 

Some streets are so congested there’s no place to put another piece 

of pipe, and conditions such as bridges, railways and historical 

protected areas make excavation difficult or impossible. BEM can 

help determine whether the effort and costs of direct bury are 

absolutely necessary. 

 An alternative method is to insert a new pipe into an old pipe. 

For example, a 10-inch pipe being retired can be inserted with a 

6-inch pipe inside the 10-inch pipe. A downside to this approach is 

potentially reduced capacity f lowing through the system. 

 Another option to replacing pipeline is Cured-In-Place-Lining. 

CIPL is proven to extend the life of pipelines by 100+ years. Lining 

can cost about one third the cost of direct bury replacement. 

Benefits to lining also include the ability to maintain flow volumes 

through systems. The use of CIPL also allows for capitalization of 

asset replacement costs. BEM is a valuable tool when considering 

CIPL as it captures actual data on pipe conditions providing 

decision makers real time data as opposed to the current practice 

of speculation and educated guesses. 

 WHAT IS BEM?

 BEM is a patented, main ferrous assessment tool that’s been in 

operation in Australia for over 20 years. It was developed by Rock 

Solid Pty. Ltd. The Australian company has extensive experience 

with non-destructive assessment of cast iron and other ferrous 

piping. It is a true NDT method for investigating ferrous pipelines 
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of all types and all diameters. All ferrous pipeline materials can 

be investigated – steel, cast iron and ductile iron. Pipes of any size 

from 110mm (4 inches) diameter upward can be investigated. The 

tool has applications for external and internal surveys, described 

in more detail below. It is also possible to evaluate other ferrous 

structures such as tanks or sections of pipes through coatings. 

BEM is available through Progressive Pipeline Management and 

will be a valuable addition to a utility’s DIMP program. 

 BEM empowers operators to make better decisions both 

to prioritize pipes that need replacement and make informed 

decisions. An informed decision maker can determine 

replacement priorities and options that enhance safety, reduce 

installation costs, decrease unnecessary exposure and damage 

to underground utility infrastructure, reduce impact on surface 

strata, reduce inconvenience to the community, while reducing 

the carbon footprint.

One prominent northeast utility dug up a series of cast iron 

pipes that had perfectly good wall conditions. If BEM technology 

had been utilized, the operator could have made a more informed 

decision on replacement strategy and prioritization. Considering 

other replacement alternatives would have cost significantly less 

when compared to the investment of direct bury, while conserving 

rate payer funds and company resources. 

 HOW BEM TECHNOLOGY WORKS

 The technology works by inducing eddy currents to f low in 

close proximity to the transmitter. In a ferrous pipe these eddy 

currents migrate with time allowing a complete profile of the 

ferrous pipe to be obtained. BEM recorded data can reveal the 

location of perturbations in the thickness of the ferrous pipe 

and with appropriate configuration, indications of fracturing 

can also be detected. BEM data is recorded at distinct frequency 

increments with the duration and number of increments being 

dependent upon the material conditions as well as the nature of 

the target. These parameters can easily be set with the aid of a pre-

survey calibration of the ferrous material or less accurately with 

the aid of ‘as built’ documentation.[2] 

 APPLICATIONS: BEM IN THE FIELD

 Because of the way in which BEM operates, sensor shapes and 

sizes for emitting and collecting suitable data are highly f lexible. 

The BEM tool allows for a number of assessments including: 

(1) External or surface application devices where manned access 

is possible and (2) In-line or remote application where an internal 

delivery vehicle such as a ‘pig’ is used to transport the device. Both 

inspection techniques produce the same data. 

1) External Ferrous Wall Condition Assessment Tool. Flexible 
Array Scanning Tool (FAST) is ideal for external pipe wall 

condition assessments carried out on all types of ferrous pipelines 

to explore the integrity on pipe diameters from 2 inches upwards. 

The pipe wall is scanned externally and pipe wall integrity is 

determined without interrupting the pipe f low or disrupting 

gas service. Manned access is needed to position the sensors and 

antennae which surround the pipe. 100 percent pipe coverage can 

be obtained without diameter or shape restrictions. Individual 

readings are taken along the surface of a pipe. The coating 

(bitumen, polyethylene, or even concrete) does not need to be 

removed. The wall can be scanned with the aid of a temporary 

marked grid around the outside of the pipe allowing for accurate 

positioning of each reading taken. 

The Flexible Array Scanning Tool (FAST) strips adjust to the pipe 
circumference and form a “blanket.” Inside each strip are sensors, 
antennae and cables that connect to the core processor

 Strips that adjust to the pipe circumference form a “blanket.” 

Inside each strip are a series of sensors, antennae and cables that 

connect to the core processor. The blanket holds the array and 

wraps around the pipe. Once set, the program is initiated using 
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 The Pig moves through the pipes via tether or rod and takes 

three readings per section. It can handle up to 90 degree bends. 

Continuous data can be recorded along extensive lengths of 

pipeline. Due to the large volumes of data recorded as part of any 

scan, distances surveyed along smaller diameter pipes are typically 

1,500 - 2,000 feet per day, while in large diameters lower footages 

per day are scanned. Data acquired is generally represented 

graphically or as color contour plots. 

 REAL TIME WALL THICKNESS RESULTS

 Whether using the FAST tool or the PIG the results are the 

same for each of the two applications. The results come in two 

a magnetic field and each antenna sends out a pulse received 

back at the processor. Data goes back to the core processor on the 

computer. Initial results are seen on screen. 

 

The FAST tool is good for taking measurements on a specific area 

that has suspect compromised wall conditions. The corrosion 

group at a major northeast utility is investing in the BEM FAST 

tool for random excavations. It will be used to survey sections 

of pipe that have been exposed during the course of normally 

scheduled and unscheduled activities to gather data about the 

characteristics of their system.

 (2) In-Line Internal Ferrous Wall Condition Assessment
Internal pipe wall condition assessments can been carried out 

on pipe diameters of pipe 4 inches upwards. Once the pipeline is 

taken out of service, a pig is moved down the pipe and placed in 

a position/location. During in-pipe data acquisition, the NDT 

probes are either winched or rodded through the pipe. In large 

diameters, personnel can assist the mechanical movement of the 

pigs on the inside of the pipe.

LINING CAN COST ABOUT 
ONE THIRD THE COST OF 

DIRECT BURY REPLACEMENT.

The PIG (Pipe Inspection Gauge) moves through the pipes via 
tether or rod and takes three readings per section. It can handle 
up to 90 degree bends with a single point of entry

Initial results can be seen live via a laptop. The real-time wall thickness 
display uses color to denote wall thickness ranges and areas of concern.
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“We are pleased to have partnered with Rock Solid on this 
important and vital technology.  A key reason why PPM has 
invested in BEM is it will help our customers with critical and 
strategic decision making regarding their pipeline replacement 
programs.  The ability to investigate wall thickness and condition 
of the pipeline before committing capital or maintenance 
dollars pairs very well with our Starline cured- in-place lining 
technology for complete pipeline renewal.” 

 -David Wickersham, CEO, Progressive Pipeline Management.  
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forms. Data gathered in the field is converted to a topographic map, 

using proprietary software. Onsite, live data looks at ranges. For 

deeper analysis, the scans get uploaded to Rock Solid Group for 

a detailed interpretation of the data. Post survey data processing 

allows a presentation of results in an easy to understand and 

accurate color contour heatmap.

Data is processed in a number of ways with initial readings and in depth 
data analysis. In the heat map, green areas have 90% wall thickness in tact, 
and red shows areas of concern

 Colors are used to differentiate between differing thicknesses, 

so that a visual assessment can be made. The plot contours are a 

representation of the variation of the ferrous thickness or condition 

across the contoured area. The blue and light green colors indicate a 

good piece of pipe at that scan point. 

 DATA POINTS AND ANALYSIS

 The figure below shows a sample of a pipe section plot. The pipe 

is horizontal, with the 180º position running through the horizontal 

centerline, and the 0º at top and 360º position at the bottom. 

Post survey data processing allows an easily understood and accurate 
presentation of results 

 PPM is working with a number of gas utilities who are 

committed to reducing their carbon footprint and conserve rate 

payer funds. BEM pipe inspection technology provides the ability 

to make more informed decisions on the most appropriate manner 

to replace gas facilities and accurately rank pipe replacement in a 

DIMP program. 
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