
Tech ahead 
of the game

Simon Slater, ROSEN Group, USA, provides an overview of an integrity 
management service that allows for efficient completion of pipeline records.

The lifespan of a pipeline is significant and as we know, 
the majority of pipe in the US network is of pre 1970s 
vintage.1 As assets age, the confidence in historical records 
decreases due to various factors. Pipeline operators 

have to deal with many unknowns when it comes to integrity 
management decisions. To address this and manage ageing assets 

effectively, operators are seeking to re-establish material property 
documentation. 

Integrity management systems rely on robust records and 
data, so that the correct decisions are made. The pipeline industry 
regulator is intending to ensure operators possess traceable, 
verifiable and complete (TVC) pipeline records as a basis for sound 



integrity and risk management. From a compliance perspective, this 
is addressed in the PHMSA NPRM 49 CFR 192 (NPRM). 

The role of ILI in managing threats
Inline inspection (ILI) is already used extensively in the oil and gas 
industry to help manage threats on a pipeline, such as corrosion 
or cracking. Magnetic flux based ILI technology is used to detect 
corrosion and define the magnitude of that corrosion. Quantifying 

the threat means that informed decisions can be made as to what 
should be done. Likewise, ultrasonic or electromagnetic acoustic 
transducer (EMAT) technologies are used to detect and size cracks 
so that the threat can be visualised and managed. In the same way, 
ILI can be leveraged to help address the threat of unknown material 
properties (Figure 1). ILI is recognised as an option in the NPRM and 
can therefore be used to augment the proposed approach in NPRM 
or as the basis for an operator defined approach.

An ILI service to deal with the specific issue of 
material verification
In recent years, the ROSEN Group has introduced the RoMat PGS 
service, with the aim of supporting operators through the material 
verification process as prescribed in the NPRM.

RoMat PGS (pipe grade sensor) is a service built on enhanced 
ILI technology. The unique patented technology is based on the 
interrogation of the signals from eddy current sensors to define 
yield strength (YS) and tensile strength (TS), using algorithms 
developed through pull tests and a significant amount of 
supporting material test data. It can be applied to all carbon steel 
pipeline materials, from Grade A to Grade X70. 

The tensile data forms the fundamental basis for the data 
evaluation process, which integrates ILI data and other pertinent 
information to characterise the types of pipe within the pipeline, 
defining them as ‘populations’. Each population has a unique 
combination of characteristics: strength, wall thickness, diameter, 
nominal joint length and pipe type. Once the populations are 
defined, each can be assigned a grade in line with those used in 
API 5L specification for linepipe. This engineering data evaluation 
process is called pipeline DNA, and is an integral part of the RoMat 
PGS service. The ILI based service acts as the bedrock for the wider 
material verification process that includes in-ditch verification 
activities combined with interrogation of existing records and 
knowledge of the pipeline construction, history and routing. 

The pipeline DNA process
The RoMat PGS service gives the first calculation of material 
properties, in terms of YS and TS, without having to perform any 
digs. The full benefits are realised using the pipeline DNA process. 
Tensile data, i.e. the YS values, are reported for each pipe and the 
initial stage of the engineering assessment is to plot these against 
the distance along the pipeline route, as shown in Figure 2.2 

Interrogation of the strength data is critical to identifying the 
populations. The strength data from a single population of pipes 
will be described by a normal distribution if the pipes are made 
from a specific feedstock material by the same pipe manufacturer, 
using consistent process control (Figure 3). 

By looking at all the tensile data along the pipeline route 
and interrogating the distributions, it is possible to start splitting 
the populations out (Figure 4). As the DNA process is progressed, 
the strength data is combined with multiple ILI data sets, such as 
nominal joint length and pipe type. The DNA process incorporates 
layers of information to drill down into the detail and identify 
the different pipe populations characterised by a unique set of 
characteristics. The resulting populations are provided in a listing 
and can be shown by the different coloured symbols in the 
yield strength vs distance plot in Figure 5.2 Each coloured symbol 
represents a different population and the individual data point is 
the YS of a pipe in that population.

Figure 1. The use of ILI to deal with different unknown 
integrity threats.

Figure 2. Yield strength as a function of distance along the full 
pipeline.

Figure 4. Interrogation of the tensile data to identify 
populations of pipes.

Figure 3. The yield strength of pipes from a single population 
described by a normal distribution.
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In-ditch verification
Once the populations have been identified, in-ditch verification is 
performed as prescribed in the NPRM. The locations for material 
verification are selected by considering the populations and in 
particular any discrepancies or locations of specific concern. 
Once in the ditch, ROSEN performs non-destructive strength 
determination, chemical analysis, in-situ metallography and 
inspection of the pipe characteristics such as weld type, etc. The 
key activity performed in the ditch is verification of the material 
strength using in-ditch techniques such as Frontics IIT (instrumented 
indentation technique)3 and/or MMT HSD (hardness, strength and 
ductility).4 These techniques are able to measure strength with a 
tighter tolerance and confidence than ILI. The information from 
these activities is used to verify the results of the ILI process and 
supplement the ILI data with more information, for example the 
chemistry, weld seam type and any marking on the pipe can help to 
identify a more accurate date of manufacture or manufacturer. 

A targeted approach
Excavations are costly. It is vital that the correct locations are 
chosen for each material verification dig. This is where the use of ILI 
really pays dividends. The ILI data is the best available information 
that can be used to pinpoint the locations for verification that 
yield the most useful information and help close out material 
verification within a shorter period, and with a reduced number 
of digs. The optimum approach is to identify welds that are the 
junction between two different populations of pipe. This means 
you are able to verify two populations at the same time, straight 
away reducing the number of digs required by 50%. If this approach 
is combined with a strategy of identifying the most critical 
populations – for example the ones with the largest discrepancies 
to the assumed properties – you can very rapidly re-establish TVC 
documentation and feed this into the wider integrity management 
process. 

The alternative to using ILI is to rely on opportunistic digs 
or digs associated with other technologies. These can of course 
be combined into the ILI based approach, and leveraging the 
digs required for other ILI technologies is an excellent way 
to reduce the overall number of digs needed for material 
verification. However, these approaches alone can mean that 
populations are overlooked or the effort is duplicated. This is 
shown schematically in the example in Figure 6. If the material 
verification were performed opportunistically in the digs used 
to investigate the crack inspection results, three verifications 
would be done in the same population of pipes, when only one is 
required to verify the strength and grade assigned by the ILI. The 
other populations would not be covered. By pinpointing strategic 
locations, all the populations in the example shown in Figure 6 
could be covered by two specific digs, along with one of the 
locations associated with the crack inspection results. The current 
version of the NPRM suggests digs should be performed at equal 
distance intervals in areas that require verification. It is clear 
that taking such an approach is likely to result in populations 
being overlooked and again duplication of effort where it is not 
required.

An ILI strategy for dealing with material 
verification
A significant benefit of the RoMat PGS service is the ability to 
run it as part of standard MFL-based ILI. The technology can 
be incorporated into the existing MFL tool set-up. MFL is the 
most widely used ‘threat specific’ technology implemented by 
most operators, therefore being able to incorporate the unique 
RoMat PGS service into an existing inspection schedule can be 
leveraged to reduce the need for a specific inspection run. The 
implementation of the technology as a combination tool does not 
increase the length of the tool and therefore does not require any 
additional planning or activities over and above what is already in 
place for the MFL-A run.

The date for implementation of the new regulations driving 
material property verification, is not clearly defined. This means 
that the impetus, from a regulatory perspective, to run an 
inspection specifically for unknown material properties may not 
yet exist. However, the regulations will come and it is wise to be 
prepared. In that sense, if an MFL inspection is planned in the near 
future, the RoMat PGS technology can be incorporated and the 
data collected and stored in preparation for when it needs to be 
analysed at a later point in time. From a financial/supply chain 
perspective, this allows for higher flexibility and optimised integrity 
cost control by spreading the cost of obtaining TVC records across 
several budget cycles. 
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Figure 5. The different populations of pipe in a pipeline.

Figure 6. Opportunistic digs may not give you the material 
verification data you need.
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