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Abstract  
 

Around 50% of the global oil or gas pipelines have until recently been considered “un-piggable”. This term is 

used when a pipeline cannot be inspected with a traditional free-swimming in-line inspection tool. In this paper a new 

concept is introduced, the so-called “toolbox approach”. The driving idea behind the concept is based on having a large 

variety of services with all the required  technologies, including magnetic flux leakage (MFL), eddy current  or ultrasound, 

enabling tailor made solutions to be packaged utilizing exactly the right technical resources for a specific inspection and 

integrity challenge.  But it is not limited to a technology perspective. It also uses market information to identify mid- and 

long term market needs as well as special operational procedures. The combination of understanding market needs, 

requisite know-how regarding optimized methods for service execution and the right set of inspection technologies and 

transportation means results in utmost flexibility and optimal solutions for operators faced with managing the integrity of 

their challenging pipelines.  

In addition it must be stated that this type of work relies heavily on the  expertise and experience of the crew 

involved, because of the often extremely complex boundary conditions and operational parameters encountered during 

the job performance. 

This paper will introduce the concept and use three case studies to illustrate specific tailored solutions. 

First  the case study of a highly complex inspection of flow lines, where access to the 10” oil-multiphase lines was only 

possible by using 3-way ball valves originally designed for cleaning scrapers. Here a specially designed 10” bi-directional 

free swimming magnetic flux leakage tool was used, short enough to be launched through the ball valve, but still 

incorporating full high resolution capabilities. The advantage of using MFL was that the job could be performed during 

operation of the pipelines.  

The case study will also introduce additional and complimentary services from the toolbox, in this case an 

automated and remotely operated benchmark identification system as well as a high resolution approach monitoring 

system which was used to precisely detect tool movement and final approach to the receiving ball valve. 

Secondly an inspection will be described where a highly specialized robotic system, the so-called Helix system was used 

to inspect challenging horizontal gas  storage tubes  with complex operating conditions and limited access. The inspection 

itself was also performed with MFL  technology. 

The third case study describes the inspection of upstream laterals without regular launching and receiving 

facilities, where another specialized robotic tool, the Multi-Trotter-Crawler was used to pull a MFL unit to inspect for 

metal loss and corrosion. 

 

 

1. Introduction  
 

 Pipelines are an essential part of the global oil & gas infrastructure. Currently approximately 4 million kilometers 

of pipelines are installed with roughly 50 % of those being high pressure transmission pipelines. 

Like all technical components pipelines age. Despite greatest care being taken during their design, construction 

and operational life,  flaws and anomalies can appear in the pipe wall which in turn can affect the mechanical integrity of 

a given line or pipeline network, or in other words its load bearing capabilities. 
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Being usually made of steel typical features that can be present or appear over time are metal loss related, e.g. 

corrosion or grooving, crack related, e.g. fatigue cracks, hydrogen induced cracking or stress corrosion cracking or 

geometry related, e.g. out-of-roundness, dents or even pipe movement. 

A crucial input of the assessment of the integrity of a given pipeline is the presence and geometry of any flaws 

and anomalies. It is for this reason that the pipeline integrity management process must and will include regular inspection 

procedures. 

Three general methodologies are available to do this:  

 In-line inspection (inspection from the inside of the pipe) 

 Hydro- or pressure testing (really a screening method) 

 Direct Assessment (inspection from the outside and other complimentary methods) 

The first of these, the inspection from within, is today the most widely used approach. The main advantage is that the 

entire volume of the pipe material, i.e. full circumference and length) can be inspected. True inspection would include 

detecting, sizing and locating a feature. 

  

 

2. Piggable versus Non-Piggable 
 

 Today in-line inspection methods are most widely used in transmission pipelines. The inspection is performed 

utilizing “in-line inspection” (ILI) tools, often also referred to as “intelligent pigs”. These tools are inserted into a given 

pipeline and are then pumped through the line with the medium being transported and finally retrieved again. They 

typically constitute autonomous, automated  systems and are free swimming, i.e. no cables or links to the outside of the 

line during inspection. ILI tools are specifically designed for given inspection tasks, although tools combining different 

tasks are also available today. These tools utilize a variety of non-destructive testing technologies, including magnetic 

flux leakage, ultrasonic and eddy current technologies. In order to choose the most suitable measuring technology it is 

important to understand its physical background and the associated advantages and disadvantages, see Beller (2006). 

The terms “piggable” and “non-piggable” are widely used in the industry, although they are not clearly defined. 

However in general it can be said that a “piggable” pipeline is a line which can be inspected utilizing a free swimming 

tool, without the need to either significantly modify the tool or the pipeline. In contrast a “non-piggable” pipeline is a line 

where this does not apply as Leewis (2012) explains. However today these terms are slightly misleading and should be 

redefined. 

 

2.1. Inspection from the Inside or the Outside 

 The real question to ask is whether a given line can be inspected from the inside or is only accessible from the 

outside. Fig.1 summarizes the different methodologies available today. 

In this paper the left column of the diagram assuming internal access will be addressed. In order to understand the 

difference between “piggable” and “unpiggable” better it is important to define the term “piggable” in more detail. A 

rather coarse definition was given above already. In order to use a normal free swimming ILI tool the following criteria 

must be fulfilled:  

 

 Accessibility: the pipeline to be inspected must be accessible and must have suitable launching and receiving 

facilities where the tools can be introduced and retrieved from the line; 

 No obstructions: the geometry of the line inspected must be suitable for the free swimming inspection device, 

i.e. ideally a constant internal bore or at least only small diameter variations, suitable bend geometries etc.; 

 Suitable operational parameters: the flow in the line during inspection as well as pressure and temperature 

must be within tool specifications of the free swimming tool. 
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Figure 1. Inspection methodologies available depending on whether  

a pipeline is accessible from the inside or the outside. 

 

If the above conditions are not met, either the traditional free swimming tools or the pipeline itself would have to be 

modified. However if this need for modification exceeds certain cost limits or is not technically feasible, then the line 

would usually be referred to as un-piggable. 

So far the industry has used the term “un-piggable”, but as fig.1 shows, there are pipelines not suitable for free 

swimming tools as used in piggable pipelines, but still inspected from within. The tools used for these lines are also 

referred to as “pigs” or ILI tools and therefore the terminology used is misleading. The term “un-piggable” really only 

refers to pipelines which can only be inspected with external methods. For this reason the pipelines set in the lower left 

section of fig.1 are better called “challenging” pipelines. 

Fig.2 shows some of the geometric or installation types which make a pipeline challenging. 

 

 
Figure 2. Challenging Pipeline Installations 
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 3. Introducing the Toolbox Approach 

 

 In order to address challenging pipelines the issues of accessibility, geometry and operational parameters have 

to be considered. Partially these issues can be solved through suitable tool technologies, i.e. making tools very flexible, 

designing them with dual- or multi-diameter capabilities, making them bi-directional or capable of running in low 

flow/low pressure environments and/or high pressure/high temperature conditions. 

 But the inspection of a challenging pipeline requires more than that. It also entails developing and using tailor 

made processes for a given inspection task including the correct required cleaning and pipeline preparation procedures. 

Sometimes cleaning is not possible and then specialized procedures need to be devleoped to take this into account. With 

other words it is a matter of using an optimized inspection tool, specialized auxiliary equipment for logging pipeline data 

or tracking combined with the correct and effective processes, see also Lindner and Graaf (2013).  The definition of 

optimized procedures is directly linked to the skills and experience of the service provider. 

Having an optimized tool available implies all aspects of mechanical design, suitable non-destructive testing technology, 

electronics, storage devices and propulsion means, as described by Steinvoorte and Vages (2013). 

 The toolbox approach covers all these aspects by including technologies covering different tool types, for 

example bi-directional systems that can be pumped, tethered tools or tools with their own robotic drive unit. The tool box 

approach also includes different propulsion designs in order to provide maximum traction for a given pipeline 

environment. In addition the toolbox approach also refers to using the correct procedure and process for successfully 

performing the inspection. 

 

 

4. Case Studies 
  

 In the following three case studies with different challenges will be described in order to introduce and explain 

the concept.  

 

4.1. Case Study 1: Metal Loss Inspection of a multi-phase oil line with difficult access 

  
4.1.1. The Challenge 

The mission of this project was the inspection of a number of 10” flow-lines transporting a multi-phase medium 

consisting of oil, water and natural gas. This particular oilfield region has a multitude of these particular lines with a 

length ranging from just over 1km to slightly over 10km. The lines transport the multi-phase medium to a gathering line. 

They are hard to clean, carry a medium of elevated temperature, high water cut and are prone to microbiological corrosion. 

There were no launchers and receivers and the lines are operated in a low pressure and/or low flow regime. These 

prevailing operational parameters made the line “un-piggable” and therefore required a customized, highly specialized 

solution in order to be inspected from within and ensuring full coverage of the pipe wall. 

It was furthermore not feasible to install special launchers and receivers, neither permanent nor temporarily. The 

only access to the line available were specialized 3-port valves which had originally been installed to launch cleaning 

scrapers, see fig. 3. 

 

 
Figure 3. Three port valve as used for launching cleaning tools 

 



Rio Pipeline Conference & Exposition 2015 

 5 

 

4.1.2. The Solution 

For this project the full scope of the toolbox philosophy had to be applied. One component was the choice of a 

suitable inspection technology to detect and size any metal loss present. The next was a suitable tool configuration to 

negotiate the line and ensure that the passage through the line would and could not lead to a stoppage of production. A 

pre-requisite to the inspection was that the line should stay operational during the inspection. As a consequence of these 

technical needs, this project also required highly specialized processes and procedures. 

The non-destructive testing technology chosen was magnetic flux leakage (MFL) technology, one of several 

methodologies available within the toolbox. Ultrasonics was not suitable in this case because of the multi-phase 

environment. Eddy Current would have had the limitation of only addressing near field, or rather internal features. All 

these technologies are available within the toolbox, but here MFL provided the best choice for detecting and sizing internal 

as well as external features. The next step to consider was the actual tool configuration. Normal in-line inspection (ILI) 

tools are free-swimming and usually designed for uni-directional use, i.e. they are launched at an upstream location and 

retrieved from the line downstream at a suitable receiver. The toolbox provides various solutions for tool propagation: 

free swimming, tethered or self-propelled, depending on the requirements. In this case pumping, in the sense of providing 

the required differential pressure for movement, was possible, however only within low flow and low pressure operational 

parameters. The flow within the line comes from a well and then travels towards the gathering line into which the flow 

lines feed. In order to limit any risks it was decided to use a bi-directional tool, so that if necessary the tool could be 

moved back to its launch site. 

The flow lines were equipped with special three way valves which were originally chosen for their ability to 

allow the launching and receiving of cleaning pigs. The special requirement in this case was therefore to modify an ILI-

metal loss survey tool in order to fit into the  very confined space of the three-way (three port) valve, see figure 4. In 

addition a launching and receiving procedure had to be developed to ensure that the ILI tool would safely enter the line 

and could also be safely retrieved. In order to ease the actual introduction of the tool into the valve a special metal cage 

was designed into which the tool could be pre-loaded. Then the entire cage was introduced into the valve, locked and the 

valve closed. From here the tool could be safely launched and then the cage retrieved. For receiving a similar device was 

used at the downstream valve into the which the tool travelled, was then stopped and could then be retrieved. 

 

  
Figure 4. Inspection tool being retrieved from 3 port valve (left), picture of bi-di MFL tool (right) 

 

A very important and indeed critical aspect was the tool tracking during the inspection and especially as the tool 

approached the receiver. It was of great importance to be able to detect the tool approach and measure with high precision, 

to ensure that the tools final approach could be controlled and stopped exactly at the location of the valve. In the worst 

case an uncontrolled approach could lead to permanent damage resulting in costly downtime and repairs. 

Table 1 provides a general overview with some typical technical specifications for the tool and auxiliary 

equipment used for this project: 

 

Diameter: 10” 

Length Single Body – not exceeding length of cleaning pigs previously used – 385 mm 

Direction of Travel Bi-directional capabilities for enhanced operational safety 

Real-Time wireless tracking 

system 

Allows very tight motion control along the line with minimum manpower required 

during inspection.  

Data Handling Additional data-channels available for remote telemetry (e.g. pressure, temperature) 

Velocity Range 0.2 – 1 m/s* 

Wall Thicknkess Range 5.96 – 13.8 mm* 

Defect Specs ILI high Resolution benchmark; threshold 0.1 t, accuracy 0.1 t (t = wall thickness) 
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Table 1. Selected Technical Specifications for the tool and additional equipment used for this project (*higher velocities 

and higher wall thickness capabilities available upon request) 

Normal markering equipment and procedures as used for free-swimming ILI was not sufficient. Again the 

toolbox approach was helpful by providing technology and tailor made procedures to ensure the appropriate tracking 

accuracy required. For this project a specialized telematics system was developed and applied which allowed tool tracking 

with a sub-meter accuracy. The additional benefit of the system used was the tracking of the tool in real time, without any 

need for excessive manpower deployed along the line. The final approach of the tool was even monitored by a cable 

connected pig-locator chain incorporating more than 30 reference points and ensuring a tracking accuracy within a 

centimeter resolution. Hereby the ILI tool could be maneuvered precisely and safely into the receiving valve. See a 

simplified schematic in figure 5. 

 

 
Figure 5. Schematic of a telematic markering system to control the tool approach 

 

4.1.3. The Benefits 

A flow line initially considered “un-piggable” and therefore not accessible from within could be inspected 

utilizing an in-line inspection device. This provided the means to inspect the entire circumference and length of the line. 

A tailor made tool and procedures allowed the inspection of the pipe during normal operations and therefore no loss of 

production. The bi-directional tool design paired with an advanced telematics markering process minimized inspection 

risks. 

The inspections were performed with a short turnaround time and the data quality obtained was of the accuracy 

needed for a comprehensive integrity assessment of the line. Results obtained showed that there was metal loss present 

mainly concentrated at the 6 o`clock position, not untypical considering the water content of the multi-phase product. 

 

 

4.2. Case Study 2: Robotic Inspection of Horizontal Gas Storage Tanks with Varying Diameters 

 

4.2.1. The Challenge 

Conversations began in 2013 with a Canadian operator who was struggling to determine a viable solution to 

inspect their storage tubes with lengths ranging from 246 to 875 m and wall thicknesses ranging from 13.2 to 25.4 mm. 

The storage tubes serve as an alternate to storage caverns or abandoned oil/gas wells to store ethane, which is used in the 

production of ethylene products.  These storage systems enable the operator to gather sufficient product in order to ship 

it efficiently through their pipeline network. The challenge here was to develop a solution to inspect these storage tubes, 

diameters 48” and 54”, from within with the precision and reliability usually associated with ILI inspection and without 

the need for personnel do be physically inside the line during inspection, the method previously used. 

Obstacles that needed to be overcome were that only a single access point was available without any traps. 

Furthermore no flow was available during the inspection requiring a tool incorporating its own propulsion unit for 

movement. The inspection requirements set by the operator were optimum probability of detection and identification 

(POD, POI) for internal and external metal loss as provided by free swimming ILI tools. In addition there was a time 

constraint that the inspection had to be completed within one year of contract award, including the development of any 

new technologies required. 
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4.2.2. The Solution 

The solution required the development of a reliable propulsion unit to move the inspection tool through the tube, 

which was not available initially. For this reason a special robotic design was utilized incorporating a self-propelled 

movement technology as shown in figure 6. This design was based on an earlier helical movement design and then 

extended to be used in conjunction with an axial movement technology. The robotic technology design includes an 

autonomous onboard power supply, online charging, a failsafe tethering retrieval unit, visual monitoring in front and rear, 

accurate power consumption monitoring and is capable of negotiating the 48” – 54” diameter range. 

 The fail safe system includes retractable yokes for the MFL inspection unit, emergency power supplies as well 

as a back-up wireline for power, communications and evacuation. Fig 7 shows a flowchart explaining the job execution. 

The inspection speed was approximately 90 m/h. The five storage tubes which formed part of the project were successfully 

inspected in September and October 2014. The data quality and quantity was assessed in the field and determined to be 

good. A first screening for any metal loss was performed on site and first results could be presented within 12 hours of 

the completion of the inspection. 

 

 
Figure 6. RoHelix, self-propelled robotic crawler 

 

 
 

Figure 7. Project Plan 

 

4.2.3. The Benefits 

Again various components of the tool box were used, including a newly developed robotic unit, adapted MFL 

inspection technology and special procedures related to the specific and individual requirement of this project. A great 

benefit was achieving full ILI specification for a pipe section or tube considered un-piggable. A further advantage was 

the capability to inspect lines with different diameters with a single crawler device and achieving full coverage of the line. 

Application of automated internal inspection without the need for traps. Highest level of safety with no need for human 

personnel to enter the line as before. Minimized risk due to the fail safe mechanism incorporated into the design of the 

propulsion unit. 
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4.3. Case Study 3: Robotic Inspection of Upstream Lateral 

 

4.3.1. The Challenge 

In this case the challenge related to the inspection of 10” lateral pipelines which are used to feed natural gas 

extracted from an underground storage into a 20” main trunk line, see fig.8. The underground field can also be filled by 

injecting gas via the trunk line and the laterals into the caverns utilized. Special requirements set were no available 

launchers and receivers, the need for bi-directional inspection equipment due to the accessibility and that any equipment 

needed should have a minimal footprint above ground. An alternative would have been to excavate the laterals and inspect 

them from the outside. 

 

 

Figure 8. Inspection area showing inspected laterals (yellow) 

 

4.3.2. The Solution 

Again the toolbox approach was used. Initially the option of installing a pig launch valve was discussed. An 

inspection tool could then be propelled in and out with gas or a suitable liquid. Another option possible was to push a bi-

directional tool and then retrieve it by using a cable to pull it back. The option used in the end was another self-propelled 

solution, however different from the technology described in the case study above. Here a special robotic unit based on a 

multi-trotter crawler (MTC) design was utilized combined with a bi-directional MFL inspection module. The MTC 

technology allows movement in two directions and provides the required driving force to pull a specifically configured 

low friction MFL inspection unit providing ILI specifications. An important factor was the need for a fail-safe design, i.e. 

the tool must be retrievable even if the drive mechanism malfunctions. This requirement was fulfilled by designing a 

collapsible drive mechanism and additionally using a cable to retrieve the entire tool train if necessary. Fig. 9 shows the 

tool train used made up of a bi-directional MFL inspection module in the middle and elements of the MTC-propulsion 

unit at the front and the end. 

The inspection data obtained was of good quality and provided the same defect specifications as high resolution 

MFL free swimming in-line inspection tools. Data quality well suited for integrity assessment purposes. 
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Figure 9. Tool train consisting of the MTC propulsion unit and the MFL inspection module 

 

4.3.3. The Benefits 

The benefits to the customer were significant. The tool box approach, which also includes preparation of specific 

and individually, tailor made procedures ensured a cost effective execution of the job. There was no need for expensive 

pipeline modifications. Safe operation of the entire tool train was ensured by the powerful bi-directional crawler. The 

service did not require bulky equipment such as wire-line trucks or compressors thereby minimizing the footprint. In 

addition the project was executed in a timely manner with delivery taking place after less than five months after contract 

award, although including tool design, manufacturing and assembly. 

 

 

5. Conclusions 

 
 The toolbox concept has proven to be a reliable approach to inspecting pipelines previously considered “un-

piggable”. It addresses the main issues of accessibility, pipeline-geometry and propulsion which differentiate the “un-

piggables” from the piggable lines. The importance is that the concept includes a variety of technical aspects covering 

drive, optimized inspection techniques, maneuverability inside the pipe and also procedural aspects, built largely on 

experience and skills sets of the personnel involved. It can therefore be truly stated that a vast proportion of the pipelines 

present globally which were deemed “un-piggable” until now can be inspected from the inside with full coverage and 

with all the associated benefits. It may therefore be advisable to refer to these lines as “challenging” in future and leave 

the term “un-piggable” to the proportion of lines which cannot be inspected from the inside at all and therefore need to 

be accessed from the outside. 
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