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| INITIAL GAUGING

After debris removal and cleaning have been
satisfactorily completed, gauging pigs are run.
Gauging runs are necessary to determine that
there is nothing protruding inside the pipeline
which might cause an obstruction, and to ensure
that the ovality of the pipeline is within accepted
tolerances.

Geometry or caliper pigging

There is an inherent problem in relying on
gauging pig runs to detect any anomalies in the
bore of a pipeline. All too often, when the
oauging plate is damaged, there is no way of
finding out what caused the damage. Itis usually
also impossible to determine the location of the
fault and, in severe cases, the pig may
not emerge at all and be stuck in the pipeline.
This has been overcome by the use of
instrumented pigs which can pass severe

obstructions while measuring and recording
both the extent and location of the reduction.
These are known as “geometry” or “caliper”

pigs.

Hydrostatic testing

Every pipeline is subjected to a hydrostatic
pressure test always prior to commissioning ,
and often at periodic intervals throughout its
life to reconfirm its integrity or to upgrade its
MAOP.

For pressure testing is important to ensure that
the pipe is filled with a solid column of water.
This is achieved by inserting a pig, or pigs, in the
launcher before pumping starts. The pig(s) in
front of the hydro test fill water will ensure
all the air is removed. A regulating air vent valve
is installed at the receiver to enable the
movement of the pig (s) to be controlled by the
operator at the receiving end. Air vents should
also be installed atall high points of the system.




Dewatering

Once the hydrostatic test is completed, the water
inside the pipe is removed by a series of pigs
normally pushed through the pipeline by
compressed air. For relatively long pipelines.
Particularly 1n and regions, it 1§ not uncommeon
for the pipeline to be hydrostatic tested in
sections. With the hydro test water transferred
from one section of pipe to the next section
during the dewatering operation.

Drying

A typical method of drying a pipeline is to blow
dry air through the line. Usually in conjunction
with foam pigs. Other methods include the use
of nitrogen orto “use” vacuum drying.

The dry airand foam pig method 1s primarily for
onshore pipelines, and is capable
of achieving a degree of dryness and cleanness
that will prevent contamination of
most pipeline transported products. First,
lightweight polyurethane foam swab pigs are

run with extremely dry compressed air, typically
with a 90F atmospheric dew point temperature.
These swab pigs wipe out and soak up the
residual water, while the dry air absorbs as much
water as it can under the existing conditions and
carries it out on the pipeline.

Commissioning

Commissioning, is the stage when the
completed pipeline is filled with the
product and brought to the point where it is
ready for operation. It will almost always
involve the use of pigs, and may require “slugs”
of other substances. Such as methanol, glycol,
diesel, etc, to be pumped through ahead of the
product. Slugs, if used, are contained between
two or more pigs and are usually designed to
avoid product contaminations as, particularly
with hydrocarbons, there may
otherwise be a risk of explosion or perhaps
serious blockages due to Hydrate
formation. Because of the complexity,
commissioning 1is another specialist




pigging activity which is almost always
entrusted to a qualified pigging service
company.

Inspection pigging

Utility pigs, which are used during the
construction and operational phases, are
intended to perform function such as cleaning .
dewatering, etc. On the other hand, intelligent
pigs, normally referred to as In line Inspection,
or simply ILI tools, provide information on the
condition of the pipe and/or its contents. They
are not sold but are, in effect, the tools which are
used by specialized inspection pigging
companies to gather the data on the pipeline.
This data is then analyzed by their engineers and
technicians to determine and report on the
condition of the line.

The information provided by these ILI services
covers a wide range of inspection and
troubleshooting needs, including:
diameter/geometry measurement, curvature
monitoring, temperature/pressure recording,
bend detection and measurement, metal
loss/corrosion detection, photographic
inspection, crack detection, wax deposition

measurement, leak detection, and product
sampling. Each of these services is discussed 1n
detail, in subsequent sections of this publication.
Many inspections surveys, particularly those for
metal loss and geometry. are usually run during
or soon after commissioning in order to provide a
baseline “survey”. This enables subsequent
inspections to be compared with the original
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results, and makes it possible to detect any
trends, as well as to establish the average rate at
which any changes are taking place. Such
information is invaluable for both maintenance
and production planning.

PIG TRAPS AND PIGGING STATIONS

Basic configuration

Pig traps are used for inserting pigs into a
pipeline then launching. Receiving, and finally
removing them Often during construction, and
sometimes for maintenance and inspection
purposes, temporary traps and pig catchers' may
be installed. These may be anything from simple
Espoo Pieces with branch connections or vents
fabricated on site, to complex portable units
such as lay down heads which may be designed
to launch multiple pigs from a sub sea location.
Permanent installations for operational purpose
stand to have a more of ESS standard layout, but
virtually all except pig catchers are based on the
principle of a simple bypass loop into which the
trap is installed.

Pig signalers

The two basic types of signaler are intrusive
(those that protrude into the pipeline and make
physical contact with the pig). and nonintrusive'
(those which are triggered by some other
methods change in a magnetic field).

The trigger on intrusive signalers may be eithera
lever or a plunger. All plunger types will operate
regardless of the direction in which the pig is
traveling, i.e. they are “bidirectional”. Lever
type intrusive signalers may be either
unidirectional and bidirectional. The latter are
generally preferred, as they allow for a pig to be
run in the reverse direction if this should become
necessary.

Signalers too need regular servicing and this
may require that they be removed from the line.
To facilitate this, the signaler installed
downstream of the main trap valve should be
capable of being safely removed under pressure
using one of'the proprietary methods available.
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Handling equipment

The pig stations must be equipped with suitable
handling facilities. These usually comprise
carnage to lift or lower the pig into position
onto a purpose built cradle,and a ram (usually
hydraulic) to push the pig in, or to pull in out.
Carnage alone may not be acceptable due to the
difficulty in manhandling the pig into or out of
the trap, as well as the problem of ensuring that
the front cup is properly located in the reducer at
the launcher.

As with the trap design, special consideration
must be given to the need to handle ILI tools, as
this will affect both the configuration and the
weight requirements for the handling systems.

Operating Conditions

Pig speed

One of the more obvious problems is “speed
excursions”. When pigging low pressure gas
pipelines, the pig will holdup at a weld bead or
other obstruction until the gas pressure builds up
behind it sufficiently to overcome the obstacle.
It then accelerates away often attaining speeds
of well over 60 mph before coming to rest once
more and repeating this cycle.

This not only results in negligible pigging
efficiency, but is also highly dangerous.
Pigs have been known to rip open and exit a pipe
on a bend when traveling under these
conditions.

Perhaps the most important factor concerning
speed is its effect on the sealing efficiency of a
pig. The importance of creating and maintaining
a good seal is obvious for the separation of
dissimilar fluids (batching) in products
pipelines, for condensate removal in gas lines,
for commissioning, and more recently, for
providing secondary barriers for pipeline
isolation.
Less obvious, but equally important, is the film

thickness left behind the pig when
applying in coatings or when performing batch
inhibition.

Manufacturers Of ILI tools pigs have
determined and specified, the speeds at which
their pigs must be run to obtain optimum
performance. These range between about 1 to 10
m/h (0.5 to 4m/sec), although many of the
geometry pigs can perform at much higher
velocities.

Utility pigs however, must be run at whatever
velocity the pipeline is operating. The speeds
usually recommended for routine, conventional,
on stream pigging are 2 to 10 mph (1 to 5m/sec)
for liquids, and 5 to 15 mph (2 to 7m/sec) in gas
lines. These figures may differ if the pig is run
during construction or commissioning.
However, it has to be said that these speeds are
simple 'Rules of Thumb'. Different pigs will
have different limitations, so it 1s important to
advise the pig supplier of the operating
conditions

Temperature

The maximum allowable operating temperature
for a pipeline pig will depend almost entirely on
its construction. For utility pigs, the limiting
factor is usually the polyurethane or other
elastomer seals. As a general rule the upper limit

Pig Launch Plan View)




is 140 F (60 C) although for certain grades or for
extended use, this may need to be reduced
slightly. Polyurethane is particularly susceptible
to hot water. With instrumented pigs, it is
invariably the electronics that limit the
allowable working temperature, and even
though military specifications are frequently
used, 105 F (40 C) is generally the upper limit.
When ever consideration is being given to
pipeline pigging. any temperature above
ambient should be made known to the supplier at
the enquiry stage.

Pressure

Provided the bodies are not sealed in any way.
there 1s usually no upper limit to the allowable
working pressure for a utility pipeline pig. 1LI
tools invariably have the instrumentation housed
in sealed pressure tight containers, and therefore
have wvery strict limitations with respect 1o
allowable external pressure. Most ILI tools
can perform up to pressures of 1000psi, and
many can exceed 2000 psi, but to ensure that

there are no problems, the working pressure
must also be made known to the prospective
supplier at the inquiry stage.

EQUIPMENT DESCRIPTION
AND USES

Cleaning and Construction
Utility Pigs

Utility pigs can be divided into two types:

a) Cleaning pigs for removing accumulated
solids ordebris

b) Sealing pigs for removing accumulated
liquids, separating dissimilar fluids,
filling, dewatering, etc.Cleaning pigs are often
referred to as “scrapers”, while sealing pigs may
be called *“batching” or sometimes 'swabbing'
pigs.

Utility pigs are provided in four different forms:
1| Mandrel pigs which are assembled from a




number of component parts and for which spare
parts are available. Mandrel pigs are available in
most s1zes.

2| Foam pigs which are moulded from
polyurethane foam with various
configurations of solid polyurethane strips
and/or wire bristles, studs, etc.,

permanently bonded to them. Foam pigs are
available in most sizes,

3| Solid cast pigs which are molded in one piece
usually from polyurethane. These pigs are
normally only available in the smaller sizes.
4| Spheres normally filled with water / glycol,
these pigs can be inflated to the optimum
diameter.

Standard pigs can only traverse the line
in one direction, while “vidi” pigs are capable of
traveling in either direction (i.e. bidirectionally).
Multi diameter (or double diameter) pigs can
traverse a pipeline which has more than one
nominal diameter (normally only one or two line
sizes different).

Cleaning pigs

The type of pig used for cleaning a pipeline will
depend largely upon the nature of the material
which is to be removed. As there is an almost
infinite number of different sediments, deposits,
and other substances which can cause reduced
throughput, there is similarly a very large
number of different types or configurations of
pig which might be used to combat these
problems. Often a single configuration of pig
may not be the optimum for even one pipeline,
let alone all pipelines. So discussion will be
restricted to those most commonly used.

Mandrel Pigs

These are pigs which are made up of a number of
component parts which are mounted on a body
tubes so that they may be replaced or
reconfigured as the need arises.

The pig bodies are usually of steel. although
some manufacturers produce the whole pig n
polyurethane or some of the other tougher
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plastic materials. The driving cups (or seals) are
invariably in polyurethane, whilst the cleaning
elements are in a material and configuration
which is determined by the nature of the deposit.
For hard deposits, wire brushes or sometimes
steel scraper blades may be needed, while for
soft materials such as some waxes, sludge, etc.,
elastomer 'plough' blades may be used. Heavy
duty dises machined to the line ID may also be
used to good effect, those fitted to “bidi™ pigs
being typical examples.

These are discussed in more detail later in this
section.

Foam Pigs

As with so many other products, the principle
advantages of using plastic materials for
pipeline pigs were apparent before the materials
themselves were really sufficiently developed.
Low cost price, zero maintenance, and reduced
risk of “sticking™, encouraged many operators to
use them for purposes for which they were not
suitable. As result, some of the early foam pigs
gained a questionable reputation, which in most

cases was undeserved.

Today, the technology has developed to a point
where foam materials have a very high tear and
wear resistance; most manufacturers now
include some foam pigs in their range, but those
who specialize in these products may carry over
3() different standard types.

Sealing pigs

An with the cleaning pigs, the final

configuration of a sealing pig will depend

upon its purpose. Typical applications of sealing

pigs include:

removal of condensates/liquids from gas lines

separation of dissimilar fluids in multi product

Lines.

line filling prior to pressure

Test of dewatering after pressure testing
commissioning (separating slugs of methanol,
nitrogen, etc. )

in situ lining / coating

Product removal prior to shutdown

These pigs also fall into much the same
categories as cleaning pigs, so similar groupings
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Will be used.

(GAUGING PIGS

Although too small a group to justify a separate
category, gauging pigs cannot be classified as
gither cleaning pigs or sealing pigs, but they still
deserve mention.

Gauging pig runs are necessary to determine that
there is nothing protruding inside the pipeline
which might cause an obstruction and to ensure
that the evaluate of the pipeline is within
accepted tolerances. For this, utility pigs are
fitted with a circular mild steel, or more
commonly, an aluminum plate which is
machined to some specified diameter, typically
95% of the smallest diameter of the installed
pipeline. This is known as the “gauging
plate”.These “gauging pigs” are then run
through pipeline. If the gauging plate sustains
any damage, and investigation is carried out to
establish the possible cause (s) of the damage
and remedial action taken.

| SPECIALIST UTILITY PIGS

While the majority of operational pipelines can
be successfully pigged using standard
proprietary products, there are many occasions
where a specialist pig is required and there are
some companies that specialized in this type of
product rather than having a range of standard
pigs. The following is typical of the many
specialist pigs which have been developed:

Magnetic cleaning pig
Pressure bypass pig
Pinwheel pig
Shunting pig

IN LINE INSPECTIONS

I (ILI) TOOLS

In line inspection (ILI) really began in the 1960s
with the introduction of tool for corrosion
measurement based on magnetic flux leakage

1



Technology. This was soon followed by an
electro mechanical pig for geometry
measurement. Today there are over 30 different
tools in use by more than a dozen companies
providing ILI services. Many years of research
and many millions of dollars have been spent In
their development.
Although the two most common requirements
are for geometry (diameter) measurement and
for metal loss (corrosion) detection, the
information which can be provided by these ILI
services covers a much wider range of
inspection and troubleshooting needs. These
include:

Geometry measurement

curvature monitoring

Leak detection, pipeline profile

Temperature and pressure recording mapping

Bend measurement

metal loss detection

Product sampling

Photographic inspection

Wax deposition measurement

crack detection
The following provides a brief introduction to
some of the most commonly used types.

Metal loss (corrosion) pigs

Metal loss, regardless of whether 1t 1s caused by
corrosion, erosion, gouging, or whatever, 1s
potentially the most serious pipeline fault. It is
not surprising, therefore, that more research and
development money has been spent on
developing ILI tools to detect metal loss than on
all the other ILI tools combined.

Research has gone on at the highest levels in
order to determine the best methods of
measuring metal loss while a pipeline remains in
operation. Two basic principles have emerged:
magneticflux leakage (MFL) and ultrasonic.
The basic techniques are very simple, but the
problems of putting them into practice have
proved to be extraordinarily difficult.

Each technique has different strengths and
weaknesses. The magnetic flux leakage
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Technique can be used in either liquids or gases
and can measure metal loss, even 1n relatively
thin wall pipes, which can be difficult with
ultrasonic tools. On the other hand, ultrasonic
pigs can generally only be used in homogeneous
liquids, but they are able to measure much
heavier wall thicknesses than is possible with
some of the Magnetic flux pigs.




magnetic flux pigs

The principle operation of magnetic flux pigs 1s
as shown in figure magnetic flux is induced into
the pipe wall between two magnets. Any metal
loss which occurs in the wall results in the flux
lines being distorted, and this distortion 1s
sensed by a detector which then generates an
electrical signal, indicating metal loss. These
signals are passed through sophisticated
microprocessors and the resulting data 1s
stored for detailed computer analysis and
subsequent reporting on completion of the run.
Continuous development of magnets, sensors,
computer analysis, and reporting systems has
led to what 1s now generally referred to as low
resolution and high resolution tools, the latter
being the result of the very latest technology.

Ultrasonic Pigs

The ultrasonic inspection pig was developed and
commercialized in the 1980s. It has ultrasonic
transducers that transmit signals perpendicular
to the surface of the pipe. It then receives the
echo signals from both the internal and external
surface of the pipe, converting them into digital
data to detect any anomalies. The ultrasonic
technique is shown diagrammatically in figure
and is based on the direct measurement of the
remaining wall thickness.

As already stated. ultrasonic tools use the
principle of ultrasonic waves traveling in a
liquid medium. In order to inspect a gas pipeline,
the tool needs to be in a liquid slug with seal pigs
in front of and behind the tool and with a
homogeneous liquid in between. Because it 1s
essentially a non contact system, ultrasonic pigs
lend themselves more easily to bidirectional use.
This can be useful to inspect offshore loading /
unloading pipelines where it is difficult to
provide areceiving facility at the end.

Most metal loss pigs can detect defects such as
internal and external corrosion, pitting,
mechanical faults, laminations, and dents or
other deformations, as well as hydrogen induced
cracking (HIC). Stress corrosion cracking(SCC)
cannot be detected by metal loss pigs, but it can
be detected by another type of ILI tool using
special ultrasonic transducers.

Geometry pigs

A pipeline is a pressure vessel and 1s subject to
relatively high stress levels and often to cyclic
pressures. Being buried or submerged provides
a high level of protection, but it cannot provide
complete protection. There are natural hazards
such as earth quakes, land slips, subsidence, and
floods; and there are the more common risks and
problems of third party interference.

This can cause physical damage, resulting
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Indents, buckles, gouges, etc., and it may not
(indeed it rarely does) cause the line to rupture
immediately. Mostly, it results in deformation of
the line. This 1s what might be called an
“insidious defect”, the dictionary definition of
“insidious™ is acting gradually and

Imperceptibly but with grave consequences.
And that is what some forms of physical damage
can do to a pipeline, so it 1s vitally important that
every significant deviation form the ideal shape
for a pressure vessel, i.e. perfectly round, 1s
investigated. But to investigate these deviations
itis first necessary to find them, and this is the
main purpose of geometry pigs. The first
geometry pigs were designed to overcome the
problems of using gauging pigs. Once a gauging
pig had indicated there was a problem, the time
and cost of locating it was prohibitive.

By using an odometer wheel to measure the
distance traveled, and a mechanically activated
stylus to indicate the extent of the damage, the
resulting paper chart provided a trace which was
proportional in length to the pipeline and on
which were indicated the reductions of diameter.
Skilled analysis could not only provide a
measure of the reduction but also a reliable
estimate of its shape and probable cause.
Geometry pigs have been developed and
improved continuously, and most now
contain an electronic package and rely on
computer analysis which greatly
enhances both the accuracy and the amount of
information which can be provided.

One type utilizes a non contact (eddy current)
method to provide a profile of the side
diameter of the pipeline. This works on the basis
of the measurement of the distortion of a
magnetic field caused by variations in the pipe
diameter. This provides it with exceptional
performance characteristics, especially with
respect to maximum permissible speeds.

Leak detector pigs

There are a number of techniques used to detect
and locate leaks in a pipeline.

One leak detection system works on the
principle that a liquid leak will emit an
ultrasonic frequency when the fluid is forced
through a small hole in the pipeline under
pressure. This pig must not be in close contact
with the pipe wall to ensure that it does not make



Any sounds which the hydro phones may pick
up and record as a leak. The instrument carried
in the pig's body prints out a tape which provides
details of the time at which a leak is heard.
Using a time base and a magnetic marker
system placed at known points on the outside
of the pipeline, the leak can quickly be traced.
Several systems are based on pressure decay.
This simply means that if a section
of the pipeline is isolated using a pig or sphere
then, if there is a leak in that section, the pressure
will fall. There are a number of ways in which
pigs can be used to detect leaks by pressure
decay. It can be done using either one or two
pigs, but all must carry rehable locators.
Another system locates leaks using a pig which
carries an onboard flow meter. It is pumped to
any given position within the pipeline and
halted. The line is then pressurized and the pig
will literally measure the flow of fluid through
the flow meter housed in the body. The flow
meter then transmits both the volume and the
direction of the flow through the pipe wall to the
operator, from which it is possible to determine
the location of'the leak.

Yet another system, based on radioactivity, has
been made possible by the development of
highly sensitive detectors which allow the use of
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Very low level, short half life, radioactive
sources, making it extremely safe. The
radioactive fluid is introduced nto the pipeline
and leaks out into the surrounding line cover. A
pig carrying the detector is then launched which
records the time at which the leak 1s detected.
With radioactive markers attached to the line at
known points, the leak can then be located.

PIG SIGNALERS, LOCATORS,

‘ AND TRACKING SYSTEMS

It is always necessary to know when a pig has
left the launching trap and when it arrives at the
receiver. However, whenever pigging takes
place in other than routine conditions, it may be
helpful to know where the pig is at any given
time.

Then, if anything does go wrong, valuable time
is saved in looking for it. Firstly, it 1s important
to understand the terminology:

Pig signaling is a method of indicating when
the pig has reached a certain point in the
pipeline. Thisis usually achieved by attaching
Triggering device or “signaler”. This may be
activated by the pig physically moving a lever or
plunger which protrudes into the line (referred to
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Triggering device or “signaler”, This may be
activated by the pig physically moving a lever or
plunger which protrudes into the line (referred to
as intrusive), or by remotely sensing the pig's
presence from outside the pipe wall by, for
example, a change in the magnetic field. This is
usually referred to as a nonintrusive signaler.
* Pig locating i1s a method of determining the
position of a pig, normally when it is stationary,
and usually due to it being either held up (due
perhaps to low flow conditions), or stuck (due to
damage or obstruction). This normally requires
the pig to carry a transmitter devcice of some
kind, and a receiver to be carried
along the line to locate it.

* Pig tracking is a method of literally following
the path of a pig either continuously or, more
likely by locations series of predetermined
points. This can be achieved by various methods
including transmitter/receiver systems, mass
balance via computer calculations, and by
acoustics.

LIST OF PIPELINE
IMPERFECTIONS
AND CONDITIONS

Buckle
Corrosion
Cracks
Dent
Disbanded
Erosion
Gouges
Inclusions
Lamination
Mechanical damage
Obstructions
Ovality
Porosity
Radius bends

» Shvers

| Wrinkles
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