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10” Sphere Launcher, skid mounted, with block valve and
' blow downs.

10” Sphere Receiver, skid mounted, with block valve and
blow downs.



PIPELINE PIGGING EQUIPMENT

BY

BKW, INC.

BKW, Inc. is the leader in advancing the state of the artf in pipeline pigging and
has advanced pipeline pigging info an engineered science.

BKW, Inc. is proud to present this booklet containing engineering design and
specifications for pipeline pigging. BKW is available to provide your company
with the most efficient pigging system to meet your needs.

The pigging advancements are a result of experience and the need to provide
new equipment to perform difficult and new challenges.

ltems that advanced pigging fechnology:

Tadpole pig for traveling through short radius ells and tees without hanging
up. *

Simplicity sphere launch pins fabricated from off-the-shelf material. Seal
changing with minimum teardown onsite.

Piggable Y's and switches fabricated to meet clients configuration. Y's and
switches designed to replace expensive pig fraps and reduce maintenance
costs.

Pig trap frays to allow easy loading and unloading large diameter pigs in and
out of pig traps.

Light weight jib cranes with 360° rotation for loading and unloading pigs.

Ball Hook for easy handling spheres during loading and unloading in
launchers and receivers.

* Patented

BKW, Inc.

P.O.Box 581611
Tulsa, Oklahoma 74158

Phone 918-836-6767 Fax 918-836-0141
email bkwinc@aol.com  website www.bkwinc.com




The pictures below show a 427 pig trap tray with ram designed for a pig trap barrel set
up for smart pigs. The tray is not designed for smart pigs, but is used to run cleaning
pigs on a weekly basis. The ram is equipped with two extensions to push the pig 20
feet into the barrel. A 5 HP hydraulic power pack is used to operate the ram. The pig
trap barrel centerline is almost 6 feet above grade requiring a ladder and platform to
enable the workers to work the pigs and ram extensions.

20” ANSI 600 Y with straight run and 90° lateral for underground use. The unit has a 3
' diameter radius bend for handling smart pigs.




PIPELINE PIGGING —1

|\ Brian C. WEBB
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EACH: pipeline system is unique. The
final selection of a pigging system
will be based upon the pertinent fac-
tors involved in that particular sys-
tem. This article provides information
and guidelines only. It is nat to be
construed as a design standard.
Purpose of pigging. Pipeline pigging
is used to accomplish various opera-
tions inside an in-place pipeline sys-
tem. The only alternative to running
pigs is to uncover the pipe and cut
put sections. Operations accomplished
by pipeline pigging are as follows:

Adapted from ASME Petroleum Division
paper 78-PET-74, “Art of Pigging,” present-
ed at Energy Technology Conference, Hous-
ton, Tex:, Nov. 5-9, 1978.

- BKW, Inc.
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T
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1. Periodic removal of wax, dirt,
and water accumulation from lines.

2. Product separation to reduce the
amount of interface in the transition
zone between different types of flow-
ing crude oil or refined products.

3. Control of liquids inside a pipe-
line. Examples are reducing liquid
accumulations in two-phase-flow pipe-
lines, filling pipelines for hydrostatic
tests, dewatering pipelines following
hydrostatic tests, drying operations,
and purging hydrostatic test water
with petroleum liquid.

4. Inspection of pipelines for detect-
ing dents, buckles, or excessive cor-
rosion using gauging pigs and elec-
tronic or caliper type pigs.

5. For application of internal coat-
ing to the walls of the pipeline for
corrosion protection.

Types of pigs. Pipeliners’ imagina-
tions have run wild in designing and

ulsa, OK 74158
Fax 918-836-0141

building a pig. Many pigs have been
made on the right-of-way when a
special problem had to be solved.
Some of these pigs are now available
as standard off-the-shelf items.

The term pig means any device that
is used inside a pipeline and can
usually be classified as pigs, spheres,
and foam-type pigs (Fig. 1). The pig
generally consists of a steel body
equipped with rubber or plastic cups
for sealing purposes. ;

Brushes or scrapers are attached to-
the steel body with springs to force
the brushes against the pipe walls.

Generally a device other than a
brush-type pig will be referred to by
a more definitive name such as
sphere, squeegee, etc. i

Pigs that do not have brushes or
scrapers are usually equipped with
extra cups called squeegees. This type
of pig is used where extra sealing is

Types of pigs

Fig. 1
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required such as in - separation of
batches in refined products and crude-
oil pipelines, and hydrostatic test and
drying operations in pipelines.

Pigs are available for just about
any purpose and pipeline system.
Some pigs are long for going through
check wvalves, some are short for
negotiating weld ells, and some are
long and hinged in the middle for
hoth applications.

Foam pigs are made of an open-
cell-type foam with a hard rubber or
plastic wrapper. These pigs are also
made in brush form.

Foam pigs are available in various
lengths and styles. However, the
length is usually twice the diameter.
Foam pigs form a seal against the
ingide of the pipe by compressing the
foam and do not seal from pressure
differential as other types of pigs do.

Spheres are round rubber or plastic

balls. These balls are hollow and
filled with a liquid. The ball is
pumped-up to the required diameter
and inserted in the pipeline.
Spheres are primarily used for
batch separation and liquid control in
two-phase flow lines because the
pigging can be easily automated.
Sealing. In order to move a pig
through a pipeline, a pressure differ-
ential is required across the pig. This
pressure differential provides the
force to overcome friction of the pig
against the inside of the pipe wall.
The force to move the pig depends
on several factors such as travel up-
hill or downhill, friction coefficient
and force between the pig and pipe
walls, and the lubrication available
such as dry gas or crude oil.
The cups are designed so the pres-
sure differential (AP =P, — B,)
across the pig is used to create a

Fig. 3
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seal between the pig and the pipe
wall (Figs. 2a and 2b). The force
required to move the pig through the
pipe, F = AP x A,1b, where A=
pipe cross-sectional area.

The cups of a pig are usually 1/16 to
Y4-in. larger than the inside diameter
of the pipe. This cup is designed to
minimize blow-by while reducing
wear on the cups.

Some blow-by will always occur at
the longitudinal weld on the pipe (Fig.
2¢) because the cup will bridge over
the seam and leave two channels on
either side. The amount of blow-by
depends on the amount of protrusion
of the longitudinal weld and the stifi-
ness of the cups.

As cups become softer, blow-by de-
creases. However, the wear rate in-
creases. Therefore, a trade-off has to
be made. The blow-by caused by the
longitudinal seam also occurs when
using spheres and foam pigs.

The amount of inflation of spheres
depends upon the service and usage.
In refined-products pipelines, the
spheres are sometimes used to
separate batches of products to re-
duce product contamination.

Three spheres will be injected as
the product changes from one batch
to another. The spheres will reduce
the interface by about 50%.

The spheres are inflated to a diam-
eter of about 2% more than the ID
of the pipeline (Fig. 3). This is the
optimum inflation to provide a suf-
ficient seal without excessive wear.

The pressure P; inside the sphere is
sufficient to expand the sphere against
the pipe wall to form a seal when the
sphere is subjected to maximum
working pressure. On new pipeline
systems, experimentation will be re-
quired to obtain the desired results
with a minimum amount of wear on
the spheres.

In two-phase flow service, the
spheres are sometimes under-inflated
to allow some blow-by to lower the
density of the liquid ahead of the
sphere, This will provide a more-
constant velocity of the sphere in hilly
terrain.

Foam pigs obtain the sealing pres-
sure because of their oversize. The
recommended oversize to obtain the
maximum seal with minimum wear is
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- Cleaning pigs

Fig. 4
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Table 1
Foam pig oversize
Nominal pipe o
diameter, in. Qversize, in.
1106 0.250
8 to 16 0.375 to 0.500
18 to 24 0.750 to 1.000
26 to 48 1.000 to 2.000

shown in Table 1.

The oversize dimension is the dif-
ference in the outside diameter of the
foam pig and inside diameter of the
pipeline. )

The pressure behind the pig is, of
course, pushing the pig ahead. At the
same time, the friction of the pig
against the walls of the pipe is re-
sisting movement. This has a tend-
ency to compress the pig and increase
the pressure on the pipe walls thus
increasing the sealing action.

This phenomenon also applies to
spheres, however to a lesser extent.

General considerations. An under-
standing of the problems with pigging
and how a pig behaves inside a pipe-
line will enable an operator to select
the type of pigging operations best
suited for a particular pipeline sys-
tem and service.

After the type of pigging operation
has been selected then design con-
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siderations should be incorporated
into the pipeline system to facilitate
the pigging operation and to eliminate
possible operating problems. This is,
of course, done during design and not
after construction.

Most pipeliners feel it is easier and
cheaper to erase a line on a drawing
than cut and weld pipe.

Pigs, spheres, and foam pigs will
travel at about the same velocity as
the flow of the product, whether liquid
or gas. In liquid lines, the flow is con-
stant, and the pig will travel at an
even velocity.

However, for gas service, the pig
will travel awhile, then stop and rest
awhile. This is a result of the pressure
differential required to move the pig.

Since the force required to start the
pig is greater than the force required
to sustain travel, a pig will begin
moving at a certain pressure differ-
ential, but continue on until a much
lower pressure differential is reached.
Usually, the pig will stop at a weld.

The force required fo move past a
wegld is added to the friction force.
The pig then stops until the pressure
differential is attained for restarting
the pig. This is particularly true for
running pigs against atmospheric
pressure during cleaning and testing
operations on new construction.

Higher working pressures have a

tendency to dampen this phenomenon.
However, the start-stop style nf travel
still occurs.

Caution should be exercised when
running a pig with air or gas when
it becomes stuck. Increases in line
pressure to dislodge a pig have been
known to release the pig at such high
velocity that the pig will go through
the side of thin-wall pipe while trying
to negotiate sharp field bends.

Side outlets larger than 50% of the
pipe diameter should be equipped
with bars to prevent the pig from

_stopping at the outlet and possibly

causing damage to the pig.

Ells should have a minimum radius
of 11 times the diameter, or 3R.
Although there are pigs that will
negotiate 114R radius ells, the 3R
ells will give the operator a larger
selection of pigs.

Pigging operations on gas-transmis-
sion pipeline systems are performed
primarily to maintain efficiency by
cleaning and swabbing the pipe and
for emergency situations.

Pipeline sections downstream of
compressor stations will require peri-
odic pigging to'remove lubricating oil
from compressor units. This oil will
travel along the walls of pipeline and
collect in sag bends causing restric-
tions in flow.

Mishaps occasionally occur in gas-
gathering systems where a- slug of
liquid will be injected into the pipeline
system, When this happens, the liquid
acts in the same manner as the lubri-
cating oil and collects in the sag
bends causing restrictions in flow.
These restrictions can cause hydrates
to form that can eventually plug the
pipeline.t *

To prevent this, methanol injection
and pigging are required to remove
the liquids. Automatic line-break con-
trols on mainline-block valves should
be investigated for the effects of
sudden pressure drops caused by pass-
ing pigs.

Two-phase flow pipeline systems
use pigs to keep the liquid drop out
at a level that will maintain the
design efficiency of the system. Clean-
ing pigs can also be run through these
pipelines to remove foreign material
that may accumulate.

Cleaning pigs are used in all types
of pipelines to increase efficiency.
Many articles have been written con-
cerning the increase in efficiency of
pipelines as a result of periodic pig-
ging? # 4. This has proven to be the
most economical means of maintain-
ing maximum flow rates when com-
pared to adding horsepower or looping

*Such numbers designate references to be
presented in Part 2.
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with additional pipeline.

The cost of adding pig traps is a
small fraction of the cost of the whole
pipeline system, and the cost of pig-
ging is very economical. Liquid-pipe-
line systems also use pigging to re-
move water from sag bends that may
cause internal corrosion.

The cleaning action of a brush pig
is caused by the movement of the pig
through the pipeline. One pig run can
not be expected to do much cleaning.
Several runs must be made to ac-
complish significant results.

The brush or scraper pig should
have holes in the pig to allow for
bypass ‘(Fig. 4). This is the case for
both liquid or gas service.

The bypass will prevent a build-up
of material in front of the pig which
may cause a plug. The material will
be distributed ahead of the pig in the
streamn and this distribution will in-
crease as more product is bypassed.

An example of the theoretical
amount of cumulation that can form
in front of a pig is as follows:

Assume a 24-in. diameter pipeline,
100 miles long, in which a 'pig can
remove 1/64-in. or .016-in. of a wax
material from the walls of the pipe-
line, After 100 miles, this would
amount to a plug with a total length
of 1,450 ft,

Common sense informs the pipe-
liner that this will not work so adjust-
ments have to ‘be made to ensure
problem free pigging.

The material cleaned by a pig will
follow the flow at the receiving trap.
This means most of the material will
go through the side valve rather than
into the trap barrel.

Pump stations and compressor sta-
tions on pipeline systems using pig-
ging should be protected from slugs
of foreign material as a result of
pigging.

Foam pigs with brushes have a
built-in bypass. The brushes are short
and fixed to the pig body. The blow-by
accurs through the brush. This blow-
by helps keep the brushes cleaned out.

Any accumulations of material will
tend to prevent blow-by. If additional
bypass area is necessary, the rubber
or plastic covering on the nose of the
pig can be cut out (Fig. 4) allowing
passage of gas or liquid through the
open-cell foam body.

Spheres have a peculiar way of
winding up where they are not sup-
posed to be, The design of openings,
and side taps on pipelines should be
carefully considered when running
spheres.

In gas or liquid service and at low
flow rates, the sphere will usually
stop at the launcher-trap side valve
tee when launched in a conventional

Runaway pig
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pig trap (Fig. 3). The bars on the tee
will apply pressure on the sphere and
trap it, and the tee will provide suffi-
cient area for the flow to bypass the
sphere.

To overcome such stoppage, the tee
should be over-sized and set at a slope
(Fig. 3c¢) to allow the sphere to travel
freely past the tee branch and on
through the pipeline.

Special tees are available that are
designed to allow a sphere to pass
freely, These tees are oversized and
do not require a slope to operate
satisfactorily.

All branches 509 and larger of the
main line should be equipped with
bars or some means of preventing the
sphere from entering the branch. Any
other branch that could be used while
a sphere is in the pipeline such as a
blowdown at a main line block valve
should have bars.

These precautions will prevent the
spheres from being forced into branch
connections and causing a disruption,
Foam pigs will perform much the
same manner at branch connections
as spheres.

Spheres have difficulty traversing
check valves at low flow rates be-
cause the check-valve clapper will not
be in the open position. The clapper
will be trying to close because of its
weight. The energy of flow will be
trying to hold the clapper up.

The clapper angle depends on the
flow rate and weight of the clapper,
This angle is the result of the two
forces and occurs in both liquid and
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gas service.

At large flow rates, spheres will
traverse check valves because thz
momentum of the sphere striking the
clapper will push the clapper into
the open position. Before the clapper
can recover and come down on the
sphere, the sphere will have traveled
through the check valve.

The sphere momentarily stops when
it strikes the clapper, and then the
flow accelerates the sphere and car-
ries it on through the valve. As the
flow decreases, the momentum of the
sphere and the angle of the clapper
decrease until the sphere can no longer
knock the clapper aside.

When this occurs, the clapper traps
the sphere in the check-valve bowl,
and flow bypasses the sphere and
clapper through the valve body.

Flow rates have to be increased sub-
stantially to clear the sphere from
the check wvalve. This flow rate is
greater than the minimum required
to prevent the sphere from being trap-
ped.

Where traversing a check wvalve,
pigs should be sufficiently long to re-
strict the flow and maintain a pres-
sure drop that will keep the pig
moving. This pressure differential
should be large enough to overcome
the force of the clapper. Also the
check-valve body design should be
considered to prevent the pig from
being caught in the bowl.

Like spheres, foam pigs have the
ability to traverse restricted pipe sec-
tions of pipeline systems such as re-
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duced opening walves or plug valves.
They are also capable of going through
pipelines with large: deposits on the
pipe wall.

Restricted sections should not be
less than 809% of the pipe or damage
may occur to the pig. Foam pigs are
somewhat flexible and can traverse
short radius ells and may even go
into the branch line of tees if the full
flow is through the branch.

Foam pigs behave much the same
way as spheres. The piping must be
designed in a similar manner to keep
control of the pig at all times.

The" first time a pipeline is intro-
duced to a pig is during construction.
This occurs during hydrostatic-testing
operations. Many techniques are in-
corporated in loading and unloading
pigs from test sections. This is the
period when pigs are put to the more
severe test. Most rarely survive with-
out damage.

If a pipeline system is tested in
sections, the pigs are loaded and un-
loaded in line-size headers and cages
rather than oversize launcher and re-
ceiver barrels. Loading is usually done
with a side-boom and unloading is ac-
complished with an oxygen-acetylene
mixture.

Most pipeline systems are tested
with water. A fill pig is sent ahead
of the water to provide a mechanical
separation between the fill water and
air to prevent mixing.

This pig also cleans out the foreign
material left in the pipeline. Some-
times this pig is equipped with a
gauging plate for locating dents and
" buckles.

On pipelines that have internal
coating, the system is cleaned out by
pumping water ahead of the pig and
running the water out at a high ve-
locity with a pig using gas or air®.
This will keep the water in turbulent
condition and prevent rock, gravel,
welding rod stubs, and other hard
objects from being dragged along the
pipe wall by the pig cups and dam-
aging the coating.

Bypass holes are opened in the pig
to allow the bypass of gas and im-
prove turbulence. Pigs with steel
brushes are not used in internally
coated pipelines®,

When using a sphere for filling the
pipeline, the sphere should be under-
inflated. This is particularly true if
there is considerable sand and dirt
in the pipeline.

The sphere will not seal, and blow-
by will occur. When the sphere rolls
over the sand, the blow-by will wash
the sand out from under the sphere
keeping the sand ahead of the sphere.

Sometimes a back pressure in the

pipeline is required ahead of fthe fill
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pig in hilly terrain to prevent run-
away pigs going down hill. This prob-
lem does not occur often and is not
recommended unless a careful study
indicates that an air lock will occur
without the back pressure.

Under normal conditions the run-
away pigs will not allow air to enter
the fill section because of the pressure
differential required to move the pig
through the pipeline.

If a pig starts down hill and the
column of water behind the pig be-
comes greater than the force required
to move the pig, the pig will “run-
away’ or move ahead of the column
of water (Fig. 5). This causes a
vacuum behind the pig. However, the
column of water behind the pig still
creates more pressure than the at-
mospheric pressure ahead of the pig.

Before a pig can run away, Head
P, (Fig. 5) must be greater than at-
mospheric pressure P, plus A P less
vacuum P.. Therefore, pressure be-
hind the pig is always greater than
that ahead of the pig.

Because of the combined pressure
of moving the pig and vapor pressure
of the water, any leakage will be
water bypassing the pig instead of
air trying to work back to the vacuum.
When the pig finally reaches a point
where the pressure required to push
the pig becomes greater than atmos-
pheric, the void caused by the vacuum
disappears.

The only case requiring a back pres-
sure ahead of the pig is when if is
anticipated the pig will go over a very
steep incline with a sharp sag bend
at the bottom of a hill and the mo-
mentum of the pig and column of
water will carry the pig past the sag
bend and on to a horizontal area of
pipeline.

In this case, the column of water
will not be greater than the pressure
ahead of the pig and air leakage will
occur past the pig. Sometimes the
pig will back up until the differential

approaches that required to push the
pig.

When the pig stops there will still
be a pressure differential, and air
leakage will occur back towards the
void. The amount of leakage will de-
pend on the condition of the pig and
the fill rate of the pumps to catch up
with the pig. This is an extreme case
and usually is not considered in pipe-
line filling.

If a buckle is suspected in the pipe-
line, a pig equipped with a noise
maker, radiation source, or magnet
can be run through the pipeline. If
the pig becomes stuck, the pig can
be located by walking the pipeline
with a detection instrument to locate
the pig, and the buckle can be re-
moved.

Following filling, the pipeline is
usually purged of the water by the
gas or liquid to be transported. In
the case of liquid, another pig or pigs
are used to separate the liquid from

‘the water.

On gas-pipeline systems a pig is
used to dewater. In the case of ““dry”
gas systems, additional pigs will be
run through the pipeline to remove
any water that may have been missed
by the dewater pig" 8.

A pressure differential is required
to move a pig through the pipeline
regardless of the pressure in front
of the pig. This pressure behind the
pig is always greater than the pres-
sure in front of the pig. '

In dewatering operations, if there
is any leakage around a pig, it will
be gas traveling ahead of the pig. As
stated before, the leakage will usually
occur at the edges of the longitudinal
seams in pipe where the cups bridge
over the edge of the weld.

The pig will squeegee most of the
water from the pipe -walls but a film
of water will remain. The thickness
of this film depends on the condition
of the pig and the roughness of the

‘pipe wall.

Also, as the velocity of the pig in-
creases, the film thickness increases
because the cups begin to hydroplane
over the liquid. In addition to the film,
some water will be left at girth welds
if the stringer bead protrudes inside
the pipe (Fig. 2d).

Also, liquid will collect inside tees
and other outlets connected to the
mainline. This liquid will flow back
into the mainline after the pig passes
the outlet.

Methanol is sometimes used with
drying pigs to dilute the residual water
and allow the pigs to carry out the
remaining moisture®, END

The conclusion of this two-part
article will appear in the Nov. 27
issue.
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TWO-PHASE-FLOW pipelines trans-
port both gas and a liquid.'® The ratio
between gas and liquid varies. Under
certain conditions, constant flow can
be maintained without use of pigs, if
the flow velocity is sufficient to keep
the liquid moving.

But under most conditions, periodic
pigging must be maintained to pro-
vide the maximum efficiency. Factors
affecting two-phase flow pigging are:

e (Gas-liquid ratio.

e Volume, operating pressure, al-
lowable pressure drop, and velocity
of the gas-liquid.

e Profile of pipeline, particularly
the number and magnitude of hills
and valleys.

e In the case of offshore pipeline
systems, the height of the riser from
the bottom of the riser to the slug
catcher.

e Size of slug catcher.

Slug catchers are usually sized
based on cost and available room.!!
Pigging frequency is based on liquid
flow rate and amount being carried
by the gas.

If all the liquid can be transported
by the gas, pigging frequently can be
at the operator's convenience. How-
ever, as the percent of liquid that can
be carried by the gas decreases, the
frequency of pigging increases.

The slug catcher has to be large
enough to catch the liquid pushed by
the pig. That also determines fre-
quency of pigging.

A major consideration in pigging is
terrain. Hill country with numerous
hills and valleys, whether onshore or
offshore, will trap more liquids than
flat country at the same flow rate,
operating pressure, pressure drop,
and gas-liquid ratio.

The liquids will settle in the sag
bends and cause pressure differen-
tials as the gas pushes the liquid level
to a point where the gas has to bubble
through the column to maintain a
flow rate.

Asthese liquid columns increase in
size at each valley, the total pipeline
pressure differential increases to the

Adapted from ASME Petroleum Division
paper 78-PET-74, “Art of Pigging,” pre-
sented at Energy Technology Conference,
Houston, Tex. Nov, 5-9, 1978,

. point that the upstream pressure may

be increased in excess of the allow-
able operating pressure of the pipe-
line system (Fig. 6). The pressure
build-up condition is called air-lock.!®

Such air-lock conditions have also
been known to occur during filling,
dewatering, and hydrostatic testing
operations. Because air-lock can be
prevented before it happens, it can
be quite embarrassing.

Risers at offshore platiorms pose a
problem when running pigs to plat-
form in two-phase-flow pipeline sys-
tems.

Pressure drops in the pipeline
system will be greatly increased and
flow rates temporarily decreased in
proportion to height.

For instance, a 200-ft riser will
increase the pressure drop in a pipe-
line by a 200-ft head if the column
of liquid ahead of the pig is 200-ft
long. As the column begins to go up
the riser, the pig will stop until the
pressure in the pipeline behind the
pig builds up to overcome the column
head. Flow rate is momentarily
stopped during this pressure buildup.

As the pressure increases behind the
pig, the pig moves the liquid column
up the riser and into the slug catcher.
As the pig moves up the riser, the
liquid column is reduced and the pig
then accelerates in velocity as a re-
sult of the gas pressure behind the
pig being practically constant.

This velocity can increase faster
than the operafor desires, The result
of this operation is a fluctuating flow
rate and a high-velocity slug of liquid.
This type of operation can be con-
trolled with proper design and oper-
ating procedures.

The only other alternative in this
case is to run the pig at such a
velocity that the momentum carries
the column of liquid and pig on up
the riser without stopping. This veloc-
ity may also be much greater than
the operator wants.

Special pigging operations include
cleaning and internal coating of in-
place pipelines. Cleaning is accom-
plished by brush pigging and pickling
with acids. Brush pigs are run
through the pipeline to remove any
material that is loose or can be
brushed away.

In some cases where the build-up of
material inside the pipe has restricted
the area to the point conventional
pigs will not travel, foam-type pigs
should be used.



Following the pig-cleaning opera-
tion, an acid-pickling cycle is run
through the pipeline with a pig at both
ends of the pickling batch. These pigs
are special heavy-duty type with
large cups. '

The lead pig is inserted in the pipe-
line and then acid is injected behind
the pig followed by the push pig.
Usually these pigs are run using air.

After the pickling batch has been
run, a neutralizing agent and a wash
is run through the pipeline in the
same manner as the pickling batch.
Following the wash, the pipeline is
thoroughly dried by running several
pigs and dry air.

The internal coating is applied in
the same manner as the cleaning op-
erations. The push pig on the coating
operation is specially designed to uni-
formally apply the coating at the
specified thickness. The cups are
designed to use the pressure differ-
ential to squeeze the coating on the
pipe walls.

All runs through the pipeline must
be run at sufficient velocity to be in
turbulent flow. This is to keep a slug
of liquid-ahead of the push pig, even
when going down steep grades to
ensure that all of the inside of the
pipe is in contact with the liquid.

Launching /receiving techniques

Facilities. Pipelines requiring pig-
ging during operations are equipped
with pig traps. The section of pipeline
to be pigged will have a launcher lo-
cated at the upstream end and a
receiver at the downstream end. Dis-
tance between traps will vary but the
maximum distance will depend on
service, location of stations, operating
procedures, and material constituting
the wear surfaces of the pig.

Materials used in pig cups and
spheres can be adapted to practically
any type of service. Manufacturers
should be consulted if there is doubt
the material will be compatible with
the service.

For petroleum products, the limit-
ing factor is the amount of lubrica-
tion from the service. For instance,
in gas-transmission service where the
gas is dry, the maximum distance
between traps should be 100 miles for
pigs and 200 miles for spheres. In
crude-oil service, the maximum dis-
tance between fraps should be 300
miles for pigs and 500 miles for
spheres.
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Head accumulation in two-phase pipeline

Fig. 6

-

le pipeline operating [
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Note: Accumulation of heads Hy, Ha, ond Hj Is additive. These heads will sometimes

\L exeeed the all
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This will give some indication of
the extremes., However, these dis-
tances will vary with such factors as
sand, wax, and other material that
may be transported along with the
product.

An example of the toughness of the
material used in pigs would be to
drag a pig behind a car for 200 miles
over a gravel road. It takes little
imagination to realize the pig would
be worn out after the trip.

This is the same condition for run-
ning a pig through a natural-gas pipe-
line system with sand and other
solids inside. Therefore, the type of
service and condition is very impor-
tant when selecting the pigging sys-
tem.

Design of the pig traps will depend
upon operating procedures, service,
and location.?® ** The type of pig must
be determined before design of the
traps and the pipeline system. This is
usually determined by the job the pig
must perform.

Pig traps, pig launchers, and other
appurtenances on the pipeline are de-
signed in accordance with ANSI B31.8
(1975), “‘Gas Transmission and Distri-
bution Piping Systems,”-DOT Stand-
ard '.j;itle 49, Part 192, “Transporta-
tion of Natural and Other Gas by
Pipeline,” ANSI B3l.4 (1975), ‘‘Liquid
Petroleum  Transportation Piping
Systems,” and DOT Standard Title 49,
Part 195, “Rules and Regulations for
Liquid Pipelines.”

Pig traps. Basic design of traps for
brush pigs, squeegees 'and foam pigs

require a barrel, short pup, trap
valve, side valve, and bypass line
(Figs. 7 and 8). The barrel is the
device for loading or unloading the
pig and is equipped with a quick-
opening closure or blind flange.

The barrel is also equipped with
either a concentric or eccentric re-
ducer, depending on the operator’s
preference. An eccentiric reducer
makes it easier to load pigs.

Barrel diameter should be 2 in.
larger than the diameter of the pipe-
line. In large-diameter natural-gas
pipelines, the barrel diameter can be
1 in, larger than the pipe diameter.

In some instances, operators will
use a sliding tray inside the barrel.
The tray will slide out of the barrel
to facilitate loading or unloading pigs.
In this case, the barrel is oversized
to accommodate the tray.

The barrel length for traps depends
on operating procedures, service, and
available space. In the case of off-
shore platforms, floor space is ex-
pensive. If only periodic pigging is
required, the traps should be made
small as possible.

On land pipelines, the length can
be increased to accommodate inspec-
tion pigs which are usually extra long.
Receiving traps can also be increased
in length to accommodate additional
pigs. '

However, for periodic cleaning op-
erations in offshore operations, the
barrel length on launcher traps can
be 114 times the length of the pig
from the bypass line to the reducer

R



Launching and receiving procedures

Pigs

Gus service — Fig. 7

Liguid service — Fig. &

Pressure indicator

Blowdown  Vent valve
Reducer Pig indicator
L 4
Closure — dI | I [o] 4—
e E $ 5§ Bars
Bypass line e
D B
C
e
Launcher T

1. Close Valves A, C, D, E, and F.

2. Blow down the lounching trap through blowdown valve G.

3. When the frap is completely blown-down, open the closure door and
insert the pig so the first cup is wedged into the line pipe.

4. Clese the closure door and open Valve D and E. Purge the trap piping
thraugh Valve G by slowing opening Valve F. When purge is completed,
close Valve G. If the trap is not equipped with Valves D, E and F, then purge
the trap through Valve C.

5, Allow the trap fo equalize to line pressure. Then close Valve F and
Valves E and D. If these valves are not available, close bypass Valve C.

&. Open trap side Yalve A, then bypass Valve €. The pig is now ready
for launching.

7. Partially open Valve B. This will force the gas flow through bypass
Valve C and behind the pig. The pig will be pushed out of the trap and
into the mainstream.

8. When the pig leaves the trap and enters the mainline past the pig
indicater, opan side Valve B fully, and close Valves A and C

9. Return all valves to their original operating positions.

Pressure indicator  Pressure relief

Pig indicater

Bars
B
1. Closa Valves A and C.

2, Drain the launching trap through drain Valve D and allow air fo
displace the liquid through vent Valve E.

3. When the trap is completely drained, open the closure door o
insert the pig so the first cup is wedged inte the line pipe.

4. Close the closure door. Close Drain Valve D and open Vent Valve E.
Fill the trap through Bypass Valve C by venting the air through Valve E. When
filling Is completed, close Vent Valve E.

5. Allow the frap to equalize to line pressure then close Bypass Valve C.

6. Open Valve A first and then open Valve C. The pig is now ready
for launching.

7. Partially open Side Valve B, This will force the flow of liquid through
Bypass Valve C and behind the pig. The pig will be pushed out of the trap
and into the mainstream.

8. When the pig leaves the trap and enters the mainline past the pig
indicator, open Side Valve B fully, and close Valves A and C

9. Return all valves to their original operating positions.

Cosure

Reducer

Launcher

Pressure indicator

Vent vaive Blowdown

i Ichlosure

Pig indicator

Receiver

1. If trap purging is necessary, open Valves D and E and purge the trap
by opening bypass Valve C.

2. After purging, allow the trap pressure to equalize fo line pressure by
closing Valves D and E with bypass Valve C open.

3. Open Valves A and C.

4. When the pig arrives, it will stop between trap Valve A and the side
tee, providing the velocity is not excessive.

5. Partially open side Yalve B. This will force the gas flow behind the
pig and into the frap and the gas will exhaust out through bypass Yalve C.

6. Open Valves E and D simultansously and blow the trap down, This
operation should be conducted to as to prevent sudden movement of the
- pig within the barrel. &

7. Open the closure door and remove the pig.

8. Close the closure door. Purge the trap as descnbed in ltem 1, and
equalize the trap to line pressure; then close bypass Valve C,

* Close wvalve A

Pressure rellef  Pragsure Indicator

Yent

11, pig lengthed

Fig indicator

Byposs line

|

1. If trap filling is necessary, close drain Valve D, open vent Valve E
and fill the trap through bypass Valve C.

2, After filling, close vent Valve E and allow trap pressure to equalize
to line pressure through bypass Valve C.

3. Open Valves A and C.

4. When the pig arrives, it will stop between trap Valve A ond the fee.

5. Partially close side Valve B. This will force liquid behind the pig
and into the trap and exhaust out through the bypass line and bypass Valve C.

6. When the pig is in the trap, open side Valve B completely and close
Valves A and C.

7. Open the drain Valve D and vent Valve E and drain the trap, This
operation should be conducted so as to prevent movement of the pig within
the barrel.

B. Open the closure door and remove the pig.

9. Close the closure door. Fill the frap as outlined in Item 1, and equalize
the frap to line pressure; then close bypass Valve C.

Receiver
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Figs. 7,8, 9

Spheres

Gos service — Fig, ¢

Blowdown Pressure indicator

X Equalizer

line, lotte
fo suit

Sphere louncher and trop isolotion valve or
comhination of both

Reducer

Pig indicator

Launcher

1. Close Valves A, B, D, and C.

2. Blow-down the launching trap through blow-down Yalve C.

3. When the trop is complefely blown down, open the closure door and
insert the required number of spheres.

4. Close the closure door and open vent Valve D. Purge the launcher
barrel through vent Valve D by slowly opening equalizer Valve B. When
purging is completed, close vent Valve D.

5. Allow the trap to equalize to line pressure,

6. Open equalizer Valve B, then trap Valve A. The spheres are now
ready for launching.

1 pipe diometer

L—“l 3y sphere diameter

Mote: Angle & will be selacted based on size of pipeline system, service, ond
operation procedures.

Receiver

1, If trap purging is necessary, close Valve A and B and open vent
Valve D and purge by opening drain Valve B.

2. After purging, close vent Valve D and allow trap pressure fo equalize
to line pressure.

3. Open Velves A and B. Trap is ready to receive spheres,

4. When the receiver barrel fills up with spheres, close trap Valve A
and drain the barrel through the drain Valve B.

5. Close drain Valve B and blow the trap down through blow-down
Yeive C. "

. Open the closure door and remove the spheres.

7. Close the closure door. Purge the trap as described in ltem 1 and
equalize the trap to line pressures; then open Valves A and B for operation,

ol

weld and on receiver traps 1l4-times
the length of the pig from the bypass
line to the closure weld.

A short pup is placed between the
reducer and the trap valve to provide
head space for the pig. This pup pre-
vents the steel nose of the pig from
coming into contact with the ftrap
valve during pressurization. If con-
tact is made with sufficient pressure
differential, the pig may damage the
valve.

In the case of large-diameter land
pipelines transporting natural gas,
crude oil, or refined products, the
trap valve and side valve should be
buried with the barrel above ground.
This will provide additional head
space on the barrel. This extra length
is especially necessary on receiving

‘traps. .

In gas service, the velocities at
receiving traps can exceed 30 mph
The extra head space is required to
stop the pig and prevent it :from
hitting the closure door.

The bypass line is attached to the
barrel near the closure on launching
traps and near the reducer on re-
ceiver traps. The size of the bypass
varies with service, but the diameter
is usually a minimum of 22% of the
pipeline diameter.

Pig indicators should be located on
the barrel pup joint near the reducer
on receiving traps, and downstream
of the side valve tee on launcher
traps. The pig indicator should be
located on top of the pipe to prevent
foreign material from making the
indicator inoperative.

Liquid pipelines require a drain on
the barrel along with a pressure
gauge, thermal-pressure relief valve,
and vent valve. The drain valve
should be located in the wvertical
position directly under the barrel.
This is to prevent an accumulation
of material from plugging the drain
and making the drain valve inopera-
tive.

Gas-pipeline pig traps require a
blowdown valve, pressure gauge, and
a utility or vent valve. Largeiﬂr{am-
eter pipelines usually require a lifting
device to load and unload pigs. The
device is usually installed when the
pigs exceed 100 1lbs. The device con-
sists of a swivel loading arm equipped
with a chain hoist or come-along.

Procedures for launching "and re-
ceiving pigs in various services is in-
cluded (Figs. 7 and 8) to demonstrate
the general practice. This procedure
may vary from pipeline to pipeline
because of the unique circumstances
of each pipeline system and combina-
tions of services.

Concerning the procedure for
launching and receiving pigs in gas

L i J
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service (rig. 7), noie ihai Vaives E,
F, and D on launcher traps and Valve
E on receiver traps are used only in
large-diameter land-pipeline service
with buried valves. These valves pro-
vide an extra margin of safety for
purging and prétecting the valve gate
from damage. For small-diameter
pipelines and in restricted areas, these
valves can be eliminated. This is a
decision of the operator.

Sphere launchers. Sphere launchers
differ from pig launchers because
they are equipped with extra-length
barrels for multiple launching.*”
These extra length barrels are called
magazines, This feature of spheres
makes them readily adaptable to un-
manned launching.

The operator can load the magazine
with several spheres, and the launch-
ing can be activated either automati-
cally or remotely. This process is
used extensively in two-phase-flow
pipelines in remote areas.

Various launching mechanisms are
available on the market so the selec-
tion of launchers is a matter of
choice. Launchers consist of check
valves, ball valves with only one side
of the ball cut out, pins, and rocker
mechanisms.

Additional valves are sometimes in-
stalled downstream of the launching
mechanism to facilitate repairs on the
launcher without shutting down the
pipeline system.

The launcher will consist of the
launcher barrel, launching mechan-
ism, isolation valve, equalizer valve
and reducer tee. The receiver will
consist of a barrel, isolation valve,
reducer tee and a drain that will suf-
fice as an equalizer line (Fig. 9).

Both launcher and receiver should
be equipped with a pressure gauge,
blow-down, and utility valve. Pig in-
dicators are installed on the launcher
downstream of the side-tee reducer
and on the receiver just upstream of
the tee,

A sphere-launcher barrel or maga- -

zine will hold several spheres ready
for launching. The length of the maga-
zine depends upon the frequency of
running spheres and the frequency
of reloading.

In remote areas such as oifshore
platforms that are affected by
weather, a safety factor should be
included in the event the reloading
schedule cannot be met and pigging
must be maintained to prevent shut-
down of facilities.

Large magazines can become too
long or tilted at an excessive angle,
causing excessive weight on the bot-
tom sphere. This will cause the
spheres to bind and the release mech-
anism to malfunction.
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To prevent this, the magazine angle
should be reduced to cause the maga-
zine walls to absorb most of the
weight of the spheres. A recommend-
ed angle for the magazine is shown
in Table 2.

Table 2
Launcher, magazine
angles

Angle of

fauncher Angle of

Nominal ' mechanism,  magazines,
diameter, in. - degrees degrees
4t08 45 15
10t0 20 20 10

22 to 48 20 5

The diameter of the launcher and
receiver barrels for sphere service is
2 in. larger than the diameter of the
line pipe. The barrels can usually hold
10 spheres and have been known to
hold 15 spheres.

For convenience of loading and un-
loading, the closure-door hinge should
always be in the vertical to enable
the operator to open and close the
door without the aid of extra equip-
ment. The receiver barrel should have
a horizontal pup near the closure
which is one diameter in length.

The blow-down on the launcher and
receiver barrels should be near the-
highest point on the barrel. This
would be near the closure on the
launcher and at the valve on the re-
ceiver. Likewise on the receiver bar-
rel, the drain should be at the lowest
point. The drain should tap into the
barrel in two places to prevent the
spheres from rolling over the drain
and stopping flow.

The two drains should be apart a
distance of one-half to three-fourths

Fha linAars  Atarmarsr T RA fmaiiaiivor
IS SPNCIC GIanoiShr —L00 TRUSLEIsT

line and valve on the launcher'can be
located at operator’s con‘?‘eniénce.

Hoisting mechanisms should be
available to facilitate loading and un-
loading spheres when the pipeline
diameter is 20 in. or larger.

Combination sphere and pig launch-
ers can be designed for special con-
ditions where spheres are required for
liquid control and pigs are required
for periodic cleaning operations.

Fig. 9 gives the procedure for
launching and receiving spheres in
gas service. For liquid service, cer-
tain modifications must be made for
draining the barrels.to prevent spill-
age when the closure doors are
opened. The operation is basically the
same as that for gas service,
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Addendum to “Art of Pipeline Pigging” : BKW, Inc.
12/30/11

Pig / Y Compatibility

Please reference ASME paper titled “Art of Pigging” and Drawing No. 2010-100.

Bar tees and spheres, pigs and check valves and pigs and Y’s all have to be
compatible. The pigging article discusses the problems encountered when running
spheres through a bar tee. This same problem exists when running pigs through check
valves and Y’s. When running a pig through a check valve, the pig and check valve are
designed to be compatible. The distance between the entry and the exit of the check
valve is called the bowl length. For check valves o pass pigs, this length has to be less
than the length of the pig in order for the front cups on the pig to enter the exit before
the back cups leave the entry. If the pig was shorter than the bowl length, the weight of
the clapper would hold the pig in the bowl and flow would bypass the pig.

Examine Drawing No 2010-100. Three-diameter radius bends are used in fabricating
Y’s to allow the passage of smart pigs. Three-diameter bends reduce the pressure drop
required to move the pig through the bend; however, the longer the radius, the longer
the bowl length and the more difficult to pass standard pigs because of low flow rates
and excessive interference.

Two methods for correcting pig passage problems are the use of longer pigs and
reducing the interference between the outside diameter of the pig and the pipe inside
diameter. Lengthening the pig will prevent excessive blow by and thus maintain the
required pressure drop across the pig to move it through the Y.

The interference should be reduced to reduce the pressure drop required to move the
pig through the pipeline. For instance, in a 10-inch diameter pipeline, the flow area is
around 79 sq. in. The force behind the pig at 10 psi pressure drop is 790 Ibs. This is
more than sufficient for good pipeline pigging. Should the pig hit a restriction, the
pressure will increase until the pig overrides the restriction and the same applies when
chasing liquids. Experienced pipeline operators know there are no two pipelines alike
and there is not one operating procedure that is a “fits all’. Start up operations requires
experimenting with various pigs, launch frequencies, flow rates and pressure drops until
the optimum operating procedure is achieved. In gas gathering systems, flow
conditions change, requiring pigging procedures to change, thus experimentation
continues throughout the life of the system.
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Piggable Y and Pig Trap Comparison

Drawing Y-1000 below shows a typical gas gathering system with pig traps for running
pigs. Some gas gathering systems transport dry gas and are not equipped with pig traps
since there is not an accumulation of liquids that need to be removed. However, in gas
gathering systems that have associated liquids, pig traps are required because pigs are
used for removing liquids accumulations, which in hilly country could cause gas lock.

A typical gas gathering system transporting associated liquids will have main trunk lines
transporting gas from production to a plant to be processed into pipeline quality gas for
sales. When large amounts of liquids are encountered, the plant will be equipped with a
slug catcher that separates the liquids from the raw gas and stores the liquids for
processing. The size of the slug catcher depends on the produced volume of liquids, the
pigging frequency and the design of the gathering system.

The typical gas gathering system will have a flow line with a pig launcher “C” at each well
and a pig receiver “C” at the main trunk line. A pig will be launched at the well and push
the liguids into the main truck line. As each well flow line dumps liquid into the main trunk
line, the volume of liquid accumulates to the capacity of the slug catcher. At this point, a
pig is launched at “A” and received at “B” and removes all the liquid in the main trunk line.

The slug catcher capacity and the pigging frequency can be reduced by installing
piggable Y’s in place of pig receivers “C" (see Drawing Y-1001). The piggable Y allows
the pig from launcher “C” to go into the main trunk line and push the liquids to receiver “B”
at the plant site. This reduces the volume of the liquids received at the slug catcher, thus
a smaller slug catcher. The pigs launched at each well site will push liquids to the plant
site reducing the frequency of launching from launcher A on the main line.

The initial cost of the Y installed is approximately a fourth of the cost of a pig receiver.
The Y can be buried, thus appurtenances are not visible aboveground. By eliminating a
pig receiver, the pig retrieval expense is eliminated along with the aboveground
appurtenances and the access road to the receiver trap. Also, by eliminating the pig trap,
the maintenance of the trap and road is eliminated. In addition, the Y radius is 3 diameter
thus allowing for smart pig passage should this be required.

YtrapComparison : 1
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The tadpole pig was developed to go through 90° ells and tees without an increase in
pressure drop. The pressure drop from the back of the pig to the front of the pig is the
force required to move the pig through the pipeline. The tighter the pig inside the pipe,
the more pressure drop required to move the pig. e

A standard cup pig has to bend or deform when going through a long radius (3 radius)
weld ell. This requires more force or increase in pressure drop. When dewatering or
running pigs in gas service and there is a riser the end of the pipeline, the pig will stick in
the 90° ell and pressure has to build up to get the pig to clear the ell. This can take
some time. The tadpole pig will not stop because of the design.

In addition, the tadpole pig will go through the lateral in a tee because the pig will go with
the flow. This feature allows laterals to be pigged when necessary.

Picture below shows one of two 8-inch ANSI 150 Non-sealing Pig Switches with 5
diameter bends,




16” ANSI 600 Pig Receiver,
skid mounted, with trap valve
and side tee.

3-way, 6" Pig Switch with
air operators.

30" Ball Hook for safely 30" Pig Trap Launcher Tray with gas powered ram
handling spheres. for advancing the pig to the barrel reducer



