
Abstract

Before the operator of a gas export pipeline offshore Asia could isolate 
the line and replace leaking pig trap valves on their platform and per-
form in-line inspection (ILI), they had to remove a serious obstacle: a 
cleaning pig that had stalled just beyond the pig launcher. 

Because there is no standard tool for recovering a stalled pig, at least 
not without blowing down the pipeline, the operator contracted T.D. 
Williamson (TDW), who engineered, tested and deployed a bespoke re-
covery tool. The pig was removed in an operation that resulted in only 
five hours of downtime. 

TDW then used in-line technology to isolate the pipeline and create a 
safe work zone for the valve replacement. TDW also developed a cus-
tomized cleaning pig and a progressive pigging program to ensure the 
pipeline was sufficiently clean for both normal operation and ILI. 

Innovation Brings Pipeline Back to Normal

Bespoke Technology Solutions Free Stuck 
Pig and Enable Valve Replacement, 
Allowing Production to Resume
R. G. Lie > T.D.Williamson 
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1. Introduction

Day in and day out, year after year, technology keeps up 
its end of the pipeline integrity bargain, enabling safe 
and efficient operation. Valves open and close effortlessly, 
cleaning pigs dispatch wax, water and contaminants, and 
the sensors of in-line inspection tools capture real-time 
data about cracks, dents and other anomalies. It all works 
like a well-oiled machine.

Of course, nothing in this world is infallible, and the 
occasional technical hiccup is not uncommon. In most 
cases, though, these problems can be resolved rela-
tively quickly and with customary intervention.  

But when a third-party service provider launched 
a 28-inch, bi-directional cleaning pig into a gas ex-
port line offshore Asia, they experienced more than 
a simple “technical hiccup.” Their pig stalled just be-
yond the launcher isolation valve, stopping halfway 
into the barred production tee that prevents the pig 
from traveling down a branch connection. Although 
the pipeline wasn’t completely obstructed, running a 
pipeline with a pig stopped inside is hardly a realis-
tic operating scenario, even in the short term. In fact, 
the operator was rightly concerned that pressure 
and flow around the pig could eventually make a bad 
thing even worse, pushing the pig in far enough to 
block the pipeline entirely and shut down production. 

Because there’s no plug-and-play solution for a stalled 
pipeline pig — at least not without blowing down the 

entire pipeline, a financially and environmentally 
costly process — it would take engineered-to-order 
technology to recover the pig. 

And that would be just the first step to bring production 
back to normal.  

2. Avoiding Shutdown

Regular pigging activities are essential to integrity 
management. For gas export pipelines (GEP), though, 
the need is amplified. GEPs transport the entire pro-
duction between the offshore field and the onshore 
processing terminal — in this case, hundreds of mil-
lions of standard cubic feet (MMSCF) per day. If an-
ything causes the pipeline to go offline, the revenue 
stream dries up. That’s an enormous risk no operator 
wants to take. 

To avoid the possibility of shutdown, GEP operators 
run cleaning pigs daily, weekly or monthly, depending 
on production conditions. Pigging requires fully func-
tional and well-maintained pipeline components at 
both the launching and receiving end of the pipeline, 
including pig traps, pig trap valves, and emergency 
shut down valves (ESDV). If any of them malfunction 
it can make pigging very difficult, if not impossible. 

In this case, two pig trap valves located on the platform 
were not sealing completely, causing pressure buildup 
of the pig launcher during service and preventing reg-
ular pigging from being carried out. The operator had 
planned for their replacement and T.D. Williamson 
(TDW) was scheduled to deploy its in-line SmartPlug® 
isolation technology to create a safe offshore work 
zone while the pipeline remained in service. 

Obviously, though, TDW couldn’t launch the SmartPlug 
tool with a pig in the way. 

With one challenge stacked on top of another, the oper-
ator needed to take action to make the pipeline pigga-
ble. That would allow them to resume normal pigging 
operations and perform a long overdue in-line inspec-
tion to check the pipeline’s integrity. They turned the 
entire project over to TDW, whose multi-phase re-
sponse began with the development of a bespoke pig 
recovery tool. 

Figure 1: Bi-directional pig stuck in the barred production tee.
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Ultimately, TDW 

• Created and deployed a specially designed tool 
to recover the stalled pig by pulling it back to the 
launcher.

• Isolated the offshore section with SmartPlug® 
technology so the operator could replace the leak-
ing valves, restore the integrity of the gas export 
line at the platform, and safely resume normal 
production. 

• Developed a tailor-made cleaning pig and progres-
sive pigging plan to prepare the pipeline for the in-
telligent pig run. 

But before they could do any of that, TDW had to fig-
ure out why the other provider’s pig stalled in the first 
place. 

3. Hanging in the Balance

Pigging service providers know that a pig can stall dur-
ing operation when a considerable amount of debris 
collects in front of it. To prevent this, they build “by-
pass” into the pig by drilling holes into the body or 
discs.

Bypass allows product to flow through and ahead of the 
pig as it travels through the pipeline, creating turbu-
lence that flushes the debris or holds it in suspension. 

Designing a pig with bypass requires striking a bal-
ance. Too little bypass and the pig won’t create enough 
turbulent flow. Too much bypass and there won’t be 
enough differential pressure behind the pig to drive it 
forward. 

Most of the time, engineers find the middle ground. 
Unfortunately, in this case, the usual yin and yang of 
pig bypass design was slightly off.  The (somewhat 
ironic) result:  The bypass became the obstruction.

TDW engineers discovered that the pigging service 
provider had modified their bi-directional pig to allow 
a relatively large portion of gas to flow through it. On 
the face of it, this was not necessarily a negative: It was 
intended to allow for optimal turbulence ahead of the 
pig. 

However, because of the pig’s heavy polyurethane (PU) 
disc stack-up, more differential pressure was required 
to move it compared to a conventional bi-directional 
pig. 

The imbalance was evident almost as soon as the pig 
was launched. Once the pig entered the barred produc-
tion tee, the combination of large bypass and high dif-
ferential pressure created even more bypass around 
the perimeter of the discs. This meant there was no 
longer enough differential pressure to push the pig 
through the tee. When a portion of the front disc pack-
age partly disengaged, creating even more bypass, in-
sufficient drive on the discs caused the pig to stall. 

4. Considering the Alternatives

With so much on the line in terms of both integrity 
management and throughput, the operator wasted 
no time considering various recovery strategies. It 
seemed like it might be possible to use another bi-di-
rectional pig to push the stalled pig back to the on-
shore receiver. However, this would increase the risk 
of the pig getting stuck farther into the pipeline. For 
example, if it became caught in one of the many bends 
in the subsea tie-in spool connection between the sub-
sea pipeline and platform riser, a challenging subsea 
rescue would be required.

That left the project team with only one viable alter-
native: pulling the stalled bidirectional pig back to the 
launcher. While this would eliminate the risks associ-
ated with pushing the pig to the receiver, it was still no 
quick or simple fix. There’s no standard rescue equip-
ment to do the job.

Figure 2: Lance with support and wheel assembly attached to gripping tool.
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Instead, TDW engineered, designed, manufactured 
and tested an application-specific recovery tool at its 
Global Solutions Center in Stavanger, Norway. 

5. First Things First

Engineers envisioned the pulling tool being a wire and 
hydraulic cylinder that would attach to a strong hold in 
the pig body on one end and a strong hold behind the 
launcher on the other. 

One of the earliest steps in the tool design process 
was determining how much recovery force would be 
required to pull the pig back safely and successfully. 
The calculation was complicated by the fact that dur-
ing pigging, the pig’s polyurethane sealing discs fold 
backwards. To reverse the pig out of the pipeline would 
require enough pressure to flip and fold the discs in 
the opposite direction. If the discs failed to flip, the pig 
would remain stuck, unless an extreme force was ex-
erted upon it, with potentially catastrophic results.

To conduct recovery force testing, TDW built a replica 
of the offshore pipeline launcher, including the barred 
production tee. To make the replica as authentic as 
possible, TDW also acquired a pig from the operator 
that was identical to one stalled in the pipeline. 

Each test provided a better understanding of how to 
achieve a successful recovery.

• For the first test, technicians loaded the opera-
tor’s pig into a straight section of the replica pipe-
line that was pressurized to the expected offshore 
level of approximately 3 bar (43 psi) then propelled 
it using water as the pigging medium. Once again, 
this pig stalled when it entered the barred tee. At a 
recovery force of 3.5 bar to 4 bar (50.7 psi to 58 psi) 
the discs partially burst instead of flipping, the pig 
didn’t move and there was water leakage across 
the outer disc parameter. 

• After inspecting the front disc pack, technicians 
repressurized the test pipe to 3.5 bar to 4 bar (50.7 
psi to 58 psi) then reloaded and relaunched the pig. 
This time it moved a short distance before stall-
ing — about a meter, or 3.2 feet — and water once 
again leaked across the disc perimeter. However, 
the front seal disc pack flipped; the rear disc pack, 

which was closest to the launcher, did not. When 
a hydraulic cylinder was used to push the pig from 
the test rig, every disc flipped but they were par-
tially torn due to high stress and rear disc pack 
damage.

• Finally, during the third recovery test, the first of 
the four polyurethane discs stretched over the 
next three, reducing friction. All four discs flipped 
at a recovery force of 13 tons without touching the 
pipeline wall or becoming damaged. 

With the optimal recovery force a known quantity, 
TDW engineers could move beyond their vision to a 
fully realized design. 

6. Building on the Strong Points

Engineering a tool to pull a pig out of a pipeline in-
volves making countless decisions, not the least of 
which is figuring out what part of the pig the recovery 
tool will grasp and how it will grip it. After all, unless 
the tool has a firm hold on the pig, there’s no way any-
thing will budge.  

The TDW team agreed that the strongest gripping 
points for the recovery tool were the bypass holes, 
meaning the same elements that had contributed in 
this case to the pig stalling in the first place would be 
integral to the recovery process.

As for the tool itself, engineers designed it so spring-
loaded pulling arms would engage or click in place in-
side the bypass holes then a locking mechanism lance 
would install the recovery tool onto the pig body. The 
tool configuration also included:

• Lance support wheel assemblies to centralize the 
locking lance in the pipe.

• A pulling wire arrangement.

• A hydraulic pulling cylinder furnished by TDW 
that included a “strong hold” anchor point ar-
rangement supplied by the operator. 

TDW also decided to use the pinger receptacle inside 
the stalled pig as a guidepost for inserting the grip-
ping tool into the bypass holes. And to overcome poor 

RESEARCH • DEVELOPMENT • TECHNOLOGY
13Pipeline Technology Journal - 1/2023



visibility inside the pipeline, they incorporated a cam-
era system into the recovery tool. This would help tech-
nicians “see” when the gripping tool successfully en-
gaged inside the pig

7. Tested: Technology and Timelines

Engineers returned to the test rig, this time with the 
manufactured recovery tool in hand. Their goal was to 
assess the performance and efficacy of the entire tool, 
down to estimating how long the onsite procedure 
would take.

TDW performed the recovery test using the opera-
tor-furnished bidirectional pig, now equipped with 
new discs. The engineering team monitored the 
amount of force required for the recovery tool to over-
come inertia — the maximum encountered pulling 
force on the pig was measured at 15.4 tons or 360 bar 
(5221 psi) of hydraulic pressure in the pulling cylinder 

— and visually inspected the recovery tool and pig body 
post-test to ensure integrity. The dry run also enabled 
TDW to optimize procedures and to record the time 
it took to assemble the lance, engage the tool and re-
trieve the pig under nearly real-world conditions. With 

every hour the pipeline would be shut down for the re-
covery costing the operator valuable production, this 
test provided ample confidence that the pig could be 
rescued on an acceptable timeline.  

In fact, once onsite, it took only five hours for TDW 
crews to:

• Open the quick-opening closure on the launcher.

• Assemble the lance and gripping tool and insert 
them into the pipeline.

• Lock the pig gripping tools into the pig bypass 
holes.

• Hook up the pulling wire.

• Begin the recovery operation.

• Retrieve the pig from the launcher. 

All the planning, preparation and innovation had paid 
off. Now, with an obstacle literally no longer in their 
way, the SmartPlug team could take the project reins 
and prepare the line for valve replacement.

8. Creating a Safe Work Zone

Over time, normal wear and tear can take a toll on 
valves’ internal seals and seat rings, causing them to 
leak. As a result, valve repair or replacement is consid-
ered somewhat routine.   

But before any repair or replacement project can take 
place, operators first have to choose how they’ll cre-
ate a hydrocarbon-free work zone. The options are to 
depressurize the entire line or isolate just the affected 
section, which is done either by hot tapping and plug-
ging or by using in-line technology.

Considering the enormous product volumes that gas 
export lines transport, it’s no wonder operators try to 
avoid depressurizing them. A prolonged shutdown 
can run into the millions of dollars and require flar-
ing off several hundred million cubic feet of gas, which 
is highly undesirable, especially when the world is 
watching its emissions. In this case, around 300 
MMSCFS of inventory loss would incur if the pipeline 

Figures 3-4: Recovery operation offshore.  
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was depressurized and, compared to in-line isolation, 
it would take an additional six or seven turnaround 
days, including the time involved to re-pressurize the 
pipeline.  

Selecting the TDW SmartPlug in-line isolation system 

helped the operator avoid those losses.  

Bidirectionally piggable, SmartPlug technology is intro-
duced into the pipeline via the pig launcher then pro-
pelled by pipeline product or pumps and compressors 
to the isolation point, where it is remotely activated. 
Internal hydraulics engage the gripping elements and 
the sealing element on the pipe wall then downstream 
pressure is reduced to create differential pressure across 
each plugging module, maintaining a fail-safe isolation.

9. Nothing Left to Chance

Safety is always a top priority during pipeline isola-
tions. Personnel injuries, loss of life or asset damage 
are all unacceptable. 

Before any SmartPlug operation, it’s standard prac-
tice and a DNV Type Approval requirement to collect 
technical information about the pipeline and to pre-
pare engineering documents, including design prem-
ises, pipe stress calculations, isolation operation pro-
cedures and a piggability study that assesses the tool’s 
ability to negotiate the pipeline safely and be retrieved 
from it. 

To ensure the risk management of this project, TDW 
conducted hazard identification (HAZID) and hazard 
and operability analysis (HAZOP) studies. Engineers 
identified and uploaded potential areas of risk into 
a risk matrix, with probability of occurrence and 

consequence used to determine risk (risk = probabil-
ity x consequence). More than 60 action items were 
identified for risk mitigation.

Following factory acceptance testing in Stavanger, 
TDW mobilized the SmartPlug tool to the worksite. 
Technicians lifted and loaded the tool into the pig trap 
then used a treated seawater pumping service to pig it 
47 meters (154 feet) to the predetermined location. A 
safe isolation was established against the shut-in pres-
sure of approximately 110 bar (1595 psi). Monitoring 
the annulus pressure between the two plug modules 
for four hours verified each was sealing properly. That 
gave the operator and project team the confidence they 
needed to begin the valve replacement.

After a leak test verified the integrity of the new seal 
rings and valves, TDW equalized the pressure differen-
tial across the SmartPlug tool, unset the plug modules 
and pigged the tool back to the launcher using pipe-
line gas pressure.

With the stalled pig removed from the pipeline and the 
pig trap valves replaced, just one step remained in this 
multi-faceted project: making sure the operator could 
put the stuck pig incident firmly behind them forever.

Figure 5: SmartPlug® isolation tool.

Figure 6:  Loading the SmartPlug into the launcher.

Figure 7: Retrieval of the SmartPlug tool from the launcher barrel.
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10. Custom Cleanliness Reduces Risk

While an unusual confluence of technical difficul-
ties led to the stalled pig, the operational and finan-
cial implications were just too great to risk a repeat 
occurrence.

To minimize the possibility of the scenario happening 
again, TDW developed a customized cleaning pig to fit 
the requirements of the offshore pipeline system. 

Based on the proven technology of the VANTAGE® 
multipurpose cleaning pig, the bespoke pig incorpo-
rated adjustable bypass, with jetting nozzles to pre-
vent debris from building up during operation. TDW 
further boosted its cleaning capabilities by adding 
spring-loaded, angled polyurethane blades. Because 
the blades also cause the pig to rotate while it trav-
els through the pipeline, the pigging discs experience 
more uniform wear, meaning they require only rou-
tine maintenance.

TDW also designed a progressive pigging program – 
with the customized pig at the centerpiece – to ensure 
the offshore section of the GEP was sufficiently clean 
for both normal operation and an upcoming in-line in-
spection (ILI). If any dirt or debris interferes with ILI 
tool sensors contacting the interior pipe wall, the data 
they return can be inaccurate or incomplete.

In progressive pigging, cleaning begins with a less ag-
gressive pig then works its way up. Because this pipe-
line had not been pigged in more than two years and 
the last run had returned significant amounts of de-
bris, the progressive pigging program was particularly 
conservative: if any single pig run removed too much 
debris, it would increase the risk of the pig stalling. 
After five runs, the pigging program met the operator’s 
cleanliness specifications. The operator resumed nor-
mal production and normal pigging, with fully func-
tional valves and sound pipeline components.

Like every other aspect of modern life, technology 
plays a major role in the everyday operation of the 
world’s pipelines. It’s reassuring to know that when 
technical problems occur, innovative, customized 
tools and techniques can be put into place to solve 
them. In other words, while we all know technology 
can save time, money and other assets, there are times 
it can also save other technology.

Figure 8: First Vantage pig at launcher    
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