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EDITORIAL

Pipelines - The Worlds Energy Vein
We make sure that the international pipeline community
gets access to all available experiences.
Dear reader,
Pipelines are the most important energy carriers worldwide, for both, industry and
public sector. Pipeline construction is still booming, especially in the field of gas pipelines. Estimates suggest that every year between 25,000 and 30,000 kilometers of
pipelines are build worldwide. However, there are regional differences.

Dr. Klaus Ritter

While in North America and Europe the construction of new pipelines
proceeds slowly, there are many pipeline construction projects ongoing in
Asia, Africa as well as South and Central America. Therefore, main focus in
North America and Europa is on:
•

Safe operation

•

Repair and Maintenance

•

Rehabilitation

In general, pipeline life cycles can be extended significantly, if the operator is building on the experience that
has already been gained by other companies from all over the world. Pipelines can be in service for up to
100 years, provided that those experience is accessible to all responsible persons involved during all stages
of a pipeline’s lifetime (planning / construction / operation).
It was our intention to enable this exchange of experience and best practice, that led us to the first Pipeline
Technology Conference (ptc) 11 years ago. Today, the 11th Pipeline Technology Conference is just fortcoming
and we continue to further develop this unique international platform for the global pipeline community.
We have done a great deal of work to maintain and expand the industries exchange during the past years:
•

Buildup of an international Advisory Committee, currently consisting of 37 pipeline professionals

•

Implementation and expansion of the autonomos Pipeline Technology Journal (ptj)

•

Buildup of a database with 28,000 verified e-mail addresses from pipeline professionals worldwide

•

Establishment of the ptj newsletter, which reports every two weeks about international pipeline news

•

Pipeline seminars, which are executed worldwide

•

Creation of a paper database, with all ptc-presentations accessible to the professional public.

•

Etc.

And our efforts are constantly paying off: we are expecting more than 600 participants from 55 different
nations to attend the next Pipeline Technology Conference in May 2016.
One reason for this development is the great acceptance the global pipeline community has placed in our
Pipeline Technolgy Journal, ptj. Therefore, I would like to inform you about ptj’s new frequency of publication:
From 2016, the Pipeline Technology Journal will be published six times a year, providing you with crucial
information about pipeline research, development and technologies more promtly.
Get involved! Participate in the communities exchange during the Pipeline Technology Conference in Berlin.
Take the chance to talk about your experiences and challenges. Moreover, send us your technical articles for
publication in the Pipeline Technology Journal and get the most out of the professional dialoge we offer.
Yours,

> Dr. Klaus Ritter, Chairman of the ptj Editorial Board / ptc Advisory Committee

© by Gazprom

FAR EAST-BASED LNG PROJECT SAKHALIN II
The first and still the only LNG plant in Russia is located at the
Aniva Bay shore, in the southern part of the Sakhalin Island. The
plant produced its first lot of LNG in 2009. Above 900 lots of
LNG (one standard lot holds 65,000 tons) were shipped ever
since to Japan, South Korea, China, Taiwan, Thailand, India and
Kuwait. The plant’s annual output exceeds 10 million tons of liquefied gas covering over 4 per cent of the global LNG supplies.
And the figure is likely to grow – Gazprom and Shell signed the
Memorandum on implementing the project for constructing the
third train at the LNG plant within Sakhalin II in June 2015.
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WASHINGTON D.C. / USA

U.S. Senate passes new
LOS ANGELES / USA

legislation to enhance the

A devastating gas leakage

safety of the 2.5 million miles

in californian underground is

of pipelines in the U.S.

spewing 1200 tons of methane

Page 12

into the troposphre daily.
Page 14

MEXICO / USA

A flurry of gas pipeline construction will triple the U.S. gas export
to Mexico by 2020
Page 10

SOUTHWESTERN UNITED STATES

Tailgrass Energy Partners (TEP) announced that it is acquiring an additional
31.3 percent interest in the 760 mile Tailgrass Pony Express crude oil pipeline
Page 14
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UK / BELGIUM

Fluxys expands its interest in
Europe’s gas infrastructure with
UK Interconnector deal
Page 12

IRAN

Anticipating the complete lifting
of sanctions on Iran’s oil and
gas sector, Iran’s minister of
petroleum says Iran will soon
become a major player in the
global gas market.
Page 10

BEIJING, CHINA

China develops own Magnetic Flux Leakage Detector for
burgeoning offshore pipeline
inspection
Page 11

IRAN

In the wake of Iran’s nuclear agreement, opening the door for Iranian
exports of its hydrocarbons, the
moribund Iranian - Indian gas
pipeline project is being revived with
great fanfare.
Page 11

WORLD
NEWS
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A FLURRY OF GAS PIPELINE CONSTRUCTION WILL
TRIPLE U.S. GAS EXPORT TO MEXICO BY 2020
In the wake on new border-crossing gas pipelines from the United
States to Mexico, cheap U.S. shale gas is flowing into Mexico at an
average of 3.26 billion cubic feet per day.
According to Citigroup and Genscape, during the next five years
these pipeline flows are expected to more than double. That will help
support U.S. gas prices, which have slid to a three-year low because
of a domestic glut and sluggish consumption.
“That’s the sleeper story,” Richard Ennis, head of natural resources at
ING Capital LLC, said in an Oct. 31 interview in New York. “In Mexico,
if you look at how much natural gas they use, it’s tiny. All these new
pipelines are going to triple their daily use. It’s pretty dramatic.”

IRAN ENVISIONS BECOMING MAJOR PLAYER IN
GLOBAL GAS MARKET - RULES OUT SHIPPING ITS
GAS TO EUROPE VIA PIPELINE
Anticipating the complete lifting of sanctions on Iran’s oil and gas
sector during the course of 2016, Iran’s Minister of Petroleum Bijan
Zanganeh says Iran will soon become a major player in the global
gas market.
To this end Iran is in various stages of negotiation with its neighbors (Pakistan, India, Oman, Iraq) concerning the construction of gas
pipelines. But more importantly, in Zaganeh’s view, is the advanced
development of Iran’s first LNG terminal, providing Iran with more options for the export of its gas to Europe and to Asia in the near future:
“LNG is the only option for the time being to export gas to Europe and
Asia,” he said.
Iran plans to build a capacity
for exporting 40 million metric tons a year of LNG which
is super-cooled to minus 162
degrees Celsius for shipment
by special tankers.
The country is also in serious
talks with several foreign oil
refiners to buy their shares,
Zangeneh said on Tuesday.
“If we manage to buy shares
in foreign refineries, we can
sell our oil at higher prices,”
he said.

U.S. Natural Gas Pipeline Exports to Mexico (US Energy Information Administration)

Send pipeline related
news to: ptj@eitep.de

© by Sawyer Mfg. Co.

www.pipeline-journal.net

Map of Iran’s natural gas infrastructure (© 2015 EIA)
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CHINA DEVELOPS OWN MAGNETIC FLUX LEAKAGE
DETECTOR FOR BURGEONING OFFSHORE PIPELINE
INSPECTION
With great fanfare the China Aerospace Science and Industry Corporation (CASIC) has launched the ‘home-developed submarine pipeline Magnetic Flux Leakage (MFL) detector,’ aiming to get a significant share of the lucrative pipeline inspection business in China and
thus end foreign companies’ monopoly on the submarine pipeline
inspection in China.
After over 20 years’ research and tests, CASIC successfully applied
the high-precision magnetic flux leakage technology to detect the
flaws and corrosion on the interior and exterior pipelines under the
sea.
By using the self-developed MFL detector, state-run China National
Offshore Oil Corporation (CNOOC) says it will reduce its submarine
pipeline inspection cost by 30 to 50 percent and will save at least 80
million yuan (over $12 million) per year alone, a CNOOC official said.
The concern over intelligence leakage, allegedly acquired through
the deployment of German and American - made MFL rivals, will also
be eased.

Save The Date

11TH PIPELINE TECHNOLOGY CONFERENCE

23-25 MAY 2016, ESTREL CONVENTION CENTER, BERLIN, GERMANY

IRAN AND INDIA IN SERIOUS TALKS TO BUILD 1400
KM OFFSHORE NATURAL GAS PIPELINE
In the wake of Iran’s nuclear agreement with the P5+1 (the United
States, the United Kingdom, France, China, and Russia, plus Germany), opening the door for Iranian exports of its hydrocarbons, the
moribund Iranian - Indian Gas Pipeline Project is being revived with
great fanfare.
Known as the SAGE pipeline (for South Asia Gas Enterprises Ltd., the
Indian company leading the project) or the Middle East to India Deepwater Pipeline (MEIDP), the trans-Arabian pipeline would be one of
the longest and deepest oil or gas pipelines ever built, running for
1,400 kilometers (870 miles) at depths of more than two miles underwater from the Iranian port of Char Bahar to India’s Gujarat. Projected
to cost $4.5 billion, the new pipeline would bring 1.1 billion standard
cubic feet of gas a day to India, roughly doubling the country’s gas
imports and bringing much-needed energy to the country.
Pakistan has often been mentioned in the past as a critical transit
land, but continued geopolitical tension between Pakistan and India as well as advances in undersea pipe laying technologies has
prompted India to look at offshore alternatives.
At the same time, the Iran-India pipeline would face unique technical challenges. For one thing, most undersea pipelines run relatively
close to shore, easing the challenges of construction, repair, and resupply. The Iran-India route is hundreds of miles out to sea - and it
runs across an underwater fault line associated with the Owen Fracture Zone, an active seismic area.

Pipeline Technology
“Negotiations are under serious consideration and we welcome InConference 2010

dia’s participation,” said National Iranian Gas Export Company managing director Alireza Kameli at the ongoing World Energy Policy
Summit in New Dehli.

Iran and India are planing to build a 1400 km offshore natural gas pipeline
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SENATE PASSES NEW LEGISLATION TO ENHANCE
THE SAFETY OF THE 2.5 MILLION MILES OF PIPELINES IN THE UNITED STATES

FLUXYS EXPANDS ITS INTEREST IN EUROPE’S GAS
INFRASTRUCTURE WITH UK INTERCONNECTOR
DEAL

Last week the Senate Commerce Committee passed the Safe Pipes
Act, a preliminary step to reauthorize the Pipeline and Hazardous
Materials Safety Administration (PHMSA) before House and ultimately Executive Level approval.
The final passage of the bill will give PHMSA enhanced authority to
regulate the 2.5 million miles of aging pipelines in the United States,
including the appointment of more regulators to monitor pipelines
as well as a special writ to prevent “inadvertent releases” otherwise
known as leaks in industry parlance.
Key provisions of the bill include:
•

Re-prioritizing and requiring PHMSA to complete outstanding
mandates from the 2011 reauthorization bill.

•

Requiring PHMSA to prioritize statutory requirements for rulemaking over new rulemaking.

•

Requesting that PHMSA conduct an assessment of inspections
process and Integrity Management programs for natural gas
and liquid pipelines.

•

Encouraging PHMSA to investigate and report on advanced
mapping technologies for pipeline networks.

•

Providing direct hire authority to the agency so PHMSA can address its staffing challenges.

•

Calling for minimum standards to ensure the safety of natural
gas storage facilities.

•

Ensuring coordination and collaboration on research, development, and technology between PHMSA, industry, and public
sector stakeholders .

The Interconnector Pipeline (© 2015 Interconnector)
Fluxys has tied up an agreement with Gazprom to acquire the Russian gas giant’s 10 percent stake in the UK Interconnector, owner and
operator of the offshore pipeline between the UK and Belgium.
The Interconnector is a vital bidirectional transmission link connecting the UK to Continental European markets. The pipeline offers the
UK market both security of supply and a unique tool for physical export to mainland Europe, contributing to the diversification of sources
for Continental Europe.
With the acquisition Fluxys become majority shareholder in Interconnector, with a 35 % direct share as well as a joint share of 31.50% with
its industry partner, Snam. Walter Peeraer, Managing Director and
CEO of Fluxys, said: “Through the acquisition of Gazprom’s stake
Fluxys becomes majority shareholder in Interconnector and we are
fully aligned with our co-shareholders to move the company forward.”

The Senate side of the United States Capitol in Washington, D.C.
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TRANSCANADA TAKES ON THE US GOVERNMENT
OVER KEYSTONE XL PIPELINE REJECTION
TransCanada, the Canadian energy giant aspiring to be the leading energy infrastructure company in North American, has filed suit
against the Obama administration for rejecting last November the
proposed 2,639-mile cross-border oil pipeline to the U.S. Gulf Coast
known as Keystone XL.
In a lawsuit filed Wednesday in the U.S. District Court for the Southern District of Texas in Houston, Calgary-based TransCanada Corp.
alleged that President Obama exceeded his constitutional power by
denying construction of Keystone XL. In addition to the lawsuit, TransCanada filed a notice of intent to initiate a claim Wednesday under
Chapter 11 of the North American Free Trade Agreement seeking to
recover more than $15 billion in costs and damages it alleges it suffered “from the United States’s breach of its NAFTA obligations.”
The pipeline, which TransCanada first proposed in 2008, would have
helped deliver up to 900,000 barrels of crude oil daily from the tar
sands of the Canadian province of Alberta through the U.S. Great
Plains and to the Gulf Coast.
The law suit has given rise to a mixed reaction from interested Canadian parties: Green Party Leader Elizabeth May said she expects
that TransCanada will lose its NAFTA claim if not the lawsuit too.
“The larger economic power virtually always wins,” said May, a lawyer
by training and the only Green Member of Parliament in Canada’s
House of Commons. TransCanada “can huff and puff and complain,
but the U.S. made the right decision” in rejecting Keystone XL, May
said. Indeed, no Canadian company has so far succeeded in a Chapter 11 claim against the U.S. government. The oil industry, on the other
hand, contends Obama’s decision to reject Keystone exceeded his
constitution authority, since the regulation of domestic commerce
lies within the purview of the legislative branch, not the executive.
The case before the Court will likely take years to resolve.

e Journal

The projected route of Keystone XL Pipeline (© 2015 TransCanada)
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DEVASTATING GAS LEAKAGE IN CALIFORNIAN
UNDERGROUND STORAGE FACILITY SPEWING 1200
TONS OF METHANE INTO THE TROPOSPHERE DAILY
After months of ongoing but unsuccessful efforts by Southern California Gas Company to stem a massive natural gas leak spewing
methane and other gases from a suspected 7 inch diameter, 61 year
old underground natural gas pipeline into a Los Angeles neighborhood, California Governor Jerry Brown declared a state of emergency
last week. As a result thousands of residents are being evacuated and
schools are closing, turning the community of Porter Ranch into a virtual ghost town.
Up to 1,200 tons of climate-changing methane daily have been released since it was first reported in October. Unable to stop the flow
with an injection of liquid into the well, SoCalGas called in experts at
Boots & Coots Services, the Halliburton subsidiary considered the best
in the world at killing leaks in underground pipeline systems and storage facilities. The pipe is surrounded by a cavity and then a cement
casing. Engineers think the gas leaks from the pipe at 500 feet, fills
the cavity and then escapes at a lower depth where the cement casing
ends, at about 990 feet. The engineers surmise that the gas forces its
way through the soil to the surface. Thus far all of their work has not
yielded the desired result and Boots & Coots estimates another two
months are needed to restore the integrity of the underground system.
The gas leak is “one of the most devastating environmental disasters in
the history of California,” Los Angeles Councilman Mitchell Englander
said Wednesday. Englander is one of a growing number of local officials and community members who urged the governor to act. Southern
California Gas President Dennis Arriola said in a statement Wednesday
that the company was focusing on stopping the leak and minimizing
the harm to residents. The utility would work with the state to offset the
long-term environmental impact of the methane, Arriola said.

Aliso Canyon gas leak site (© 2015 Scott L from Los Angeles,
United States of America (1_D4C1832) [CC BY-SA 2.0])

In the wake of the crisis Governor Brown has also directed a long-term
look at the future of gas-storage sites in the state, including whether
the fossil-fuel facilities fit Brown’s ambitious plans to ramp up the use
of solar, wind and other, cleaner energy sources.

TALLGRASS ENERGY PARTNERS ACQUIRES BIG NEW
STAKE IN THE PONY EXPRESS CRUDE OIL PIPELINE
Tallgrass Energy Partners (TEP) announced that it is acquiring an additional 31.3 percent interest in the 760 - mile Tallgrass Pony Express
crude oil pipeline running from Guernsey, Wyoming to Cushing, Oklahoma.
The company will offer a cash consideration of $475 million and 6.518
million TEP common units issued to Tallgrass Development.
Based on TEP’s December 31st closing price of $41.21, the total consideration of approximately $743.6 million represents a multiple of
approximately 9.0x incremental cash flow to TEP as a result of the acquisition. The acquisition increases TEP’s membership interest in Pony
Express to 98 percent.
“This acquisition demonstrates our continued commitment to execute
on our strategic plan to grow TEP and increase the cash distributions
to our unitholders, even in challenging capital market conditions,” said
Tallgrass President and CEO, David G. Dehaemers, Jr. “The attractive
acquisition multiple, the inclusion of equity consideration and other
favorable terms of the purchase agreement showcase the supportive
nature of TEP’s relationship with Tallgrass Development.”

Pony Express Pipeline PXP (© 2015 Tallgrass)
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Open Grid Europe GmbH
Dr. Carmen Acht, Dr. Ulrich Marewski, Dr. Michael Steiner
TÜV NORD Systems GmbH & Co. KG
Christian Engel

Non-Piggable Pipelines are a significant challenge for both,
the pipeline operators and the inspection professionals. Frequently, the
design of old pipes does not allow the use of comfortable state-of-the-art
pigging solutions, increasing the need for alternative approaches.

PIA

2

ABSTRACT
The German High Pressure Gas Pipeline Ordinance [1] and the technical regulations published by the DVGW [2] place the operators of high pressure gas
pipelines under an obligation to carry out regular monitoring and tests and
to guarantee their technical safety. Surveying the condition of high-pressure
gas pipelines is an important part of ensuring their engineering integrity, with
intelligent pigging being the preferred option for pipelines of more recent
design.
The pipeline network of Open Grid Europe has around 2000 km of lines that
are more than 50 years old (some 15 % of the total stock). The construction of
these pipelines reflects the changing state of the art from about 1910 to 1960.
Unlike the butt-welded pipe joints in common use today, these older pipes
were connected using a variety of spigot-and-socket designs. However the
specific characteristics of these pipelines rule out the use of intelligent pigging as part of a condition survey exercise.
In order to demonstrate the integrity of these so-called ‘old lines’ Open Grid
Europe monitors and surveys the condition of their corrosion protection and
also conducts a pipeline strength assessment (PIA² = Pipeline Integrity Analysis) which makes it possible to identify potential weaknesses.
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HISTORY AND BACKGROUND
Pipelines with spigot-and-socket connections
constructed between 1912 and 1958 were largely
autogenously welded (up to around 1953) and in
some cases electro welded (from around 1953). Initially these pipelines were operated without any
cathodic protection (CP); CP was subsequently
retrofitted to all pipelines by the early nineteen
sixties. The pipelines were constructed with diameters of up to DN 800 using materials St34
and St35 with wall thicknesses of between 6 mm
and 12 mm. The pipelines are generally operated
at pressures below 16 bar.
The pipelines of the early years (spigot-and-socket lines) were built in the Ruhr district as part of
plans to use the gas generated in coke ovens for
long-distance transmission over a wide area and
transport it to different consumers. Consequently
much of this older pipeline stock is to be found
in the Ruhr conurbation where initial defects in
spigot-and-socket connections were identified
as early as during the nineteen thirties [3]. The
discovery of these defects prompted a number of
refurbishment schemes in which many of these spigot-and-socket
connections were either made safe or replaced. Even in recent years
however, isolated defects in spigot-and-socket connections have
been detected in the course of inspection operations.

Figure 2: Schematic presentation of the PIA2 survey system

The very location of these spigot-and-socket lines - many of them are
in densely populated urban areas - rules out general renovation for a
number of reasons. It was therefore necessary to develop an assessment method which facilitates selection and targeted upgrading. This
method has been developed at Open Grid Europe over a number of
years and today is used to evaluate pipelines with spigotand-socket
connections which are unsuitable for pigging.

The loadbearing capacity of the spigot-and-socket joint is compared
with a potentially existing load (Figure 2). Finally, the survey applies
certain factors of safety to make recommendations for where and to
what extent further action is needed. This action is reviewed to take
account of local conditions and may take the form of a simple check
measurement, the upgrade of individual spigot-and-socket connections or the replacement of an entire section of pipeline.

PIA2 SURVEY SYSTEM

DETERMING THE LOADBEARING CAPACITY OF SPIGOT-AND-SOCKET CONNECTIONS

PIA² is a module of the overall Pipeline Integrity Management System
(Figure 1) which addresses the specific safety and integrity aspects
of spigot-and-socket connections [4]. Surveys of spigot-and-socket
connections with PIA2 are planned and controlled by the Pipeline
Integrity Management System and documented together with all resulting measures.

Spigot-and-socket connections exist in different configurations. Figure 3 shows thesocket geometries which exist in the old pipeline network of Open Grid Europe for the 6°/10° cupped socket, the flanged
socket, the twin flanged socket and the insertion socket.

Figure 1: Pipeline Integrity Management System (PIMS) - Main processes

sdf
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Figure 3: Types of pipe jointing sockets (Open Grid Europe)

The investigation revealed that the coating was a usually used bitumen
insulating primer. The primer must had penetrated into the crack at a hot
temperature during a coating process. It clearly showed that this longitudinal crack created already in the process of production and has existed in the pipeline for more than 40 years. During the whole period it
remained hidden to all available internal inspection methods used in the
last 13 years.
The load capability of the spigot-and-socket connections was determined by using elastic/plastic finite element simulations to numerically
identify their strength. As part of the simulation the spigot-and-socket connections were subjected to stress using different combinations
of bending and internal pressure up to calculated failure. The applied
bending moment and the corresponding internal pressure at the time
of failure represent the boundary loadbearing capacity of the particular
socket. For example, Figure 4 shows the meshed model of a 6° cupped
socket for the numerical simulation. Figure 5 shows the model loaded
by internal pressure and bending and the resulting stress intensities.

Figure 5: Simulating the load capability of the 6° cupped socket

Figure 4: CAE network of the 6° cupped socket

The greatest loads are usually reached around the weld seams of the
pipe joints. Depending on the combination of internal pressure and
bending moment the instability of the system can occur on both the
tension and compression side (due to buckling) of the bending line
(Figure 6).
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For the practical application of the limiting curves a graphic user interface was developed with which the corresponding limiting curves
can be generated for every socket and for every possible combination of diameter, wall thickness and material characteristics (Figure
8). The calculated limiting curves are given a factor of safety of 2.5
against bending and 2 against internal pressure to consider potential
uncertainties in respect of the welding seam as well as the variance
in material properties and in component geometry. Under bending
stress the 10° cupped socket and the insertion socket generally exhibit a more favourable behaviour than the 6° cupped socket and the
twin flanged socket (see also [5]).

Figure 6: Instability due to buckling on the pressure side of the
bend on the 10°
cupped socket
Different combinations of internal pressures and bending moments
had to be simulated to determine the boundary loadbearing capacity
of a socket. Sockets can also have different combinations of diameter and wall thickness so a very large number of numerical simulations were needed to generate complete limiting curves for the
spigot-and-socket connections. Over 500 simulations were carried
out in all.
When these simulations were complete, a regression analysis was
used to convert the numerically calculated results to easy-to-handle
analytical equations to describe the limiting curves. The chart in Figure 7 plots the loadbearing capacity of 10° cup sockets as a function of the outer diameter and the pipe’s wall thickness. The limiting
curves also indicate the influence of the mechanical and technological characteristics of the materials used.

Figure 8: Boundary and admissible loadbearing capacities
of a 6° cupped socket

As part of the PIA2 survey the limiting curves as determined from the
finite element calculations, and then reduced by the chosen factors
of safety, are compared with a potentially existing load. If the resulting stress is outside the permissible limiting curve
then a safety measure is implemented, e.g. spherical caps are welded on.
EXPERIMENTAL VALIDATION OF THE RESULTS
The boundary loadbearing capacities determined
from the finite element simulations were validated by a large number of component experiments.
Pipes incorporating spigot-and-socket connections were removed from sections of Open Grid
Europe pipeline and subjected to a series of tests:
• Material tests (tensile tests, notched bar impact
tests, hardness tests, metallographic investiga
tions)
• Pulsating internal pressure tests to simulate
cyclic fatigue

Figure 7: Load capability of the 10° cupped socket as a function of diameter and wall thickness
bending

• Combined bending/bursting tests on a 4-point
test stand
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•

Longitudinal stresses due to seasonal temperature differences

•

Longitudinal stresses as a result of welding operations (securing
by means of spherical caps) carried out close to the sockets

•

Increased longitudinal and bending stresses at elbows and bends

•

Particular environment conditions (e.g. risk of settlement / subsidence, culverts, areas prone to flooding)

Determining additional stresses as a result of imposed loads is generally based on the requirements described in EN 1594 [6] Section 7.3/7.4
and Annexes A/F.

Figure 9: Combined internal pressure/bending test of a
socket joint (test rig: Open Grid Europe)

Figure 9 shows a section of pipe with socket on the Open Grid Europe
test stand undergoing a combined internal pressure/bending test at the
moment of socket failure (leakage from the weld).
In all, more than 40 tests were performed on pipes with different spigot-and-socket connections and with a wide variety of diameter/wall
thickness combinations. As well as the internal pressure and bending
moment, stresses were measured at numerous points on the joints and
the pipe using strain gauges to allow a comparison with the finite element
calculations to be carried out. Taking into account the tests carried out
on the components, the free boundary conditions of the finite element
simulations were adjusted so that both the observed failure mechanism
and the boundary loadbearing capacities achieved by the spigotandsocket connections were reproduced with sufficient accuracy or at least
conservatively.

The size of the imposed load is selected according to DIN 1072 [7]. This
defines a number of live loads (12 t, 30 t and 60 t) which can affect a
pipeline if driven over. The bearing pressures on the soil resulting from
the live loads were calculated with a finite element programme and
match the particulars in [8] both qualitatively and quantitatively. This
calculation also obtains the load on the pipeline or on the spigotandsocket connection; the rigidity of the soil and the depth of coverage
must be seen as the main influencing factors here.
The possible longitudinal stresses due to differences in temperature
between the ground and the pipe are calculated from the coefficient of
thermal expansion of the pipe materials and an assumed temperature
difference between the pipeline and the ground.
Practical experience shows that high longitudinal loads can occur in
particular around spigot-and-socket connections that have already
been upgraded with spherical caps as a result of inherent weld stresses.
Open Grid Europe has undertaken extensive expansion measurements
within the area of influence of welded-on spherical caps to quantify
these additional stresses. The results of these investigations are taken
into account in calculations, as is the additional load in the vicinity of
elbows and bends.
Finally, all stresses arising from the individual load components are added together to form a total load. To assess the pipeline integrity, this
total load is compared with the maximum permissible loadbearing capacity for each individual socket.

IDENTIFICATION OF LOADS
The true load to which a spigot-and-socket connection is subjected in
reality is a function of many parameters and is often poorly understood
in individual instances. When undertaking a survey therefore it is advisable to apply design loads that are as conservative as possible.
When identifying the load acting on a component, as well as internal
pressure particular attention should be given to axial and bending forces which may also be present. The following loads are therefore taken
into consideration:
•

Internal pressure

•

The longitudinal stress from possible soil settlement as a result of
imposed loads (e.g. HGVs), allowing for local soil conditions and
depth of coverage

IMPLEMENTING THE PIA2 SURVEY
Implementing the survey concept according to PIA2, specific data which
can be taken from the as-built drawings, the pipe logs, the geo information system (GIS) and associated soil maps are called for. Figure 10
shows a typical geographical location of a surveyed socket line. The soil
conditions that are used in the calculation are derived initially from soil
maps but if necessary they can also be determined with considerably
more local resolution and precision by dynamic probing. Consequently
the load variables can vary significantly depending on the location of the
spigot-andsocket connection.
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Figure 10: Typical GIS representation of a surveyed pipeline, showing
the location of the spigot-and-socket connections to be upgraded
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In terms of the magnitude of the assumed imposed loads, a distinction is made depending on whether the spigot-and-socket connections are close to buildings/roads (60 t) or are within undeveloped
areas (12 t – 30 t). As well as data from the geo information system,
experience gathered by the OGE field stations concerned is taken
into account when specifying the particular load levels. To assess a
section of pipeline, a load factor is determined from all the necessary
input data for each individual spigot-and-socket connection; this
load factor represents the ratio of calculated loading to the permissible load capability. If the utilisation factor is >1, further action such as
safeguarding measures will be required.
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SUMMARY
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The pipeline network operated by Open Grid Europe has around
2000 km of lines that are more than 50 years old and which were
constructed with spigot-and-socket connections. These gas transport pipelines were built and tested according to the state of the art
known at the time. It is not possible to survey the condition of these
lines using pipe pigs for example because the basic conditions necessary to carry out pig runs such as the required pressures, compliance with minimum pipe bending radii etc. are not met.

michael.steiner@
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The PIA survey system was therefore developed as a submodule of
the Pipeline Integrity Management System (PIMS) to make it possible to compare a conservative, potentially existing load with the individual load capability of the pipeline joints. Although a survey using
PIA2 cannot altogether rule out future incidents affecting pipe integrity, the concept is nevertheless suitable for the selective identifying
of sockets that require remediation and for performing a range of
preventive safety measures. An expert opinion given by TÜV NORD
[9] has asserted the conformity of the PIA2 survey method described
here with the current state of the art.
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GAS LEAK
DETECTION
Laser Methane Assessment
> by: Boris A. Horn

> Business Development Manager

> Pergam Technical Services, Inc.

Needless to say, safety is of the utmost importance within the gas transport industry. However, maintaining an effective emission monitoring
and leak detection program in economical tough times is a challenge
for operators. The approaches – or the utilized technologies - for the
non-continuous leak detection have surprisingly changed little over the
years. The tougher business environment in the gas industry and constantly stricter requirements from regulatory bodies give fresh impetus to alternative concepts such as the laser methane assessment.
Going back, there are three basic reasons why leak
detection plays such an important part in the integrity management of a pipeline. There is the safety
aspect which is beyond dispute. An incident quickly
costs millions and severely harms the reputation of
the company. With the ‘go-green-movement’ and all
the different greenhouse gas emissions programs
from several national and international environmental protection organizations, the general public has a
close eye on the gas industry and its eco-credentials.
By the same token, the financial losses through
leaks are substantial. Even through a medium sized
leak, an amount of gas escapes that would have
brought considerable income over time. By saying
this, it becomes obvious that time – or rather the
frequency – plays an important role in the leak detection program and its financial impact. “Find the
leaks and find them fast” was recently the statement by an integrity manager after a presentation
about leak detection programs. This statement defines the theme in a nutshell.

TRADITIONAL INSTRUMENTS VS.
LASER METHANE ASSESSMENT
As diverse as the international gas
industry is, the approaches to leak detection are diverse. Traditionally, a crew
equipped with some kind of gas detection device such as a flame ionization
detector (FID), a combustible gas indicator
(CGI) or a gas sniffing dog walks or drives
over the pipeline corridor and looks for gas
indications. Excluding the dog, all technologies
measure the gas concentration fairly accurate and
the size of the leak can be pinpointed.

“An effective emission monitoring and leak
detection program in economical tough times
is a challenge for operators.”
> Boris. A. Horn

Bell 206
JetRanger
The multi-purpose
helicopter can be quipped
with Pergam’s laser
system within only one
hour.

Used mainly for transmission lines, operators often trust a visual inspection from an aircraft. An observer on board looks out for starved
vegetation over the pipeline; an indication for a leak. The vegetation
situation as well as construction activities (especially earth movement)
within the right-of-way are another required check during the patrols.
Interestingly enough, even operators of pipelines with an installed continuous leak monitoring system often still complete an aerial or ground
based leak detection.
There are basically two characteristics that distinguish a laser from a
FID or CGI instrument: the laser can detect emissions remotely with up
to 10 pulses per second. Within the application, this means that the crew
doesn’t have to be positioned over the pipeline and the potential gas
cloud. Later, I will address the point why detection over a distance as
well as speed can be very handy besides the increased safety for the
crew. Furthermore, the laser can even measure through some materials
like glass – an excellent characteristic of the technology to assess an
emergency situation.
The sensitivity of a laser based detector is excellent, even the smallest
emissions can be detected. If it comes to the accuracy of the measurement result, the FID or CGI wins the race. Nevertheless, the accuracy of
a laser is more than sufficient for pipeline leak detection programs and
finding the leak is commonly the priority and high accuracy quantification is optional. Comparing the deliverable from a pure visual patrol with
a technology supported patrol; the value is based in the complete documentation and the early detection of minute leak indications.
Nowadays, leak detection lasers, including the related optics and electronics, are available in all sizes and designs. From handheld devices,
over vehicle / aircraft mounted systems up to fixed installed platforms
for single- or multipoint monitoring are commercially available and
field-tested. A fairly new application of laser methane assessment systems for mainly LNG terminals are fixed installed monitoring solutions.
Using highly effective retroreflectors, there are measurements along a
line with a distance up to 2.5 miles (4 km) possible.

Laser Methane Assessment
The figure 1 above illustrates the basic principle of
aerial laser methane assessment. The laser light is
partially absorbed if methane is present somewhere
along the path.
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The base of laser methane assessment is a tunable diode laser that
emits in the spectral range of 1.65 nm. At 1.65 nm, methane has very
high absorption characteristics that makes this concept so effective.
The laser is targeted through mirrors or prisms to the pipeline. The
beam is reflected on the surface (either on the pipeline itself or in underground networks on the surface over the pipeline). The backscattered light is collected in the optical unit of the system and through
spectroscopic signal demodulation and a complex algorithm, the gas
concentration can be calculated if methane is present somewhere
along the laser path [1]. This method can be used for many different
gases, as long as the gas has a high absorption in a certain spectral
range. Unfortunately, major changes in the laser, filter and algorithm
are necessary to adapt a system to another gas.
If talking about aerial applications, low altitude and low speed are
safety concerns. It is easy to imagine that the sensitivity is dependent on conditions like wind, distance and background. Modern aerial
laser methane assessment systems can be flown at 500 ft. (150 meters) over the pipeline up to 90 mph (145 km/h) and deliver excellent
results, even in windy environments up to 25 kt. This flight configuration gives the pilot enough time to start an autorotation landing in
case of a turbine failure. The highest sensitivity is obtained at 250 ft.
(75 meters) with maximum 15 kt. winds. Other aerial technologies
have the benefit of visualizing the leak and can also detect
different gases. Quantification is almost impossible
and very specific weather conditions need to
be present during the inspection to have
enough radiation for the technology to
work. These limitations restrict the commercial operation of these technologies in
the field.

“This method can be used for
many different gases, as long as
the gas has a high absorption in
a certain spectral range”
> Boris. A. Horn

Almost all systems today that are based on the laser methane assessment concept have a built-in reference cell. This reference cell is
primarily used to get a stable signal of the reference channel but secondary also for an automatic system test and calibration check. Users
of traditional instruments know the elaborate procedure of the daily
check to ensure that the equipment works. In some countries, the
check is even mandatory in regards to regulations. Besides this daily
check, a yearly recalibration is required for most of the instruments.
The built-in reference cell lasts up to six years and waives the yearly recalibration. Furthermore, it runs the system check automatically
at each start-up. The process is usually done in three steps. In step
one, the concentration of the reference cell is confirmed. Step two
self-checks the instrument and step three is the calibration-check.
Only if all three steps have successfully passed can the system be
operated. These capabilities help to keep the costs of ownership low
through saving time for the system check and especially the waived
yearly calibration. Depending where the next service center is located, a calibration can typically take several weeks and can cost up to
12 % of the equipment price.

Figure 2: Multi Pass Cell
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MULTI PASS CELL FOR VEHICLE BASED PATROLS
The gas concentration on the surface in city applications through low
pressure pipelines is often extremely small. A special design of the laser methane assessment platform utilizes a multi pass cell in order to
achieve sensitivities better than 0.1 ppm. The employed multi pass cell
in the SELMA MPB systems reflects the laser 108 times (see graphic).
A pump constantly sucks in air samples through nozzles close to the
road surface and blows the sample through an optical channel. The alignment of the laser requires the highest precision in the optical channel,
the use of only materials that are temperature stable and an installation
with highly effective shock absorbers. The manufacturing effort with this
extraordinary precision results in relatively high system costs. However,
the high sensitivity and the stable readings can be utilized to gain inspection speed. Together with high capacity pumps, an inspection speed up
to 30 mph (50 km/h) can be archived. The higher inspection
speed might not sound crucial but considering the accidents that are caused through slow driving utility
inspection vehicles, the speed remarkably increases the safety for the surveying team. Besides the
economic advantages of having the job done
faster, the higher investment is consequently
justifiable.
VOICE FROM THE MARKET
Within the scope of its innovation process,
Pergam has conducted a user study with 46
gas transport companies from 18 different countries regarding leak detection. The objective was
to learn the work flow from planning through data
archiving, the value in the leak detection chain and
specific issues with today’s available technology. The focus
group were transmission pipeline companies without an internal
continuous leak monitoring system. The result of the study shows that
the three main concerns are data management, operator qualification /
operator supervision as well as having proof of inspection that meets
the requirements of the regulatory bodies, sometimes even the company internal compliance standards.
PROOF OF INSPECTION
When speaking about documentation, surprisingly many
companies still use paper maps to plan, conduct and
analyze the leak survey. The ‘boots on the ground
team’ marks the areas that they have inspected and leaks are indicated with a marker
or simply with sticky notes. This might
sound very basic but there are a
large number of utilities even in
the developed countries that still
follow this procedure. The operating
platform of all laser methane assessment systems is fully digital which simplifies reporting capabilities. A GPS module
or a connection to a mobile phone tracks
the inspected route and matches the gas indications with the location. Furthermore, the data
can be analyzed for quality assurance purposes of
the patrol. The hired crews do not always follow the
inspection procedure. A common problem is that leak
surveyors use some kind of vehicle instead of walking
to save time. In this case, the variance in speed shows the
‘simplification measures’. Overlaying the shape files of the
grid with the inspected route gives a clear overview about the
inspection process. The logged data contain the track, time and

date stamp, notes from the operators and basic instrument information
together with the measured gas concentration. This information can
be processed for compliance reports and saved in all formats. Optional
available geo-referenced still frame or video cameras provide additional
information for easy location of the found leak.
DATA MANAGEMENT
With the mass of data available in today’s world, everyone seems to
know the problem of data management. During the conducted survey
in 2014 about the further use of the leak data, from which departments
the data are used, who and how data can be reviewed and updated, it
turned out that the bottleneck are often the highly paid internal GIS and
IT experts. These departments are often required to enter the data in
a management software or the field inspection software. A major gas
transport company in Canada stated that the costs for preparing and post-processing the inspection data are a higher expenditure than conducting the field inspection.
The inspection work itself is conducted by a contractor who gets the shape files and delivers back
a report about the assets with a leak. This issue
was addressed in the latest software and data
can be imported and exported in a variety of
industry standard data formats directly to and
from the laser methane assessment platform.
THE LATEST AND GREATEST UAV LEAK DETECTION
There are not many markets that are so dynamic
and full of innovations as the unmanned aerial vehicle (UAV) industry. Within only a couple of years, the
civil sector grew to a multi-million industry. The Unmanned
Aircraft Systems report by the Congressional Research Service
from September 2015 estimates 300,000 sold nonmilitary UAVs with
projected revenues of $200-$400 million in 2015 [2]. A UAV methane
sensor dedicated to the gas industry has been launched in the middle of
2015 and immediately received enormous interest from UAV manufacturer and UAV service providers but also from gas utilities. UAV providers consider the platform often as panacea for inspection tasks. The gas
industry itself is more hesitant and sees it more as an additional tool.
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Application studies showed that a UAV equipped with a camera and
the laser methane sensor is excellent for inspections of spans e.g.
pipes underneath bridges or the inspection of gas storage tanks;
applications where traditionally scaffolding or a lifting platform were
required. Another confirmed practicable application is the pipeline
inspection in rural areas with pipelines through agriculture fields. A
ground based inspection is possible but if grain is tramped down, the
utility often has to compensate the damage. Inspectors in residential
areas know the hassle if the last part of the line and the meter is
behind a closed fence. Contacting the owner to agree a new appointment for the inspection is time consuming and expensive. The UAV
based sensor enables them to continue the rest of the inspection
without any mayor delay. The same applies to assets in back yards
that have to be inspected. Applications beyond the pipeline industry
are emission monitoring on landfills, the check of wellheads or measurements for first exploration indications.
The solution based on a variety of UAVs is commercially available
and successfully tested. However, it is at this point in time only partially used in the industry. An obstacle in many markets is the unclear situation of the regulations. The national aviation authorities of
most countries work on a framework for regulations but very little is
adopted. The Federal Aviation Authority of the United States (FAA)
requires, in addition to other requirements, visual contact with the
UAV [3]. A typical distance for line of sight is 1.5 miles (2.4 km) – a distance that makes the inspection of even a small grid already difficult.
Other countries have similar rules. Japan and Australia have probably
one of the most developed UAV regulations. In these countries, UAVs
are already established in other applications such as agricultural
spraying. Another obstacle is the battery capacity today – not many
platforms are able to stay longer than 40 minutes in the air before
the batteries need to be swapped. Despite all the restrictions, a UAV
equipped with a gas sensor and cameras is a very valuable additional
tool for the right applications. For the classical long distance patrol,
the main aerial platform will probably remain the helicopter and fixed
wing planes for the next few years.

LMmini
A portable laser
methane assessment
instrument, initially.
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FUTURE
According to the Global Industry Analysts gas detection equipment
report from September 2015, the global market for gas detection
equipment is projected to reach US$ 3.2 billion by 2020, driven by the
growing number of safety and environmental regulations worldwide
[4]. For example, in October PHMSA (Pipeline and Hazardous Materials Safety Administration of the United States) proposed regulations
for a more complete system for detecting leaks as well as inspections of affected pipeline following extreme weather events or natural disasters [5]. Currently, this proposal has only been reviewed but
this and many other international rulemaking proposals will certainly
lead to more stringent rules about pipeline leak detection around the
world. New technologies such as the laser methane assessment and
more automated data management systems with direct integration
of the leak detection data into the work flow will be adapted from the
industry and economize the leak surveying.
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Abstract
In early years, when pipeline industry and HT transmission system were
not so developed in India, AC interference for underground pipelines did
not receive adequate attention. In recent years, due to paucity of land and
lack of clear policy on utility corridors have led a situation, wherein cross
country Oil & Gas pipelines are running parallel to HT transmission lines.
AC interference on pipelines is a real and serious problem which can
place both operator safety and pipeline integrity at risk.
When a long-term induced AC voltage exists on a pipeline, it can be dangerous and potentially Life-threatening for operations personnel to touch
the pipeline or appurtenances as well as it can lead to pipe corrosion resulting from discharge of current.
Indian Oil Corporation Limited is India’s largest company by sales with
a turnover of over $76,250 million for year 2013-14. Indian Oil is also the
highest ranked Indian company in Fortune ‘Global 500’ listing, ranked at
96th position. Indian Oil is an integrated energy company, with significant
presence in refining, transportation, marketing and petrochemicals business. It also operates about 12000 km of petroleum pipelines, crude oil
pipeline, multi product pipelines, dedicated LPG pipelines, Naphtha pipelines, Gas pipelines etc.
The paper presents a case study of about 100% metal loss in a 24” dia
crude oil pipeline, having 6.4 mm wall thickness, apparent due to interference from HT AC transmission line is presented in the context of pipeline
industry in India and also brought out the constraints pipeline industry
face while mitigating different type of interference.

When steel pipelines traverse close to overhead electric transmission
lines, interference can occur between the electric lines fields and the
pipeline, as seen in Figure 1.1. Electric power is transmitted in three
phase systems and on one or double circuit structure; each carried on a
separate line held aloft by pylons or towers along the right of way.
The voltage sequence of the power is sinusoidal AC power phase and
is 120° out of phase with the other two. If each phase is equal, the sum
of the alternating currents in the three phases and the sum of the magnetic fields resulting from the alternating current in each phase should
add up to zero in balanced three phase system. However, different distances between the pipeline and each phase in the transmission line,
along with phase imbalance, lead to induced AC interference on the
pipeline. Coatings on pipelines are provided so as to make impressed
current cathodic protection system effective. However, paradox is that
good coating system creates hurdle in AC mitigation problem as better coating leaves fewer defects in the coating for AC current to go
to ground. Earlier, less well coated pipelines had sufficient grounding
and thus, induced voltages were not a practical problem.
In India, there is another major problem which makes interference issues more intense in certain pipeline corridors. Due to high population
density and limited availability of land, certain pipeline corridors have
5-6 pipelines of different diameter, different coating and pipelines laid
at different timelines. As these 5-6 lines are laid at a lateral distance
of 4-5 meters and all of them are cathodically protected, which further
interference issue much more complicated.

“AC Interference on pipelines is a real and seINTRODUCTION
Till 1990s, there were very few cross country pipelines were in India and,
even if there were AC transmission lines were there, they used to cross
the pipeline at 75 to 90 degree. After 1991, both power industry and pipeline industry saw rapid developments. However, both the industry faced
same sort of challenges wherein land owners refused or resisted laying
pipelines or transmission lines in their land. Though Government policies
facilitated acquiring right-of-way for pipelines through consulting process, it was easier for both pipeline operator or transmission line operator to acquire right of lay pipeline or transmission line, if a transmission
line or pipeline is passing through the land or corridor earlier and thereby,
making the land unusable for residential or commercial developments.

rious problem which can place both, operator
safety and pipeline integrity, at risk.”
> Yadav, B. D.

Thus, tin last 10 years or so, it is quite a common sight to see pipeline corridors running parallel to transmission line networks. Unlike transmission
lines, underground pipelines are not visible to outside world, but, pipeline
operators in India are aware of the problem. Though most of the pipeline operators are sensitive to the increased tendency to lay transmission
lines in utility right-of-way (ROW) of pipelines or vice versa, problems like
AC corrosion in pipelines have still not received adequate attention of
pipeline operators.

In India, many cross country
pipelines are running parallel
to HT transmission lines.
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TYPE OF AC INTERFERENCE
AC interference between transmission systems and buried pipelines
can be of three kinds:
Electrostatic or Capacitive Interference
In case of capacitive interference, a pipeline laid in the vicinity of
transmission line picks up a voltage relative to the soil, which is proportional to the voltage in the transmission line.
Resistive or Ohmic Interference
Occur when lightning strikes a transmission structure, or when there
is a phase-ground fault. When this occurs, a large voltage cone is created around the pylon grounding system. If a pipeline is located within this area, voltage can get onto the pipeline in the area within the
voltage cone through coating defects. Anyone touching the pipeline
outside the voltage cone could receive a shock from the potential
between the pipeline and the surrounding soil.

One of the such loopline was 16.07 km long Sidhpur-Sherpura
loopline was in Mehsana district of Gujarat State of India. Unlike old
SMPL, which have comparatively poor coating conditions due to over
the ditch coaltar enamel coating prevailing in 70s/80s, this loopline
was made of plant coated 3 layer polyethylene coating. Thus, this
loopline was having excellent coatings as compared to mainline.
IOCL provides best available coating, as primary protection against
corrosion, to its pipelines supplemented by Cathodic Protection system. IOCL also carried out intelligent pigging of its pipelines at fixed
periodicity to identify repair & maintenance requirement.
Both old mainline and new laid loopline were cathodically protected.
Due to good coating, loopline was having only one transformer-rectifier unit for meeting impressed current requirement of loopline as
against more than 2 units for identical length of mainline. A comparison of current requirement of old mainline and new loopline for identical length is as under.

Electromagnetic or Inductive Interference
This type of interference occurs when high voltage transmission
pipeline runs close and parallel routing with underground metallic
pipelines. The pipeline picks voltage due to any phase imbalance in
the lines. The likelihood of interference increases with rising operating currents in the overhead lines, with increasing quality of the coating on the pipeline, and with the length of line parallel to and close to
the high voltage AC (HVAC) transmission lines. Voltages are induced
in the pipeline by magnetic coupling with the high-voltage lines, and
results in currents flowing in the pipeline. These currents result in a
voltage difference between the pipeline and the surrounding soil.

CASE STUDY
Indian Oil Corporation Limited is India’s largest company by sales
with a turnover of over $76,250 million for year 2013-14. Indian Oil
is also the highest ranked Indian company in Fortune “Global 500”
listing, ranked at 96th position. Indian Oil is an integrated energy
company, with significant presence in refining, transportation, marketing and petrochemicals business. IOCL, with more than 11000 km
of liquid hydrocarbon pipelines, has over 50 years experience in operation and maintenance of liquid hydrocarbon pipelines in different
terrain of India.
This example is from its 1870 km long largest crude oil pipeline of
IOCL. Salaya-Mathura pipeline, till 1997, was km long pipeline feeding
crude oil from Salaya port to two of its refineries at Vadodara and
Mathura. In 1997, one 347 km branch was added to link its upcoming Panipat refinery from Chaksu. Simultaneously, capacity of its 602
km 24” diameter Viramgam-Chasku segment was augment from 7.5
MMTPA to 13.5 MMTPA by adding 2 intermediate pumping stations
and adding 110 km of looplines in 4 different segments.

DC Output Current (A)
Sidhpur (M/L)

2010

2011

2012

2013

11.3

7.8

0.6

0.5

Chapi (L/L)

9.2

8.7

3.5

2.0

Chapi (L/L)

0.4

0.5

0.7

1.1

Palanpur (M/L)

9.8

4.5

3.9

3.0

DC Output Table

The entire loop line was cathodically protected consistently though
current requirement for maintaining comparable pipe-to-soil potential (PSP) level was also increasing consistently. Refer PSP profile at
Figure 1.
FINDINGS OF INTELLIGENT PIGGING
Though Sidhpur-Sherpura pipeline was commissioned in 1997, it was
2014, when IPS of Sidhpur-Sherpura loopline was carried out. Incidentally, Closed Interval Potential Survey of this pipeline section was
also carried out about 2 months prior to IPS survey.
During intelligent pigging of Sidhpur-Sherpura, a signification metal
loss (78%) feature was reported at Chainage5.7 km; though quarterly
pipe-to-soil potential survey as well as CIPS survey report did not indicated at localized problem at given location as indicated in Exhibit 1
and 2. As the reported metal loss location was just 5.7 km away from
the pumping station and was in high pressure zone, this location was
immediately excavated for verification of reported anomaly.
It was also seen that the reported location was just adjacent (1m
away) to a 66 KV power transmission line, running parallel to underground pipeline (Figure 4).
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Figure 1: PSP Profile of Sidhpur-Sherpura Loopline

PSP On

PSP Off

Figure 2: Close Interval Potential Survey in and around fault location,
prior to identification of fault in Intelligent Pigging Survey

Figure 3: Distribution of Metal Loss Features in Intelligent Pigging in
Sidhpur-Sherpura Loop line after 17 years of Operation

Getting
Close
Indian pipe and a
transmission line
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On excavation, coating of the pipeline was observed to be relatively
good conditions except for pinhole type damage on exterior of coating (Figure 5).
On removal of the coating an unusual pitting at unusual location (on
spiral weld itself) was observed (Figure 6), implying flow of heavy current though that location. Incidentally, coating conditions and pipeline conditions, adjacent to this anomaly, were found to be in excellent condition.

CONCLUSION
1.

Pipe to Soil Potential surveys or even Close Interval Potential
surveys may not be adequate to indicate A.C. interference
issues.

2.

As pipelines with good coating are more susceptible to A.C.
interference, in case pipeline corridor is selected parallel to AC
transmission line, suitable mitigation measures should be provided since construction of the pipeline itself.

3.

AC interference is one issue, which can lead to significant
damage to pipelines in short span of time. Considering huge
consequential losses in case of pipe failures in case of Oil & Gas
pipelines, policy makers should consider segregating pipeline
corridors from power line corridors.

4.

Existing protection mechanisms are costly as well as pone to
damages and vandalism. Even if pipeline operators provide
these mechanisms, they do not last long. There is need to make
these mechanisms more robust and vandal proof.

5.

Interference survey should also be carried out at periodic interval
to confirm adequacy as well as healthiness of interference protection mechanisms.
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SUBSEA
CORROSION
ANALYSIS AND CONTROL OF THE INTERNAL
CORROSION OF A SUBSEA PIPELINE

The Zakum Offshore Oil Field,

located 60km off the coast of

Abu Dhabi, ist one of the largest oil fields in the world with an estimated
oil reserve of 50 billion barrels. Responsible for the exploitation is the Zakum Development Company (ZADCO), a joint venture of ADNOC, ExxonMobil and JODCO. When all extensions are completed, approx. 750.000
barrels will be produced daily.
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Abstract
> by: Abdulrahman Al Aleeli

> GMW Supervisor

> ZADCO

A review of the intelligent pig report (IP) depicted an
unexpectedly high concentration of localised corrosion in the CL-6 pipeline at the Zakum oil field. Additionally, it can be discerned from the report that the
inhibitor performance was unsatisfactory in some
pipeline parts. Even though the pipeline was monitored by the coupons system, readings from the system failed to reflect the problematic situation in the
pipeline’s low points. In order to analyse corrosion
features, the ECE® program model and the coupon
readings are used to compare the metal loss with the
intelligent pig findings. However, results from this
analysis showed that 90% of the corrosion features
were formed by normal sweet corrosion and were
predictable. The corrosion’s features made up most
of their metal loss during the uninhibited operation
period and also resulted because of the periodic loss
of the inhibitor treatment. The rest of the corrosion
features existed at a low point that formed different
conditions which may affect inhibitor performance.
Furthermore, low points worked as a water trap and
changed the oil-water ratio locally. This altered the inhibitor partitioning behaviour to become oil soluble.
Moreover, sand and basic sediments accumulated
in the low points which increased the open potential
circuit in the present of the inhibitor while the area
under deposit acted as an anode. The erosion factor
cannot be indicated as the reason behind the expediting corrosion rate in the low points is because the
slope is very low.

INTRODUCTION
The 18 inch pipeline was laid on the seabed in 1981
failed inspection due to a high concentration of localised corrosion in the six o’clock position. The
pipeline is fabricated from API 5L X65 to send west
satellite crud to the central complex, see figure [10].
However, the pipeline was uninhibited until 1992/3.
Despite this, even after 1992/3, the localised corrosion continuously grew on the bottom half of the
pipeline. Laboratory tests showed that the main corrosion products were siderite-FeCO3 with a black
colour, siderite and calcium carbonate with a reddish
brown deposit and iron sulphate, which was only observed in traces [3].
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Figure 1: Black deposit (FeCO3) [3]

According to the technical report, a visual examination conducted at
the time observed pits that were present throughout the pipe and corrosion features severity was high in the pipeline low points.

Figure 3: The size of the reported corrosion features [3]

Figure 4: Timeline showing inhibitors programs and water cut
percentage for CL-6
Figure 2: Corrosion features

Ninety percent of the corrosion features had metal loss of less than
20% WT while the deepest features made up 78% WT at 2303.32m.
The majority of the features had a recorded length between 10mm to
150mm and the features width range was recorded between 5mm to
150mm, see figure 2. The in-line inspection data also showed that the
number of internal corrosion features increased at pipeline concavities.
The company’s database showed that the pipe was installed in the
seabed and exposed to seawater without any chemical treatment from
1981 to 1986, which was before it began operation. Between 1986 and
1992 the pipe was operated without any inhibitor injection. The integrity measures were applied from 1992 onward.

However, before introducing the integrity measures, the water cut percentage increased from zero in the first three years to 0.45% at the
end of the period. The inhibitor and biocide injection were introduced
to the pipe in 1992 as continuous injections and batch 24 hours post
pig to the end of the pipe’s life. Meanwhile, the water cut percentage
increased from 0.45% to 3.2% in 2006. The CECA PA 23D was used as
a continuous injection as well as batch dosing with an increasing concentration from 3ppm to 6 ppm and 15 ppm to 50ppm respectively for
the whole lifetime except for the periods from May 1997 to Dec 2001,
and from Nov 05 to the end of its life where EMO 110B with 5ppm – 10
ppm and EMO 172 with 9.0 – ppm, see figure 4.

ZADCO
Headquarter
in Abu Dhabi

METHODOLOGY
A. ECE® Model
The Electronic Corrosion Engineer (ECE®) model is used to analyse the
corrosion during the period between 1989 and 1992 where corrosion may
have existed in the system but there was no means of monitoring it directly. The corrosion rate is calculated based on the operational data.

B. Coupons reading
Since 1992, the monthly readings of the coupon metal loss for three
months were taken for the pipeline and recorded in the ZADCO system.
These readings are used in this study to analyse the corrosion features
and evaluate the corrosion inhibitor’s performance throughout the period
RESULTS
A. ECE® Model
It can be seen that from the conditions existing inside the pipe that the
maximum corrosion rate scored 0.77 mm/y at the bottom line while the
top line corrosion was negligible.
Figure 5: ECE® Outcome – Corrosion rate
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B. Coupons reading
The coupons reading shows the corrosion rates were less than 0.025
mm/y for most of the period which is matched with the company
standards and specifications. In the years between 2002 and 2005,
the corrosion rates dramatically rose above the acceptable limits, as
shown in figure [6]. However, the accumulated metal loss was less
than 0.05 mm until the middle of 2002. After that, it increased dramatically to a level just under 0.23mm in 2006, figure [7]

Figure 7: Accumulated metal loss according to the coupons reading
DISCUSSION
A. Analysis corrosion features with less than 20% WT

Figure 6: Corrosion rate according to the coupons reading

ZADCO
Facility
At the coast of
Abu Dhabi

The ECE® model shows that the pits are initiated in the first operation
period, prior to the inhibitor injection system’s introduction. According to the model outcome, the corrosion rate in the pipeline before
the inhibitor injection was 0.77 mm/y. Considering the fact that the
watercut was absent in the first four years, the corrosion began within
at least two years of the same period with an accumulated metal loss
of 1.54mm, see following calculation. Cr = 0.77mm/year.
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However, the coupon readings show that the accumulated metal loss for
the period when the pipeline was inhibited was 0.222 mm. By adding to
it the metal loss value during the period when the inhibitor injection was
absent, the result will be 1.76 mm, %18.48 which matched with intelligent
pig finding, see figure [8]

Figure 9: Increments in the corrosion features due to high water exposure

1) Erosion factor
Figure 8: Accumulated metal loss

absent, the result will be 1.76 mm, %18.48 which matched with intelligent
pig finding, see figure [8].
&WT = 1 -

9.52 - 1.76
9.52

+ 100 = %18.48

It can be seen from the result, at the first period, when the pipeline was
operated without an inhibitor injection system, that the pit initiated and
produced the most metal loss. Moreover, the periodic loss during the inhibitor treatment led to a fluctuation in the inhibitor’s performance, which
accounts for the remainder of the metal loss.
This failure could have been avoided by adopting a comprehensive
pipeline integrity plan, starting before the operation phase to avoid pit
initiation. The inhibitor injections could be more efficient by linking its
concentration directly with the watercut percentage, which changed
over time.
B. Analysis of corrosion feature with high metal loss
The intelligent pig detected that 10% of the pits had major metal loss.
These pits were located in the low points and just at the up-slope positions throughout the pipeline. According to the ECE® and coupons
reading, these features were neither predicted by normal sweet corrosion models nor detected by the monitoring techniques. As all of these
features have identical conditions, the corrosion feature at 2303.32m
distant will be used as an example, see figure 9.
There are some phenomena that may arise in relation to the pipeline’s
low points, which may be the reasons behind the high corrosion rates in
these locations of the pipeline. The validity of the reasons is checked in
the study case as follows:

At a relatively high slope, up-slope positions are associated with turbulence formations which apply mechanical force on the passivation layer,
leading to pit initiation. Moreover, the erosion factor prevents scale healing. Therefore, the corrosion current is increased and thus increases the
corrosion rate, which accelerates the pits’ propagation [6].
The slope should be relatively high; otherwise, the effect will be negligent. At 2303m, where severe metal loss features exist, the slope is very
low. The difference between the high point and low point is 1.5 m and the
distance between them is 500m.
Slope =		

X
Y

; slope = 		

1.5
500

= 3 * 10-3

It can be seen that the slope is not high enough and, more probably, that
the turbulence did not exist in the pipeline’s low point.
2) Changing inhibitor partitioning behaviour with varying oil-water ratio
At the low point, the percentage of the formation water increased and
changed the oil-water ratio locally. This can be seen in figure [9], which
shows increments in the corrosion features in the circumferential orientation due to high water exposure.
Inhibitor concentration is mitigated pipeline low points due to the inhibitor partitioning phenomena and loses its efficiency [4]. This phenomenon happens due to the change in the inhibitor’s nature with the
change in water percentage in the presence of the hydrocarbon. The
inhibitor changed from partitioning the water phase to partitioning the
oil phase so that the inhibitor became oil-soluble instead of water-soluble in these conditions [4]. The lack of inhibitor concentration locally in
the water phase at low points led to an increase in the corrosion rate and
caused the non-predictable localised corrosion.
In order to control unpredicted corrosion at the low points, the inhibitor
partitioning in the water should be checked for present oil with different
oil-water ratios to determine the critical ratio where inhibitor behaviour
is changed to partitioning the oil phase. The pigging activity could help
by adopting the pigging frequency to remove the stagnant water once
the oil–water ratio reaches the critical value to avoid any drop in the
inhibitor efficiency.
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Ninety percent of the corrosion features had metal loss of less than
20% WT while the deepest features made up 78% WT at 2303.32m.
The majority of the features had a recorded length between 10mm to
150mm and the features width range was recorded between 5mm to
150mm, see figure 2. The in-line inspection data also showed that the
number of internal corrosion features increased at pipeline concavities.
3) Effect of accumulated basic sediment
The basic sediments are accumulated in the CL-6 pipeline’s low points.
The presence of these deposits affects the corrosion rate of the corrosion features under these deposits in different ways.
Due to the competitive absorption of the basic sediment deposits, the
inhibitor concentration is reduced in the water phase at the low point,
which reflects on the inhibitor’s performance efficiency. The deposit
also forms a mass barrier and interrupts the inhibitor molecules from
reaching the under deposit pits [5].
Moreover, inhibitors with a high imidazoline concentration can display backfire results as they increase the potential difference while
the spots under deposit work as an anode [5][1].
CONCLUSION
In conclusion, 90% of the corrosion features were found to be the
result of normal sweet corrosion. They can be predicted by a normal
CO2 model and monitored by the coupons. On the other hand, the
remainder of the features experienced unpredicted metal loss due
to a drop in the inhibitor efficiency at the low points. The inhibitor
performance declines at the low point due to the appearance of accumulated water and sand which create a different environment. All pits
in this case study were most likely initiated during the period when
the corrosion inhibitor was absent and made up the majority of metal
loss. Apart from the short periodic loss, the inhibitor injection succeeded in decreasing the corrosion rate to the stipulated limits in the
codes and standards of 90% of corrosion features. On the other hand,
the inhibitor performance was unacceptable in failing to prevent pit
propagation in 10% of the corrosion features which were located at
the low points. The coupon reading was not relevant to the situation
in this instance as they were under different conditions compared to
the rest of the pipeline. This failure happened as a result of phenomena associated with the low point position such as changing inhibitor partitioning behaviour and effect of accumulated basic sediment,
while the erosion factor had a negligent effect.
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CONFERENCE – 12-14 APRIL

Technical tracks presented by industry leaders covering a wide range of
subjects will run over the three day event.
The Conference tracks include;
• Track A – Corrosion
• Track B – Repair
• Track C – Design
• Track D – ILI
• Track E – Operations’
• Track F – Management
• Track G – Cracks and SCC

•
•
•
•
•
•

Track H – Integrity
Track I – Offshore
Track J – Materials
Track K – Coatings
Track L – Leak detection
Track M – Maintenance

View the full Conference programme at www.pipelineconf.com

WORKSHOPS – 11 APRIL

Preceding the conference, six Topical Workshops will be held.
The topics include;
• Workshop 1: In-line inspection of traditional and challenging pipelines – an overview
• Workshop 2: Microbiological corrosion
• Workshop 3: Direct assessment
• Workshop 4: Best practices in offshore pipelines
• Workshop 5: Managing black powder
• Workshop 6: Pipeline integrity – management and programmes

EXHIBITION – 12-14 APRIL

A comprehensive exhibition will be part of the event, allowing companies from around the
world to showcase their products and services. Visit our website to book your space.

For more information or to register visit www.pipelineconf.com
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600+

DELEGATES

50+ EXHIBITORS

55+ DIFFERENT
NATIONS

The Pipeline Technology Conference (ptc),
Europe’s leading pipeline conference and exhibition, the Pipeline Technology Conference (ptc), will take place for the 11th time offering
again opportunities for operators as well as technology and service providers to exchange latest technologies and new developments
supporting the energy strategies world-wide.
The conference will provide panel discussions and special focus sessions on “Pipeline Safety”, “German Energy Turnaround”, “Challenging Pipelines” and “Offshore Technologies”. For the first time the conference will also feature an “Scientific Advances Poster Session”
with latest updates on present and upcoming research activities.
ptc will feature lectures and presentations on all aspects surrounding oil, gas, water and product pipeline systems. The exhibition with
more than 50 exhibitors will show latest pipeline technologies and products. This years ptc will be held in parallel to the 1st PASC (Pipe
and Sewer Conference and Exhibition). Focusing on lower pressure pipes and sewers, the new PASC offers a great opportunitiy for
relevant providers to exchange latest technologies and devlopments from this area. Also, PASC provides synergy effects for provider,
wo are active in both sections.
For more information kindly visit: www.pipeline-conference.com and www.pipeandsewer.com

“64% of the PTC Delegates are coming from abroad (Europe, Middle
East, North America, South America, Asia, etc.)”
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Pipelin
Confe

11TH PIPELINE TECHNOLOGY CONFERENCE
EUROPE’S BIGGEST PIPELINE EVENT
THE ANNUAL GATHERING OF THE
INTERNATIONAL PIPELINE COMMUNITY
IN THE HEART OF EUROPE

After starting as a small side event of the huge
HANNOVER MESSE trade show in 2006 in
Hannover, the Pipeline Technology Conference
developed into Europe’s largest pipeline conference and exhibition. Since 2012 the EITEP Institute
organizes the ptc on its own and moved the event
to Berlin in 2014.

IN PARALLEL TO

35+ SUPPORTERS
17

Technical Sessions at ptc / pasc 2016
Integrity Management
Inline Inspection
Leak Detection
Repair / Rehabilitation
Materials
Coating / Corrosion
Pump & Compressor Stations
SCADA / Automation
Remote Sensing

Offshore Technologies
Planning & Construction
Trenchless Construction
Trenchless Rehabilitation
Legal Assessment
Inspection
Asset Management
Waste Water Disposal

Details about the conference program
can be found on the following websites:
www.pipeline-conference.com
www.pipeandsewer.com

1 ST PIPE AND SEWER CONFERENCE
EUROPE’S NEW PIPE AND SEWER EVENT
PROVIDING A PLATTFORM FOR THE INTERNATIONAL EXCHANGE ABOUT CHALLANGES
IN THE PIPE AND SEWER INDUSTRY
While ptc is focusing on high-pressure oil, gas
and water pipelines around the world, PASC will
bundle all topics regarding supply pipes for gas
and water, district heating / cooling and sewers.
Synergy effects with ptc are especially relevant for
provider of all pressure levels.
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Benefit from our ptc-all-round service
A pre-show, at-show but also post-show marketing
is the key to build your visibility.
Therefore our ptc-brand activities enhance greater
success to your company also outside the confines
of the conference and exhibition.
Increase the attention with a selective activity of
the ptc:

8th Pipeline Technology Conference
EUROPE‘S
LEADING CONFERENCE
ON NEW PIPELINE TECHNOLOGIES
8th Pipeline
Technology
Conference
18 - 20 March 2013, Hannover, Germany

Pipeline Technology Conference
18
- 20 March 2013,
Hannover, Germany Conference
Pipeline
Technology
EUROPE‘S LEADING CONFERENCE ON NEW PIPELINE TECHNOLOGIES

The
ptc brand in ptc includes:
Your
Engagement
The
ptc brand in ptc includes:
Your
Engagement
Newsletter
Newsletter

Paper Database

Paper Database

Seminars

Company Workshops

Seminars

Company Workshops

Pipeline Technology Journal

Public Relations

Pipeline Technology Journal

Public Relations

Conference / Exhibition
Conference / Exhibition

Website

Website
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Combine your
visit with

ptc

Berlin

sightseeing

THE INTERNATIONAL PTC COMMUNITY MEETS IN BERLIN
Berlin is more than 775 years old and over the decades, all generations have left their monuments and landmarks in town.The capital is a centre for international conventions and trade fairs and the
number one among German cities for conventions. Berlin offers
excellent infrastructure, the most up-to-date locations in Europe, a
diverse range of services and a great shopping mile and night-life.
Berlin is a world city of culture, politics, media, and science. Its economy is based on high-tech firms and the service sector, encompassing a diverse range of creative industries, research facilities, media
corporations, and much more. Berlin serves as a continental hub for
air and rail traffic and has a highly complex public transportation

network. The metropolis is a popular tourist destination. Significant
industries also include IT, pharmaceuticals, biomedical engineering,
clean tech, biotechnology, construction, and electronics. Berlin is
one of the 16 states of Germany with a population of 3.5 million people. It is also the country’s largest city.
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Save The Date

11TH PIPELINE TECHNOLOGY CONFERENCE

Pipeline T
Conferenc

23-25 MAY 2016, ESTREL CONVENTION CENTER, BERLIN, GERMANY

Europe’s Leading Conference and Exhibition on New Pipeline Technologies

Almost 500 participants visited the 10th PTC in Berlin

New developments were introduced

PIPELINE TECHNOLOGY JOURNAL 51

CONFERENCES / SEMINARS / EXHIBITIONS

Review of the 10th Pipeline Technology Conference 2015 in Berlin
With delegates from 49 different nations with 493 participants including staff and management of 53 international
pipeline operators, 47 exhibitors, 10 sponsors, 70 speakers and 12 poster sessions the 10th Pipeline Technology Conference (8-10 June, Berlin) is shaping up to be a pivotal event for the global pipeline community.
The purpose of the Pipeline Technology Conference (ptc) is to gather operators as well as technology and service
providers on a global basis in order to enhance pipeline technology. Therefore the conference addressed in 13 technical sessions and its Opening Panel Discussion the major industry challenge faced by the pipeline community
today. A wide range of recent and future “safety” aspects were presented by experts from international key players
form the oil and gas pipeline industry. Their insight and expertise fed directly into discussions and involvement of
the participants with live polling.
A technical exhibition accompanied the conference offering the opportunity to more than 30 media partners to be
presented in the media lounge during the show. Followed by a poster show, post conference workshops and social
programs the delegates took advantage of the sheer wealth of experience available from industry leaders and innovators gaining a comprehensive understanding of key industry issues and new solutions.
The unique Closing Panel Discussion on “German Energy Turnaround” focused on questions surrounding the future
of pipelines in a renewable energy age in Germany, Europe and worldwide.
All abstracts and papers of the conference are published on the ptc website and are now publically available for
international researchers and scientists from all over the world (www.pipeline-conference.com/abstracts).
For more information visit www.pipeline-conference.com.

to an international audience

Attendees networking at the exhibition
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IN PARALLEL TO EUROPE'S LARGEST PIPELINE CONFERENCE AND EXHIBITION

11TH PIPELINE TECHNOLOGY CONFERENCE

1ST PIPE AND SEWER CONFERENCE

23-25 MAY 2016, ESTREL CONVENTION CENTER, BERLIN, GERMANY

an

event
Euro
EuroInstitute
Institutefor
forInformation
Information
and
Transfer
andTechnology
Technology
Transfer

CONFERENCE TOPICS
(WATER, WASTE WATER, GAS, HEATING, COOLING)
• NETWORK PLANNING
• CONSTRUCTION
• TRENCHLESS INSTALLATION
• MATERIALS
• JOINING
• VALVES AND FITTINGS
• PUMPING AND COMPRESSOR STATIONS
• INSPECTION AND LEAK DETECTION
• CLEANING
• MAINTENANCE
• REHABILITATION
• MEASUREMENT AND CONTROL
• SMART GRIDS
• SMART METERING
• ASSET MANAGEMENT
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11TH PIPELINE TECHNOLOGY CONFERENCE
23-25 MAY 2016, ESTREL CONVENTION CENTER, BERLIN, GERMANY

Europe’s Leading Conference and Exhibition on New
Pipeline Technologies, taking place at the Estrel Berlin,
Berlin, Germany

www.pipeline-conference.com

PTJ covers reports about research, industry and practice,
presentation of innovative concepts and technologies
abd special reports about pipeline safety.
ptj will be sent to more than 27.000 international decision
makers and experts of the pipeline industry.

Next Issue:
March 2016
www.pipeline-journal.net

BONUS DISTRIBUTION AT PTJ PARTNER EVENTS
Pipeline Pigging and Integrity Management

8-12 February 2016

Houston, USA

ME Pipe Tech

21-22 March 2016

Abu Dhabi, UAE

Pipeline Operations and Maintenance

11-14 April 2016

Manama, Bahrain

3rd International Pipeline Coating Conference

20-21 April 2016

Dubai, UAE

11th Pipeline Technology Conference (ptc)

23-25 May 2016

Berlin, Germany

1st Pipe And Sewer Conference (PASC)

23-25 May 2016

Berlin, Germany

1ST PIPE
AND
SEWER
CONFERENCE
23-25 MAY 2016, ESTREL CONVENTION CENTER, BERLIN, GERMANY
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Costs down
Eco-friendliness up
With Pipe Express ® Herrenknecht has developed
a semi-trenchless installation method for pipelines which leads to significantly lower project
costs. The route width is up to 70 % narrower.
No groundwater lowering or soil compression
is required – making Pipe Express ® the first
choice for the environment as well.

Winner of the IPLOCA
New Technologies Award 2013

Pioneering Underground Technologies
www.herrenknecht.com
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Don’t miss an issue
Reach more than 28,000
top managers, engineers,
supervisory personnel
from oil and gas as well as
pipeline industry.
www.pipeline-journal.net
To advertise please contact :
Mr. Admir Celovic
Phone: +49 (0)511 90992-20
E-Mail: celovic@eitep.de

Offical Publication for

Terms of publication
Six times a year, next issue: March 2016
Paper deadline: February 15th 2016
Advert Deadline: February 26th 2016

Pipeline Technolog
Conference 2010

11TH PIPELINE TECHNOLOGY CONFERENCE

EUROPE’S BIGGEST PIPELINE CONFERENCE AND EXHIBITION
www.pipeline-conference.com

1 ST PIPE AND SEWER CONFERENCE
INTERNATIONAL CONFERENCE AND EXHIBITION ON PIPE AND SEWER TECHNOLOGIES
www.pipeandsewer.com

23-25 may 2016
estrel convention center
berlin, Germany
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Euro Institute for Information
and Technology Transfer

Europe‘s biggest onshore & offshore pipeline conference & exhibition:
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