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Oftshore pipeline problems and remedial measures

ABSTRACT

India as a developing economy needs energy to sustain its ‘developments, before 1991 oil
and gas sector was almost closed for the outside world. But by liberalizing the oil and gas
sector the government has taken the major steps towards meeting the energy demand.
India has introduced NELP (new exploration licensing policies) to instigate the E&P
activity in the country. Recent discoveries show that major hydrocari)on potential lies not.
on the land but in the deep water areas, E&P companies all over the world not only in
India are moving towards deep water areas to explore oil and gas, though it is costly to
find and produce oil and gas in deep water area but high oil and gas prices justify this
effort. If we talk about the production facilities which the E&P companies uses are |
generally designed for-long service periods and workability in the moisture. The basic
advantage the production facilities have is that they operates above sea level and
maintenance cost are not quite high as maintaining facilities below sea level.

Now if we talk dbout the transportation facilities which are used to carry oil and gas from
production facilities to nearest shore where it can be sent to the centre of consumption
first and most important things which causes to mind is pipeline, which lies below the sea
level and subjected to many unbalance forces and adverse condition. These pipelines
does not have the benefit of operating above the sea level as the other facilities have so
the maintenance of pipelines is very costly and required substantial amount of reserve
and owing these resources may be not possible or feasible for small scale companies or
medium scale companies, so the question these companies need to ask themselves is how
they can identify the types of failures and their sources, the methods of detection and
economic front the cost benefits analysis and what strategies they can pursue to get
resources at affordable price. '

So keeping in mind, this project focus on identifying the different types of failures a
offshore pipeline can subjected to and the various methods which are used worldwide to

identify these problems and the remedial measures for these failures.

(ii)

1R
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Oftshore pipeline problems and remedial measures

Having detected the leak; the biggest problem arises as to how overcome the problem?
Whether requisite facilities, material and manpower resources readily available for such
jobs? Often if causes difficulties and delays. _

Through this project, an attempt has been made to explore the possibility if the resources
can be pooled amongst the indigenous sub sea pipeline operator or with the pipeline

operating in neighbouﬁng country through centralized resources or through mutual aid

schemes within the purview of national/ international regulations.

(i)
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Off Shore Pipelines Problems And Remedial Measures

RELAVENT DETAILS FROM LITERATURE ON OFFSHORE

PIPELINE AND RELATED ISSUES

1.0 INTRODUCTION TO OFF SHORE PIPELINE

Initially, a offshore pipeline was a pipe, made of carbon steel which was placed on continental

shelf to transport oil and gas from offshore well to land. Little efforts was made to insure that it

was buried in the sand. There was a little problem because the pipe, in some cases had nearly

positive buoyancy. This led to the need to the weight the pipe down with concrete weights.

Current technology provides for a complete covering of pipe with concrete.
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SOURCE: MONITORING OF OFFSHORE PIPELINES
FIG 1 OFFSHORE PIPELINE

In most part of the world, the pipe joints for oil and gas will conform to the American

Petroleum Institute API specifications 5L; for submarine pipeline the relevant specification is

PSL2. Though the API 5L specification dated back to the 1920s, it became the basic

international specification in 1948. at that time, the highest strengths grades was X42. the ISO

standard now include pipe grades up to X80.

University Of Petroleum And Energy Studies
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" Off Shore Pipelines Problems And Remedial Measures

Typical compositioﬁ of pipeline steels

Pipeline Maximum composition %
Grade/Wall

C Mn | Si Al Ca [Ni [N Cu |V Nb | Ti B P S

*10° | *10° *10° *107 | *10° | *107 | *10° | *10° | *10°
X65 | 16mm | 0.02 [ 1.59 | 0.14 4 1.7 1 1.8 |3
X65 | 25mm | 0.03 | 1.61 | 0.16 0.17 ' 5 16 |1 1.6 |3
X65 | 25mm | 0.06 | 1.35 0.25 0.33 4 1.8 25 |5
X70 | 20mm 0.03 191 | 0.14 ‘ - 5 1 1.8 |3
X70 2061m 0.08 | 1.60 0.04 7
~TABLEI

Submarine pipeline construction began in the late 1940’s to facilitate the exploitation of
hydrocarbon reserves in the Gulf of Mexico. Early equipment consisted of flat deck barges
(pontoons) on which conventional land pipelaying équipmént was temporarily mounted.
During the 1950°s the laybarge, a specialist vessel equipped for joining pipe section and
handling the pipeline safely to the sea bottom, was developed.
In shallow water, pipelaying technique were developed by “trial and efror” process. However
through the 1960’s and 70’s increased water depth led to 'a more scientific approach and the
developments methods capable of laying pipelinés in 600m water depth. Most offshore
pipelaying is performed by the lay barge methods. The various methods of pipeline laying are:

e Conventional Installation by Laybarge |

e -Installation by J Lay '

e Tow Techniques

e Installation by Reelship

S- Lay Method

The is traditionally method for installing offshore pipeline in relatively shallow water is
commonly referred to as the S- lay method because the profile of the pipe as it moves in a
horizontal plane from the welding and inspection station on the lay barge across the stern of the

b
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lay barge and on to the ocean floor forms elongated “S”. as the pipeline moves across the stern
of the lay barge and before it reaches the ocean floor, the pipe is supported by stinger- a truss-
like structure is equipped with rollers and is known as stringer. The purpose of the stinger is to

minimize the curvature, and therefore the bending stress, of the pipe as it leaves the vessel.
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SOURCE AN INTRODUCTORY COURSE IN MARINE PIPELINE ENGINEERING BY EIL,INDIA
FIG2 S-LAY METHOD

J-Lay Method

A comparatively new method for installing offshore pipelines in deepwater is the J-lay method.

" The method was so named because the configuration of the pipe as it is being assembled

resembles a “J”. lengths of the pipe are joined to each other by welding or some other means

while supported in vertical or near vertical position by a tower.

1.1THE ECONOMICS INVOLVED IN THE USE OF SUB SEA PIPELINE

Because of large amount of oil and gas to be transported from offshore locations, no other
methods of transport provides the unit cost advantages as does the sub sea pipeline. When
amortized over its life it is less expensive than any other means of transportation. Even

considering the high cost of laying the pipeline including by barge, pipe, manpower, and ocean

3
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going stabilizing tugs, the price is still cheap when compared with any other means of

transportation.
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Off Shore Pipelines Problems And Remedial Measures

2.0 TYPE OF PROBLEMS ENCOUNTERED IN OFFSHORE PIPEINE

Pipelines have an excellent record for safety and reliability, failures do occur from time to

time. Sometimes they lead to leak, sometimes due to design failure and sometimes to

serviceability failure such as equipments failure, blockage of pipeline that restrict or close oft”

" flow. To most instructive approach to minimize risk is to examine specific incidents and to try

to learn lesson from them. They can be supplemented by reliability theory methods, which are

being widely applied to rationalize codes and design practice, to gain a deeper understanding of

the factors that govern reliability, and to provide a basis for the incorporation of new approach.

Most failures result from mistakes. They are sometimes consequences of ignorance, sometimes
the result of conscious risk taking to save money or to hasten completion of project, and
sometime material or equipment failure.

Guarding against mistakes is a central part of the management of design and construction. It
has various components, among them training, calculation checking, software validation, peer
review, inspection, testing and quality assurance procedure that ensure the documentation and
traceability of design decision and material procurement.

In an offshore pipeline several prdblems are generally encountered. Some problems
encountered due to .design errors, some problem encountered due to lack of maintenance, etc.
In this project report an attempt has been made on some problem, those generally encountered
in offshore pipelines remedial measures to overcome those problems. The problems generally

encountered are

. Leak

. Rupture.

K Buckling Or Deformation
o Blockage Of Pipelines

. Corrosion

o Pour Point Depression.

) 5
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3.0 DETECTION AND CAUSES OF FAILURES GENERALLY

ENCOUNTERED IN OFFSHORE PIPELINE

3.1 LEAK

Leaks from offshore pipelines are just as frequent as pipeline leaks on lands. Further, the risk
of offshore pipelines spills is some as .tank vessels spills and other oil and gas transportation
disasters. Such leaks can be catastrophic events, causing extensive environmental damages,
human injuries or fatalities. Some time fire or explosion also occurs. Leaks may be
undetectable. Small spills of 1-5 gallon/hr. from pin hole defects causes by pipeline wall
defects. Some leaks may be discovered quickly, much smaller leaks can gb undetected for
months if '

e The leak rate is small enough not to be noticed by inventory and control events.

e QOcean currents aﬁd weather disperse the oil and gas at surface.
Causes of leak ranges from external impact on offshore pipeline (vessels keels, dredges) to

metallurgical defects in pipe wall.

3.1.1 CAUSES OF LEAK IN SUB SEA PIPELINES
There are various causes of leak in sub sea pipelines. Generally leak in Sub Sea pipelines
occurred due to mechanical objects.-The causes of leak are:
Leaking valves
e Joints
e Screw joints
e Threads
e Flanges:
(a) Missing gaskets
(b) Wrong type gasket
(c) Wrong Size Gaskets
(d) Corroded gaskets (due to incorrect pickl‘ing)
(e) Hand tight bolts
(f) Missing bolts

University Of Petroleum ~ And Energy Studies
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Gasket fillings

Pipe barrels

Damage part of pipe by corrosion

Drop objects: objects dropped overboard have included skirt piles, bundles of pipe
and material or equipment during off-loading, boat landings during installation, and

pile driving adapter caps.

3.1.2 LOCATION OF LEAKS

Valves
Gaskets
Valve joints

Pipe barrels

3.1.3 LEAK DETECTION TECHNOLOGIES
Leak detection technologies can be categorized in two parts:
(i) Hardware Based Methods And

(ii) Software Based Methods.

Hardware based methods are those methods that requires special sensors, equipments while

software based methods make use of routine pressure, temperature and flow rate information.

Software based methods uses special purpose software. Most offshore pipeline companies uses

this method. Because this method require less men power, but this method needs accurate

monitoring of pipeline. These software measures pressure, temperature of flow to detect leak.

University Of Petroleum ~ And Energy Studies
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Leak detection methods

Hard ware Soft ware
Based methods Based methods
Mass or volume
balance
Acousti Fiber optic
C
' Pressure point
Vapor - analysis
monitoring
Real time
transient method

Fig 3 CATEGORIZATION OF LEAK DETECTION TECHNOLOGY

3.1.4 Hardware Based Methods

0) Acoustic Emission methods (Acoustic devices)
(ii)  Fiber optic technology (fiber optic sensors)

(iii)  Vapor monitoring system

3.1.4.1 LEAK DETE_CTION'IN PIPELINES USING ACOUSTIC EMISSION
METHOD '
Principle: This method uses noise (acoustic) sensors installed outside the pipeline. A leak
generates a noise signal which can be picked up by these acoustic sensors. This method was
used for steam boilers and later for hydro-testing of pipelines. The systems works best for
high-pressure, low flow rate pipelines. For accurate leak detection, itis necéssary to minimize

external noise and identify pipeline operating noises.

; 8

1
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SOURCE: ACOUSTIC SYSTEM INC
. FIG4 LEAK DETECTION BY ACOUSTIC EMISSION METHOD

Acoustic Systems Incorporated (ASI),wave alert is a real time pipeline leak detection system,
which detects leak based on acoustic emission system. To detect pipeline leak, the
acoustic emission technology uses the signals generated by the sudden pressure drops.
The size of the leak can be estimated from the amplitude of the acoustic wave. The acoustic
signal increases with the leak size.

Components Used:

(i) Host Computer With 1JMI Software
(i) Master Communication

(iii) Communication Link

(iv) GPS Receiver

(y) Wave Alert

(vi) Transducer Assembly

Advantages of the Technology
(1) Leak location in pipeline can be done using Acoustic Emission method by using

interrogation techniques.

il
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" Limitation of the Technology

(i) For high flow rates, the background noise will mask the sound of é leak.

3.1.4.2 LEAK DETECTION USING FIBER OPTIC TECHNOLOGY

Principle: Fiber optic is one of the promising leak detection technologies. Fiber optic Sensors
can be installed both as point sensors and as distributed sensors. Optical fibers have the ability
to detect a wide range of physical and chemical properties, which can help both in leak
detection and leak location. Fiber optic technology uses the following for leak detection:

Detection of leak by temperature monitoring: In this method the fiber optic cable is installed

parallel to the pipeline for measuring the temperature profile. When leak occurs, hydrocarbon

“escapes in the environment and results in cooling of the surrounding environment due to the

Joule Thompson effect.

Light Eminating from Fiber
No Hydrocarbons Present

* Reference
Detector 4

! Sense

' : Detector
Optical Coating
Fiber

SOURCE : FCI ENVIRONMENTAL INC.
FIG 5 LEAK DETECTION BY FIBER OPTICAL SENSING

Detection of leak by developing micro bends: In this method when leak occurs, optiéal fibers
develop micro bends in presence of hydrocarbons. This can be detected and located with an
Optical Time Domain Reflectometer (OTDR).

Components Used:

(i) Reference Detector
(i) LED

(iii) Optical Fiber

(iv) Coating

University Of Petroleum * And Energy Studies
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(v) Sensors
Advantage of the Technology

(i) This technology can be used as a distributed sensor and is non metallic in nature.
(ii)  On development, fiber optic technology can offer advantage for sub Sea leak detection

Limitation of the Technology

(1) As of now, there has been limited commercial use of this technology for leak detection

3.1.4.3 LEAK DETECTION USING VAPOR-MONITORING SYSTEM
Principle: This system detects leak by placing a sensor tube parallel to the pipeline. In the
event of leak, hydrocarbon vapors will diffuse into the sensor tube. The sensor tube is
periodically pumped to the base station where the air in the tube passes through a hydrocarbon
detector. The main advantage of the system is that it is a physical method of leak detection and
is not dependent on pressure or volume monitoring. This system can detect small leaks which
may not be detected by software base methods. This leak detection system needs higher capital
investment, however does not require a lot of maintenance. The detection system is installed at
the base station. Only the sensor tube needs to be installed along the pipeline, but the detector

system can be located in an accessible location.

Diffusion through
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FIG 6 LEAK DETECTION BY VAPOR MONITORING SYSTEM
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One of the drawbacks of this leak detection system is its slow response time for detection. The
response time is dependent on the pumping rate through the sensor tubé. This system is
therefore designed for low-level leak detection but not for rapid response. It should be coupled
with another leak detection system for faster response of leak detection.

LEOS developed by Siemens is an external vapor monitoring leak detection systeni. It detects
leaks using a low-density polyethylene (LDPE) sensor tube.

Components Used:

@) Monitored Pipe
(ii) Pump

(iii) Gas Sensors
(iv) Sensor Tubes
) Electrolysis Cell

Advantage of the Technology

1) This vsystem can detect small leaks, which are not detectable by conventional leak
detection methods based on pressure or flow balance. .

Application to Offshore/Deepwater

() This system has been used in shallow water depth.

Application to Multiphase Flow | -

(i) The system can detect leaks in multiphase flow.

Limitation of the Technology |

(i) The time for detection of leaks is dependent on pumping rate.

(i)  The cost of detection of leaks can be very hi gh.

(iii)  System may not be very effective for deepwater, as the gas can be soluble at that

depth.

3.1.5 Software Based Methods
(i) Mass Or Volume Balance Methods
(i1) Real Time Transient modeling Method

(iii)  Pressure Point Analysis

12
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3.1.5.1 LEAK DETECTION USING MASS BALANCE METHOD

Principle: The mass balance technique is based on the principle of conservation of mass. For a
pipeline the flow entering and leaving the pipe can be measured. The mass of the fluid can be
estimated from the dimensions of the pipe and by measuring process variables like volumetric
flow rate, pressure and temperature. When the mass of the fluid exiting from the pipe section is
less than estimated mass, a leak is determined.

The pressure is used for determining the line packing. This is the most widespread technique
currently in use. This technique requires high accuracy of the instruments measuring flow,
pressure and temperature variables. This software requires the flow variable to be converted
into mass flow rate or standard volumetric flow rate. Enviropipe Applications Inc. has a leak

detection system based on the above method.

‘Components Used:

(i).  Computer System

(ii) Software

(iii) ~ Some Process Variable Such As Volumetric F low Raté, Pressure,

temperature.

Advantage of the Technology

(i) It is commercially available and has been hsed on oil pipelines. This is the most
widely used method for leak detection.

(i) Mass balance method is a software system relying on the existing pipeline
instrumentation and SCADA system. Hence there are no costs associated with data
acquisition and extra instrumentation

(iii) Unlike transient models, it does not rely on detailed pipeline simulation Hence it does

not require long hours of tuning and controller training.

Application to Offshore/Deepwater

(i) It has been successfully applied in both arctic and underwater environments.

Application to Multiphase Flow

(i) There is no available multiphase flow leak detection capability with this technology.

Limitation of the Technology

(i) The Mass Balance system responds to the leak only after the pressure waves

corresponding to the leak have traveled to both ends of the line. Depending on the

=
—
[9%)
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size of the leak this may take a long time.

3.1.5.2 LEAK DETECTION USING REAL TIME TRANSIENT METHOD
(RTTM)

Principle: The Real Time Transient Method (RTTM) for leak detection uses mass,

momentum, energy, and equation of state algorithms for determihing the flow rates. The

difference between the predicted and measured values of the flow variable is used to determine

leak in the pipeline. This technology requires measurement of ﬂdw, pressure and temperature

variables along with use of above algorithms. RTTM is continuously analyzing noise level and

normal transient events to minimize false alarms. Leak thresholds are adjusted based on

statistical variations in flow. Simulations Inc has a leak detection system based on Real Time

Transient Method.

Components Used:

(i) Computer Software

(ii) False Alarm

Advantage of the Technology:

(i) It can compensate for monitoring during packing and unpacking of the line.

(ii)- It can minimize false alarms by adjusting alarm thresholds according to current .
Operating conditions.

(iii) It can detect leaks of less than 1 percent of flow.

Application to Offshore/Deepwater

(i) It has been successfully applied in underwater environments.

Application to Multiphase Flow

(i) It reportedly operates sufficiently well under ﬁwltiphase flow conditions.

Application to Arctic

() It has been successfully applied in cold climate.

Limitation of the Technology

(i) Real Time Transient Method is a very expensive technology. It requires extensive

instrumentation for real-time data collection.

(iii)  Models are complex and require a trained user.

University Of Petroleum l And Energy Studies
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'3.1.5.3 LEAK DETECTION BY PRESSURE POINT ANALYSIS
Principle: Pressure point analysis is an EPA-approved,'paténted leak detection technology.

The Pressure Point Analysis Is based on the premise that the statistical property of series

of pressure a measurement taken on a pipeline are different before and after a leak occurs. The

pressure -Point Analysis detects leak by comparing current pressure signals with the trend at a

point along the pipeline. Proprietary software determines if the behavior of these two signals

contains an evidence of leak.

ALARBI CONTACT
OUTPUT MODULE LAN

LzAXNET
(PRIMARY) com3 (HOT STANL-BY-
FAIL-OVER OPTIONAL

PRGTOCOL |

CONVERTER CONVERTER

s s nsonmen ;_;2—
SOURCE: EFA TECHNOLOGIES INC
FIG.7 LEAK DETECTION BY PRESSURE POINT ANALYSIS

Components Used:

(i) Computer System

(ii) Alarm Contact Output Module
(iii) | Protocol Converter

(iv) Security Device

) Printer

(vi) LAN

(vii) Modem

(viii) - Power Supply

Advantage of the Technology

University Of Petroleum And Energy Studies

15




Off Shore Pipelines Problems And Remedial Measures
(1) It has been a proven technology for arctic environment, sub sea pipelines and
- Multiphase application.
(i)  Software incorporating two independent methods, Pressure Point Analysis and Mass
~ balance method are being combined to give a more effective leak detection system.
Application to Offshore/Deepwater
i) It has been successfully applied in underwater environments.
Application to Multiphase Flow
) It operates sufﬁcienﬂy well under multiphase flow conditions.
Application to Arctic
i) It has been successfully applied in cold climate.
Limitation of the Technology
(i)  ItlIs affected by batch processes where valves are opened and closed and flow are
increased. These transient effects may create a time period where leak detection is not
possible. }
(ii)  Multiphase flow will act to dampen the propagation of pressure signals and create

considerable background noise due to slugging and other internal flow structures.

3.1.6 Emerging New Technologies in Leak Detection

@ Artificial Neural Network

(ii) Frequency Response Method

(iii) " Well Logging

(iv) Air Surveillance

(v) Satellite High Resolution Reconnaissance Photography
(vi) Intelligent Pigs |

Artificial Neural Network: This system can detect and locate leaks down to1% of flow rates in
about 100sec for pipelines carrying hazardous materials. A reference pipeline was considered
for practical implementation of the package. The ability of the package to withstand spurious

~ alarms in the event of operational transients was tested. The compressibility effect. due to

'packing' of the liquid in the pipeline, causes many such spurious alarms. Using a computer

conjunction with the ANN to compensate for the operational variations and to prevent spurious

16
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alarms performed adequafe preprocessing of the data. |
Frequency Response Method: The Frequency R.esponse Method is used to determine the
location and rate of leakage in open loop piping systems. A steady-oscillatory flow, produced
by the periodic opening and closing of a valve, is analyzed in the frequency domain by using
Several piping systems have been successfully analyzed for all practical values of the friction
factor to detect and locate individual leaks of up to 0.5% of the mean discharge.
The Well Logging Tool (Reservoir Saturation Tool, RST) has been used in the oil industry for
more than10 years. The system measures the ratio of carbon to oxygen (COR) in the soil
formation, by sensing the gamma ray emitted from neutron scattering. It has a detection range
of 10 inches. The recommended arrangement is a non-PVC tube, which is more than10 inches
from the pipeline.
Air surveillance: can be through visual observation, or through use of Side looking airborne
radar, Ultraviolet (UV) and infrared (IR), forward-looking infrared (FLIR) imaging, or
High-resolution Reconnaissance photography The four airborne sensors listed are not routinely
used for surveillance. '
Satellite High-resolution Reconnaissance photography: has not yet offered adequate
reliability(due to cloud cover) nor the desired resolution for detecting small spills.”
Intelligent Pigs: can use caliper logging, photographic or television logging, magnetic flux
logging or ultrasonic logging to detect leaks in the pipelines. These pigs are routinely run more

for prevention then detection of leaks.

3.1.7 DETERMINATION OF LEAK DETECTION TECHNIQUES TO BE OPTED
The best available technique is evaluated for each of the above applications based on the
following criteria
o Can the system be used in the required application?-
o Each application (sub sea/arctic/multiphase) imposes some other physical
restriction for detection of leaks. Can the leak detection method work under the

physical, restrictions.

o Is the leak detection method a proven technology in these applications?

o System provides the best cost-benefit.

. The system surpasses ;;resent regulatory stipulations for leak detection thresholds.
o The combined system provides low threshold detection capability.
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° The combined system provides rapid response in detection and location of leaks.

3.2 BUCKLING

Using either S-lay or J-lay techniques. submarine pipelines have been installed all

> ‘ over then world, in water depths down to 2000 m and beyond, and in diameters
ranging from 76mm(3") up to1270mm (50"). Both the S-lay and the J-lay methods
present the risk of pipeline buckling and both employ various measures to prevent
it; héwever, the risk of buckling can never be completely removed. Local buckling,

- which in its extreme form can result in the total collapse of the pipe cross
section, represents one of the most severe failure modes for submarine pipelines.
Submarine pipelines are generally designed in strengths grades up to X65. The
reason for this limitation on strength, compared to the highest strengths available,
relates to other pipeline design requirements that can mandate the provision of
thicker wall than that required for pressure containment. These requirements may
include on- bottom stability, resistance to buckling during installation and stress
imposed during reeling. Resistance to buckling depends primarily on the pipeline
Y diameter/wall thickness ratio(r/d) and to much lesser extent on material properties such

as yield strength and elastic modulus.

N
AN

netial ety

;S'OURCE.' SUB SEA PIPELINE ENGINEERING
FIG 8 UPHEAVEL BUCKLING

- The risk of buckling can be minimize by installing the pipeline partially fully flooded .

with sea water. Use of X80 steel would reduce suspended weight while meeting the
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reduced d/t ratio. The buckling can appear as a consequence of the bending moment
(over the stinger or at the tduch down point), of the external pressure, or as a
combination of both. For deep waters and ultra deep waters, the bUckliﬁg caused by
the external pressure will be the governing .

Local buckling of newly-laid pipelines can be caused by a variety of reasons:

. Line pi.pe out of specs

J Mismatch of welds

. Step changes in wall thickness

. Step changes .in yield limit

. Presence of inline items such as Tees or Y-Pieces

3.2.1 CAUSES OF UPHEAVAL BUCKLING

A buried pipeline can sometimes arch upwards out of the seébed, forming a raised loop that
may project several meters. That event is called upheaval Buckling. A pipeline on the seabed
can alternately snake sideways. The action is lateral buckling and can also happen if the
pipeline is buried. |

Most pipeline carry longitudinal compressive force induced by the operating temperature and
pressure. Upheaval buckling is caused by the interaction between that longitudinal compressive
forces and the local curvature of the pipeline axis. It is loosely analogous to the buckling of
axially compressed columns, which is well known in structural analysis, and closely related to

the buckling of axially constrained.

3.2.2 METHODS OF BUCKLING DETECTION; APPLICABILITY
AND LIMITATIONS |

It is critical than any buckling is detected as soon as possible. Providing that the occurrence
of local buckling is detected during the installation of the pipe, the repair can be carried out
with relative ease. In the case of a dry buckle, the damaged section of the pipe is

usually recovered back to the laying vessel, where it is removed and the installation work can

* restart without significant costs overruns or delays to the schedule.

In the case of a wet buckle it may be necessary to lay down the pipe on the seabed. remove

the damaged section by a subsea pipe cutter, connect an emergency recovery head to
; 19
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the pipeline and recover the pipe to the laying vessel. In most such cases, the pipeline must be
dewatered before it can be recovered. All these activities will result in significant additional
costs and increased delays. |
In the case of a wet buckle it may be necessary to lay down the pipe on the seabed. remove
the damaged section by a subsea pipe cutter, connect an emergency recovery head to
the pipeline and recover the pipe to the laying vessel. In most such cases, the pipeline must be
dewatered before it can be recovered. All these activities will result in significant additional
costs and increased delays.

There are several methods that can be employed to detect buckles as they occur:

e 3.2.2.1 GAUGING PLATE: One of the most employed methods of buckling detection
is to pull a gauging plate using a tension cable. This method presents several
drawbacks, including: relatively low sensitivity; significant number of false alarms;
increased cable weight and friction for deep pipelines. The most significant risk
is that of a broken wire, the subsequent "fishing activity" to recover the plate can
be a very frustrating experience with no guaranteed results and serious delays may be
encountered. _

e 3.2.2.2 ROV: Where the use of an internal gauging plate is considered too risky, an
ROV can be used to continuously follow and video monitor the newly laid pipe just

after the touch down point.

SOURCE: OCEAN EXPLORER
FIGIREMOTE OPERATED VEHICLE

e In addition to the significant additional costs related to the use of an ROV and

a team of operators exclusively dedicated to this activity. this method depends on very

20
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good visibility and may not be of any use where the water is very dirty.or the pipe sinks
in a soft seabed.

e 3.2.2.3 INDIRECT METHODS: All indirect methods depend on close monitoring of
operating parameters, €.g. top tension. top angle. volume of air escaping or entering the
pipe at the barge end, listening to the noise generated by a propagating buckle, etc. All

e these methods have severe limitations, due to the difficulty of monitoring all necessary
parameters with the required degree of precision in the operating conditions
encountered on a real barge. After all, the probability of an optimally positioned laying
barge operating quietly under a clear blue sky with only a gentle breeze and with no

discernable undercurrents or unexpectedly large free spans must be pretty low.

3.2.3 ANEW APPROACH
A new method employs two tethered bristle tractors (also known as pipeline crawlers);
one is located close in response to the challenges presented by the current buckle
detection methods. This new method to the barge end, the other beyond the point were

buckling is expected to occur.

e
PR

SOURCE: ANEW APPROACH TO BUCKLING DETECTION IN OFFSHORE PIPLINES
FIG I0GENERAL LAYOUT SHOWING TWO TRACTORS INSIDE A SUBMARINE PIPELINE
BEINGLAID FROM A BARGE

The two crawlers "walk" in synch along the pipe, as it is being laid. As both tractors are

self- propelled. this proposed new method will remove the need to have a cable in
21
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tension. The first crawler will be fitted with a quick-disconnect umbilical. This crawler
will also support the weight of the connecting umbilical that will provide the necessary
power and signal cables to the second crawler. By fitting the second crawler with a
camera and an array of sensors, video images and geometrical measurements of the

newly laid pipe can be obtained in real time.

3.3 RUPTURE

Pipeline rupture is a very slow process. Risk of pipeline ruptures is a function of several
factors including mechanical problems, corrosion, third-party activities, operational

variables, and climatic or environmental changes.

e

SOURCE: DEFECT MITIGATION/REPAIR OF PIPELINE
FIGI1 RUPTURE IN A PIPELINE

Comprehensive procedures to address these factors can mitigate the probability or

frequency of spills and the severity. of the resulting environmental damage.

[SS]
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SOURCE: PIPELINE OIL SPILL PREVENTION AND REMEDIATION IN FSU,DNV,1997
FIG: 12 DISTRIBUATION OF SPILL CAUSES FSU 1986-96

3.3.1 CAUSES OF RUPTURE IN SUB SEA PIPELINE

Sources Due To Human Activity- there is

CATEGORY A

e Sabotage

CATEGORY B

e Impact or hooking by ship and construction vessel anchors ranging from 20 kg to

e Equipment failure
e Operator error

e Military activity

e Ship grounding and vessel keel

e Crossing of the other pipeline

e Interaction with trawl gear

e Abrasion due to cables

e Dropped objects such as drill collars
e Internal corrosion

e Mechanical Failure -can occur either during construction as a result of

A
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negligence or the utilization of poor quality pipeline materials, or as a result of
structural deterioration of the pipeline material (wear-and-tear) due to age.

e Operational Errors- include both system failure and human errors including
lack of adequate maintenance. |

¢ Sources Due To Environmental Influences

e Pipeline instability on the sea bed under extreme storm conditions.

e Irregular sea bed which may causes the pipeline to span over a critical distance.

e Sea bed slope instability where the actual sea bed may move resulting in sliding
of the pipeline. '

e Seismic or earthquake activity.

e Icebergs external corrosion.

e River flooding, wind erosion, and rapid changes in temperatures

3.3.2 INSPECTION OF RUPTURE
3.3.2.1 MAGNETIC PARTICLE INSPECTION

MPI is used to detect surface-emergent cracks. It can be applied to steel under water and
it is regularly used for inspection for rupture or fatigue cracks on the structural nodes on
jackets. |

The pipe surface is magnetized using electrical or permanent -magnets. The magnetic field
is distorted at the cracks and other surface —emergent defects that are not parallel to
magnetic flux. A fluid containing ferromagnetic particles is painted onto the metal

surface or blown gently over the surface. This technique is used to identify lamination in

‘the weld bevels and to detect fatigue cracks or rupture and other external cracking of

pipeline in service. The main advantage of the MPI technique in the detection of fine

cracks not visible to eye. However, requires a clean surface and is relative slow messy.

3.4 CORROSIONS IN OFFSHORE PIPELINES

Corrosion is the deterioration of materials by chemical interaction with their
environment._The term corrosion is sometimes also applied to the degradation of plastics,
concrete and wood, but generally refers to metals. The most widely used metal is iron

(usually as steel).
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