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ABSTRACT

The O-lay offshore pipe lay method is a concepbftshore
pipeline and girth welded riser installation whités many
advantages compared with traditional installaticethods.
The method uses an onshore construction yard iohwthie
pipeline is produced, then wound in a flat monofeasral
floating on the water and finally towed to locatimnbe
installed with the help of a simplified lay barge.

Critics find that the spiralisation process is ofi¢he
limitations of the technology due to the high farteat are
needed to build such a floating spiral and to keepshape.
Furthermore criticism has been put forward thatsconption
of fatigue resistance for the orbital welds durstgrage and
transport of the spiral influence the actual fatigasistance
during installation and finally the fatigue life tife pipeline
in a way that is unacceptable for the pipeline igual

In this paper | will refute the above points oficism.

The O-lay technology has not been accepted by afdke
offshore related companies. That this non-accepthas not
a technical or economic motivation but rather atefgic one
has to do with the enormous change the methodolagyd
have on the offshore pipeline and riser instaltati@ustry as
a whole and especially the impact it will have ba tevenue
model for these capital intensive companies.

The method challenges the status quo in the pipétidustry
by having a better product, having a lower costcstire,
having a faster installation rate and having arsafeking
environment.

It has been said too often that innovation is nemgsfor the
offshore pipeline industry and so far the stepstiakre small.
There is a big challenge for the offshore industrgevelop
technologies so that we can all benefit from tHesi of the
box” ideas. Disruptive innovations might look likebig
hurdle for the short term, in the long term theamitl gas
industry will benefit from it. Especially when yadake in
account, that the financial savings on severalgotsj of this
annual 30 billion dollar industry of pipeline inBtion, will
be 50% and more.

In the end we can all learn from each other by Kedge
exchange and the discussion that would evolved@ase the
speed of innovation in offshore pipeline and rigstallation.

| trust sincerely that the transfer of knowledgewttthe O-
lay methodology will help companies benefit in cmn
making processes.
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Fig. 1 Laying pipe from a large spiral has manyaadages on the lay barge
INTRODUCTION

This paper will provide the reader some insightaohew
concept to install pipelines for the oil and gadustry in deep
and shallow waters.

The method of O-lay pipeline installation is origily
developed specially for small offshore oil and §atds for
which the exploitation and especially the instadiat of
pipelines is too expensive with the current pipelin
installation methods. During the development ofritethod it
became clear that the method is very efficient effiective
for almost any pipeline installation till 36”.

One of the advantages is that the pipe and theingelchn



thoroughly be post weld treated and tested beforés i
installed on the seafloor.

With the O-lay installation method it is possible tise
concrete weight coating around the pipe due tosghexific
bending characteristics of concrete.

The deep water operation and the possibility &pare and
construct the insulated “Pipe in Pipe” on an omshocation
has several advantages compared to the preparadiog
done offshore and gives a lot of timesaving durffghore
operations.

For shallow waters the method has many advantdgms.
waters with only a meter of depth, sometimes ewelow as
50 centimeters, the O-lay method can be used.

Several tests in laboratory and under real condtibave
shown that the method described is feasible foeljpips of

all diameters. However, because of some practical
restrictions, pipelines with diameters above 3éhimce not
considered to be installed with the O-lay methodtras
moment.

O-LAY, OFFSHORE PIPELINE INSTALLATION

With O-lay the pipeline is fully prepared at itsegefined
length at an onshore location where the pipes aleled
together, post weld treated, inspected, final ahgpalled in
the water and stored in a floating O-shaped maudélont of
the construction yard.

From there it will be transported to the locatiohene the
pipe is lowered to the bottom with an advancedySitethod
using a simplified lay barge.

This paper will provide an idea of the advantadeb® O-lay
method compared to the existing traditional methods

BENDING CONCRETE COATED STEEL PIPE

Steel pipe can be deformed in its elastic arearandn to its
original form after the applied forces are takerapwWith
the O-lay method pipe doesn’t get deformed overQt28o
strain limit to remain elastic.

Also concrete can be bend elastically. The diffeecbetween
the steel and the concrete is that concrete dokané a yield
point elongation or plastic deformation and therefovill
break at its yield point.

For steel the elasticity modulus is 210.000MPa evtir
normal concrete this modulus
30.000MPa.

Ordinary concrete doesn't have a yield point liteek It has
a good structural behavior when it is under congoes
Under tension it doesn’t have these qualities.

When the right additives and fiber materials ardeadto the
concrete mix, the concrete will withstand a largensile
deformation before it will start cracking. (see .FB). The
additives play an important role by delaying theelepment
of micro cracks while the fibers form a kind of miatthat
strengthens the concrete. Another important fadimr
increasing the strain capabilities of the concietine size of
the aggregate that is added. The smaller the $iaggregate
the better performance the concrete will show.
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Fig. 2: Simplified stress curve for steel and splegiepared concrete

By using additives in the concrete it is even pussito
achieve more than 4% of tensile strain. This s\aastic
deformation is 20 x higher than what is expectednfisteel .
(University of Michigan, Li, VC (2003))

For coating the spiraling pipeline with concreteighe it is
interesting to find "

the constraints of
this elastic
bending.
According to the
data in the graph
in Fig. 2 the |
concrete is not the &
determining factor

;1zn1n_-ss':auqs;1ar:r

when we are
bending steel with
a concrete coating
in the elastic area.
Due to the limitless tests that have been perfororedteel
and especially on pipeline it is easy to predictatvthe
constraints for bend pipeline will be.

Plastic yield occurs when:

DspiraI/ %ipe> E/Y

Fig. 3: Bending special prepared
(ECC)-concret

where Qi = diameter of inner winding spiral
dyipe = outside pipe diameter
Y = yield stress of the steel
E = modulus of elasticity or Young's Maalsll

For a pipe X65 the values of E and Y are known.
E =2,06*16 N/mn? and Y= 450 N/mrh

Dspirar/ Ghipe > 206000/450
> 458 =>. Q. > 458 @i

As in following sample;
For a pipe X65 (API 5L) with OD of 508 mm,
The spiral will be minimum when:

Rira> 508 X 206000 /450

> 233 meter

With increasing steel quality the yield strengthi wecome
higher and the modulus for elasticity remains equal
therefor the spiral can be smaller.
However, to be on the safe side we consider tteadigimeter
of the first layer of the pipeline spiral shouldrogighly 500X



the diameter of the pipe.

As long as the pipeline will stay within the elastirea the
pipe diameter will remain round. Ovalisation wittaur when
a pipe is bend beyond the boundaries of elastiordettion.
Ovalisation in the plastic area of the steel shoodd be
accepted due to the strain hardening that will ghathe
original pipe material .

CREATING THE SPIRAL

Welding the pipe

Before the offshore pipeline spiral can be formleed pipes
will be welded in the onshore pipeline constructigerd.
Lengths of 100 metre or more will be prefabricateth sub-
merged arc and/or hybrid laser and GMAW/MIGMAG
automatic welding technology to obtain the highesality.
The welds will be inspected and stored. When thre thas
come to produce the spiral the pipe lengths aréedein the
firing line at one or more stations using hybridda and
GMAW/MIGMAG. Finally the pipe will be transporteddm
the firing line in the water.

Pipe pull from shore
At first the pipeline will be pulled in a straighihe from the
shore floating on the water past point A as shawfig. 4.

Fig. 4. The O-lay Method . First part of the float

spiral being producedThe dynamically positioned
auxiliary boats together with winches on the cenarge
perform the initial bending and rotation of the rapi The

inserted picture shows the central barge that itheei
dynamically positioned or put in place with anclioes

When a sufficient part of the pipeline has beerlegupast
point A, (more than 2/3 of the length of the cirdarence of
the spiral diameter) the pipe will be connectedpaint A to
the centre line and outer anchor line in such a thay the
pipeline cannot move sideways.

Bending the pipe in its elastic area

To bend the pipe it is necessary to create a mameii).
(fig 5) This momentum (M) is created by applyinfpece (F)
at the end of the pipe with the help of a tugbdae further
the bending point is away from the applied force krger
momentum is created and the larger the curvatutieempipe
at that location. So a bend pipe is created withaximum
bending radius at the inflection point A.

Straight pipe
to be bend in a spiral

Cross section pipe

Fig, 5

This will work out well except for the first parf the inner
winding and the last part of the outer winding loé tspiral.
Since there is no momentum at the pipe ends bedhese
distance a is equal to zero.

To solve this problem a tool is prepared that eafsh piece
of pipe that has been plastically deformed in saichay that
the radius at one of the pipe ends is equal toatris of the
winding it is in and the other pipe end has a maxmradius
(straight).

An example of such a pipe is shown in figure 6.

Bending a straight pipe

F

=
applied force to bend the pipe elastically

Plastically deformed pipeline piece
With fading radius toward point A

Fig. 6 Plastically piece of pipe acting as a toatreate an
even radius when applying a force at on end.

When now a force will be applied on the pipe anp&@ the
pipe will bend in an equal radius.

The force to be applied at the pipe end

To calculate the force that needs to be appligubatt C, the
pipe end, we use the following simplified model thfe
bending

F

B A | C

Fig. 7 Model used to calculate amount of forcegsded to bend the pipe
according a radius.

characteristic of the pipe as is shown in figureith below
the corresponding formulas.



In this model we assume that the maximum stres$ wil

develop in point A since this is the first fixedipbat a

maximum distance from end point C where the forge i

applied.
Hence we can make use of the following set of fdasiu
Cbmax= Mp / W
M,=Fxa
W=n/32 x (0*-d*) / D.
f= (Fx 8+F x &x b) / (3X E x §)
I, =n/32 x (Df-d).

Where
opmaxiS the maximum allowable bending stress at point A
My, is the bending moment at point A
F is the applied force at end point C
a is the projected distance from point A top&@
W is the section modulus for the pipe
D s the outside diameter of the pipe
d s the internal diameter of the pipe
f is the bending travel at distance a from
the inflection point A
E is the elastic modulus (Steel 210 kN/fm
I, isthe second moment of area (or polar momentezf)a

With these formulas we are able to calculate thecefo
necessary to bend the pipe in the elastic areaantocle.
(table 1)

D D

Pipe WT Spiral a F
(inch) (mm) (m) (m) (kN)

8 12 100 50 2,8

12 14 150 75 51

16 15 200 100 7,6

20 16 250 125 10,3
24 18 30C 15C 12,9
28 20 35C 17t 18,2
32 21 400 200 22,0
36 22 45C 22t 26,0
4C 24 50C 25(C 32,0

Table 1. Forces to be applied to reach required bending travel at
point C for different pipe diameters and wall thicknesses

Forming the spiral

The spiral is created with the help of a centrajgbavhich
has the capability to stay in a determined spot tués
dynamic positioning system or applied anchors. Daige is
the centre point (or central mooring system) of thethod
and will act as a pivot in a later stage of cregtime spiral.
Around this central barge are minimum 2 auxiliapats that
support in a later stage the manoeuvring and ootadf the
spiral.

After the lines in the outer periphery have bederased the
bent pipeline can freely rotate around the centigd that
will act as an pivot. The centre lines that arenemted to the
centre barge and the pipeline give the pipelineoitsd shape
with a pre determined radius.

pipe

yard

Fig. 8. The auxiliary boats are used to rotatepipe
and form the spiral or ‘O’

Many layers of pipe can be produced following tmisthod,
all floating in the plane at the surface of theavat

It is possible to create more than 100 km of piperie piece
in the spiral while the band of floating layersstdl workable
by the boats that create the spiral. The maximuai tength
of the pipe is mainly determined by the weight loé spiral
and the strength of the tug boats. When the setheof the
pipeline has been created into a floating spited, gipeline is
ready for transport. In a later stage pipes froffedént spirals
can be welded together whilst installing the pip®l &o
transmission lines of several hundreds of kilonsetan be
installed with the O-lay method.

Transportation stage

Consider the pipeline has been spiralled over aspiete
length of several kilometres. “Transport” ropes cha
attached between the centre ropes to reduce themant of
the pipeline (“breathing” from round to oval andchagain)
during its voyage.

Fig. 9 Transport of the spiral to the laying looativith the aid of
the centre barge with the auxiliarytsand connected
“transport” ropes or with a couple wigboats (as shown in
insert)

These ropes will form triangles with the centretine

When the anchor lines are detached from the ceoirg the
spiral can be towed to the installation locatioheTpipeline
can be propelled by the centre barge and the aoxiboats
(See Fig. 9) or by some extern tugboats.

The spiralled pipe can withstand for a short kb time
rough waves (up to a certain limit the spiral ctand waves

up to 4-5 meter, (kb)) The wave actions reduce the fatigue

resistance, hence it is important to consider theather

coming from

construction



forecasts when the pipe is being transported.

Fatigue

During transport the spiral is exposed in the opexter to
waves that collide with the spiral. These frequeotindings
of the waves reduce the fatigue resistance. Fatiguan
important factor to calculate with. The wave heighd the
frequency of the waves are the parameters that affidict
mostly fatigue resistance.

With the traditional pipe lay operations pipes aeided and
entered in the cold water after only a very sheriqul with
the result that the pipe cools down at a very fat. This
result in fast shrinkage of the heat affected zoft¢&Z)
inducing high local tensile stresses in the HAZ tbe
circumferential welds. Fatigue crack propagatioststehave
shown that fatigue initiates or propagates oft@mfrthese
local spots where the tensile stresses are highsellspots
with high tensile stresses can produce local mlastain and
develop from the fast cooling down of the weld thge with
irregular surface geometry at the weld and froncggawhere
planar defects in the welds exist.

Due to the organisation of the installation procésss
difficult to eliminate these high stress locatiamshe HAZ.

With the O-lay method we have the advantage theause
the pipeline is prepared onshore the circumferentiglds
have ample time to cool down after the welding pescis
finished. The process of slowly cooling down of tHAZ
prevents a fast shrinkage of the weld and a sdwgle-up of
local spots with high tensile stresses.

Further action to increase the fatigue resistarcebe taken
in the process after the welding. Many techniques a
available which are shown in figure

Burr Grinding
Disc Grinding
Waterjet Eroding

WELD
GEOMETRY -
TI
IMPROVEMENT G Dressing
METHODS Plasma Dressing
SPECIAL
WELDING |—f Weld Profile Control
TECHNIQUES Special Electrodes
Shot Peening
Needle Peening
MECHANICAL Y Ultrasonic Peening
METHODS )
OVERLOADING Initial Overloading_|
METHODS -
RESIDUAL
STRESS
METHOD
Thermal Stress Relicl

Vibratory Stress Reliel

Figure 10 Classification of some weld improvemeethmnods.
From Kirkhope K.J. et al, Marine structures 12 @p947-474

STRESS RELIEF
METHODS

Choosing the correct welding method for the orbitalding
procedure may reduce the propagation of fatiguenduhe
pipeline life but will never eliminate it fully. SA welding
for double joint or quadruple joints could imprae quality
of the welds assuming that the cooling down isrtatae for.
A possible applied welding technology for the griaould be
hybrid laser for the root pass with GMAW for théher
passes. The relative low heat input in the root bawme
positive effects. The fatigue resistance may beodeably

influenced by the lower residual stress levels tiradlimited
weld reinforcement that often characterise therlastds

The post weld treatment or weld fatigue life impement

techniques that can be used in the pipeline industn exist

of
-weld geometry improvement methods like weld toe
grinding, weld dressing (TIG or Plasma dressingyl an
waterjet eroding.
These techniques improve a smoother transitionilprof
between the parent material and the weld matdraice
reducing the possible stress build up at surface
imperfections.
-residual stress methods like hammer and needigimge
“ultrasonic impact peening technology” (UIT) andosh
peening.
These techniques will transform areas with a regohe
high tensile stresses into areas with a compressiesses
hence reducing the possible initiation and propagadf
fatigue crack.
-stress relief heat treatment

A combination of the welding technology and thetpesld

treatments will have an impact on the fatigue er the post
weld treatment the use of a multiple spread like weld

geometry improvement and residual stress technalomyld

significantly improve the fatigue resistance. Expdcis that
an improvement of 200% and more is possible.

The post weld treatments are difficult to apply the lay
barges that utilize the welding stations togethith B-lay or
J-lay for the obvious reason that the time for ocaled

cooling down nor the time or place for applying pust weld
treatment is available.

It is certain that more research needs to be dondhe
combined technologies to elongate the fatigue bifié with
the O-lay it seems there are opportunities to dgvéhese
without constraints.

Fatigue crack initiation and propagation with thgira

pipeline that is for a longer period on open watéh severe
waves needs more investigation. Although the Oreghod
needs a relative small weather window, it is comsd at this
moment for geographical area’s where the weathdr saa
state can be forecasted with reasonable certaimtyttfe
period the transport and installation takes pld@sts in the
North Sea have shown that workable conditions ast Wwhen
the wave height during transport and installatioa lbelow
1,5 meters (kjz).

For logistic reasons it is recommended to chooppea yard
that is in the vicinity of installation location é@mot more
than 1000 km away since the expected speed ofl tohibe
spiral with maximum 2-3 knots is relatively low.

Installation stage.

The unwinding and the installation of the pipelimdl occur
at the same time. To have no constraints at iasiat, the
part of the pipeline between the spiral and theallaion
barge should have a minimum length as a work buffars
length depends on the pipe diameter, the numbetirafings
in the spiral, the water currents and the speedhith the
installation barge can install the pipe.



Fig. 11 Lay barge with central stinger laying pfpem spiral. The
central stinger gives the lay barge bett@ibty and therefore the
pipe can be laid to a greater depth.

Compared to the traditional methods of laying ladjemeter
pipe the speed of laying with the O-lay method
considerable higher. The basis for this is thatvetrling and
ultrasonic inspection has to be performed on tipe pvhile
the pipe is being transferred over the lay bargeesithese

Speed of installation can be expected to reach 2@%
kilometres per day.

Flotation devices which are used to keep the spiflmat
during storage and transport have to be releaskatebéhe
pipe enters the lay-barge. They will be shippedkitso be
stored or to be re-used on a following operation.

DEEP WATER OPERATIONS

With the O-lay methodology it is possible to inktaipe at

extreme depths.

The stinger will have special adaptations to preveat pipe
will be overstressed in the over-bend. Becausestinger is

located in the centre of the lay barge it will béyf supported
by the barge to assure sufficient fixation of thdius. The
stinger will have a sufficient radius to preveng thipeline to
deform plastically.

An option to place a tensioner at the end of thegst to

relieve stress from the pipe hanging below the d&ias to be
looked at.

“Pipe-in-pipe” operations
“Pipe-in-Pipe” systems claim to provide high thetma

procedures have been done in the onshore pipelingderformance at deep water operations, largely doe t

construction yard.

The barge is relatively simply in its lay out.

Instead of a stinger at the bow it is possibleotadr the pipe
at the centre of the barge. The weight of the pipder the
barge is better distributed and the angle of tteestinger
can be accurately positioned and better supportedhb
barge.

Fig. 12. Model of lay barge with central stinger @ieep water and
stinger at stern for picking ughe floating pipeline from the spiral

An option is to have a single welding station armhtng
station on the barge in case the pipeline has tepared or
the pipeline to be installed is for a project wahlonger
distance. As a consequence the pipeline can theelbered
in several lengths (more spirals).

When arrived at the installation location the dpisél be

unwound using the centre barge and auxiliary boats

connected to the spiralled pipe.
The speed of laying the pipe is independent ofitameter of
the pipe or on the depth of the seabed. Howeverya good

insulation between the two pipes.

The choice of pipe-in-pipe for projects dependsegpected
flow assurance and offshore installation factorshe T
traditional pipe installation vessels installingig® in Pipe”
are slowed down due to the preparation and instatleof
two pipes that have to be organized in insteachef o

The jointing process for “Pipe in Pipe” with the &
technology can be performed totally onshore andefbee
es the time of the offshore pipe laying and tleading
much faster lay rate for “Pipe in Pipe” congzhto any
traditional lay methods and therefore makimg pipe
llation window relatively small and so redugthe cost.

LLOW WATER OPERATIONS

n the lowest part of the floating pipeline haffisient
ance with the bottom where the pipe will betafied, it
)ssible to install pipe at depths of less thameter with
D-lay technology.

Fig. 13. Atvery shallow depths specially desijtractors
can take over the duties of the lay bi

Instead of using a lay barge it is possible to sigecially
designed tracked vehicles to transport and in8tallpipeline

cooperation between the lay barge crew and the teamhile at the same time other vehicles will bury fige at the

unwinding the spiral is of high importance. Espkgighe
unlashing of the links which keep the layers on sip&al
together should keep pace with the speed of iasiadl.

predestined depths. The fast method of installati@akes it
possible that only a very short time exists betwédlea
trenching and installation of the pipeline.



Areas like the Caspian Sea can really benefit fridmis
method to install pipelines in a fast and accunatg.

The enormous advantage of the O-lay method in tladlasv
waters is that there is no need for supply shifisatgsport the
pipes due to the floating capacity of the pipeliself.

ARCTIC AREAS

In arctic regions it is important leave a footprag small as
possible in a time period as small as possible.cAnario

could be a large floating platform to be used as @rlay

storage area. This floating platform will be in @rea where
the pipes will be welded, tested and launched tenfthe

spiralled pipeline. This platform should be in atected area
where the spiral can wait for the right weatherdaw. When

the time has come to transport the platform with gipe

during any available weather window that is longuagh the
pipe can be transported to location and instalfed ivery

short period of time.

TESTS

So far several tests have been performed by thehDut

company Bogey, the German company Europipe andtehDu
branch office of Wintershall. The tests have beeainip
focussed on the spiralisation and transportation thoé
pipeline. Much information has been obtained framese
tests and it became clear that keeping the pipediteat
during transport is a fundamental issue that neede real
size testing. We strongly recommend the industryntest
more in research programs because the savingsishbrt
term, but even more in the long term, are significa
Industrial Innovations BV in the Netherlands hasa¢urther

engineering on the concept and worked out a pdctic

technique for pipeline installation with the O-leyethod for
which interested parties are required to coopesate do
further research.

ECONOMICS

Using the O-lay method has logistical, technicald an

economic advantages.

Physical pipe handling and logistical managementess
complicated when we compare the O-lay method whiih t
traditional method of pipeline installation usitgtS-lay or J-
lay technique.

That the pipeline is constructed on a land baselipip
construction yard has a considerable advantage a@upo
construction at sea. Preparations like welding iasgection
operations can be done long before the lay bargeearat
location.

Rental period for barges will be shorter. Persormost and

transportation costs (employees and goods) are rjowe

cheaper accommodations and less expensive livisg aal
finally but not the least important is that a refitorc of people
offshore are all part of the cost reduction.

Equipment is not as capital intensive as the il

installation barges with complete pipe managemgstess,
large storage places for pipes, several weldingiosts

inspection stations and coating stations. The “néyge of
lay barge will be less complicated and smallerrdftge they
can be build for a specific project or for multigdeojects in
the same range of pipe, depth or area. In some eaggical
lay barge doesn’t have to be utilized.

Transport of the spiralised pipeline requires leaadling of
the pipe.

Pipeline installation with reel lay barges will lemthe cost of

operation 50 to 70%. The maximum diameter at thosnent
for reel laying is 16-18 inch and the pipe is twice
mechanically deformed in its plastic area. Withl teging it
is not possible to install concrete coated pipehV@-lay it is
possible to install up to 36 inch. It is plausibleat when
using the O-lay method, the economic advantagesiious
projects with smaller diameter pipelines (smalleart 18
inch) are substantial compared with reel lay.

RISK

New systems and procedures in any industry alwayeilea
certain risk.

Especially in the offshore industry this risk haske well
defined and calculated because there can be safedy
environmental consequences.

With this method a large part of the proceduresehlagen
moved from offshore to land based operations, fhezeve
expect smaller risks at a smaller operational codew
procedures should be looked at with great effort.

Due to the reduced number of personnel requirddydhe
pipe, lowering the risk of accidents is an importan
contribution of this new method.

In this paper we have not looked specifically at tiisks.
Nonetheless it is well believed that this new mdthdll have
a great future.

Safety, economy and ecology are important issualédnoil
and gas offshore industry. These are considerechpoove
with this new technology.

DISRUPTIVE INNOVATION

The O-lay method is challenging the status quoffahore
pipeline construction and changes the paradigm pipeiine
owners look at offshore pipeline installation. Toffshore
pipeline industry and especially the offshore pipel
installation contractors are not yet prepared liis paradigm
change. High investments have been made over shgdars
in traditional S-lay and J-lay vessels for deepaters.

If the traditional offshore pipeline installatioormpanies will
not start exploring the O-lay technology, new conies will

be formed to implement the concept in the indusire

traditional barrier of high investment to enter tpipeline
installation market is for a part taken away due the

simplicity of the lay barge being used. Onshoreefnie

contractors can now use their skills for constngtffshore
pipeline in onshore construction yards. Time wain how
long it will take before the oil and gas industrifl\adopt this
technology to install pipes to small oil and gasds.



CONCLUSIONS

Although the O-lay method was originally developfeot

small offshore oil and gas fields it has many adwges for
installation and de-installation of other subsegaefnes and
girth welded risers.

Pipes up to 36" can be installed with this methédfloating
spiral of pipeline which is within the elastic balaries will
have a diameter of 500x the diameter of the prpifit

Because of the high speed of installation (20-2%d&y) the
O-lay method needs a relatively small weather windor
the installation of the pipe and can stand wavesaup,5
meters (H3) during installation.

The O-lay method is a relative low cost, high gyathethod
for installation of subsea pipeline in water depfittsn less
than a metre to several thousands of meters wigleffshore
installation operations are faster compared to ehagth
conventional installation methods.

The pipelines are constructed in an onshore cast&iruyard.
One of the advantages of working onshore is thateths
more time to apply post weld treatments to incretee
fatigue life of the pipelines and risers that vk installed
with the O-lay technology. This increased fatigée depends
on the welding technology used for the orbital virgddand
the post weld treatment that is applied on thesklsv&n
increase of minimum 200% for longer fatigue lifesigpected
by applying the right post weld treatments.

The reduced number of personnel required for ttighofe
operations, lowers the risk of offshore accideiitsis is an
important contribution of this new method.

The offshore pipeline industry operates in a globetting
where each year around thirty billions dollars spent on
installation of offshore pipelines.

The current players have invested huge amountgery ¢éime
bigger traditional vessels and therefore hesitatesupport
disruptive innovations like the O-lay technology.

By investing in the O-lay method the industry camestenths
of billions of dollars in the coming years.

A project like the 1300 km Oman-India pipeline thas been
planned for many years now and will take the tradal J-lay
method 2,5 years to install while with the O-laythoel the
pipeline can be installed in 150 days.

The economic advantage on this project is thatetmal be

savings of over 500 million US$.

Projects in the Northern Caspian can be executéd Wipe
in Pipe” within budget while due to the fast inlstébn times
the time for trenching has become less critical.

The O-lay method needs further research in thel faeid
preferably a demonstration project with qualifyjmpcedures
in order to have it accepted.
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