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in technology, including

developments in directiondl drlling, lead to original estim ates of recoverable reserves of

oil and gas in many old fields to be revised upwards. Recently developed satellite fields
required access to old pipelines even after the original field had been shut down. In dll these
cases, mature oil and gas field facilities and offshore infrastructures wene required to confinue to
funclion safely well beyond their orginal design life.

In the oose of subseo pipelines, regukr inspecticn and
maintencnce pregromme: con menitor ond mmitioote Bot
not totaly eliminote the effects of comesion, fotioue and
cther failure echoanems. Subseo pipelines cre ks ot nzk
of damooe from dreepped obects, dogged anchor o
fehing nets, or chonoes o subseo fleor condition:s ooused
by cuments or ecithoyuo s,

The copakbility toe corn cut repaie and infersenticns
to subeen pipelines is crtical 1o their continued sofe and
prefitcble operticon. Inshollow woters, vonoushy defined ce
down to either 200m (S00 ), epaie con be comed cut by
shilled divers using specidleed focling. In deep woters the
repoie cre cored out ueing took adopted for opemtion
uging Rermote O percted Vehickes (ROVEL

Submea repaic clam p dvsENed by ROV

In ender o determine the cptirmur repair scluticn, an
extenehe ingpection pregromme needs o be corned
cut, inchuding internal inspecticn wing in-line inspecticn
vehickes, mermetinrnes refermed to os intelligent pias, followed
by confirmation of the oootien and extent of the domooe
ueing externol ins pecticn.

Defects such ce pinhole Eale, defects in Qith welds,
erlisedd retal ke or impoct domoge thot de not exceed
1 % Pipeline Dicmeter, ane ceesified s mincr pipeline repaie.
Whepe the epor Boinfended te be permoinent, o split-

Lealrcawsd by crack in =rbsea pipedine

seeve chmp with seqling ond mechonical grips copakbilty
oy b instolled on the pipeline.

Where the pipeline iz due o be replocsd, or shut
down in due course, o temponcn repoir sluticn moy be
congddered sufficent. In such coses, O spliteleeye chmp
with only sedling copobility but without rnechoneo! oy
be inetalled on the pipeline. For tempoemony =epdin, mony
cmpones prewsribe o moximum cpentienol limit of 12
renthe, At the end of the percd. o permonent repair
welutien must be providedorthe pipeline will be shut dewn.

Forpipeline sees up to 24 in OO0 and cpenating pressunss
up te 180 bar epar clompe oon be found in stoclk,
avaibble forimmedicte delive . For oroerdiomete s andy
or higher presesures, custoemized e poirckimps e designed,
rmonufoctured and tested to meet the reguirements of
ecich specific proeEct.

The first step in performing o mMincr epdir & 1o provids
sufficient epoce 280 deqrees arcund the pipeline. The con
be achieved by ether dredging or by using pipe lifting
frarmes. The next step B the remcvol of cny oo norete andf
or anti-comosicon cootings:, o well os ony weld oops, in
crder to achieve o smecth, linecr ond cincukr pipeline
sufose. & epdir ckhmp oon now be instaled on the
pipeline.

In shallcw woten, diver wil tighten o number of bolts
in o specified sequence o ensure the compresion of

THE IMSTITUTICHR (OF EMEIREERS, Wl LA



FEATURE

THE INSTITUTION OF ENGINEERS, MALAYSIA

elastomeric seals and the actuation of the mechanical grips. In deep waters,
the clamp is configured with either ROV compatible bolts, or the bolts are
completely replaced by a hydraulic module.

A repair which cannot be achieved using a split-sleeve repair clamp is
classified as a major pipeline repair. In such cases a damaged section of
the pipeline needs fo be removed and replaced by a spool section. The
connection between the old, undamaged section of the pipeline and the
new repair spool is achieved using special subsea pipeline connectors. These
types of repairs require either a total pipeline shutdown or the isolation of the
damaged section using piggable plugs or plugs inserted through hot taps.

As in the case of minor repairs, the first step is to provide adequate space
around the pipeline. In shallow water, dredging is the more economical
solution, with pipe lifing frames being used only where dredging is not
feasible. In deep waters, pipe lifing frames are required to provide support
of the damaged pipeline and dlignment with the repair spool. Before cutting
the damaged section, any concrete and anti-corrosion coating needs to
be removed from the cufting areas. Several cutting methods are available,
including mechanical orbital cutters, diamond wire cutters and chop saws.

After the damaged section is cut and removed, the pipe surface must be
cleaned to bare metal, and weld caps need to be removed, as well as any
internal or external burs that can damage the elastomeric seals of the pipe
connectors.

The connection between the old pipeline and the new repair spool can
now be achieved using subsea pipeline connectors which can provide either
a flanged end for connection to a flanged pipe spool, or can be used in a
special back-to-back arangement to connect two square cut pipe ends.

Once actuated, the subsea pipeline connectors will provide full sealing
capability using two separate seals with an annulus test port fo verify the
functionality of the seals prior to restarting the pipeline, as well as withstanding
full pipeline axial, bending and torsional loads.

Special consideration must be given to what happens to the removed
damaged section, which can vary in length from a few metres to several
kilometres. Where feasible, shorter sections are lifted from the sea floor for
disposal and recycling, but longer sections may be abandoned on the sea
bed, subject to detailed environment impact assessments.

In some cases, due to seabed fopography or the movement of the
pipeline due to residual stresses, the two exposed ends of the cut pipeline
may be misaligned, making it impractical or even preventing the mating
of flanges between the subsea connector and the repair spool. In such
cases, misalignment ball flange connectors can be used to correct for axial
misalignment up to 10 degrees at each end.

Use of pipe lifting frames to assist installation of repair clamp



Afterthe inetallctien and testing of the connector, the
pipzline is wenred bock onte the e bed, where pipe
lifting fromes howee been weed, or o dredaer B empeyved o
fill o=k and kvl the eecbed under the repoired pipeline
cetion. Whenre the odditicnol weight of the connecton iz
o coneern, concriete or steel mud mots oon Be placsd on
the seobed

Due fo the significant envirenmentol and  opercticnol
impact of pipeline foilures . and oo neidedng thot the eod
tirme for some pipeline equipment oon Be six to eight
menthe, pipeline cpemtor offen decide to bove in shock
o full range of emengency pipeline repdir inventores,
inzluding o2 o mininnum ene pemicnent epdir clomp
ond twie subeed pipeline connector for eoch pipeline size
in cpemtion. For despwaoter locotion:, the emenency
pipeline repair weterme obo include ot leost twe pipe lifting
freirmes.

A cubeeq pipeline repdir B o oompex openrcticn which
rEeCuines an expenenced project monooer whe i@ able to
coerdinate input fiom e nginesring, inspection ond eoistics
o port e nie o well oe to e nsune ovailobility of o vesee with
liftimgy focilities cind copability 1o suppert diving cindfcr ROV
cperoticns.

Al tock cnd equipment muoet Be subpect to regqukar
festing cnd  maintoined in oocd opercting conddition.
Specidleed equiprment mch neced o be modified, hied or
custe e uit. The sucs=seful completion of o pipeline e poir
e pendds on howing cuolified divern ond ROV ope miten,
WwWith pricr ex e nes of pipeline epoir progects.

T prevent lenothy doeswntirme, opemiten shoeul howe
cEtoiled plhins in ploes to oover o vainety of pipeline e poir
s nories ot weell cp build rekdfticnshipes with reputcble
componie: which con respond ouckh in ccge of
ETE e sy,
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