1 PIPELINES This invention relates to a nethod for lining existing pi <

The invention will be described in relation to gas, oil and water sup é- e
pi pes, but it will be appreciated that the invention is applicable to pipes

of all kinds. This application is divided out_fromour copending UK patent
application No. 8810894.9 Wen |ining instal | &d pi pes (which pi pes when

ground enbedded are prone to crack due to venent) it is known to
draw a heated |iner of plastic tube'throuﬁgégigggﬁﬁo reduce the dianeter

and then into a length of the existing pipe. The present invention rel ates

to an inproved nethod of lining installed pi pework when using a swagi ng die

to reduce the drﬁlﬂEt fﬁv@f\tiﬂﬁ é!‘ﬂﬁ‘i:e@' £8 arineﬁnba e Eih@.ﬂngMt'ﬁ‘IdJ pies.

exi sting pi pework I nstall ed" pipework is neant pipework that has
al ready been inghal hﬁdehltlﬁﬁ’ﬁ'vhlqn BE geseriBEl iins rellAKRT tPUGABFE0il and
such as for ‘exanple, ground enbedded pi pework for gas, oil, water or

sewage, pipeworwaternsuppiyt pifpess,| abger itistalllat ben splpheasatadoithat the
gas refinery or storage installation or pipework resting on the ground and

| aid down to coimmehtaoaomscappﬂm@lwttoo pipes exf paEhtkinds. as an oil

pi pe connecting a well to .a refinery or port In the case of ground

enbedded pipework it will be appreC|ated '

This application is divided out from our copending UK patent

application No. 8810894.9

When lining installed-pipes (wvhich pipes when ground embedded
are prone to crack due to ground movement) it is known to draw
a heated liner of plastic tube through a die to reduce the

diameter and then into a length of the existing pipe.

The present invenfion relates to an imprdved method of lining
installed pipewdfk when using A swaging die to reduce the
diameter of the liner pipe prio:”#o its being drawn into the
existing pipework. By "installgd?;pipework is meant pipework
that has already been installed fﬂ.position to carry out its
intended purpééé; such as for example, ground embedded
pipework for géé; 0oil, water or sewage, pipework forming part
of a largerlinstallation such as in oil of gas refinery or
storage instéllaﬁion, or pipework resting on the ground and
laid down to conhect a source of supply to the recipient such

as an oil pipe connectfﬁg a well to a refinery or port:—

In the case of ground embedded piéework it will be appreciated




2 that the normal arrangenment when such a process is being carried out will
I nvol ve a wi nch adj acent to an excavation at one end of a |length of pipe to
be |lined, whence a cable or simlar flexible |liganent passes through the

| ength of pipe to a second excavation beyond which it is attached to the
front end of a liner pipe of plastics materfal. Adjacent to the second
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whi ch#i'ncl udes the steps of taking a i ner pipe made froma

menor Y r et ai @Miﬂéﬁsfiéﬁi_ﬁ’ﬁéeiiiém&ﬁt Pd e8| tritligH @haiNMgth OFapipketo
I nternal dianmeter of the pipewrk to be |ined, and using pulling neans
under tensi ona agéa6hadekeavit ibhateydnd@ tihdich hit |is aatipagivednto t theaiednt

t hrough the pipework, drawing the |iner pipe through a swaging die attached
to but spacedemdooft ke himemopkpeoofeplastivs exatentaldi adetjacarit tte the
i ner pipe second excavation is a tube heating and compressing apparatus
which has a heater and a size reduction die. At a downstream

end of this apparatus there may be a reciprocatable "pusher”

\_/  which can grip the pipe and draw it from the épparatus and

urge it towards the pipe t¢ be lined.

According to the present in&ention, there is provided a method
for 1lining installed-pipeyork which includes the steps of
taking a length of liner bipe made from a memory retaining
plastics material of exﬁerﬁal diameter greater than the
internal diameter 6f the{pipe&ork to be lined, and using
pulling means under tension attached to the ;eading end of the
liner pipe and threaded through the pipework, drawing the
liner pipe through a swaging die attéched to but spaced from
the pipework to reduce the external didméter of the liner pipe

. the tension applied by.the pulling means being
such as paftially to restrain the radial expansion of the
outer surface of the liner pipe aftér its emefgence-from the
die, drawing the liner p&pe throu§h the installed pipework
with its outer_diametéflreduced to and/or maintained at a
dimension less than that of the_inhet diameter of the pipe and

thereafter allowing the 1inér pipe to expand within the




the tension applied by the pulling neans being such as partially to
restrain the radi al expansion of the outer surface of the |iner pipe after
its energence fromthe die, drawing the |liner pipe through the installed
pi pework with its outer dianeter reduced and/ or maintained at a:

di nension less than that of the inner dteféfer of the pipe and thereafter
al | owi ng thf i ner gipe to expand within the  -3- pipework bé rel axation
of the sai PIPRNSFEPYorebaxation efpthe; said ctensiansfehlaved, Bynaepory

atnnspherif ressure and, at %ge agbi ent tenperature of the pipework and
orippi ng  LnAESH] AEPAREAEN AL, GFALPRF S ERESBRETHE | RFASEHE & BRcabetheen
t he di i pework and i t | i. RiLpe & as dth hth
pi pevor k. et BPE o EEEBEFaBliEe'R . KoL HimepiR, AaBE U8B "ot n upor p;{;g

expansion of the liner pipe within the pipewrk as a result of relaxati
of the pulling tension and also as a result of the menory induced expansion
of the swaged |iner '



pi pe. The length of the pipework which may be lined in a single operation
by the nethod of this invention may typically be from 10 netres upwards.
The limting length of pipework which may be lined in any particul ar case
wi | | depend upon a conbi nati-on of factors jnpcluding the friction resistance
to the nnvenent of the |iner:wthin trmafn wor k, thé extent to which the

liner pipe w duced di anete fter ins 1.on 1Nt | pewor k becones
subject to d %Rjé’ﬁ)ﬁﬂﬁﬁf etﬁ‘fd%et Lk idb%'r% SRacs hetue

pi pes of . reI Yy Iarg SDR,.rat | sion on the | eadin
e of “the | % SBRcPIReUREK: ahdyukaih e files b e, fivasds 4
eIongaL:on a chanlsn1(such as a w nch) operating the
pul li- 9 man?ﬂgﬁ%%ﬁﬁ\: ﬁiﬁéﬁ? bf di anet er and/or direction or otherw se
of thée pipework interior. The nost suitable practicable length to be |ined
In any particular case can readily be ascertained by trial and error. By

the nmethod olpp§rEsesdt of NERRL 'J.(i‘ﬂnedttiathe%émsﬂa@&é Fe1ki8e notididjsorf
pi pework up to 450 netres or nore. I s unnecessary to have recourse to

tﬂe neans pr gniedegdxpansienPidOr thkt H}{ezexﬁilﬁél RatHih Pthe |pipeigork t Bisn a
e .
result of relaxation of the pulling tension and also as a

result of the memory induced expansion of the swaged liner

pipe.

The length of the pipeworﬁ which may be lined in a single
operation by the method of this invention may typically be
from 10 metres upwards. Thé limiting length of pipework which
may be lined in any particular case will depend upon a
_combination of factors inc}uding the friction resistance to
the movement of the liner within the Pipework, the extent to
which the liner pipe withfreduced diameter after insertion
into the pipework becomes subject to deformation (a problem
U encountered with larger déameter liner pipes of relatively
large SDR ratio), the limiting tension on the leading end of
the liner pipe beyond whicﬁ it may suffér perﬁanent damage or
elongation, the capacity of the mechanism (such as a winch)
operating the pulling means and the uniformity'of diameter
and/or direction or otherwise of the pipework interior. The
most suitable practicéble length to be lined in any particular
case can readily be ascertained by trial and error. By the
method of the present invention, it becomes possible to line

lengths of pipework up to 450 metres or more.



pi pewor k such as the application of internal super atnospheric pressure or
the application of heat to the pipelining fromwthin or the initial
application of very high stretching forces to the pipelining to bring about
an initial reduction in its dianmeter prion o insertion into the pipework.
The precise operating conditions enployediSn’order to carry out the nsthod

of the present invention wll end upon the ral factors referred to
Sbove i b oFe ke BRBRCEseaRye b dAYS | LAGPYTEs, BRY e MEaT wﬁ‘éiﬁﬁﬂ By

mtth'r I‘éfﬁa”,ﬁip%&%‘w”dé% BR 3 hRR g, rEub. it j%ﬁ-@gieaﬁ Dﬁﬂg
pi peloi ﬁi ng&bé:?%rxéﬁ?m%%ﬁ%gé t% 5{&? ? g&,ﬁ%%{ r?g'tsus‘r)tggxghr gﬁgg?e#mﬁgéhe
the |iner ﬁ@%ﬁfepskY%ﬂé"%lé%i%h% ﬁ@é@fta' the Pigl il fJf"om

necessary  nenory retainin aracteri stics, SUC as a CO pol yner

ethyl ene apfleyin |%§~Stt19é1€19‘t1'{ﬁ"ala|é¥9§]?i6£tﬂoﬁf ofp Vér emmf bQﬂréi:@HEnHHy
equal |y be used Al t hough the reduction in dianmeter of the |liner pipe ™ .

during paseeges tOrenehpipheininggiten bliitg igboyt tan IvfLisEdbeédnetsohn
the range 5.0%to 9.8% are preferred. The reduction should be such as to
al | ow dravimgitsé dianetear prtmrthoodghdﬁtaqndimtagthépplpéﬁdnkson!hbat
sinple requirenent is conplicated by the fact that existing pipes are often
not accur R¥egise zogeratingaldonditiions rﬂnplmwﬁaundpmertmegarry out

the method of the present invention will depend upon the -
several factors referred to above in any particular case and L)

~ will vary according to the pipework internal diameter ahd thé..
purpose for ﬁhich it is put to use (for example whether for

. water or'gas),'the material of the pipelining and the SDR 6f.

. the pipelining. (By SDR is meant the ratio of the diameter of

... the pipelining before swaging to its wall thickness).

A preferred materiél for-fheﬂliﬁer pipe is polyethylene, but
ofher materials having the neceSSary ~memory retaining
_characteristics, such as a co~-polymer of ethyléhe gnd;at_1éaét 
. one other alphaolefiﬁ of up to ten carbon atoms may équally be
used. Although the reduction in diameter of the liner pipe .
during passage through the swaging die ig up to 15%,
redﬁctions in the range 5.0% to 9.8% are preferred.' The
reduction should be such as to allow drawing of the liner pipe'
through the existing pipe. This somewhat simple requirement
is complicated by the fact that existing pipes are often not
accurately sized internally, that the internal diameter may

vary along the length of the pipe, and that the rate of



vary along th

e length of the pipe, a%d*fhat the rate of recovery of the

liner pipe may vary with anbient conditions and with the material from

whi ch the pip
thin as possi
the requirene

e is made. The wall thickness of the |iner pipe should be as
bl e consistent with the use to ich-the pipe is to be put and
nt to provide adéquate internat s»ating:.of the existing pipe.

Aratio of wall thickness to.djameter ,of the |liner ‘?‘J}ﬁg i n, the rangts&g) to
Wi ions

46 is preferr
t hrough the e
of the yield

EGCOMRE YRS rthe LARPENPLRGS BIRY: AR pRRiEPReFO

S I 15 SO PR GRUBAYCBE bipdEo! ARES, $SHkoatY

about 80% | TRRSCRHERP ot Nk iHe! ATBLC RN be!l el Ciidh 4 PRLBLrlk

the exi'sting
1.-15: 1. A
exerted by th
swagi ng di e.

enbodi nent of
reference to

pi pe shou advant ageousl range

ing nmeans to draw the liner pipe through the
FegRidementat tbheproveaki cddegiabe Nritefh&R! Ise stgyod t@ee
the invention wiTl now be described by way of exanple, wth
R4 srAmyTRADE NY ANt iwsof iwaldi thickness to diameter of the

-E‘aﬁbﬂg%ﬁ%aWi%hp%ﬁaeﬁsla%sr%%dtﬁa PHIEEE £419d YUt 3hd the
e said pull

liner pipe in the range 10 to 46 is preferred.

The maximum tension chosen %or pulling the liner pipe through
the existing pipe shoﬁld ad%antageously be in the range 45% to
55% of the yield strength ;f the liner pipe in question, and
in particular about 50%. The ratio of the throat diameter of
the die to the diametqf of the existing pipe should
advantageously be in the range 1.05:1 to 1.15:1. a
reéiprocatable pusher is employed to augment the tension
exerted by the said pulling means to draw the liner pipe

through the swaging die.

In order that the invention may be more clearly understood one
embodiment of the invention will now be described by way of
example, with reference to the accompanyiﬁg' drawings, in

which: -

Figure 1 is a side elevational view in section of one form of

apparatus. used in the method according to the invention, and

Figure 2 is a side elevational view in section of a

‘modification of the apparatus shown in Figure 1.



Figure 1 is a side elevational view in section of one form of apparatus
used in the nethod according to the invention, and Figure 2 is a side

el evational view in section of a nodification of the apparatus shown in
Figure 1. Referring to Figure 1, the apparatus conprises a supporting
structure 1 which incorporates a pipe cHajfp—2 at one end and a swagi ng die
3 at the other. The swaging die 3 is generally cylindrical and conprises a
section ofRéefeyrindi &oetRigure ol pettheo appagwitiuen codmprisé=radsappoetingby a
conical section 6. The swaging die has a.polished swaging surface which is
i nclined sstractugeclowhishwdhcqrponatenl g pipetolanp axat ohet kaddiaad

advant ageously between [err] to [err] and ﬁreferaQJy between [err] to
[err]. TH: $H¥AY3RY|dig: 3| akstheopivhes - N7Theyswaging dden3t dsngeperrdidybly
down to N5 qfﬂ Ldeally in_the order of N4 or | ower. The ratjo bet ween™¥he
di ameters X “‘aﬁgcﬁli AN e AR AFSS BhSTSHRN 1 955 Jaxgen fH.ametey s4has
been found, t oyvide an agdequaie |level of..cleara bet ween pipe liner and
i nt er nal ﬂ‘bgn%i _%t%rsﬁ%?l%s‘?é ¥ erpi‘%i@ea " '[% eacﬁﬂf'éf:géb??"%g?ﬁi n
the dianmetgic & ' T ELOoV. of the _materjal . The of di,e 3
nthe- entioul iR EveRatie, 58, hg R phllsbl dlging Shfdod vh i 48
inclined at an angle of between 6° and 32°-to_the axis of the

die advantageously between 12° to 29° and preferably between

20° to 25°. The polish is at least down to N7, typically down

to N6 preferably down to N5 and'idééiiy-in'thé order of N4 or NS

lower. The ratio between the "d-.'iam_et_érs at 4 and 5 is
preferably in the range 1.05:1 to 1.15:1. This has been found
to provide an adequate level of élearance between pipe liner
and internal pipe diameter for'mOSt'hofmal pipes and to be
comfortably within the diametrié.diméhsional recovery of tﬁe

material.

The body of the die 3 in the embodiment illustrated is hollow

and houses an electrical heating coil 8 which is supplied with '\;J

electricity via an electrical supply circuit 9. PoWér supply
to the heating coil is applied to heai the liner pipe to'a 
température within the range 35°C to 95°C and preferably to
about 50°C. On leaving the die, fhe swaged liner pipe is
cooled by means of an annular heat exchanger 12 which is
disposed around the pipe and which extracts heat from the
pipe. The heat exchan§§ medium may be carbon dioxide, air,

‘'water or any other suitable fluid.

-



and houses an el ectrical heati ng C0|I 8 whlch is supplied with el ectricity

via an electrical supply circuit 9. Power supply to the heating coil is

applied to heat the liner pipe to a tenperature within the range [err] to
[err] and pteferably to about [err]. On | eagpng the die, the swaged |iner
pi pe is cool ed by neans of an annul ar heat _é&anger 12 which is disposed

around the pi
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to forma nose cone at that end over which an apertured netal nose cone nay

be fitted. ActaheetihgWehe plipekedsmp @ shdreraging die 3 itegether.in the
range 10 to 46 is preferred. Holes are punched in the mtre
In operation of the apparaftus, a length of liner pipe 7 of
polyethylene or other suitable material may be mitred at one
— end or px_'e-formed effectively to form a nose cone at that end
over which an apertured m,étal nose cone may be fitted. A
ratio of wall thickness tog. diameter 6f the liner pipe in the
range 10 to 46 is prefe'rre;i. Holes are punched in the mitre
sections which correépond._:;with those in the metal'_ nose cone
and through which a cable is connected to the pipe. The cable
is threaded through the swaging die 3 and the existing
pipeline and connected to ;some form of pulling device such as
a winch appropriately anchored. The electrical supply is
switched on to heat the die to the required temperature and
the mitred end of the liner pipe is introduced into the
upstream end of the die. Tension in the cable is increased to
the required value (usually between 45% and 55% of the yield
strength .of the liner pipe in question and in particular 50%)
until the liner pipe begins to move through the die and be
pulled into the existing pipeline. The liner pipe is pulled
in this way completely'fhrough, the existing pipe. The cable
is released and the memory characteristic of the material of

the pipe is then permitted to expand the pipe until it
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whi ch correspond with those in the netal nose cone and throught
cable is connected to the pipe. The cable is threaded through the -

die 3 and the existing pipeline and connected to sone form of

devi ce such as a wi nch approprigtely anchored. The el ectrical
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21, hydraulic cylinder 22, ¢lamp ring 23 and ancillaries is

disposed between the swaging-die.3Tand'pipe_clamp 2. 1In

operation, this machine pulls the"-:'line'r pipe' through the

swaging die 3 and pushes it into the existing pipeline;"'

It will be appreciated that the above e_inhodiments_ have been

described by way of example only'anaﬁthat'many variations are -

possible without departing from the invention as defined in
the appended claims. For example the liner pipe may be heated
prior to entry into the swaging die as iﬁ:the_mahner described

in our co-pending application No. 2186340.

clanp™ring 23 _and ancillaries’
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di'sposed between the swaging die 3 and pipe clanp 2. |In operation, this
machine pulls the |iner pipe through the swaging die 3 and pushes it into
the existing pipeline. It will be appreciated that the above enbodi nents
have been described by way of exanple only and that many variations are
possi bl e*wi t hout departing fromthe inventiont@s defined in the appended
claims. For exanple the |iner pipe may be.heated prior to entry into the
swagi ng die as in the manner described i'n our co-pending application No.
2186340. 10 CLAI M5 1. A method of lining installed pi pework which

i ncl udes the €IAIMSf taking a | ength of ||ner pi pe made from a nenory
retalnlng plastics material of external dlaneter greater than the interna
dlane&@r of the pipework to be |ined, and using pul'ling nmeans under tension

attached to the | eadi n nd of .the Ilner pipe and threaded through the
pi pework, dradisng th AAHQQ’QQ ﬂénﬂﬁgo&Bﬁta1%@99PﬁBeUPERaWPQEHeénFéugﬁﬁ the

the tensi on aBBEPE B FAIBH I nEEhCobogetude PaREi JHGR 15 meRoFy
restrain the E%@ %&uﬁéP%ﬂ%%&ﬁé%fm%Q%rﬁﬁﬁeof external diameter greater than
the internal diameter of thp pipework to be lined, and using
pulling means under tensionjattached to the leading end of the
liner pipe and threaded through the pipework, drawihé the
linér pipe through a swagiﬁg die attached to but spaced from
the pipework to reduce thé external diameter of the liner
pipe, the tension applied by the pulling means being such as
partially to restrain thé radial expansion of the outer
surface of the liner pipe;after'its emergenée from the die,
drawing the liner pipe through the installed pipework with its
outer diameter reduced to and/or maintained at a dimension
less than that of the inner diameter of the pipework and
thereafter allowing the liner pipe to expand within the -
W pipework by relaxation of the said tension followed by memory
induced expansion at ordinary atmospheric pressure and at the
ambient temperature of the pipework, and gripping the 1liner
pipe emerging from the die within the space between the die
and the pipework and urging the liner pipe towards and through

the pipework.

2. .A method as claimed in claim 1 in which the external

diameter of the liner pipe is reduced by up to 15%.
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surface of the liner pipe after its energence fromthe die, drawi ng the

| i ner pipe through the installed pipework with its outer dianeter reduced
to and/or maintained at a dinmension |ess than that of the inner dianmeter of
t he pi pework and thereafter allowing the Iiner pipe to expand within the
pi pework by relaxation of the said tensiqp followed by nenory induced.
expansi on at ordinary atnospheric pressure and at the anbient tenperature
of the pipework, and gripping the liner pipe enmerging fromthe die within
t he space between the die and the pipework and urging the liner pipe
towards and . hr ughetied papeedalined. inAcisiwd asr cébaimd2i dncwiichl the
whi ch the external dianmeter of the liner pipe is reduced by up to 15%

3. A et b aischeiatedfl | socithiah 1the dlixen pipe whsctheadtkedl beferhe ‘Ey
so that the liner pipe is heated before is emerges fromthe die. 4.

net hod as Emengas from &he3dien which the liner pipe is cool ed mnthln t he
space between the die and the pipework as it energes fromthe die. 5. = A
method as clainmed in either claim3 or claim4, -in-which the Iiner pipe is

re-h for in . ;. o . c
pre eated4Re Og?ﬁgg%éngg glgiggbtgn claim 3, in'which the liner pipe
is cooled within the space between'the_die and the pipework as

it emerges from the die.

5. A method as claimed in either claim 3 or claim 4, in
which the liﬁer pipe is pre-heated before thé;SWaging step to

a temperature between 30°C and 90°C.

6. A method as claimed in claim 5, in which the liner pipe

is pre-heated to a temperature of from 35°C to 65°C.

7. A method as claimed in claim 6, in which the liner pipe

is pre-heated to a temperature of from 45°C to 55°C.

8. A method as claimed in claim 1 or claih 2, in which the
liner pipe is drawn into the die at éﬁbient temperature and no
heat is supplied to or generated within the die_save such heat
as may be generated by friction between the liner pipe and the
internal surfaces of the die during passaée of the liner pipe

through the die.

9. A method as claimed in any of the preceding claims in

which the liner pipe is of polyethylene or a co-polymer 6f
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a tenperature betweepn [err] and [err]. 6. A nmethod as clainmed in claimb5,
in which the liner pipe is pre-heated to a tenperature of fromJ[err] to
[err]. 7. A nmethod as claimed in claim6, in which the liner pipe is
pre-heated ‘to a tenperature of from/[err] g%[mr] 8. A nmet hod as
claimed in claim1 or claim2, in which th iner pipe is drawn into the
die .at anbient tenperature and no heat is .-supplied to or generated within
the di e save such heat as may;:he generated by friction betmeen the Iiner

pi pe and the éiﬂﬁ@ﬁé %wdf ages 1<2Jasttheoﬁéeo%uwgag?ﬁaagéf9ﬁ p %o PLOE

t hrough the die. met hod as clained:in any the preceding clainms in
whi ch the |'n€5rﬂbﬂeat§m§f pol yet hyl ene or a co-pol yner of et hyl ene and
at | e#isi one other al phaolefin of up to ten carbon atons. 10. A nethod as

clainmed in any of the preceding clains in which the installed pipework is
ground enbedded and is at |least 10 netres in |ength.
10. A method as claimed in any of the preceding claims in
which the installed pipework'is ground embedded and is at

least 10 metres in length.
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