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Kpatkwit 0630p

KoMnoanTHble MaTepuanbl NPUMEHAIOTCA B chepe TPaHCMOPTHBIX
Tpyb6onpoBoaoB yxxe 6onee 20 NeT Npy TEKYLLMX PEMOHTaX NANA
YCUIMEHNA yHaCTKOB CTEHKM TPyOonpoBoAOB, OCNabneHHbIX BO3AENCTBEM
KOPPO3UK. BOMbLUMHCTBO 06LLENPU3HAHHBLIX MEXXAYHAPOAHBIX CTaHAAPTOB
Mo PEMOHTHbIM paboTam, Hanpumep, ASME B31.4 u B31.8, nonyckatot
MCMOb30BaHNe KOMMO3NTHBLIX MaTepUanoB A1A Takux BUAOB PEMOHTA.

BonblunHCTBO onepaTopoB HedhTe- 1 ra3onpoBOAOB 3HAKOMbI C
KOMMO3WUTHBIMU MaTepuanamm n Temm NpevmyLLecTBaMy B TEXHNHECKOM
1 KOMMEPYECKOM MnaHe, a TaKkXKe B 06nacTn oxpaHbl 340POBbA U
OKpY>KaloLLien cpeabl, KOTopble obecneynsaeT ux npumeHenue. Llens
HaCTOALLEN CTaTby - NPEACTaBUTb HOBbIE BUALI PEMOHTHLIX PaboT, Npu
KOTOPbIX MOTYT UCMOMb30BaTLCA KOMMO3UTHLIE MaTepuarbl, a Takxe
[aTb NpUMepbl UX NPaKTU4eCKoe NPUMEHEHNE ANA KOHKPETHbIX BUAOB
paboT. YTO Takoe KOMMO3UTHbLIN MaTepran U Kak OH MPUMEHAETCA B
PEMOHTHbIX paboTax? o obLemy onpeaeneHmno, ano3nTHbIA Matepuan
npeacTaenAeT cobon KombuHaLmio AByX unu 6onee marepmanos ¢
B3aMMoycunveatomm acpcpekTom. TodHee ckasaTb, KOMMNO3UTHbIE
maTtepuvasbl o6ecneyrBatoT BbICOKONPOYHOE ycuneHune B oopme
BOMOKOH, 06beANHEHHBIX BMECTE U CKPENEeHHbIX LIEMEeHTUPYoLLEen
cpenon, 0bbI4HO — TepMooTBeEPXKAaroLWmMMeA nonmMmepomM. Hanbonee
4acTO UCMOIb3YEeMbIM BbICOKOMPOYHBLIM BONTOKHUCTBIM KOMMOHEHTOM
ABNAETCA CTEKNOBOMNOKHO.

YcTpaHeHne nedekToB TPy60onpoBOAOB C NMOMOLLBIO KOMMO3NTHBIX
martepuasnos NPOU3BOANTCA MyTEM pacrpeaeneHnA KOMbLEBON Harpy3ku
B CTeHKe Tpybbl. XOTA cTanb BCe elue 6yaeT noasepraTsCA NacTuHeckon
fedopmaumn, ee cteneHb 6yaeT orpaHNHMBaTLCA HAPY>KHbLIM
6aHaa>KOM M3 KOMMO3NTHOrO Marepuana, 4To obecrneqnT 6e30nacHoCTb
TpybonpoBoaa Npy MakcUMansHO AOMYCTMMOM paboyeM AaBneHnn.

CTaHaapTHbLIN 1 3HEKTUBHBIN METO/ PEMOHTA C NPUMEHEHNEM
KOMMO3WTHBIX MaTepvanos npeaycMaTpusaeT Ucnonb3oBaHne
TPEXKOMMOHEHTHOWN CUCTEMbI, BKIOYaIOLLEN:

— KomnoanTtHaA cTpyKTypa.
— CsAgyloLlee BeLecTBO ANA CLEeNMeHnA KOMNO3UTHOro marepuana ¢

Tpy6OIN 1 KaxkabiM Nocneayowym BUTKOM U3ONALIMOHHOW NEHTbI
— HaHocumbin Ha 30HY fedheKkTa cocTas AnA nepefayn Harpysku,

MMEIOLLIMI BbICOKYIO MPOYHOCTb Ha CXKaTue.

Ha Puc. 1 nokasaHa metoauka pemoHTa ClockSpring’. Mpumepsl
NPaKTU4ECKOro NPMMEHEHNA KOMMO3UTHBIX MaTepuanos Ana
PEMOHTHbIX paboT

1. External corrosion.
KOpPPO3MOHHBIV aNIEMEHT MOXEeT BO34eNCTBOBATb Ha
TpybonpoBoA He TOMbKO Yepes 3emnio, HO 1 Yepes Bo3ayx. Ha
HedTenepepabaTbiBaollem 3asoae B CLUA 6binm o6Hapy>XeHb!
3HauMTenNbHbIE KOPPO3NOHHBIE MOBPEXAEHUA (C MoTepen meTanna
[0 80%) Ha 12” (300 mm) Tpy6onpoBoae, Bbi3BaHHbIE MEPEHOCOM
BO3JyLUHbIMW MNOTOKamMM Bnaru u3 rpaaupHu (Puc. 2) O6waa anvHa
nopaxeHHbIX y4acTKoB cocTaenAana 6onee 900 gyToB (270 m).

MpyMeHeHre CTaHaapTHBIX TEXHUHECKWX PELLEHWA ANA yCTpaHeHnA
3TON Npobnembl noTpeboBasno 6bl 3HAYUTENBHBIX YCUIUIA, BKOYaA:
nony4yeHune paspeLleHnA Ha orHeBble paboTbl, M3MeHeHve rpadmka
NocTaBOK MPOAYKLMW, a TaKXe peLleHnA MHOrMX ApYyrmx BONpocoB
TEXHWKV 6€30MacHOCTV 1 OXpaHbl OKpY>KatoLLein cpefbl B CBA3N C
6n13kmMM pacnonoxeHnem obopynoBaHnA HedpTenepepaboTKn ¢
Tpyb6onpoBoaamm Apyroi NpoayKLUmu.

Jlornyeckon anbTepHaTNBOW CTaNo yCMNeHne ¢ NoOMOLLbIO
KOMMO3WTHbIX MaTepuanos. [pyMeHeHne MeTOANKN peMOoHTa C
MCMonb30BaHNEM KOMMO3WUTHBIX MaTepranos NO3BOMUIO YCTPaHUTL pp
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ABSTRACT
Composite repairs have been utilised within the transmission pipeline
industry for over the past 20 years for the permanent repair and
reinforcement of sections of the pipe wall which have been weakened due
to corrosion. Most internationally recognised repair codes such as ASME
B31.4 and B31.8 accept the use of composites for this repair function.
Most internationally recognised repair codes such as ASME B31.4
and B31.8 accept the use of composites for this repair function.
Most oil and gas pipeline operators are familiar with composites and
the health, safety, technical and commercial benefits they provide.
The purpose of this paper is to introduce new areas of repair
applications where composites can be used and to provide case
studies for these particular repair functions.

What is a composite repair and how does it work?

A general definition of a composite is a synergistic combination of two
or more materials. More specifically, composites comprise high strength
reinforcement in fibrous form, incorporated into and bonded together by
a matrix, usually a thermosetting polymer. The most common strength
fibrous component used is glass.

Composite repairs for pipeline defects work by haring the hoop load
in the pipe wall, although the steel will still yield the yielding rate will be
controlled by the externally applied composite sleeve so that the
maximum allowable operating pressure (MAOP) can be safely
maintained.

A typical and effective composite repair is a three component system

consisting of:

— The composite structure.

— An adhesive system used to bond the composite to the pipe and to
each successive layer of the applied wrap.

— A high compressive strength load transferring compound applied into
the defect. (Figure 1) shows a Clock Spring composite repair.
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PucyHok 1 - Figure 1

1. External corrosion.

A corrosion cell can find its way to a pipeline not only through the
ground but also by air. A refinery in the USA had major external
corrosion (up to 80% metal loss) on a 12” (300 mm) pipeline caused
by airborne drift from a cooling tower (Figure 2). The total length of the
effected area was in excess of nine hundred feet (270 metres).

A conventional solution to this problem would have incurred serious
challenges such as: hot work permits, re-scheduling of products and
many other environmental and safety concerns due to the close
proximity of process equipment and other product pipelines. pp



FURMANITE npeanaraet
cneaylowue ycnyru

m PaboTbl No repmeTu3aumm u
YCTPAHEHMIO yTeYeK

m CneumanbHble paboTbl Ha
LencTBytoLLeM TpybonpoBose
— Bpeska nog gasnennem

— YcTaHoBKa LieMEeHTMPOBaHHbIX
TPONHUKOB

- V3onsums Tpy6onpoBoaos

— W3onsuuns cexumit Tpy6onpoBoAoB
3aMOpO3KON

m TexHonorus FurmaSeal

— CamoynnoTHSIOLLMECS PEMOHTHbIE
XOMYTbI

— KoHueBble CoemHUTENbHbIE
ANeMeHTbI TPY6OMpPOBOJ0B

m MexaHuueckas 06paboTka getanei
Ha 06beKTe

m [1poBepKa 3afBMXeK BO BPeMS
paboTbl Mo MeToAuke Trevitest

m Obyyerne

Bbicokas KOMMNETEHTHOCTb - 3anor aq)q)eKTMBHbIX
TeXHUYECKUX peLleHnn Ha MecTe

Furmanite - koMnaxus ¢ MUPOBOIA penyTaumelt B 061acT TEXHUYECKUX Yeayr -
06ecneynBaeT CBOMX 3aKA34MKOB ObICTPLIMA W HALEXHBIMA TEXHUHECKAMN
PELLIEHUAMI Ha OCHOBE COBCTBEHHBIX MEPEAOBbIX TEXHOMOTMiA, COCOBCTBYHOLLMMM
ONTVMM3ALMN MPOAYKTUBHOMO BPEMEHM W MOBBILLEHMIO 3(DdEKTUBHOCT PaBOTHI
3akasumka. Furmanite nomoraeT 3akasuukam [0O6MBATLCS 3HAYUTENbHBIX
MPEMMYLLECTB Mpu paspaboTke MECTOPOXAEHMIA U akcrnyaTauu Tpy6onpoBoaoB
B Kacnuitckom perviore 1 Ha Tepputopumn Poccuu.

Mol npeanaraem yHUKanbHble CrIELMan3upoBaHHbe METOAMKM CEPBUCHBIX W
PEMOHTHbIX paboT Ha TPyGOMpPOBOAAX, HE TPEOYIOLMX UX OCTAHOBKM, BKMOYAs
yCTPaHeHe yTeukn B TpybOMpoBOAE MOA AaBNeHMeM, BPE3KY NOA AABMEHMEM,
Mo3BONAOLLYI0  M36exaTb MpocTost MpW  PEMOHTE  MIW  MOAMEUKALMM
Tpy6onpoBOAa, @ Takxe CreumansHble asapuitHble 3axumbl Furmaseal ans
0CTaHOBKM MPOTEYEK 1 BOCCTAHOBNEHHS LIeNOCTHOCTY TpyBonposoaa. [lo6askTe k
3TOMY BO3MOXHOCTb KaYECTBEHHOA MeXaHWyeckoit 06paboTkin € CcambiMi
CTPOrMMmM oNnyckamu, a Takxxe UCnbITaHUA pa60Ta+0w,|/|x 3a[1BMXXEK N0 TEXHONOrnun
Trevitest, 1 BaM CTAHET NOHATHO MO4EMY HaLLK YCNYrW Tak BOCTPE6OBAHD! B 3TOM
PErUOHe.

Kpome TOro, Mbl vcronb3yem Haw 6oraTblii OMbIT Mpu pa3paboTke 1 BHEAPEH!H
3(EKTUBHBIX TEXHUYECKUX PELUEHMUI B TECHOM COTPYAHMYECTBE C MECTHbIMU
napTHepamm1, a TakXe MOBbIAs KBanM(UKaLMIO MECTHbIX CTIELManmcTos ¢
MOMOLLbIO CEPTUCMLMPOBAHHBIX B OTPAcAM mporpamm o6yuexns. Takoit onbIT
COBMECTHOIA paboTb! BbiN HaMK yemeLwHo BHeApeH B baky. Bee aTo no3sonseT Ham
fobuBaTbCs ycnexa npu CO3AAHMM W COBEPLUEHCTBOBAHUN MHAPACTPYKTYPLI
o6enyxuBaHus 06beKTOB HedyTerazosoro komnnexca B LienTpansHoi Espone.

[No3BOHUTE HaM NPAMO Ceityac, v Mbl UCNOMb3yeM BECh HAL 60raTblid OMbIT ANA
YCMELUHOI paboTbl BaLLMX 0GLEKTOB.

Furmanite International Limited ™
Furman House, Shap Road, Kendal, Cumbria F U n MAN I TE
LA9 6RU Tel: +44 (0)1539 729009 Fax: +44 (0)1539 729359
E-mail: infouk@furmanite.com

MakcuManbHbIii CPOK CRyX6bi

www.furmanite.com

A Xanser company




HEeobXxoAMMOCTb B OrHEBbIX paboTax U 0CTaHOBKe Tpybornposoaa, a
TakXe pUCKK AnA OKpy>katoLen cpeabl. Kpome Toro, peMOoHTHbIe
pa60TbI MOrnm NpoBoAUTbLCA B 30HaX C O4eHb HebonbWnMn
paccTOAHUAMM [0 PACMONOXEHHOro PALOM 060pYAOBaHWA U COCEAHNX
Tpy60onpoBoAoB.

Bcero ¢ nprmeHeHMemM KOMNO3UTHOrO Matepuana 6bino ycTpaHeHo
903 pgedhekTa co cpegHen Npon3BoanTeNbLHOCTLIO 75 - 100 gedhekToB
B CYTKM NpU NCnonb3oBaHUN TpexX PEMOHTHbIX 6p|/|ra,q no ABa
Yyenoseka B KaXaon.

BbIIJJeyKaSaHHbIe PEMOHTHblEe paGOTbI npoBOAUSTUCb KaK Ha NPAMbIX
yyacTkax Tpy6ornpoBoAoB, Tak U Ha KoneHax 45° n 90° (Puc. 3 n 4).

Vcnonb3yemblit AnA pEeMOHTHbIX paboT KOMMO3UTHBIM MaTepuan
obecneunBaeT He TONMbKO 3P(PEKTUBHOE NOCTOAHHOE YCUNEHNE, HO U
KOPPO3WOHHYO 3awwmTy TpybonpoBoaa oT BO3AENCTBUA HENPepbIiBHO
pacnpocTpaHALWMXCA U3 rpaaupHN Bnarn n napa. AsnAanack
3(pbheKTMBHBIM CNOCOHOM TEKyLLEero pemoHTa ¢ 50-neTHen rapaHTuen,
ycuneHue ¢ NOMOLLbIO KOMMNO3UTHbIX MaTepunanos obecneunBaeT
TaKyto AONrOBEYHOCTb TPybONpoBOAOB, KOTOPaA NpeBbiaeT
pacyeTHbIN CPoK cny>6bl HedhTenepepabaTbiBatoLLero 3aBoaa.

2. PemMoHTHbIE pa6oTbl N30THYTON

CeKLUM B YCNOBMAX BbICOKOW TEMNepaTypbl.

B cBA3mM ¢ npocegaHvem nnathopmMbl 66110 06HAPY>XKEHO, HTO NO Mepe
Norpy><eHnA HECKOMbKMX CEKLUMI pansepa 06pa3oBavch 3HAUNTESbHbIE
KOPPO3MOHHbIE MOBPEXAEHNA Haj, NepBoHa4anbHO NpeanonarasLuenca
30HOW NEepMoANHECKOro CMadMBaHNA C aHTUKOPPO3VOHHOW 3aLLMTOW.
Bo3MOXHOCTb 3aMeHbl CeKLmMiA pain3epa paccmartpusanach, Ho 6bina
OTBEprHyTa, Tak Kak Bbi3Bana bbl ABe 6onbluve NpobnemMbl: OCTaHOBKY
nnatgopmbl U CBA3aHHbIE C 3TUM 3HAYMTESbHbIE MOTEPY NPOAYKLMN, U
ONMTenbHOE OXXMnaaHue NocTaBKM CEKUMIA ANA 3aMeHbl MOBPEXAEHHbIX,
B CBA3M C TEM, YTO 30HbI MOPaXXEHNA HAXOAUMMCh HA MPOCTPaHCTBEHHO
U30rHyThIX cekumax (Puc. 5).
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PucyHok 5 - Figure 5 PucyHok 6 - Figure 6

an N3y4eHn BOSMOXXHOCTN PEMOHTa C NpUMEeHEeHNeM KOMMO3UTHbIX

mMaTepuanos 6b1110 BbIABNEHO Tpu ﬂpoﬁﬂeMHbIX MOMeHTa:

1. B pansepe Haxoaunachk ropayasa HedTb, U ero paboyan
Temneparypa 6bina 70°C.

2. Heobxoammo 6b110 ob6ecneyumnTb AOCTYN NnepcoHana K MecTy
PEMOHTHbIX paboT 1 ero 6e30NacHOCTb.

3. HeobxoanmocTb 3aknioyeHnsa B 060M04KY BCEN U3OTHYTOWN CeKLMN.

Bce aTn npobnemsbl 6binn y4TeHbl Npyn paspaboTke nporpammbl

npoBeAeHNA PEMOHTHbIX paboT:

1. BbInn ncnonb3oBaHbl CBA3bIBAIOLLWIA COCTaB, HANONHUTENb U
pesnHoBaA matpuua, CcnocobHble BblAep>XXnBaTb NOCTOAHHYIO
pabouyto Temnepatypy o 84°C.

2. Vicnonb3yeMbli KOMMO3UTHbIA MaTtepuan nerok u npocT B
obpalleHn, 1 pEMOHTHbIE paboTbl MOTyT MPOBOANTLCA ABYMA
crneumanucTamm ¢ UCNosb30BaHNeM CTPaXOBOYHOTO CHAPAXKEHWA,
6e3 Heo6x0AMMOCTHN NpUMeHeHnA obopyaoBaHme AnA nogbema
TAXeNbIX rpy30B U AnA cneumann3npoBaHHbIX MOHTaXKHbIX
paboT. MoHTaXx 060M04KM U3 KOMMO3MTHOrO MaTepvana
npoBoauncA 1eTomMm BO BpemMA OT/iMBa C CaMmblM HU3KMM YpOBHEM BOAbI.

3. Bbinu paspaboTaHbl MHOrOCNOMHbIE YCUMMBAIOLLME CeKLUA 13
KOMMNO3UTHOro matepuana u BCTPOEHbI B GaH,Ela)K anAa
COOTBETCTBUA paavycam n3rnbos. 3atem 6bin yCTaHOBNEH
Hapy>XHbIN CI0 KOMMO3UTHOrO Marepvana, nonHOCTbIO
3aKnoyaloLwWwmin B 060no4Ky nepsbin cnon (Puc. 6).

PeMOHTHbIe paboThbl HA KaXkA0M pan3epe Obinn BbINOMHEHbI

B TeyeHue 3 AHen. JKcnnyatauna pan3epoB Npoaomkanach

B TE4YeHue BCero nepnoaa pemMoHTHbIX paboT. [Ipyrum BaXKHbIM

npevmyLLecTBOM 3TOro cnocoba peMoHTa 6bIs10 OTCYTCTBME pUCKa

BO3/[ENCTBUA Ha OKPY>KatoLLYIO cpeay, KOTOpble NOTeHUMansHo
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PucyHok 2
Figure 2

A composite reinforcement provided a logical alternative. Use of a
composite repair eliminates the need for hot work, shut down of the
pipeline, environmental exposure and the repairs could be installed
within the tight clearances available.

In total 903 composite repairs were installed at a rate of 75 to 100
units per day using three x two man installation crews. The repairs
included straight pipe lengths as well as 45° and 90° degree elbows
(Figures 3 and 4).

The composite repair not only provides proven permanent
reinforcement but also corrosion protection to the pipeline from the
effects of the continual airborne drift and vapour from the cooling
towers. As a proven 50 year permanent repair the extended life of this
pipeline now exceeds the expected life of the refinery.

PucyHok 3 - Figure 3 PucyHok 4 - Figure 4

2.Bend and High Temperature Repair.

Due to platform subsidence it was found that as a number of risers
were slowly sinking significant corrosion had developed above the
original corrosion protection of the initial splash zone.

Replacement of the riser sections was considered but would have
incurred two major problems, one a shut down of the platform and
substantial production loss and secondly lengthy deliveries
of the replacement section as the effected areas
were on 3-D bend sections (Figure 5).

Composite repairs were considered but introduced three areas of
concern:

1. These are hot oil risers operating at up to 70°C.

2. Access and personnel safety considerations.

3. Encapsulating of the complete bend section.

A composite repair was engineered to accommodate all these problems:

1. Adhesive, filler and resin matrix chemicals were used that can
withstand constant operational temperatures of up to 84°C.

2. The repair composite is lightweight and easily handled allowing
installation to be made using two operators and abseil techniques
without the need for heavy lifting or specialised installation equipment.
The installations were performed in the Summer and at the time of
the lowest astronomical tide.

3. The composite reinforcement laminate sections were engineered
and cut into bands to suit the bend radius. An outer layer of composite
was then installed to completely encapsulate the first layer (Figure 6).
The repairs on each riser were completed within 3 days from start to
finish with the riser remaining in operation for the duration of the
installation process. Another significant advantage of this repair was
the elimination of all environmental concerns which can occur with
the potential of hydrocarbon exposure to the environment when risers
are removed from service.

3. Mechanical Damage.

During routine excavation of a water line the excavator accidentally hit
a neighboring 20” (500 mm) main gas line situated on the outskirts of
Dubai in the U.A.E. The excavator had “caught” the pipeline in three
locations causing three significant gouges. As the pipeline is the main



CyLLECTBOBASI U3-32 BO3MOXHOCTY NOMNajaHvaA yrnesoaopoaos B
OKPY>KatOLLYI0 Cpeay Npy AeMOHTadKe NOBPEXKAEHHOW CeKLmn pan3epa.

3. YcTpaHeHue mexaHuuecKux noBpexAeHni.

|-|pl/l npon3BoAcTBe NiaHOBbIX pa60T No BbleMKU rpyHTa Ha BOAAHOM

Tpy6onpoBoae Ha okpauHe [y6an (OAE), akckaBaTop cny4aniHo

3aLenun pacnonoXeHHbI PAAOM MarncTpasbHbIN ra3onpoBoa

anameTtpom 20” (500 Mm). DKckaBaTop 3auenus ra3onpoBos B TPeX

MecTax, YTO NpMBESIo K 06pa3oBaHMio Tpex 60MbLUNX BMATUH.

MockonbKy ra3onpoBOA UCMONb30BascA AnA NoAayun rasa Ha MeCTHYHO

3MEKTPOCTaHLMIO, BaXHbIM (haKTOPOM ABNANACL HENPEPbLIBHOCTb €ro

akcnnyatauun. CToana cepegnHa neta ¢ Temnepartypon cabiwe 50°C

— Nepuoa, MakcuMarsibHoro NoTpebneHna ANeKTPOIHEPrn.

Bbino npoBeaeHo 60nbLLOE KONNMYECTBO UCCNea0BaHWN Mo
onpeneneHnto BO3MOXXHOCTU UCMONMb30BaHNUA KOMMO3UTHbIX
mMaTepuanoB AnA TEKYLEero peMoHTa MeXaHU4eCKMX NoBPeXAeHNA 1
npuene4yeHnA CTOPOHHUX opraHm3auvu7| ANnA BbINOSIHEHUA PEMOHTHbIX
paboT. PesynbTaTthbl NcCnegoBaHnii nokasanym BO3MOXHOCTb
OCYLLECTBNEHUA PEMOHTA C NPUMEHEHNEM KOMMO3UTHBIX MaTepuanos
npuv ycnoeuu BbINOSTHEHUA Cieayowmnx onepaumﬁ:

— LlapanuHy unm BMATMHY Heobxoammo 3awwnudosartb 40
o06pa3oBaHWA rMaaKoro KOHTypa, ANA yaaneHus Bcex
KOHLEHTPaToOpOB HanpA>XXeHnA. MakcumanbHo gonycTtumaan rny6v|Ha
wnucposkm coctaBnAeT 40% TOMNWUHBLI CTEHKMU.

- I'Iposecm BI/I3yaI'IbeII7I KOHTPOJb 30HbI NOBpPeXaAeHnA anAa
NpoBEepKN OTCYTCTBUA TPELLNH, KOTOPbIe O0STXXHbI 6binn 6bITb
yCTpaHeHbI WANOBKONA.

— OcTaBllanAca YacTb BMATUHbI 3anofHAeTCA oTBepXxarowumca
HanonHWTenem AnA nepepacnpeaeneHna Harpysku nocne
yCTaHOBKM HaHjaXka 13 KOMNO3UTHOro Marepuana.

Ha Puc. 7 nokasaH y4yacTok TpybonpoBoga nocrie MexaHn4eckom
06paboTKM BMATUH U BU3YyanibHOro KOHTPOMA. Takxe nokasaH 6aHaax
13 KOMMO3WTHOrO MaTepuana nepes ycTaHOBKOM Ha y4acToK C
MeXaHU4eCKUM noBpexxaeHnem. PemoHT BCcex Tpex noepex(,quMVl
6b1n BbINOSHEH 3a 1 1/2 yacos (Puc. 8). Mpu aTom, akcnyaTtauma
rasonposoja v nogada anekTpoaHeprum B [lyban He npekpallanuce.

4.YcTpaneHne npoTeyex.

B Onb-CeryHpo, wrat KanutopHua, 66111 06Hapy>KeHbl yTEYKK B
HECKOMbKMX MecTax Ha Tpy6onposoge anameTpom 24” (600 Mm)
ANA pasrpy3kn TaHKEPOB C CbIpO HEPTHIO B EMKOCTN OCHOBHOMO
pe3epByapHOro napka.

Pa6oyee nasneHne Tpy6onposoaa -22 6ap (300 psi).
MakcmmarnbsHanA WwrprHa npocTpaHcTBa AnA A0CTyna K Tpybonposoay
cocTaBnAna ¢ Kaxaon CTopoHbl Mo 6” (150 Mm). BeinonHeHne
OrHeBbIX pa60T 6bIno HEBO3MOXXHO, a NoAroToBKY NOBEPXHOCTU
MOXXHO 6bIfI0 BbIMOMHATL TOMbKO C nomMoLbo I'IpI/IBO,ElHOVI LeTKN.
Kpome Toro, HeobxoamMmo 6b110 NPOM3BECTU PEMOHT 3a 24 yaca anAa
BO3MOXHOCTM CPOYHOW pasrpy3kun TaHkepa.

Bbinn npoBeaeHbl MHOrOYUCNEHHble UCTMbITAHNA KOMMNO3UTHbIX
maTepvanos B nabopaTopHbIX 1 MONEBbIX YCNOBUAX, C LieSblo
N3y4vyeHnA BO3MOXXHOCTU UX UCNMONb30BaHUA ANA YCTPaHEeHUA yTedeK
Ha TpybonpoBsoae.

Mepen BbINONHeHWe paboT NO YCTPaHEHUIO yTeYeK, B COOTBETCTBUM
¢ TpeboBaHueM TexHuKn 6e30nacHOCT! HeobxoaAMMOo cOpPoCUTb
faBsneHve B Tpybonposoae A0 HyNA.

Puc. 9/ Puc. 10. Nocne 3Toro Mecto yTeyku 6b1a10 3aKpbiTO
3arnyLwKoun, 1 NPon3BoAUNIACh O4MCTKa NOBEPXHOCTM TPy6bI. [AnA
repMeTU3aLmMM 3arnyLwKn ucnosib3oBanacb MeTanononMmepHaa
nacta (M) u 3axuM, Nocne Yero oXuaany, noka cocTas
3atBepaeerT. Nocne Toro, kak Yyepes 20-30 MMH. cocTaB 3aTBepaeBan,
MOXXHO 6bINno yCTaHaBnMBaTb 6aH,El,a)K N3 KOMMO3UTHOro martepuana.

Puc. 11. [pyMeHeHne KOMNO3UTHbIX MaTepuasnos crnocobCcTeyeT
CHATUIO A0ONONHUTENbHOro KOMbLeBOro HanpA>XeHuA OT yCTpaHeHnA
yTeuKn, 3almTe OT KOPPO3nU 1 NPeSOXPaHEHNIO BCE 30HbI
repMeTu3aumm OT BHeLHUX Bo3aencTeuit (Puc. 12).

,D,aHHbIe MCNbITAHWU 30H C YCTpPaHEeHHbIMU yTe4KaMn anameTpom
o 1 aronma (25 mm) Ha Tpy6onpoBogax ¢ pabouum AaBfieHneM oo
80 6ap (1100 psi) nokasanu aKCTpanonMpoBaHHYO AONTOBEYHOCTb
OTPEMOHTMPOBAHHbIX YHaCTKOB - cBblwe 20 feT.

Mo cpaBHeHWIO co cTaHAapTHbIMK HaHAaKaMU ANA yCTpaHeHUA
yTeuek, 6aHaaK1 U3 KOMMO3UTHBIX MaTepunanos obecrneumsaroT
cnegyoowme npevmyllecTsa: pp

supply to a local power station it was critical the pipeline remained in

operation, it was mid Summer with temperatures in excess of 500C

and a peak period for electricity supply. A large number of studies have
been conducted concerning the suitability of composites for the
permanent repair of mechanical damage and third party interference.

The results of these studies have shown that composite repairs are

acceptable providing the following steps are taken:

— The scrape or gouge is ground to a smooth contour to remove all
stress concentrators. The maximum safe depth of grinding is 40% of
the wall thickness.

— The damaged area is inspected to verify that any cracks have been
removed by grinding.

— The residual indentation is filled with a hardenable filler for load
transfer under the composite sleeve.

Figure 7 shows the pipeline after the gouges have been dressed and
inspected. A composite sleeve is shown prior to being installed.

—_—

PuéyHOK 7 - Figure 7 PVIEVHOK 8 - Figure 8
The three repairs were completed within 11/2 hours (Figure 8) with
the pipeline remaining in operation and the electricity supply to Dubai
maintained.

4.1eak Repairs.

El-Segundo - California, a 24” (600 mm) crude oil, tanker offload
pipeline used to supply a major tank farm was found to be leaking in
several locations. When operating the pipeline pressure is 22 Bar

(300 psi). Access either side of the pipeline was a maximum of 6” (150
mm). No hot work was possible and the surface preparation could only
be made using a power brush system. In addition the repairs had to
be made within 24 hours to allow an urgent tanker delivery to be off
loaded. Composites have undergone a large amount of laboratory and
in-field testing for leak repair applications.

For a leak repair to take place it is a requirement for health and safety
reasons to remove the pressure from the pipeline. Once done the
residual leak can be plugged (Figures 9 and 10) and the pipe surface
cleaned. To seal the plug a metal polymer paste (MPP) is applied and
clamped in place and allowed to cure (Figure 11). Once the MPP has
cured (20 -30 minutes) the composite can be installed.

The application of the composite helps to remove additional hoop
stress from the leak repair, can reinforce associated corrosion and
protects the overall repair from external interference (Figure 12). p )

PucyHok 11 - Figure 11 PucyHok 12 - Figure 12
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— YCTPaHAKT HEOBXOAUMOCTb UCMOMb30BaHMA YNNTIOTHEHWN;

— MOryT UCMONb30BaTbCA AJ1A PEMOHTa TPY6ONpPOBOAOB C
nepemMeHHbIM Hapy>XHbIM AMaMeTpoM;

— MMEIT HeBONbLLOW BEC U NTIErkO YyCTaHABMBAKOTCH;

— MMEerTCA B Hann4um gnA HeMe,El,J'IeHHOVI OTrpy3Ku.

PeMoHT 7 yuacTkoB B Onb-CeryHao 6bi1 npousBeseH 3a 4 yaca, 4To

Mo3BOMMIO 06ecneYnTb CBOeBPEMEHHYIO pasrpy3ky TaHkepa (Puc. 13 n 14).

5. lethexTbl KONbLEBOro CBapHOro LWBA.

Bo Bpems auarHoCTUKM razonposoaa anametpom 20” (500 mMm),
PacnonoXXeHHOro Ha TeppuTopum MNonbLum, C UCMONb30BaAHNEM
BHYTPUTPY6HOrO cHapAa 6bin 0bHapy>XeH pAg OTKIIOHEHWI, CBA3AHHbIX
¢ 60MbLUMM YMCITOM KOMbLIEBBIX CBapHbIX LWBOB. B xone aanbHenwen
[eheKTOCKONMN KObLIEBBIX LLUBOB 6bInv BbIABSIEHbI UX CrieayoLumne
nedheKTbl: HenpoBapKa Mo KPOMKE CTEHKM, MOPUCTOCTb LUBaA U
HeLEeHTPOBKa CTEHOK Tpyb. Bbin npoBeaeH paa ucnbitaHui B CLUA n
BocTo4Hon EBpone ana nogTeepaeHnA BO3MOXHOCTM UCTONb30BaHWA
KOMMO3UTHBIX MaTepuasioB Npuy BbINOTHEHUM COOTBETCTBYHOLLMX
PEMOHTHbIX paboT.

VicnbiTaHnA NpoBOAWIIUCH Ha PAAE CEKLMIN TPy, CHATBIX C
3KCMNJTyaTMPyeMOro ra3onpoBoaa, Ha KOTOPbIX Obln 06HapPY>KEHbI
AedeKTbl KOMbLEBbIX LLIBOB, KOTOPbIE 6bINN AOCTATOYHO CEPbE3HbIMU
YTOBbI UCKIOYUTL BO3MOXXHOCTb NMPOACIKUTENBHOWN 3KCMnyaTaumm
Tpybonposoaa Npy MakCMMaribHO AOMyCTUMOM pabodem AasneHnum
(MOPTT). Ha Puc. 15 npuBeneHb! pe3ynbTarbl ONpeccoBKu
HEOTPEMOHTUPOBAHHbIX CEKLWI C AeDeKTHbIMM LwBamu. baHaaxkm n3
KOMMO3UTHOrO Marepuarna ycTaHaBnNMBa/MCh Ha Apyrue MMEeBLUMECA
OMbITHbIE 06pas3Lbl, NOCME Yero NPOBOAWIIUCH UCTIbITAHWA Ha YCTaNOCTb
1 onpeccoBka. Bo Bcex cnyyasnx, moBpexxaeHne Tpybbl MPW UCTIbITaHUAX
NPOVCXOANIIO 3a NpeaesiaMmn 30H, B KOTOPbIX BbIMOMHANCA PpeMOHT (Puc.
16), Ha OCHOBHOW CTEHKE TPyObl U NPV YPOBHAX AABNEHNA 3HA4YUTENBHO
npeBbILLAaBLLKX JONYCTMMOe paboyee AaBneHne Tpybonposoaa.

PesynbTaTbl NpOBEAEHHBIX UCTbITaHWIA MO3BOSUIN UCMONL30BATH
KOMMO3UTHbIE MaTepuasbl AS1A YCUNEHNA KOMbLEBbIX LLIBOB MPU PEMOHTaX
Tpy6onpoBoaoB B cTpaHax BocTouHon Esponbl v CHI (Puc. 17).

IMpyMeHeHne KOMMNO3WTHBIX MaTEPUAaIoB HE MOXET PELLUTb BCEX
npobnem. Tem He MeHee, 3HaYMTENIbHOE KONMHYECTBO BPEMEHU 1 PECYPCOB
MCMNOMb3YyeTCA Ha NPOBEAEHNE UCTIbITaHWA N UCCNEA0BAHNA C LIENbtO
pas3paboTkm AhHEKTUBHBIX TEXHOMOMMIA A4J1A NMPUMEHEHWA B HOBbIX
BMAAx peMoHTa TpybonpoBoAoB. HoBbie TEXHONOTMM PEMOHTA, B CBOHO
o4epenb, NO3BoNAT 0becneynTb TPy6ONPOBOAHYIO OTPaCHb BO BCEM
MUpEe HEOBXOAVMBIMU TEXHUHECKUMU PELLEHUAMMN U BbICOKUM YPOBHEM
3KCMJIyaTaunoHHON 6€30MacHOCTU.

Vcrionb3oBaHme KOMMO3UTHBbIX MaTepuarnos Af1A PEeMOHTa
TpybonpoBoaoB 06ecnevnBaeT crieaytoLme NPenMyLLEeCTBa: NOBbILLEHNE
ypPOBHA 6€30MacHOCTH, 3KOHOMUIO BPEMEHU 1 CPeaCTB bnaroaapsa
VCKITIOHEHWNIO HEOBXOAMMOCTM BbIpe3aHnA AeEKTHbIX KOMbLIEBbIX LLIBOB
WIN BbINOTHEHNA PEMOHTA C YCTAHOBKOM [UTMHHBIX TPYO4aThIX KOKYXOB
13 3MOKCUAHOTO COCTaBa, KOTOPbIE 06bINHO M UCTIONB30BASIUCH PaHee B
TaKuxX cry4anx.

BbiBoAibI

TexHonorna pemMoHTa HarnopHbIX TPY6ONPOBOAOB C UCMOMNL30BaHMEM
KOMMO3UTHbIX MarepuasnioB Aokasasa CBO BbICOKYIO a(EKTUBHOCTb.
Ha cerogHALWHWIA AeHb, cneumannctamm komnadum Clock Spring 6bino
BbINonHeHo 6onee 100000 pemoHTOB B 62 cTpaHax mupa. ObHapy>XeHHble
Ha TpybonpoBoaax AetheKTbl MOryT 6bITb MOMHOCTHIO YCTPaHEHbI

C MOMOLLIbIO TEXHOMOMN PEMOHTA C KOMMO3UTHBLIM MaTeprasnioMm,
obecneuvBatoLLelt 6onee BbICOKMIA YPOBEHb 6€30MacHOCTH, a TaKkxe
60rbLUYIO 9KOHOMMIO BPEMEHM 1 CPEACTB YeMm NtobaA apyraA MeToavka
pemoHTa. Chepa NpUMEHEHVA AAaHHOM TEXHOMOMM NOCTOAHHO
pacLLUMPAETCA 1 BKIOYAET Creayolme BUAbl PEMOHTa:

— PEMOHT BHYTPEHHUX U BHELWHWNX AechekToB

— yCTpaHeHue narnbos

— PEMOHT CBapHbIX LUBOB

— MeXaHN4YecKune NoBPEXAEHVA 1 pas3nnyHbie BO3AENCTBUA

— ornopbl Tpy60oNpoBoAOB

— 3aBOACKUe aedeKTbl

— PEMOHT B YCIIOBMAX BbICOKOW Temneparypbl Tpybonposoaa

— PEMOHT Mpu oTpuLaTENbHbIX TEMMNepaTypax

— YCUNEeHne KOHCTPYKLn

— OCTaHOBKa pacnpoCTpaHeHVA TPELUMHbI

— PEMOHT KOPPO3NOHHBIX MOBPEXAESHNA. B
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Test data on up to 1” diameter (25 mm) defects operating at pressures of up
to 80 Bar (1100 psi) have provided extrapolated repair life data of in excess
of 20 years. Compared to traditional leak repair clamps, composites:

— eliminate the need for seals;

— can easily accommodate variations in the pipe outer diameter;

— are lightweight and easy to install;

— are available for immediate delivery.

In EI-Segundo a total of 7 repairs were completed within 4 hours and
the crude shipment offloaded on time (Figures 13 and 14).

PucyHok 13 - Figure 13

PucyHok 14 - Figure 14

9. Girth Weld Defects.

An MFL intelligent pig survey of a 20” (500mm) gas pipeline in Poland
located a series of anomalies associated with a large number of

girth welds. Further inspection of the girth welds identified the defects
as being associated with the weld and included anomalies such as: lack
of side wall fusion, porosity, pipe wall misalignment. Within the USA and
Eastern Europe a number of test programs were instigated to confirm
the suitability of composite repairs for this application.

Tests were conducted on a number of pipe sections removed from
operating gas lines where defects had been located in the girth welds
which were of a serious nature to preclude continual operation of the
pipelines at their MAOP. Figure 15 shows the results of a pressure test
on an un-repaired girth weld section.

Composite repairs were installed on the other available test pieces
and subjected to a series of fatigue and pressure tests. In all instances
failure of the pipe occurred outside of the repair area (Figure 16) in
the main wall of the pipe and at pressures significantly higher than the
pipeline MAOP.

PucyHok 15 - Figure 15 PucyHok 16 - Figure 16
Following the results of this test work composite repairs have now been
used in considerable numbers for girth weld reinforcement in areas
such as Eastern Europe and the Former Soviet Union (Figure 17).

PucyHok 17
Figure 17

Again the composite repair provides many: safety, time and commercial
advantages by eliminating either cut outs of the defect girth weld or
installation of long length epoxy shell repairs which have typically been
used for this application.

Composites are not the solution to all problems. However significant
amounts of time and resources are still being applied to test and
research programs to provide proven solutions for new repair
applications. These will in turn provide the worldwide pipeline
community with the correct answers and operational security required. B



