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ABSTRACT

Formed hydrates can clog pipelines, underwater transportation lines, and in the case of gas release
during drilling hydrates can form a hole in the riser and blowout preventer choke line. This will cause partial or
complete blockage inside of the pipeline, and if it is not quickly removed, it will lead to an increase in pressure
inside the pipe and to a possible accident. As a result, there may be various economic and environmental
problems and serious risks to the security service personnel and equipment. At each stage of the process of
formation of hydrate, a chemical interaction between the components and hydrate pipeline that initiates the
beginning of the process of internal corrosion. In the formation of small diameter holes, corrosion in the future
will lead to a gradual degradation of the material and the deterioration of the integrity of the tube, the pipeline
will begin to leak and it can provoke large pipeline gap. This perspective with economic consequences also can
cause environmental and political consequences and will lead to the replacement pipe along the length of the
pipeline and additional production costs that could reach billions of dollars. Given the need to increase domestic
production of energy, the problem of providing a reliable transportation is extremely important. Most emergency
situations resulting from a partial reduction or complete overlap of effective cross-section pipes, gas hydrate
plugs, the probability of formation is highest when transporting gas unprepared. To study the effect of gas
hydrates to fatigue and corrosion fatigue characteristics pipeline herd has produced batch of samples cut from the
pipe wall, made of steel pipe 20 was in operation for 25 years. Process of hydrate formation in pipeline during
natural gas transportation was modeled. The effect of gas hydrates to fatigue and corrosion fatigue characteristics
of steel pipeline. Further research should continue hydration process of corrosion to develop efficient and
environmentally friendly ways and means to prevent their formation.

Conclusions: Process of hydrate formation in pipeline during natural gas transportation was modeled.
The effect of gas hydrates to fatigue and corrosion fatigue characteristics of steel pipeline.

KEY WORDS: main pipelines, late stageof exploitation, bearing capacity, exploitation degradation.

[Mpupoanuii ra3 y 1iacToBUX yMOBax (yMOBax 3aJiSTaHHS B 3€MHUX HaJpax) 3HAXOIMUTHCS B
ra3onoaioHoMy craHi (72 %) y BUIIIAIAI OKPEMHX CKyMUeHb (ra30Bi MOKIaa1) ab0 y BUIJIAI Ta30BO1
manku (9,5 %) HapTora3oBUX POIOBHII — 1€ BUTBHUH Ta3, a00 B po3unHeHOMY cTaHi (8,5 %) B HadTi
abo Bogi (y MIacTOBHX YMOBaXx), a B CTaHAapTHUX yMOBax — TUIbKH y razonofioHoMy crani. Takox
MPHUPOAHUHN Ta3 MOXE 3HAXOAUTHCS Yy BUIIISII TazoriapaTiB. TBepJi riipaTi MOXYTh YTBOPIOBATHCH
MPH BHCOKHX THCKaX i HU3bKUX TeMIleparypax (HaBiTh BHILNE HOPMAIBHOI TEMIEPATypH TUIABICHHS
JILOJY) 3a paxyHOK ciiaOkux Ban-nep-BaanbciBechbkuX 1 BOTHEBUX 3B’SI3KIB, SIKI XapaKTepHI IS BOIU.
3okpema, npu TucKy 1| MIla eTan Moxe yTBOPIOBATH Ta30Bi TiipaT 3a Temneparypu Hux4e 4°C, Toxai
K rpu TUCKY 3 MIla BiH JIerKo MOXKe yTBOPIOBATH TiIpaTH 3a TemriepaTypu Hmwkue 14 °C.

CdopmoBaHi TimpaTé MOXYTh 3aKyNMOPIOBATH TPYOONPOBOAM, MiNBOJHI JiHII TpaHCIOPTY-
BaHHS, a B BHUIAJKY Ia30BOr0 BHKHIY Iiji 4ac OypiHHS — TiIpaTH MOXYTh YTBOPIOBATUCS B CTOSIKY
CBEPAJIOBUHHU B MPOTHBUKHIHOMY MPEBEHTOPI 1 Ha mITynepHiit minii. e cnpuunHioe yacTkoBy abo
MMOBHY 3aKyIMOPKY BHYTPIIIHBOT YACTHHU Ta30IPOBOY, 1 SKIIO IIBUIKO i HE BUIAINUTH, 1€ IPU3BEIC
JI0 3pOCTaHHs THCKY BCEpEIUHI TPYOH 1 10 MOXIMBOI aBapii. B pe3ynbTati bOro MOXXyTh BHHUKHYTH
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Pi3HI €KOHOMIUHI Ta SKOJIOTIYHI MPOOIEMH, a TAKOXK CEPHO3HI PU3MKHU I O€3MEeKH 00CIYrOBYHOYOr0o
TepcoHaly Ta ycTaTkyBaHHs [1].

Ha xoxxHOMY eTami MmpoleciB YTBOPEHHS TipaTy Bil0OYBAa€ThCS XIMIYHA B3aEMOJIS MIXK KOM-
IMOHEHTAaMH TiIpary 1 TPyOONpPOBOIOM, IO IHIIIIOE MOYATOK IMPOIECY BHYTPIIHBOI Kopo3ii. Kpim
YTBOPEHHS OTBOPIB MaJMX JiaMETPiB, KOPO3isd B MOAAJIBIIOMY IPHU3BENE M0 IOCTYMOBOI Aerpaaarii
MaTepiany 1 MOTIpPIIEHHS I[UIICHOCTI TPYOH, ra30MpOoBia IMOYHE MPOTIKATH, 1 I[e MOXKE CIIPOBOKYBATH
MMOBHOIIPOXiMHUN po3puB. Taka IepCleKTHBa, Pa3oM 3 CKOHOMIYHHMH HACHIIKaMH, MOXE OyTH
MPUYMHOI €KOJOTTYHUX 1 MOJITHYHUX HACIIAKIB, a TAKOXK MPU3BEAC 10 3aMiHM TPYO 110 BCIill JOBKHHI
TpyOONpoOBOMY Ta JOJATKOBUX BHUPOOHHYMX BUTPAT, CYMH SKHX MOXYTh OyTH JyXe 3HAUYHHUMH. 3
OrJIsIIy Ha HEOOXIIHICTh MiIBUIICHHS BJIACHOTO BUIOOYTKY €HEPrOHOCIIB, IpobemMa 3a0e3neueHHs iX
HaJIIHOro TPaHCIOPTYBAaHHS € HAJ3BMUYAHO aKkTyalibHOI. Haliuacrile mo3amratHi CUTyallil BUHU-
KalOTh BHACIIIJIOK YACTKOBOI'O 3MCHILICHHS YK ITOBHOT'O IIEPEKPUBaHHSA e(EKTUBHOIO mepepizy Tpyo,
ra3oriijpaTHUMKM KOPKaMH, IMOBIPHICTh YTBOPEHHS SKUX HaWBHILA MPH TPAHCIIOPTYBaHHI HEMIATOTO-
BaHOIO Tazy.

Mera poOOTH — BUBYECHHS BIUTUBY Ia30riIpaTiB HA IOBIOBIYHICTh MPOMUCIIOBHX Ia30MPOBO/IIB.

O0’€eKT AOCHIHKEHb — BUKHUJIHI JIIHII CBEPUIOBUHM Ha JIUISHIN JO YCTAHOBKH KOMILJICKCHOT
(TonepeaHbOT) MArOTOBKH Tasy.

Jns BUBYEHHS BIUIMBY Ta30riIpaTy Ha BTOMHI Ta KOPO3iHHO-BTOMHI XapaKTePUCTHKH
TPYOOIPOBIAHOI CTajai OyJIO BHIOTOBJICHO MAaPTIiI0 3pa3KiB, BUPI3aHHUX 31 CTIHKA TPYyOH PO3MIpOM
114x12 mm, crans 20. Tpy0a 3naxoauacs y ekcrutyaranii 20 pokis. BizyansHuii orisiy BHYTPIITHBOT
MTOBEPXHI BUSBUB IIIMOOKI 1 HEpIBHOMIPHI KOPO3iiiHi ypaxkeHHs (puc. 1).

Puc. 1. BHyTpilHs moBepXHs eKCIUTYyaTOBaHOI TPYOH BUKUIHOI JIiHii CBEpUIOBHHY.
Fig. 1. The inner surface of the operated pipes of wells flow line.

Bunpo6oByBaHHsI POBOAMIM 32 CXEMOI HAaBaHTA)KECHHS YHUCTUM 3rHHOM. YacToTa HaBaHTa-
xeHns cknaaana 0,8 T'u. JlocmikeHHs] BUKOHYBAJIM Y TPU €TallM: Ha TIEPIUIOMY BUTPUMYBAJIH 3pa3Ku y
CEPEIOBHIII Ta30TipaTy y CKOHCTPYHOBaHOMY peakTopi 3a TemmepaTypu +2,5 °C Ta THCKy 45 aT™M
npotsiroMm 170 roaus (puc. 2), Ha APyroMy BU3HAYAIM JIOBTOBIYHICTh KOHTPOJIBHUX 3Pa3KiB MaTepiany
TpyO Ha MOBITPI Ta y poOOYMX CEpeJOBHINAX, HA TPETHOMY — MPOBOJIMIA BTOMHI BUIIPOOOBYBaHHS
3pa3KiB MiCJs eKCIO3HUIIIT y ra3oriapari.

Puc.2. 3aranbHuii BUTIIsI peakropa () Ta 3pa3ka 3 yrBopeHHM TigpatoM (D).
Fig 2. The general view of reactor (@) and specimen with hydrate (b).

[TomepenHi HaII JOCTIIKEHHS [2] MOKa3aar HEPIBHOMIPHHI XapaKTep KOpo3ii MOBEpXHI 3pa3-
Ka, Bi3yaJIbHO 11 MOJKHA BiJTHECTH A0 IuisMucToi (puc. 3). Llikao, 1110 31 30UIbIICHHIM Yacy €KCIO3MIIIT
y TigpaTi 30UIbIIYETHCSA 1 PIBHOMIPHICTh KOPO3IMHUX ypakeHb. OHAK, TOPIBHIOIOYH BUIJIS TOIIKO-
JDKEHB 3pa3KiB Ta BHYTPIIIHBOT MOBEPXHI peabHOI TPYOU, MOKEMO IO0AUYHUTH 3HAYHO Y BIZICOTKOBOMY
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3HAYCHHI MOIIKOKCHHs Ha peaibHUX TpyOax. Bupasku maioTh HempaBWibHI (OpMH, IO CBIIYHUTH
PO 3HAYHUU BIUIMB KOHTAKTHOT'O IMOIIKOKEHHS TPYO — KaBiTaliiHol kopo3ii. ToMy B mogaibiioMmy
TUTAHYETBHCS CEePist EKCIIEPUMEHTIB 13 J1Ta0OPaTOPHUM MOZCTIOBAHHAM PYXY TPAHCIIOPTOBAHOI'O MPOAYKTY.

Puc. 3. KoposiiiHi ypakeHHs: HOBEpXHi 3pa3Ka Micisi BATPUMKH y ra3oriipari.
Fig. 3. Corrosive damages on the sample surface after exposure in gas hydrates.

BromHi BUNIpOOOBYBaHHS Ha MOBITPI MoKa3anu (puc. 4) TPUCTaIiliHy KiHETHUKY aedopMarlii
cTan TpyOOIpoBOaY, OJHAK Ha KIHETHMUYHINA KPHUBIH 3pa3ka Iicias BUTPUMKH B Ta3oriapati (Qikcyemo
JICII0 BHIIUH piBeHb LUKIIYHOI Aedopmartii, Skuii MOke OyTH 3YMOBICHHN KOPO3IHHHUM IIOIIKO-
JDKCHHSIM ITOBEPXHI.

A

A&f A€,
0,001 0,001

0,0005 0,0005
" . 5
I II III I I
0 0
0 n” na nA n.K 1 N/No 0 T 0;2 & 0;4 T 0:6 OI,8 T 1N/I:Io
Puc. 5. Kineruka nedopmariii 3paskiB y
Puc. 4. Kinerrka nedopmariii 3paska micisi BATPUMKH B KOpPO3HBHOMY CEPEJIOBHILI: MiCIISI BUTPHUMKH B
rizpari (/) Ta koHTposBHOTO (2) (240 MITa). rizparti (/) Ta KOHTPOJIBLHOTO 3pa3ka (2).

Fig. 4. Kinetic of specimen deformation after hydrate Fig. 5. Kinetic of specimen deformation in corrosive
exposition (/) and reference specimen (2) (240 MPa). environment: after hydrate exposition (/) and control
specimen (2).

Bromui BumpoOoByBaHHs y Kopo3uBHOMY cepenoBuii (0,05 mons/n NaCl + 0,05 momw/n
Na,SO,) nokasanu 30uTblIeHHS AeopMalifHUX CTPHOKIB JJIs 3pa3ka, BUTPUMAHOIO Yy ra3oriapari,
SIKi, IIBU/IIIE 3a BCE, BIAMOBIAIOTH MiAPOCTAHHIO BTOMHOI TpiliMHU. BITUB ra3origpaTy Ha BiTHOCHY
TPUBANICTh CTaJili HU3bKOYACTOTHOI BTOMH BHUSBISAETbCA y 3MeHIIEHHI 3 cramii (puc. 5), ska
BIJINIOBIIA€ YKUBYYOCTI TPpyOOHpoBomy (poboTi y pekuMi oOMexeHoi (yHkiioHanbHOCTI). [ToaiOHi
TEHACHIIIT OyJI0 BiA3HAYCHO paHille I Marepialy MOpCchkuX TpyOompoBoaiB [3]. Bonu € mocuth
HEOE3MEUYHUMH, OCKIIbKH 3MEHIIYEThCS Yac Ha peajti3allifo pEMOHTHHX 3aXO0[iB. ToMy IoriuoicHe
JOCTIDKEHHS SIBHIII, IOB’S3aHMX 13 BIUIMBOM Ta30riipaTiB Ha MOBEPXHIO TPYOM Ma€ BEIHMKE Mpak-
THUYHE 3HAYCHHS.

HonaTtkoBy iH(hOpMaIlilo Mpo XapakTep BILIMBY ra30ripaTiB Ha MeTal TPyOONpPOBOY AAIOTh
HaM 3J1aMH 3pa3KiB (puc. 6).

3arajbHUI BUTJISI 371aMiB BKa3ye Ha OKPHXUYCHHS MMOBEPXHEBOrO IAapy, MPO IO CBIAYUTH
3JaJKyBaHHs penbedy TMOBEPXHI pPyHHYBaHHS Yy 3pa3KiB, BUTPHUMAHUX Y TiApaTi, MOPIBHIHO i3
KOHTpOoJbHUMHU. OCOOIMBO MOMITHA 1151 3MiHA XapaKTepy PYHHYBaHHS y KOPO3UBHOMY CEPEIOBHIII.

SKI0 Ha 371aMi KOHTPOJIBHOTO 3pa3ka (PIKCYEMO JHOCHTHh BHCOKI YCTYIH, TO IOBEPXHS 3J1aMy
3pasKa Micjs eKCHO3MIIIT y ra3oripaTi IpaKTHYHO PiBHA, 110 BKA3ye Ha IIBUIKUN MEpexXix 10 PO3BUT-
Ky MaricTpajbHOI TPIIlIMHH.
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Puc. 6. BromHi 3mamu 3pa3KiB Ha MOBITpi Ta B
KOPO3UBHOMY CEPEIOBUIIII: KOHTPOIbHHUI (4, ¢), Puc. 7. J{iNgHKY KpUBHX BTOMH Ta KOPO31HHOT
BUTpUMaHUi y riaparti (b, d). BTOMH TpyOompoBinHoi craii 20.
Fig. 6. Fatigue fractures specimens in air and in Fig. 7. Fatigue and corrosion fatigue curves
corrosive environments: control (a, ¢), after of pipeline steel 20.

hydrate exposition (b, d).

3a pesynbTaTaMu JOCIIKEHb T00YIOBaHO KPHBI BTOMH Ta JTUISTHKHA KPHBUX KOPO3iiHOT BTO-
MU JOCIIDKYBaHUX 3pa3KiB (puc. 7). OIHO3HAYHO MOKEMO CTBEPKYBATH MPO HEraTUBHY JIiI0 €KCIIO-
3WIIT Yy Ta30Ti[paTHOMY CEpEeNOBHINl Ha JOBrOBIYHICTH CTalli TpyOOmpoBOAYy i Ha TOBITPI, i B
KOPO3MBHOMY CEPEIOBUIII. 3MEHIIICHHS JOBIOBIYHOCTI JUIsi BUIPOOOBYBaHb Ha MOBITPi csrae 25%, y
Kopo3uBHOMY cepenouili — 15%. Taki pe3ynbTaTd CBiI4aTh NMPO iCTOTHHWH BIUIMB Ta3oriIpaTHHX
YTBOpEHb Ha BTOMHI Ta KOPO3i{HO-BTOMHI XapaKTePUCTUKU MaTepiany Tpyo.

Y mnopanpmoMy HEOOXiIHO TPOJOBKYBAaTH JIOCTIDKEHHS 3aKOHOMIPHOCTEH BILIHBY
ra3origpatiB Ha (i3UKO-MeXaHIuHI BIACTUBOCTI Ta pecypc poOOTH MPOMHUCIIOBHX Ta30MPOBO/IIB.

BUCHOBKH

3MoOIeNbOBaHO TMPOIIEC TiPaTOYTBOPEHHS y TPYOOIPOBOJI TiJl Yac TPAHCHIOPTYBAaHHS IPH-
poaHoro ra3y. [lokazaHo HeraTWBHHUI BIUTMB ra3origpaTiB Ha BTOMHI Ta KOPO31HHO-BTOMHI Xapak-
TEPUCTUKHU CTaJli TPyOOIIPOBOY.
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