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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
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© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.

4




Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H=5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H= 13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan)
H=11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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E.Kh. Iskandarov’, Sh.A. Baghirov?*

'Azerbaijan State Oil and Industry University, Baku, Azerbaijan;
’NOV Azerbaijan LLC, Baku, Azerbaijan.
E-mail: Shahriyar.baghirov@gmail.com

ANALYTICAL AND WAVE-DEPRESSION METHODS OF
ELIMINATION OF THE ONSET OF HYDRATION IN SUBSEA
GAS PIPELINES

Abstract. The article is devoted to the operative determination of hydration
in the process of transportation of natural by subsea gas pipeline and the analysis
of methods for the elimination of hydrate already formed.

As aresult of the analysis, it was noted that one of the most difficult problems
in the transportation of natural gas, especially by sea, is formation of hydrates.
The need has been highlighted to carry out a complex and time-consuming
process, such as the suspension and release of hydrate from subsea gas pipelines
as a result of hydrate formation and complete riveting.

It was noted that the process that takes more time and causes more losses in
the transport system is the melting of the resulting hydrate. For such cases, the
use of special methods of influence was considered expedient.

It is noted that the second scenario of hydration in gas pipelines and partial
or complete blockage of the pipeline occurs more often at the end of the winter
season - the beginning of the spring season. This is due to the fact that large
amounts of free water and condensate accumulate inside the pipeline as a result
of the phase transformations that take place during the past winter season. For
this reason, the cross-section of the pipeline decreases in the fluid-collecting
sections of the pipeline, which results in an increase in the gas flow rate in that
section, a decrease in the gas temperature due to post-section expansion, and
hydrate formation.

Unlike onshore gas pipelines, the number of technological parameters is
very limited to accurately assess the moment of onset of hydrate formation in
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subsea offshore gas pipelines. An analytical method for determining the onset
of hydration and the wave-depression method of elimination of the already
formed hydrate in a subsea gas pipeline are presented under limited parameters
given. Reports for the real gas pipeline have demonstrated the effectiveness and
informativeness of the methods. The proposed methods are characterized by
simplicity, the possibility of operational implementation and ease of use by staff.
Key words: natural gas, gas hydrate, analytical method, wave-depression
method, subsea pipeline, indication of hydrate formation, blockage, methanol.

9.X. Uckannapos!, l1I.A. Barupos**

'O3epbaiikaH MEMIICKETTIK MyHail KOHEe OHEPKACIT YHUBEPCHUTETI,
Baky, Ozipbaiixan;
’NOV Azerbaijan XIIK, baky, O3ip0aiikaH.
E-mail: Shahriyar.baghirov(@gmail.com

TEHI3CE I'A3 KYBBIPTAPBIHIAFBI THIPATTBIH TY3LIYIHIH
AJJIBIH AJTY YIITH AHAJIMTUKAJIBIK KOHE TOJKBIH/IbI-
JNENPECCHSIJIBIK OIICTEP

AHHoOTanusi. Makana THIpaT TY3UTY[iH 0acTalyblH JKbUITAM aHBIKTAY/IbIH
AQHAJIUTUKAIBIK OJICIH KOHE TaOMFU Tra3[apl Cy acThl ra3 KyObIpbl apKbLIbl
TachkIMaJIay Ke31H e Maia OOJFaH TUAPATTHI KO0 SJIICIH d31pJIeyre apHaFaH.

Tangay HoTHKeCiHIe TAOUFH Ta3/1bl, 9Cipece TEeHI3 apKbLIbl TaChIMaJ1ay/1arbl
KypZeni macenenepAid Oipl ruapartapiblH Ty3ilyl ekeHi aTeuiabl. Cy acTbl
ra3 KyObIpJapbIHbIH THJIPATTAPBIH TOJIBIK OiTEyMEH 061y jKOHE LIbIFapy CHUSKTHI
KYpZeli >KoHe KON YaKBITThl KaXXeT eTETiH MPOLECTi XKYpPrizy KaXeTTiTiri
aHBIKTANIBL. TY31IreH TuApaTThl OANKBITY MPOIECi Y3aKKa CO3BUIATHIHBI )KOHE
KOJIK KYHWeCiHJe YJKEH IIbIFbIHAApFa OKeJNeTiHl aram alTeuiabl. MyHpaai
JKaFIaisiap YIIiH ocep eTy/aiH apHalbl 9J1ICTEPiH KOJIJIaHY OPBIH]IBI JICTI CAaHAJIa Ibl.
I'a3 xyObIpiapeiHIa THIPATTAP/BIH Makiga OONYBIHBIH JKOHE ONAp/bIH ilIiHApa
HEMece TOJNBIK OiTeNnyiHIH eKiHII CHeHapuidi KbIC ME3TUIIHIH asfblHIa —
KOKTEeMHIH OachlHIa >XKU1 OpbIH ajarblHbl KepceTinai. CebOebi, ©TKeH KbIC
ME3TUTIHE OpBIH anFaH (hazajblK e3repicTep HOTHXKeCiHae KYObIp imiHae 60c
Cy MEH KOHJIEHCATTBIH Kem MeJiepi kuHanrad. Ocbl cebenTi ra3 KyObIPhIHBIH
TOMEHT1 yJacKeJepiH/ie KYObIPABIH KOJIICHEH KUMAChI a3asiJ1bl, O0YJI OCBI y4acKe e
ra3 >KbUIJaMbIFBIHBIH JKOFapbLIayblHA, OIaH Opl KEHEIO JKOHE THUIpaTTap.bIH
naiaa OomybiHa OaliJIaHBICTBI Ta3 TEMIIEPATyPACHIHBIH TOMEH/IEYi1HE OKEeNe/Ii.

KypnbikTarbl Ta3 KyObIplapblHAH aWBIPMANIBUIBIFBI, Cy acThl ra3s
KYOBIpIIapblHa TUAPAT TY3UTYAIH 0acTamybIH 101 Oaraay YIIiH TeXHOIOTUSITBIK
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napaMeTpiiep/IiH CaHbl ©Te MIEeKTeY . [ uapaTanusHbIH 6acTamyblH aHBIKTAYIbIH
AHAIMTUKAIIBIK SJIIC1 KOHE MIEKTeY i mapameTpiepi 0ap cy acTbl ra3 KyObIpbIH/Ia
KaJIBINITACKaH TUAPATTHI KOKOJIBIH TOJKBIHIIBI-ICTIPECCHSIIBIK 9JTICI YCHIHBLUIFaH.
HakTbira3 KyObIpHI Typalibl €CenTep 9A1CTePIH TUIMIUIIT MEH aKIapaTThUTBIFBIH
KopceTTi. ¥CBIHBUIFAH OJICTep KapamalbIMIBUIBIFBIMEH, KEIeNl OpbIHAaY
MYMKIHIITIMEH KOHE IMaiJaTaHy/IbIH KapanaibIMIbLUIBIFBIMEH CUTIATTATIa IbI.
Tyiiin ce3aep: TaOufu ra3, ra3ruapar, AHATUTHUKAIBIK OJiC, TOJKbIH-
JeTIpecCHs 9IICi, Cy acTbl KYOBIPbI, FTUIPAT MHIUKATOPHI, OiTey, METAHO.

9.X. Uckannapos!, lII.A. Barupos**

' AzepOaiiPkaHCKHIA TOCYIapCTBEHHBI YHUBEPCUTET HEPTH
U IpOMBILIUIEHHOCTH, baky, AzepOaiimkan;
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AHAJIMTUYECKHUM U BOJTHO-IENNPECCUOHHBIN METO/IbI
INPEJOTBPAIIEHUSA T'NIPATOOBPA3OBAHUSA B MOPCKHUX
I'A3OIIPOBOJAX

AnHoramusi. CtaThsl MOCBAIICHA pa3paOd0TKEe AaHAJIMTHYECKOTO METoAa
OTIEPAaTUBHOTO OTIPECIICHHSI Ha9aJla THIPATO00pa30BaHMS U METO/1a TUKBUIAIIUN
yKe 00pa3zoBaBIIEroCs THIpara MPU TPAHCIIOPTUPOBKE MPUPOIAHOTO Tas3a o
MOABOTHOMY T'a30IPOBOY.

B pesynbrare aHanmza ObUIO OTMEYEHO, YTO OAHONW M3 CAMBIX CIIOKHBIX
po0OsieM MPHU TPAHCTIOPTUPOBKE MPUPOJHOTO ra3za, 0COOEHHO MOPCKUM IMyTeM,
SBISICTCS. 00Opa3oBaHWE THAPATOB. BBISBICHa HEOOXOAMMOCTH TPOBEICHUS
TAKOTO CJIOKHOTO M TPYA0EMKOTO MPOoIecca, KaK pacillerIeHUE U BBIHOC TUIpaTa
W3 TOJIBOJHBIX Ia30MPOBOJOB MPHU UX MOJIHOM 3aKYTIOPKE.

OTMedeHo, 4TO MpoIece TassHUsI 00pa30BaBIIETOCS THIpaTa 3aHUMAET MHOTO
BPEMEHU U BBI3BIBACT OOJIBIIIME MOTEPU B TPAHCIOPTHOU cucteme. s Takux
CIIy4aeB CUUTACTCS IIeIecOOOpa3HbIM TMPUMEHEHHE CIICIHATbHBIX METOIOB
BO3JIEMCTBHSL.

OTMeYeHO, 9TO BTOPOH CIICHApUA THIPATOOOpa30BaHMS B Ta30TPOBOIAX M UX
YaCTUYHAS WX MOJIHAS 3aKyIOPKA Yallle MPOUCXOAUT B KOHIIE 3UMHETO C€30Ha —
HayvaJie BECEHHET0. JTO CBS3aHO C TEM, UTO B pe3ysibTare (ha30BbIX MPEBPAICHUN,
MTPOUCXOUBIITHMX B TCUCHHE MTPOIIIEIICTO 3MMHETO Ce30Ha, BHYTPU TPYOOIIPOBOIa
CKAIIJIMBAETCS OOJIBIIIOE KOIHYECTBO CBOOOIHOM BOOBI M KOHAeHcara. [1o »Toit
IPUYMHE HA MOHM)KEHHBIX Y4acCTKaX ra3OlpoOBOAA YMEHBIIAETCS IOIEPEYHOE
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cedeHue TpyOompoBoa, YTO MPUBOIUT K YBEIMUEHUIO CKOPOCTHU Ta3a Ha 3TOM
y4acTKe, CHIDKEHUIO TeMIIepaTyphl raza 3a cueT JalbHEHIIero pacliupeHus U
00pa30BaHMIO I'MJIPATOB.

B omnume oT Ha3eMHBIX T'a30MPOBOJOB, KOJIUYECTBO TEXHOJIOIMUYECKUX Ma-
paMeTpoB IS TOYHOH OIEHKH MOMEHTa Hadalsla THAPaTo00pa30BaHMs B IIOIBO-
JTHBIX MOPCKHUX Ta30MPOBOAAX BeChMa OrpaHn4eHo. [IpecTaBieHbl aHauTHie-
CKU{ METOJ OIpeIeIeHNs Hayajla TUIPATaluu 1 BOJIHO-ACTPECCUOHHBIN METO/
JTUKBUJIAIIUU YK€ 00pa30BaBILEroCs T'MApara B MOABOAHOM Ta30MpOBOAE IMPH
OTpaHMYEHHBIX TapaMeTpax. OTYETHl N0 peasbHOMY Ta30MpoOBOIY MPOIEMOH-
cTpupoBaiii 3PPEKTUBHOCTH U WH(POPMATHBHOCTH METOAOB. [Ipemmaraembie
METONIbI XapaKTEPU3YIOTCS MPOCTOTON, BO3MOKHOCTBIO OTIEPATUBHOTO BBIMOJ-
HEHHSI U yIOOCTBOM HCITOJIb30BAHUS TIEPCOHAIOM.

KurwuyeBble cJjioBa: TPUPOIHBIA Ta3, Ta3oBbIM TUIpaAT, aHAJTUTUYECKUM
METOJI, BOJIHO-JICTIPECCUOHHBIN METOJI, MOABOAHBIN TPyOONpPOBOJ, UHIUKATOD
TUIPaTo00pa30BaHUs, 3aKyIOPKa, METAHOM.

Introduction. Natural gas has a number of competitive advantages over
other types of energy. One of the main advantages is low cost and environmental
friendliness in use. As the world community seeks to reduce the amount of
harmful emissions into the atmosphere, the use of natural gas as the main type of
energy source is very relevant. Gas as a fuel is a universal and valuable energy
source, so it has a direct impact on the growth of industrial and agricultural
production, labor productivity and the reduction of specific consumption of
liquid fuels (Istomin, 2004: 508). Due to the fact that natural gas production
areas are located far from the places of consumption, there is a need to deliver
natural gas from the places of production to the final points of consumption.

One of the most difficult problems in the transportation of natural gas,
especially by subsea pipelines, is hydration.

Research materials and methods. Gas hydrates (hydrates or clathrates
of natural gases) are crystalline compounds formed from water and gas under
certain temperature and pressure conditions. Gas hydrates are non-stoichiometric
compounds, ie. compounds with variable composition (Mirzejanzade, 2003: 54).

Gas hydrates (clathrates) are compounds of low molecular weight gases such
as, methane, ethane, propane, butane, etc. with water.

Gas hydrates are divided into natural and technogenic types.

Technogen hydrates, which are the subject of research, can be formed in
traditional natural gas production systems (in the near wellbore zone, inside
tubing, etc.) and in the process of its transportation. The formation of gas hydrates
in the technological processes of production and transportation of conventional
natural gas is considered an undesirable phenomenon, which implies further
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improvement of methods for their prevention and elimination (Khairullin, 2005:
103).

It should be kept in mind that the formation and complete riveting of hydrates
in subsea gas pipelines necessitates a complex and time-consuming process,
such as the suspension and release of hydrates from the pipeline.

After suspension, the pipeline must first be emptied on both sides. Usually, at
the beginning of the pipeline, there are no product losses due to the presence of
a low-pressure gas collection system and a tank farm to discharge the pipeline.
At the end of the discharged part of the pipeline, the release of gas into the
atmosphere is inevitable due to the lack or limited availability of such facilities.

It was noted that the process that takes more time and causes more losses
in the transport system is the melting of the hydrate. The process of hydrate
decomposition is also delayed due to the fact that the water temperature is quite
low on the seabed. Even in the relatively warm region - Caspian Sea, where
subsea pipelines are laid at a depth of 50-100 meters, the water temperature is
at 6°C, so the decomposition of hydrate is weak due to poor heat exchange. For
such cases, the use of special methods of influence are needed.

Observations in real subsea gas pipelines show that hydration and partial or
complete blockage of the pipeline occur in two different scenarios.

The first case occurs more often at the end of the autumn season - the beginning
of the winter season - when the temperature drops sharply. It is known that at this
time of year there is no large free water-condensate accumulation inside the gas
pipeline. Indeed, the relatively high temperature of the gas entering the pipeline
during the previous summer season, due to the long-term high (30-40°C) ambient
temperature and heating during the movement of that gas in the pipelines,
stimulates the recondensation of fluid accumulated in the pipeline during the
previous winter-spring season. The obvious confirmation of this process is that
the difference between the measurements of gas volumes at the start and end
points of gas pipelines is much less than the average annual figure in the summer
months, while in winter it is 1.3-1.5 times higher than normal.

The situation described above indicates that the movement of wet gas in the
specified time interval (November-January) characterizes the formation and
development of the process of precipitation (obliteration) of gas hydrate on the
inner surface of the gas pipeline.

The second scenario of hydration and partial or complete blockage of the
pipeline in real offshore gas pipelines is more common at the end of the winter
season - the beginning of the spring season. This can be explained by the fact that
large amounts of free water and condensate accumulate inside the gas pipeline as
a result of the phase transformations that take place during the last winter season.
A structure with a higher density than gas, consisting of water is formed from

100



ISSN 2224-5278 4.2022

condensate and mechanical sediments (solid products from the reservoir falling
into the pipeline due to corrosion of the inner wall of the tubing and imperfect
separation) that accumulate in the lower parts of the subsea gas pipeline’s
descending and ascending profile (Bai, 2005: 66). Depending on the length of the
pipeline and the profile of the seabed, this may occur in several places. For this
reason, the cross-section of the pipeline decreases in the fluid-collecting sections
of the pipeline, which characterizes the change in thermobaric conditions in the
gas flow. A decrease in the cross-section of the pipeline results in an increase
in the gas flow rate in that section and a decrease in the gas temperature due to
post-section expansion (Vajari, 2012: 66). Lowering the temperature of the gas
below the dew point temperature also ensures the formation of hydrate. In these
cases, the difference between the volumes of gas measured at the start and end
points of the gas pipelines exceeds the average annual figure. Thus, the increase
in the difference between the measurements of gas volumes at stable pressures
at the start and end points of gas pipelines can be used as a factor in the onset of
the hydration process.

A number of methods are used to determine the location of hydrate formation:

- It is determined by installing a manometer in different parts of the pipeline
and measuring the pressure by decreasing the pressure difference along the line;

- The fastest and cheapest way to locate hydrates or other sediments in a gas
pipeline is the radar method. By installing antennas every 20-40 km along the
gas pipeline and connecting them with a moving radar station, it is possible to
determine the location of hydrate formation with an accuracy of a few meters
(Makwashi, 2019: 6);

- A radioisotope device is also used to determine the location and thickness
of the hydrate and the separated liquid. The block of the radiometric device is
placed on the pipe and the place of hydrate formation is determined by the rapid
drop of the device indicator;

- Aradiodosing device (RIK-6M) is also used to locate hydrate-ice and liquid
plugs. This device also works in the way that shown above.

It should be noted that the methods listed above are only suitable for onshore
gas pipelines. It is impossible to apply these methods in subsea gas pipelines due
to the lack of appropriate conditions.

For this reason, it is especially important to take preventive measures against
the formation of hydrates and accumulation of liquid sediments in subsea gas
pipelines. The most effective preventive measure is to release a cleaning device
(piston) inside the pipeline with the approved schedule. When the ambient
temperature drops sharply, the intensity of the piston release should be increased.
In reality, it is not possible to release a treatment tool in all pipelines (old gas
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pipelines, any damaged ones, such as those damaged by the touch of the ship’s
anchor, etc.).

Unlike onshore gas pipelines, the number of technological parameters is
very limited to accurately assess the moment of onset of hydrate formation in
subsea offshore gas pipelines. Generally, no parameters other than the pressure
at the beginning and end of the pipeline and the volume of gas injected into the
pipeline are known.

When the ambient temperature drops sharply, the temperature of the gas
supplied to the pipeline decreases, which increases the probability of hydration.

If methanol is injected into the pipeline in a normal mode with a certain
specific consumption rate, in the new conditions there is a need to inject an
increased amount of methanol into the pipeline.

Since hydrate formation and irreversible blockage occur in a short period of
time (within 1-2 hours), determining the moment of onset of hydration to take
prompt action can prevent serious losses. The following is an analytical method
for determining the moment of onset of hydration in a subsea main gas pipeline.

Without taking into account the relief, the flowrate in the gas pipeline is Q,
MCM/d is calculated with the following dependence:

2_p2
Q=332104d /—Pb i (1)
)LATaVeZaVe

here: d — is the inner diameter of the pipe, mm:;

P, P, — Absolute pressures at the beginning and end of the gas pipeline, MPa,
respectively;

A — relative density of gas to air;

T, — average temperature of the transported gas on the gas pipeline, K;

7 — average compression coefficient along the pipeline, dimensionless;

L — length of the pipeline, km;

A — hydraulic resistance coefficient of the gas pipeline, dimensionless.

We get the following by making certain transformations:

Q% 11,0224
P% _Pg AATaveZave

10712¢° 2)

The known parameters on the left side of the equation are Q, P, and P , on the
right side there is a relative density A in the denominator, average temperature
T .. average compression coefficient Z _ and hydraulic resistance coefficient A

ave’

(Mogbolu, 2014: 59).
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Let’s examine the changes in the parameters mentioned before the point of
hydrate formation after the moment of hydration formation.

There is a slight increase in A and Z_ , which depends on the thermobaric
(P, T) parameters, which do not change significantly due to a slight increase in
pressure.

Since the gas temperature is formed at the source of the gas entering the
pipeline (compressor station, gas preparation point), T _is partially reduced only
due to heat exchange with the environment (sea water in the case of a subsea
pipeline) (Bai, 2019: 110).

Results. Regardless of which factor is the first impulse of hydration - free
water entering the pipeline or changes in thermobaric conditions (increase in
pressure, decrease in temperature), the increase in viscosity due to the spread of
«gas-water-hydrate» structures due to the formation of hydrate crystals results in
a rapid increase in hydraulic resistance coefficient — A.

In this case, the left side of the equation begins to decrease.

QZ
P —PZ
non-stationary function of flow, but also as an indicator of hydrate formation.

Normal dosing inhibition is performed to prevent hydrate formation. In case
of complication, pressure (single 3-5 m3) inhibition is applied. If the latter does
not work, the use of a wave-depression method as a last resort can prevent the
pipeline from being completely blocked.

The essence of the wave-depression method is to increase the dynamics of
the non-stationary mode by amplifying the wave processes in the gas flow in the
pipeline by closing and opening the linear valve at the end of the pipeline, by
taking advantage of special changes in thermobaric and gas-dynamic conditions
due to gas compression.

Let’s look at the sequence of processes.

1. As a result of closing the line valve at the end of the pipeline:

- The pressure begins to increase at the end of the pipeline;

- Gas continues to enter the pipeline (there may be a partial reduction);

- There is no increase in pressure at the beginning of the pipeline.

2. When an increase in pressure is observed at the beginning of the pipeline
as a result of opening a linear valve at the end of the pipeline:

- Gas velocity increases sharply in the gas pipeline, especially in the sections
near its end;

- Increased flow velocity forms different degrees of depression in different
sections of the pipeline;

- Due to the greater depression in the narrower sections of the pipeline, the
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liquid-hydrate compound, which usually forms in the lowest parts of the relief,
is displaced and transported by the flow to the end of the pipeline.

To determine the shut-off time of the line valve at the end of the pipeline, let’s
determine the difference between the volumes of gas in the pipeline before and
after the operation:

The Volume of gas in the gas pmehne is determined by the formula

Vp v-Bave, T . 1 where V=" L - is the geometric volume of the

0 I ave ave

The average pressure in the pipeline is determined by the formula P = 2

3
(P, + P::Pe) where P, and P_ — are the pressures at the beginning and end of the
pipeline, respectively, MPa.
Using the given expressions, we can determine the difference between the
volumes of gas in the pipeline before and after the operation:
Using the given expressions, we can determine the difference between the

volumes of gas in the pipeline before and after the operation:

_ LTt Pe _ P
AV=V1-V2=-=L (PPt 55 — 5o ip0) ©)

PO Tave Zave

where P, vo Pl — are the pressures at the beginning and end of the pipeline,
respectively, at the moment of opening the linear valve at the end of the pipeline,

MPa; P, vo P, — are the pressures at the beginning and end of the pipeline,
respectively, at the moment of closing the linear valve at the end of the pipeline,
MPa (Max, 2011: 22).

Discussion. Let’s demonstrate the considerations with calculations for the
real object, 65 km long, 500 mm diameter Oil Rocks-Bahar subsea main gas
pipeline (Table 1).

Table 1
Re-| P p | P.| PZ |P-P pr — P2 Q| @ Q2 Explanation of the

b e

gi- P2 _p2 situation, required

b e . .
me technological actions
1 2 3 41 5 |6=24)|7=(3-5)| 8 9 110=(9:7) |11
1 [5.22(27.29(2.7]7.29|2.52 20 5 25 1.25 Simple, normal mode

2 |55 |30.25(2.7|7.29 |2.85 2296 [5.36(28.73 |1.25 Normal mode, just
increased productivity
3153 [28.09(2.7(7.29|2.6 20.8 5 25 1.20 Attention. Record
parameters every
hour

4 |54 [29.16(2.6]6.76 |2.8 224 5 25 1.12 Hydrate formation
begins, take action,
increase the inhibitor
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5 55 |30.25(2.5(6.25|3.0 24.0 5 25 1.04 Hydrate formation
is intensified, pump
the inhibitor with the
emergency rate

6 |5.6 [31.36|2.4(5.76|3.2 25.6 4.8 (23.04 (0.9 A strong hydrate is
formed, the pipeline
can be fully blocked,
switch to mode
adjustment

7 |56 [31.36(2.3]529(3.3 26.07 |4.5 |20.25]0.78 The full blockage
of the pipeline is
approaching, switch
to the spare pipeline

(if any)

As can be seen from the table, the formation of hydrate is characterized by an
increase in pressure at the beginning of the pipeline and a decrease at the end.
However, the increase in pressure at the beginning of the pipeline may not be due
to hydrate formation. For example, in certain cases (regime 2), since the increase
in initial pressure and, accordingly, the pressure difference is associated with an
increase in productivity, this is a normal regime and there is no risk of hydrate
formation.

It should be noted that due to changes in the volume of gas extracted from the
fields over time, as well as the formation of different intermediate pressures in
the gas transportation system of the region, the values of the parameters given in
Table 1 are relative and for demonstration purposes.

In this regard, in order to create a flexible control system against hydrate
formation, hydraulic monitoring for each pipeline must be carried out for a
certain period of time by the engineering and technical staff operating the subsea
gas pipeline. As a result of monitoring, the boundaries of hydration regimes and
the explanation of the situation and the required technological actions should be
determined for each regime.

In order to simplify and speed up the work of the staff (operator) who directly
control the modes of the gas pipeline, it is possible to create conditions for
calculating and graphically observing the modes on the operator’s computer
using Excel (Balakin, 2010: 122). The operator will be able to 2immedia‘[ely

assess the situation based on the value of the expression K= obtained

P2 — P2

after entering only 3 parameters (Q, P, and P ).

This method has been used for several years to predict the onset of hydration
in the Oil Rocks-Bahar subsea offshore gas pipeline with real conditions, length
65 km, diameter 500 mm, initial pressure 5.5 MPa, final pressure 2.5-3.0 MPa.
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This has repeatedly prevented the complete formation of hydrats, especially in
the event of a sharp drop in ambient temperature.

Let’s demonstrate the wave-depression method with calculations for the
mentioned subsea main gas pipeline.

In the 7" mode in Table 1, find the volume difference due to the absolute
pressures at the beginning P{, =5,7 MPa, at the end P; =4,0 MPa (assume the
values of other parameters P, = 0,1 MPa, T =T =273 K, Zavc: 0,9):

1 273 1 2,3
AV = )=
01 273 09 '57+4  5,642,3
_ 314 0,25 65000 (0,1+E _ ﬁ) =94491-(0,1+1,65-0,67) =
6:0,1-0,9 9,7 7,9

=94491- 1,08 = 102050 m°.

Taking into account that in the 7" mode the gas enters the pipeline with the
flow rate of 4.3 million m?® / day, let’s calculate the flow rate per minute:

.106 )
=43-10" — 9986 m*/min (4)
24-60
AV 102050
Thus, we set the time for the valve to remain closed t = T = ose =3

minutes.
In general, using formulas (1) and (2), we can write the formula for determining
the time when the valve is closed during operation as follows:
_ 2 L. T, P& _ _Pe
t=240nD qL (P-Py+ P +PL pb+Pe)

PO Tave Zave

where q is the flow rate of gas entering the pipeline, Mm® / day.
We can determine the average pressures formed in the pipeline during the
operation and the place where the average pressure is established in the pipeline:

ave (Pb+ Py +P )__( 6

p’ :3(13 P’ez 402
ave 3 b P

P')_E(

2,32

-)=4,18 MPa

o) =4.91 MPa.

Given that the square of the pressure along the gas pipeline varies in a straight
line, we use geometric similarity to determine where the average pressure in the
pipeline is established.

1. When the valve is closed at the end of the gas pipeline:
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X = Pp-PZ . _ 564,182
~ p2_p2  5,62-2,32
b ave ’ ’

-65=0,533- 65 =34,645 km

2.After the pressure increases at the end of the gas pipeline:

2_pl2 2_ 2
X' =—pre 1 =2T"207 . 652,508 65 = 33,02 km
Pb_Pave 574

3. The average pressure displacement in the pipeline is 34,645-33,02 = 1,625
km.

Thus, the place where the average pressure is established in the pipeline
changes in the direction of the beginning of the pipeline at 1,625 km, which
indicates that the thermobaric distribution has changed statically along the
pipeline.

The proposed wave-depression method has been used in a number of subsea
offshore gas pipelines, and hydrate eliminations in the pipelines have been
achieved with high efficiency in the operation carried out in the correct sequence
(Skovoborg, 1993: 453).

Conclusion.

1. The analytical method for determining of hydration in the subsea gas
pipeline and the wave-depression method of elimination of already formed
hydrate have been proposed.

2. Reports for the real gas pipeline demonstrate the effectiveness and
informativeness of the methods.

3. The proposed methods are characterized by simplicity, the possibility of
operational implementation and ease of use by staff.
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