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IIVIAHUPYEMBIE PE3YJIBTATBI OBYUYEHMUS 110 OOII

Kopx pesyabrara \ Pe3yabTar 00yyeHus
Ilpogheccuonanvrvie komnemenyuu
Hcnonb3oBath (dbyHIaMeHTaNbHbIE MaTeMaTU4YEeCKue,
P1 €CTECTBEHHOHAYYHbIE, npodeccroHabHEIE u COIIMAJIbHO-

SKOHOMMYECKHUE 3HaHUSA B 00JIaCTH cricnyajin3anuu

[TlpumensTp TayOOKHME 3HAaHUST B O0JACTH  COBPEMEHHBIX
P2 TEXHOJIOTUH He(TerazoBoro jena A peleHUs MeKAUCUUIUIMHAPHBIX
WH)XCHEPHBIX 33134

CraBuTh W  pemaTh  HMHHOBAIMOHHBIE WM HAYYHO-
UCCIIEIOBATENbCKUE 334aYll pa3pabOTKH M JKCILTyaTalud HeQTSHBIX H
ra3oBbIX  MECTOPOXKICHMH B  YCIOBUSIX  HEONPENCICHHOCTH C
WCTIOJIb30BAaHUEM ITYOOKUX (DYHJAMEHTAIBHBIX M CHEIMAIbHBIX 3HAHUH

P3

[IpodeccuonansHo BbIOMpaTh W UCIIOJIB30BATh MHHOBALIMOHHbBIC
METOAbl HUCCJICIOBAHUM, COBPEMEHHOE HAy4YHOE M TEXHUYECKOE
P4 o0opynoBaHue, MpOrpaMMHBIE CpEICTBAa JUIA pEIICHHUS Hay4dHO-
MCCIEAOBATEIIbCKUX 3a/lad C yYETOM HOPHAMYECKUX aCIEKTOB 3alllUThI
WHTEJJIEKTYaJIbHOM COOCTBEHHOCTH

HpOBOILI/ITI) TCOPCTUYCCKUEC U SKCIICPUMCHTAJIBHBIC UCCIICAOBAHUA
P5 B oOyactu COBPCMCHHBIX TEXHOJIOT UM He(bTel"aI%OBOl"O Acjia B
HCOMPCACIICHHLIX U CIIOKHBIX YCIIOBUAX

Buenpstb, o00cinyXuBaTb U SKCILUTyaTUPOBATh COBPEMEHHBIE
TEXHOJIOTHMH HeTera3oBoro jena, OOECIEYMBATH HUX  BBICOKYIO
3G GEKTUBHOCTD, COOMIONATh IMpaBHia OE30MACHOCTH TPyHa M OXPaHBI
3JI0pOBBs, BBIIIOJHATH TPEOOBAHUS 110 3AIUTE OKPYXKAIOIICH Cpeibl

P6

Ynueepcaﬂbuble KomnemeHuuu

Hcnonw3oBarh TiyOOKHME 3HaHUS B 00JacTU MPOEKTHOTO
MEHE/KMEHTa, HaXOJIuUTh W NPUHUMATh YIPABICHYECKUE PEIICHHS C
P7 coOmogeHneM  NpoecCHOHAIBHON  ATHMKH W HOPM  BEACHHUS
WHHOBAIIMOHHOW HWHXXEHEPHOUW ACSATENHHOCTH C YYETOM IOPUIAYECKHUX
aCIEKTOB

AxTUBHO BJIaJCTH HHOCTPpaHHBIM SA3BIKOM Ha YPOBHE,
ITO3BOJIAOIIEM pa6OTaTb B HHOS3BIYHOH cpeac, BKIKOYaA pa3pa60TKy
AOKYMCHTAaIUU u MMPE3CHTAIHUIO PE3YIBLTATOB HpOGKTHOﬁ n
I/IHHOBaHI/IOHHOI>'I JACATCIIBHOCTH.

P8

O¢dexkTuBHO paboTaTh HMHIAUBUAYATBHO W B  KayecTBE
PYKOBOAMTEIIA IPYIIIBI, B TOM YKCIE U MEXIYHAPOAHOM, COCTOSAIICH U3
CHEIMAJIMCTOB  pAa3jIMYHbIX  HAOpaBJeHUH M KBalIU(UKaAIMil,
JI€MOHCTPHPOBATh OTBETCTBEHHOCTD 32 Pa0OTy KOJUJIEKTHUBA, TOTOBHOCTb
cleoBaTh MPOQPECCHOHANBHOW JTHKE U HOpMaMm, KOpPIOpPAaTUBHOM
KYJIbTYpE OpraHu3alnuu

P9

JleMoHCTpHUpOBaTh IIIyOOKOE 3HAHME COIMAJIbHBIX, IPAaBOBBIX,
KYJBTYPHBIX M JKOJIOTMYECKUX ACIEKTOB MHHOBALMOHHON WHKXEHEPHOMU
P10 JIEATEIIbHOCTH, OCBEIOMJICHHOCTD B BOTIPOCAax 0€3011acHOCTH
KHU3HEJCATSILHOCTH, ObITh KOMIIETEHTHBIM B BOIPOCAX YCTOWYMBOTO
pa3BUTHS

CaMocToATeIbHO NMPUOOPETaTh 3HAHUS U YMEHHSI U HEMPEPBHIBHO
P11 MOBBIIIATH KBaTM(UKAIIIO B TCUYCHHUE BCETO rnepuoa
npoecCHOHABbHON e TENbHOCTH
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PED®EPAT
Brimycknas kBanudukanmonHas padora 112 c., 35 puc., 32 Ttabi., 34 ucrounuka, 1 npwui.

KiroueBble ciioBa: MecTopokaeHue, HedTb, napaduH, OTI0XKEHHUS, TPYOOIPOBO,
paszbaBUTElb, TEMIIEDPATYDA, U30JsILMs, TapaMmerp ['mibnebpanna, Aspen Hysys

OOBEKTOM HCCIENOBAHUS SABIAIOTCA BbICOKOmapaduuucTas HedTh MECTOPOXKICHU,
pa30aBUTENIN METAHOBOIO psjia: IEHTAH, TelTaH, JEKaH, apOMaTHYECKOrO: TOIYOJI, KOHIEHCAT
napadMHOBOr0 OCHOBAHUSI, M30JISIIINS M3 CTEKIOBOIOKHA M IIEHOIIOINYPETaHa

[{enb paboThI — IpeIOTBpAllICHUE  NapaMHOBBIX  OTJIOXKEHHWHA  TPU  MPOMBICIIOBOM
TpaHcnopre napa@uHUCTON HePTH MECTOPOKICHUS

B mporecce ucciieoBaHus MpOBOIUINCH_JIA00PATOPHBIC HCCIICIOBAHUS PEOJIOTHYSCKUX
CBOHCTB HehTH M HEPTAHBIX CHCTEM B VCIOBHAX HH3KHX TEMIIEPATYD, MOIEIUPOBAHUE
mpolecca IPEJOTBPAIICHNS]  OTJIOKEHMH B MEXKIPOMBICIOBOM _TpYOOIIPOBOJAE B CpENE
nporpaMmel Aspen Hysys

B pesynbprare ucciaenoBaHUs_M3YyYEHbI PEOJOTHYECKHE M HU3KOTEMIIEPATYPHbBIE CBOMCTBA
CBOlicTBa He(TH, cO3aHa MOJEIHUPYIOIIAS CXEMa HOATOTOBKHM M IPOMBICIOBOrO TPAHCIOPTA
napadHUCTON HEe(PTH M C €€ HCIOJb30BAHMEM VCTAHOBIEHBI pa30aBUTENH, KOTOPBIE MOIYT
OPUMEHATHECS  JUISL  CHIDKEHMS KOJHMYECTBA HapaHHOBBLIX OTJIOKEHHH M3 He@TH IIpH €€
IBIDKEHUH I10 MEXKIIPOMBICIOBOMY TPYOOIIPOBOMAM, HOAOOpaHa HM3OJLIIMS JUIS YBEIWYCHUS
MEKOYHMCTHOIO MEPHOAa MEKIIPOMBICIOBOr0 TPYOOIIPOBOIa

OcCHOBHBIE TEXHOJOTUYECKHE U TEXHHKO-IKCILTyaTal[MOHHbIE XapaKTepUCTHKU:_ U3
paszbasurenel Hanbosiee 3 GEKTUBEH TOJIYOJI; TEILUIOU3OJSILINUA U3 IEHOMOJINYPETAHA TOJIIMHON
50 MM obecrieunBacT MUHUMAJIBHYIO TOJIIUHY OTJIOKEHUN napadhuHOB

CrencHb BHCPCHUA: pa60Ta HOCHUT IIOMCKOBBIM XapaKTeEP

OO6nacThb MMPUMCHCHUA: PE3YIbTATEl MOTYT OBITh _HCIIOJb30BAHBI B TEXHOJOTUHU
IOPOMBICJIOBOI'O TpaHCIIOpPTa Ha MECTOPOXKJIACHUAX C Hapad)HHHCTOfI HCd)TI)IO

OxoHomuueckast 3 PEeKTUBHOCTD: Ilpy  OpUMEHEHHWHM  TOJYyOJIa B KAaudecTBE
PACTBOPHUTEIIS KOJIUYCSCTBO caBacMoi HedTH yBenuumBaeTcs Ha 57,2 T/TOJ IO CPaBHEHUIO C
KOJIMYSCTBOM TOBAapHOM HE(TH, TPAHCHOPTHPYEMOM MO HEU30JIMPOBAHHOMY TPYOOIIpoBOay O3
no0aBok pasbaButrens. IIpuObLIb OT caaBaeMoil HedTH B 3TOM caydae cocraBut 1058200
pyOaeH/TOJI, IPH YCIIOBUH IPOU3BOJCTBA TOIYOJIa HA COOCTBEHHOM NPEAIPUSITUH.

M3zoismmsa U3 IIEHOIOJNYpPETaHa TOMIMMHOW 50 MM YBEJIMUMBAET KOJHYESCTBO CIaBAEMOM
HedTy Ha 94.9 T/roa 10 CpaBHEHUIO C KOJMYECTBOM TOBAPHOW HE(TH, TPAHCIOPTUPYEMOM I10
HEM30JIMPOBAaHHOMY TpyOorpoBoay. [IpuObLIb OT caaBaemMoil HeTH B 3TOM claydae COCTABUT
1755650 pybuneii/ro.

B 6ynyiem mianupyercs WCCIe0BaHNE KOHIAEHCATa apOMaTUYECKOro THIA  Kak
pa3baBuTelns, U KOMOMHUPOBAHHOTO CIOCc00a, BKIIOYAIOIIET0 Pa30aBUTENb U U3OJISIIHIO.




OmnpenesieHusi, 0003HaYECHUSI, COKPALLICHUS, HOPMATHBHBIE CCHLIKH
B nacTosimieit paboTe NpUMEHEHBI CJIEIYIONINE COKPAIIICHUS:
HI'KM — HedTera3okoHAeHCAaTHOE MECTOPOKICHUE
ACITIO — acdanbrenocMononapaduHOBBIE OTIOKEHUS;
JAHC — noskuMHasi HaCOCHasi CTaHIIMS;
VIICB — ycraHoBKa npeaBapuTeIbHOr0 cOpoca BOJIbI;
TOK — TOIIMBHO-3HEPT€TUYECKHUI KOMIUIEKC;
TPU3 — TpyiHOM3BIIEKAaEMBbIE 3aI1ACHI;
CAB- cmonucTo-ac(anbTeHOBbBIE BEIIECTRA;
['K3 — rocynapcTBeHHAasi KOMUCCHS TIO 3aIlacam;
HKT — HacocHO-KOMIIpecCcOpHbIE TPYOBI;
PBC — pe3epByap BepTHKaJIbHBIN CTAJIbHOM;
HITC — nenTpanbHbIi MyHKT cOO0pa;
BKHC — 65109HO# KyCTOBOM HAaCOCHOM CTaHIIUM,
BbJ1 — 6110k nerazaropa;
[T/ — moxmep>xaHue TIIACTOBOTO JIABJICHUS,
VIIH — ycTaHOBKa MOATOTOBKH HEPTH;

[IITY — neHononmyperan
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BBenenue

Poccusi oTHOCUTCS K CTpaHaM C BBICOKMM OO€CII€YEHHUEM TOILTMBHO-
PHEPTreTUYECKUMH pecypcaMu. HadallbHbIe CyMMapHBIE H3BJIEKAaeMbIC PECYypPChI
HedTerazonocHsix O6accerinoB Poccun Ha 01.01.2009 r. cocrabnsror 111,4 mapa T
(22 % MUpPOBBIX) W 3aHMMAIOT BTOPOE MECTO MOCIE pecypcoB HedTu cTpaH
[Mepcuackoro 3anuBa [1].

[lo pganHpiIM MuHHCTEpCTBA JHEPreTUKU J100bIMAa HEPTH U Ta30BOTO
koHjieHcaTa B Poccun B 2015 1. Bo3pocna Ha 1,34 % u cocrtaBuna 534,1 muH T.
910 coctaBuio 12 % mupoBoit HePTenOOBIUM U TTO3BOJIMIIO HAIlIEH CTpaHE 3aHAThH
IIepBOE MECTO 10 o0beMaM [2].

OpnHako, HECMOTpsT Ha €XEroJHbIi pocT 00BEMOB J00BIUKM HEPTH,
pPa3BUTHE TEXHUKHU U TEXHOJOTUN TOOBIYM U METOJIOB MOBLIIICHHS HE()TEOTAauH, B
HACTOSIIIEEe BPEMsI CYIIECTBYIOT HEKOTOPhIE HETaTHBHBIC (PAKTOPHI, HE YUYUTHIBATH
KOTOpbIe Henb3s. [Ipexae Bcero, 3T0 KauyeCTBEHHOE YXYIICHHUE CHIPhEBOW 0a3bl
He(TU, CBS3aHHOE C BBIPAOOTKOM KPYMHBIX U TUTAHTCKUX MECTOPOXKICHHUMA C
XOpPOIIUMHU  KOJIJISKTOpaMH M, Kak  CIEACTBHE,  BO3pacTaHUE  JIOJIU
TpyaHou3BiIekaeMbIx 3anacos (TPU3) [1].

HecMmoTpss Ha TO, 4TO B OCHOBHBIX HE(PTETa30HOCHBIX MPOBUHITUSIX
(OacceiiHax) oTMeYeHa TEHIEHUMs YBeJIWYeHUs pecypcoB Hedtu [1], drto
MOSIBUJICSL HOBBIM BOCTOYHOCHOUpPCKUM HedTeno0bIBatomuid peruoH [3], 3amnagHas
Cubupb TO-TIpEKHEMY SBIISIETCS OCHOBHOM ChIpheBOWM 0a3oit  HedTsHOMN
MIPOMBITIIUICHHOCTH, B KOTOPOW CKOHIICHTPUPOBAHO 0OJiee MOJOBUHBI PECYPCHOTO
MOTEHIMAIa U KOTOopasi obecreynBaeT 0ojee MOJIOBUHBI 00BbeMa JOOBIUU KUIKUX
yrieBoaopoaoB B Poccuu [4].

Jlnsimuiicst ye JBa roja Kpu3uc MUPOBOM HEPTSHOW OTpaciii HETaTUBHO
BO3JICHCTBYET HAa BCEX YYACTHHKOB TJIO0AJIBHOTO pPBIHKA — HAYWHAs OT
KPYIMHEHIINX MHPOBBIX HMIPOKOB HEPTEra3oBOTO CEKTOpa U  3aKaHYMBAs
MIPOU3BOIUTEIISIMA METAJIOTPOAYKIIMN ¥ CEPBUCHBIMH TpeaAnpusTusiMu. [[puObin
TakuX KoMmauuii kak Exxon-Mobil u Total causunace B Heckonbko pas, a BP u

Statoil 3asepmmu 2015 rog ¢ yosiTkOM. ['71aBHON NPUYMHON SBJISIETCS MafCHUE



IIEH Ha HePTh, KOTOPOE YCYTyOJsieTcsi BRICOKON ce0ECTOMMOCTBIO MPOU3BOJICTBA
HA MHOTUX TPAIAUIMOHHBIX IUIOMIAJIKAX MHUPOBBIX HrpokoB. [lo gaHHBIM
HopBexkckoit Rystad Energy, camas goporas Hedth — B BenumkoOpuTaHuw,
bpaswmn, Kanane, CIIA u HopBeruu: ¢ yderoM KanmuTaldbHBIX 3aTpar €€
POU3BOJCTBO 00xoauTcst Ooiiee, ueM B 35 posuiapoB 3a Oappenb. [lo onenke
Rystad Energy, Poccust BXOIUT B IIECTEPKY CTpaH, I MPOU3BOJICTBO HE(TH
ooxomutcs nemeBne 20 mgosmmapoB. CoOCTBEHHO, POCCHMCKHN —IMOKAa3aTeNb
cocraBisieT 17,2 nomnnapa 3a 6appens [2].

B ycnoBusix kpusuca MUpPOBOU HEPTSHOW OTpaciu JOOBIBAIOIINI CEKTOP
TOK BbIHYXIE€H ynensaTh Bce OOJblIee BHUMAHHUE MpoOJeMaM MOAepKaHUA
(G (HEKTUBHOCTH CKBOXKUHHOU JOOBIYM [5] M IPOMBICIOBOTO TPYOOIPOBOIHOTO
Tpancnopta HeQTH. [Ipuyem, BO3HUKaIOIIWE TOMOJIHHUTEIBHBIC PACXOABI, Kak
KalUTalIbHbIE, TaK W OINEPATUBHBIC, JODKHBI OBITh MUHUMAIBHBIMHU. [loaTOMY
BO3pacTaeT HHTEPEC K CPABHUTENBHO HEAOPOTMM, HO IPU 3TOM JOCTATOYHO
HAJIGKHBIM  METOAaM, TapaHTUPYIOIIUM  OecrnepeOOoNHYI0  AKCIUTyaTaluio
MECTOPOXKICHHS 0€3 CYIIECTBEHHOr0 YBEIMUEHUS 00bEMOB HHBECTULIUH.

Tomckass 00JacTh B CHIIy T'€OJOTMYECKHX OCOOEHHOCTEM CBOMX HEAp K
He(Tera3oBbIM TI'MraHtaM He oTHocuTcs. Ho noOblua yrieBoJOpOAHOIO ChIpbS
Obla M OCTaeTrcsl CTaOMJIBHBIM MCTOYHHMKOM JOXoJa OrojpKkeTa 00/1acTH,
o0OecrieynBaeT  3aHATOCTh  JIIOAEW, TpuueM  OOJbIIEH  YacThl0  3TO
KBATM(PUITUPOBaHHBIE paOOTHUKHU. brarogapst HedTu u razy B 00acTu mosiBUIach
HOBasi OTpacib — HeTerazoxumus. B HEPTIHOM CEKTOpe SKOHOMHUKH 00JIACTH T€
*e MmpoOsieMbl, yTo U 'y «Oosbwmoi» Hedtu. O0bem no0buu Hedtu B 2015 T.
coctaBusl 10,8 MIH T, 4TOo coorBeTcTBYeT ypoBHIO 2014 1. M.0. HauvanpHHKA
JenapTaMeHTa TO HEIPOIOIb30BaHUI0O U PA3BUTHIO HE(PTEra30700bIBAIOIIETO
komruiekca Tomckor obmactm H.H. HMnopur B Oecenme ¢ KOpPECIOHISHTOM
OTMETWJI, YTO pecypcHas 0a3a MECTOPOXKICHHWI MpaKTUYECKH BbIpaboTaHa,
CYILIECTBEHHOI'O TIPUPOCTA HET, MPOTHO3 — HEYTEMHUTENbHBIN. [Ipupoct (100b1un)
MOJKET OBITh JOCTUTHYT JIMIIb 33 CUET 3aJIeKel ¢ TPYAHOU3BIEKAeMbIMU 3allacaMu

YIJI€BOAOPOIOB. TOFIIa BO3MOKHO p€ajibHO HC TOJBbKO INPEKPATHTL MaJACHUC, HO U



TOOUTHCST OTMPEACIEHHOTO pocTa 1Mo obobeMaMm 100buu [6]. [TosTomy B oOmactu
cnenana craBka Ha TPU3 u maneozoiickue 3anexu. B 2016 r. no6siya HedTH B
pEervoHe, 1Mo MPOTrHO3HBIM OIIEHKaM MPEANpHUATUI J0oObIBaIOIIEro OJ0Ka, BHIPACTET
Ha 0,5 % — 1o 10,86 mutH 1. M3 HEX ok0j10 7 % (800 THIC. T) IpHAeTCcs HA TPU3 [7].

O6bembl pabot o TPU3 B HacTosiiee Bpems cokpaiaroTcsi. CokpariaeTcs
U TOCyJapCTBEHHOE, M YacTHOe (uHaHcupoBaHue. JloObIBarolieid KOMIAHUU
Hy)KHa npuObuib. [lpuMep: 1o MeXIyHapOJHOM OTYETHOCTH CEO0ECTOMMOCTh
toHHbl HepTH B HK «PocHedTh» — B mpenenax 20-25 nosmapoB 3a 6appenb. A s
TPU30B cebecTonmocTh cocTaBisier MUHUMYM 40—50 mosiapos, T.€. 0 MpUOBUH
y2K€ TOBOPUTbH HE NMPUXOIUTCS, MO KPalHEW Mepe, Ha MEPBOHAYAIBHBIX JTanax [6].
Koneuno, momHocteio oT mnpobiembl o0k TPU3 B obmactu yxoauTh He
coOuparotcsi, OyAeT ieraThesi BCE BOZMOKHOE, YTOOBI MPOIIECC MPOAOIKAIICS, YTOObI
UCCIIEZIOBaHUS MPOBOMIINCE. CeropHsIIHue HapaOOTKH OyayT BOCTpeOOBaHBI U
peam30BaHbl, KaK TOJIKO W3MEHUTCS (DMHAHCOBAsi CHUTyallusi, B YaCTHOCTH,
yBenmuuutcsl 1ieHa Hedtu. Hoble Texnosnoruu no0buu TPU3 HyXHBI HE TOIBKO
Tomckoit 06acTu, HO ¥ BceM He(pTeJ00BIBAIOIINM PErHOHAM C MaaroIIeH J00bIYeH,
UCTOIEHHBIMU MecTOpokaeHusMu. B 2014 r. Ha ofHOM U3 HEPTETa30KOHACHCATHBIX
MectopoxkieHuit Tomckoii 061acTv co3ian nepBbIii B Poccuu momroH mo u3y4eHuto
HOBBIX MeTOJIoB ocBoeHus: TPU3. HedTh maHHOTO MECTOPOXKICHHS OTHOCHTCS K
napaduHucTbM [1].

AKTyanmbHOCTH ~ pabOThI  OmpedensieTcs  TeKylleld  curyanued B
HedTenoOwIBaromeit komriekce Poccun u Tomckol 001acTy, B 4aCTHOCTH: JTOObIYA
Hetu B 3amagHoit CUOUPH C KaKIbIM TOAOM OCJIOXHSIETCS, TaK Kak, 3a CuUeT
YBEJIMYECHHUS CTETMICHN BHIPAOOTAHHOCTH JICUCTBYIOIINX MECTOPOKICHUIA, BOBIICUCHUS
B pa3padOTKy HOBBIX MECTOPOKICHHI, TPOUCXOIUT U3MEHEHHE OaiaHca 3amacoB U
BO3pacTaeT  J0Jii  TPYJHOM3BJICKAEMBIX  PECYpCOB  —  BBICOKOBS3KUX H
BBICOKO3aCThIBAIONMX  HedTel, A00bda, cOOp M  TOATOTOBKA  KOTOPBIX
COIPOBOXKIAIOTCST 00pa3oBaHUEeM ac(aibTeHOCMOIoNapauHOBBIX OTJIOXKEHUHM, YTO
MIPUBONT K TIOTEPSIM B JOOBIYE, BO3PACTAHHIO SHEPTETUYECKIX 3aTPaT, KAIMUTATBHBIX

H SKCIITyaTalMOHHBIX pacxXoa0B.



Pabota mocesmeHa TMOUCKY NyTed MNPEAOTBPALUEHUS OTIIOXKECHHM
napauHOB MpU MPOMBICIOBOM TpPAaHCIOpPTE MapadUHUCTOW HEPTH OIHOTO U3
MecTopokaeHui TomcKoM 00JacTH C TOMOIIBI0  MOJEIHUPYIOMIEH CXEMBbl
oOpa3oBaHMsI ~ OTJIOXKEHUH B  TpyOompoBonme, pa3paboTaHHOW B  cpele

Mojenupyolei nporpammbel Aspen HYSYS®.



AHHOTALUA

B mepBoM pasnene BBIMYCKHOM KBaTM(PHUKAIIMOHHON pabOTHl MpOBENEH
JUTEPaTypHBIA  0030p pOJIM  BBICOKOMOJIEKYJSIPHBIX  YIJIEBOJOPOJIOB B
oOpasoBanuu otTioxkeHudl. B ganHom pasnmene ommcan cocraB  ACIIO,
paccMOTpEeHbl HEOOXOIMMBbIe yCIOBHUS U (GakTopbl (hopMHUpoBaHUS MapapUHOBBIX
OTJIOKECHUH.

Bropoit pasnmen mocBsmieH crocobaMm MpemoTBpallleHUs 00pa30BaHUA
OTJIOKEHUI TMpHU TpaHcHopTe napapuHUCThIX HedTel. CyliecTByeT MHOXKECTBO
(akTOpoB, MPENATCTBYIOIIUX HWHTEHCUBHOMY (DOPMHUPOBAHMIO MapapuHOBBIX
OTJIOXKEHHI: MPEXIE BCEro 3TO JOCTHKEHHE TEMIIEpaTypbl BBIIIE 3HAUYCHHUS
TeMIepaTtypbl HacbllleHus Hedptu mnapapuHamu. [llupoko mnpumeHsIEMbIM
CIIOCOOOM SIBJIsIETCA BBEJEHUE B HE(DTh MPUCATOK, JEHCTBUE KOTOPBIX HAMPABIECHO
Ha TOHI)KEHHE TEeMIIepaTypbl 3aCTHIBAHMS WJIM HA CHUXEHUE BA3KocTu. Ocoboe
BHUMaHue B pas3ielie YACJIEeHO NPUMEHEHHUIO pa30aBuUTENEH, KOTOphIE
CIIOCOOCTBYIOT — MOJJIEPKAHUIO  PACTBOPSIONIEH  CIOCOOHOCTH  HedTH  TO
OTHOILIEHUIO K BBICOKOMOJIEKYJISIpHBIX NapaduHaM. J[aHHBIM METOJ MPUMEHSET K
BSA3KUM HEPTSIM.

B Ttperbem pasnene mpuBenaeHa Uedb padOThl U 3aJa4yM HCCIEIOBAHUA.
OOpazoBaHue M POCT TBEPIABIX MapaQUHOBBIX OTJIOKEHUHA CYIIECTBEHHO
000CTPSIOT MPOLIECCHI JOOBIUM, COOpA U MOJATOTOBKY JjIsl MecTopoxaenuit ¢ TPU3.
B Tomckoii 007aCTH OJHUM M3 TAKUX MECTOPOXKJICHUMU SIBJIIETCS MECTOPOXKIICHUE
A. TlosToMy 11E€TBIO pabOTHI SBIISETCS MPEJOTBpaALlEeHHEe 00pa30BaHUs OTJIOKEHUN
napauHOB MPHU MPOMBICIIOBOM TPAHCIOPTE TOBAPHOW HE(TU MECTOPOXKIECHUS A
JI0 ITYHKTa CA4H.

UYerBepThlid pazfen TMOCBSIIEH XapaKTEepUCTUKE OOBEKTa M METOJIOB
uccienoBanus. JlaHa reojiornueckas XapaKTepUCTUKa MECTOPOXKICHUS, (PU3UKO-
XMMHYECKHE CBOMCTBa He(TH, METOJMKA pacyeTa MapapuHOBBIX OTJIOKEHUN B
nporpamme Aspen Hysys, npuBeneHa TEXHOJIOTHSI MOJITOTOBKM M TpaHCHOpTa

He(TH.



B nsaTom pazgene mpoBeNEeHO OMHMCAHWE METOIUK JIA0OPATOPHBIX
uccienoBannii Heptr u HePTSIHBIX cucTeM. OmMHCaHBI METOAMKHU OMPEICTCHUS
KOJMYEeCTBA HE(PTSIHBIX  OTJIOKEHUHA  METOJIOM  «XOJIOJHOTO  CTEPKH,
OMpENICJICHHE TEeMIEPATyphl 3aCThIBAaHMS W 3HAYCHUS JAUHAMUYECKON BSI3KOCTH
HepTH 1 HEDTIHBIX CUCTEM.

[lectoit pa3nmen MOCBSIIEH HUCCIENOBAHUIO BIUSHUS pa30aBUTENEeH Ha
HU3KOTEMIIEpAaTypHBIC CBOWCTBA HE(DTH W MOACIUPOBAHUIO TEXHOJOTHUECKOU
CXEMbl YCTAaHOBKM TMOJTOTOBKM U TpaHCHOpTa HEPTH HA MECTOPOXKICHUU B
nporpamme Aspen Hysys.

B ceapMoM paznene TpUBENEHBI PE3yJbTAThl HUCCIACAOBAHUS M HX
oocyxnenue. IlpoaHanu3upoBaHbl Pe3yibTaThl  MOJCIUPOBAHUSA  BIUSHUS
pazbaBuTenel W UM3OJALMM Ha pacupeesieHHe MapauHOBBIX OTIIOXKEHUM IO
JUTMHE TPyOOIpOBOJIa, IO TEMIIEpaType MOTOKA. YCTAaHOBJICHO BIUSHUE COCTaBa
TPAHCIIOPTUPYEMOUN CHCTEMBI HA BSI3KOCTh, PEKHUM TEUEHHS JKUJIKOCTH, MOTEPHU
JIaBJICHUS HA TPEHHUE, TEMIIepaTypy, TOJIIHUHY U MECTO JIOKATU3AINU OTJIOKEHU.
HccnenoBana 3aBUCHMOCTb CHUKEHUS TeMIlepaTypbl He(pTH 1O JJIMHE
TpyOOINpOBOJa OT BPEMEHM €ro 3KCIUIyaTalldd U OT COCTaBa TPAHCIOPTUPYEMOM
cpenbl. YCTaHOBIEHO, YTO camblii 3((PEKTUBHBIA U3  HCCIAEAOBAHHBIX
pacTBOpUTeNiel TONyoJd, oO0jamaer Oojiee BBICOKMM 3HAYCHHEM TapameTpa
pactBopuMocTd ['unpaeOpania, MpuyeM €ro mnapaMmeTp HauOoJsiee OJIM30K K
paccUMTaHHOMY 3HaueHHIO mapamerpa ['mibnebpannma s ucciemxyeMoit HedTH.
[IpuMeHeHUE U3OJALMM M3 TEHOMOJUypEeTaHa 3HAYUTEIbHO YBEJIMYUBAET
MEKOYUCTHON TEPHOJ, TO3BOJISASI COXPAaHUTh TEMIIEpaTypy HEePTH TO JIUHE
TpyOONIpOBOJIa, TEM CaMbIM MpeaoTBpailas 00pa30oBaHHE 3HAYUTEIHLHOTO CJIOS
OTJIOKCHUH.

Bocemoil pazzen MOCBAILLEH CPaBHUTEIBHOM OLEHKE SKOHOMHYECKOU
2 PEKTUBHOCTH TMPHUMEHEHUS pa30aBUTEICH W HM3OJSIUHA  MEKIIPOMBICIOBOIO
TpyOOIpoBoAa JJIsl MpeaoTBpalieHuss o0pa3oBaHus napaUHOBBIX OTJIOXKEHUN Ha

MECTOPOXKICHUH A.



B ACBATOM pPa3acCiic OIlMCaHa ColHaJIbHAasA OTBCTCTBCHHOCTL, KOTOpasd
JOJIDKHA oOecrneynBaTh MCKIIOYEHHE HECUYACTHBIX CJIydacB, 3alIUTy 3J0pOBbiA

pabOTHUKOB, CHI>KEHHE BPETHBIX BO3/ICUCTBHI HA OKPYKAIONIYIO CPELY.



3akJIroueHue

[Tpy moMOIIM YCTAHOBKH «XOJIOAHOTO CTPEXKHS» OBLIM MOJYYEHBI TaHHbIC
M0 KOJIMYECTBEHHOMY 00BEMY OTIIOKEHHH M3 HccienyeMorl HepTu U HePTIHBIX
CUCTeM: pa30aBUTEIM YMEHBIIAIOT 00heM oTiaoxkeHuH ot 0,8 r/100r 11 HedTH 10
0,17 r/100r nnst cmecu ¢ mobaBkoi 7% mac. Tomayosna.

Ha  wm3mepurene  «Kpucrammy  SX-800  ompeneneHbl  3HAYEHUS
JVHAMUYECKOM  BSI3KOCTM WM TEMIIepaTypbl  3acThiBaHUs:  mnapadUHOBBIC
paz0aBuUTeNlM HE TOHM3WIM TEMIEPaTypy 3acTbIBaHUS HE(PTH, TOIYOJ CHHU3HI
TeMIIEpaTypy 3acTeiBanms 10 Munyc 4,9 °C.

MeTtonoM ra3oXuAKOCTHOM XpomaTorpapuu OmpeneseH KOMIIOHEHTHBIN
COCTaB BBICOKOMOJIEKYJISIPHBIX TapapuHOB HEe(DTHU: B 3HAUUTEIHLHOM KOJIMYECTBE
npucyTcTBYIOT napadunsl oT Cg 10 Ca.

PazpaboranHas Mojaenupyroiasi cxeMa B IporpaMMHOM KoMmiuiekce Aspen
Hysys B coderanun ¢ 1a0OpaTOPHBIMH JAHHBIMU TO3BOJIUJIA OLIEHUTH
3 PeKTUBHOCTH pazbaBuTenen 51 MIPUMEHEHUS TETUIOU30JISALIUU
MEXKIPOMBICIOBOIO TPYOOIIPOBOJA IPU MPOMBICIOBOM TPAaHCIIOPTE UCCIETYyEMOM
napaduHUCTON HEPTH.

JluHaMuyKa TOJIIMHBI OTJOXKEHUN mapadUHOB MO JJIMHE TpyOOIpoBOIa
uMeeT OMMOJANIBHYIO 3aBHCHMOCTb, YTO KOPPEIUPYET C COCTAaBOM Mapa(pUHOBBIX
yraeBoAopoaoB HedTu. MakcumanbHas TOJMUIMHA OTJIOXKEHUWM 3a 4 Mecsua
AKCIUTyaTanuu aocturaet 14 mm, oobeM otioxeHuit — 38,85 M,

UccnenoBannbie mapaduHOBBIE pPa30aBUTENIM OKAa3bIBAIOT IMPAKTHUYECKH
OJIMHAKOBOE BJIMSIHUE Ha MOJACPKaHUE PACTBOPSIONIEH CIOCOOHOCTH HE(PTHU: OHA
BO3pacTaeT npuMmepHo B 1,5 paza. B 3amaHHBIX YCIOBUSIX TOJIYOJ MPOSIBUII
HanOoJb1IYI0 3(PEKTUBHOCTH: 00BEM MapadUHOBBIX OTIOXKEHHUH B TPyOOIIPOBO/IE
COKpaTwics B 2,3 pasa.

VYTrieBoI0poIHBIN KOHACHCAT apaUHOBOTO THUTIA MOKa3a]l HAMMEHBIITYIO

3 PEKTUBHOCTE.



JlobaBka pacTBOpuTENiel MpuBENa K CABUTY HMHTEpPBAJA OTJIOKEHUH IIO
nHe Tpyoorposoaa oT 870—10000 M k GoJiee nadbHUM y4acTKaM.

Temneparypa Hawama  o00pa3oBaHUS  OTJIOKEHMM  Tpu  J100aBKe
pactBopuTeneii cmectuinack ot 40 1o 34-26 °C.

[Ipyu npuMeHEHUM TOJIyoJla B KA4YECTBE PACTBOPUTENS KOJUYECTBO
claBaeMoil HeTH yBenu4yuBaeTcs Ha 57,2 T/TOJl IO CPaBHEHHUIO C KOJMYECTBOM
TOBapHON HEPTH, TPAHCHOPTUPYEMO MO HEU3OJIUPOBAHHOMY TpyOompoBoay Oe3
no0aBok paszbasutens. [IpuObUIL OT caaBaeMoil HEPTH B 3TOM Cllydae COCTaBUT
1058200 pyOnei, mpu YCIOBHMM NPOU3BOJCTBA TOJYOJia HAa COOCTBEHHOM
IPEITPUITUH.

[IpumeneHne M30JUMU U3 TEHOMOJMypeTaHa ToaumHod 50 MM
MPAKTHYECKH TOJHOCTHIO MPEIOTBPAIIAIOT BBINAJCHIE MapaUMHOBBIX OTIOKEHHI
B MEXIPOMBICIIOBOM TPyOOIPOBOJIE.

M3omsiust  u3  meHomojuypeTaHa TOMMMHOM 50 MM yBeIMuYMBaeT
KOJIMYECTBO caaBaeMoil Heptu Ha 94,9 T/rog 1O CpaBHEHUIO C KOJUYECTBOM
TOBapHON He(TH, TPAHCIOPTUPYEMOH IO HEU30JIMPOBAHHOMY TpPYyOOIIPOBOY,

[IpubbLIbL OT caBaemoil HeTH B 3TOM ciiydae cocTaBUt 1755650 pyOiieid.
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Increasing of oil solvent power for wax deposition prevention

Wax deposition on pipe wall surfaces and other oil production equipment
occurs under the influence of different conditions of inner and outer environment.
To eliminate wax deposition at paraffin oils transportation is an essential task
nowadays due to the growth of paraffin oils share in total oil production volume.
The article investigates the ways of oil stability qualities improvement toward
paraffin crystallization on pipeline walls by introducing hydrocarbon solvents with
various dissolving ability. This method is effective during transportation of
viscous oil at low temperature and application of light hydrocarbon solvents is
more preferable as they give the maximum effect [4,34].

To forecast the oil phases during transportation, Aspen HYSYS® software
was applied. Aspen HYSYS is the energy industry’s leading process simulation
software that’s used by top oil and gas producers, refineries and engineering
companies for process optimization in design and operations.

To improve the accuracy of the modeling the real data on deposition
quantity, obtained at low temperature in the researched systems, was downloaded.

Materials: physical-chemical properties of degassed oil from the deposit A:
density - average (855 kg/m® at 20 °C), low-sulfur (sulfur content — 0.36 % mass.),
high-paraffin — (hard paraffin content - 6.48 % mass.), low-resin (silica resin
content - 4.93 % mass.). Asphaltene content - 1.64 % mass.

Solvents of paraffin series hydrocarbons — pentane, heptane, decane, stable
condensate of paraffin base; aromatic series hydrocarbons — toluene.

Oil paraffin composition was defined by gas-liquid chromatography on gas
chromatograph “Kristall-2000M”. Chromatography mode: initial temperature - 40
°C, final temperature - 310 °C, heating speed - 7 degrees/min, column: HP-1MS (30
m), gas-carrier: helium.

Figure 1 shows the content of oil n-peraffins. It is clearly seen that Cg—Cs

paraffins are prevailing.
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Figure 1. Chromatography of oil paraffins content

Melting temperature for CoHyo—C,1H44 paraffins ranges from minus 53.5 to
plus 40.5 °C. For C,,H46—C3oHs» paraffins — from plus 44.4 to plus 115.2 °C.

Solidification temperature of the systems under investigation was measured by
oil product low temperature characteristic meter "Kristall", designed at the Institute
of Petroleum Chemistry, Tomsk. The cryostat is made on Peltier elements. Peltier
elements cooler - water. The oil sample was cooled to minus 25 ° C. The surface of
the solidified sample was automatically loaded and the temperature in the cryostat
was gradually increasing. Load shifting indicated the reaching of the solidification
point. The cooling rate and the accuracy of the temperature measurement in the
sample were supported by the microprocessor. Dynamic viscosity of oils in the
temperature range from plus 50 to minus 50 °C was defined by the rotational method
[24].

Figure 2 shows oil system dynamic viscosity with temperature profile.

Data from Figure 2 shows that the tested solvents influence the system
viscosity in different temperature ranges. At temperature range from minus 25 °C
to minus 20 °C the maximum decrease in viscosity was observed with heptane and
decane additives; the maximum influence on viscosity reduction at the temperature

range from minus 20 °C to plus 10 °C was produced by pentane and toluene



additives. Maximal viscosity was set for the system oil+heptane - 3732 cPs at
minus 25 °C.
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Figure 2. Qil system dynamic viscosity with temperature profile

Table 1. Solidification temperature of tested systems

QOil system Tz,°C
Oil 0
Oil + condensate 0,4
Oil + n-decane 15
Oil + n-pentane 1,8
Oil + n-heptane 2,6
Oil + toluene -4.9

Table 1 shows that introduction of paraffin hydrocarbons increases the
solidification temperature insignificantly. At condensate introduction the system
solidification temperature index is approximately equal to oil solidification
temperature. The lowest solidification index was reached at toluene introduction —
minus 4,9 °C.

Evaluation of the wax deposits amount was carried out on "cold finger" tool. It
simulates all the elementary stages of the heavy oil sediments deposition in oilfield

equipment: the formation of crystallization centers, the growth and precipitation of




crystalline, amorphous and resinous substances, their destruction and dispersion
under the oil emulsion flow. The volume of the researched oil was 100 ml. The
temperature gradient between the oil system under study and the “cold finger”
system was 45 ° C. Due to the temperature variation the paraffins began to crystallize
on the “cold finger” surface.

The temperature of “cold finger” was 5 °C, which corresponded the
environment of spring-autumn year season. Table 2 shows the results of the test.
All solvents have reduced the depositions number. The most effective solvent is
toluene (Table 2).

Table 2. Solvents influence on deposition quantity

Wax deposition

Oil system guantity, Test conditions
% mass.
Qil 0,8

O”. + condensate 0,65 Oil temperature 50 °C,
Oil + n-decane 0,29 “Cold finger” temperature
Oil + n-heptane 0,27 g5 °C P

Oil + n-pentane 0,2

Oil + toluene 0,17

The obtained laboratory data on the composition of n-paraffins and the amount
of deposits were downloaded to Aspen HYSYS® software to design the
accumulation of wax deposits during the commercial oil transportation. The program
allowed assessing the dynamics of various parameters of oil pumped along the
pipeline. For example, changes of the material flow temperature, velocity, pressure
loss, thickness and volume of wax deposits, and others [22].

Figure 3 presents the oil processing technological scheme on field A.
Processing implies separation of gas and water from oil, which is heated to plus 50
°C. Processed oil is transported through short process pipeline and 29km interfield
pipeline to oil custody transfer.

To prevent wax deposition, the batch meter, injecting continuously the

solvent in the quantity of 7% mass, is installed before the process pipeline.
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To calculate the Wax Deposition rate on a selected pipe segment, on the

segment property view click Flow Assurance > Wax Deposition. Setups are:

Deposition Correlation
The Profes Wax correlation is the only standard correlation. However,

registered third party plug-in methods may also appear in the list of deposition
correlations.Click the View Method button to view the details of the Profes Wax

correlation.

Deposit Properties
- Specify the Density, Thermal Conductivity, and Yield

Strength of the deposit in the appropriate fields;

- Limits;

- Max Time - the maximum amount of time wax deposits

on the pipe;
- Timestep - the timestep the deposition rate is integrated

over,

- Simulation - displays the actual end time for the

simulation.

! Pipe Segment: Inte:

rfield pipeline

Design | Rating | Worksheet | Performance | Flow Assurance | Dynamics |

Flow Assurance

None
Profes

’/Depostcn Correlation

o o= e |

( Limits

Actual

View Method

Deposit Properties

sit Thickness <empty>
ssure Drop <empty>

Max Depo!
Owerall Pre:
Total Depo:
Plug Pressu

Density
Thermal Cond.
Yield Strength

881,0 kg/m3
06,2526 Wym-K

sit Volume <empty>
re Drop <empty>

Time 730:28:48,00

01354 mm
3440 kPa
04220 m3
<empty>
730:28:48,00

2,068 kPa

[Timestep

048:00:0.00 |
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From the list of available deposition correlations select Profes.

- Click the View Method button. The Profes Wax property
view appears.

- Click on the Ref. Comp tab.

— Click either the Mole Fraction or Mass Fraction radio
button to specify the basis for the composition.

- In the Reference Composition table specify the reference
composition of the fluid for tuning calculations.

- Click the Normalise button to normalize the total

composition to one and setting any unspecified fractions to zero.

S S el

| Wax Data I Tuning Data | Ref. Comp. |
~ Reference Compaosition
Maole Fraction
CF+_1* 0,5411
Methane 0,0006
Mitrogen 0,0000 |_
co2 0,0002 |
n-Hexane 0,0146
n-Pentane 0,1275
i-Pentane 0,0667
n-Butane 0,0113
i-Butane 0,0047
Propane 0,0081
Ethane 0,0018
n-C30 0,0039
n-C29 0,0045
n-C28 0,0045
Total 1,0000

@ Mole Fraction =

) Mass Fraction

Calculate wax formation temperature

B SS

- Click on the Wax Data tab.

- From the Wax Model drop-down list select one of the
following models: Chung, Pederson, Conoco, and AEA.

- From the list of available components active the Wax
Former checkbox to indicate which components in the system are

able to form wax.



Wax Data | Tuning Data | Ref. Comp. |

~Wax Data

Wax Model: | AEA '|
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Calculate wax formation temperature

- Click on the Tuning Data tab.

- In the Cloud Point Input field specify the temperature that
the first wax appears (i.e., the phase transition temperature between
single liquid phase and the two phase wax/liquid mixture).

- Specify the quantity of wax observed and the temperature
the wax is observed in the appropriate columns in the table. New
points can be added to the table in any order. The points are sorted by
temperature when the tuning process is run. To run the tuning
calculations a minimum of one pair of data points is required.

mEme =
Wax Data | Tuning Data | Ref, Comp. |

~Tuning Data

Input: Calculated

Cloud Point: 30,00 30,0000

Temperature | Wax Mass Pct | Wax Mass Pct
1] [%] [%]
5,000 0,21 021
<empty> <empty> <emptys

Calculate wax formation temperature

Deposition Profile



The Deposition Profile table displays the following deposition results for
each cell:
- Cumulative Length;
- Calculated Deposit Thickness;
- Deposit Volume;
- Deposit Rate;
- File Coefficient;
- Deposit Temperature;
- Fluid Temperature;

- Critical Deposit Temperature

- Deposition Profile
Cell Number Cum. Length Init. Dep. Thick. Calc. Dep. Thick. Dep. Volume Dep. Rate Film Coefficient Dep. Temperat
[m] [mm] [mm] [m3] [kg/s-m2] [kih-m2-C] [C]
1 240,000 1,00000e-003 0,001000 0,000200 0,000000 551,51580 45 +
2 580,000 1,00000e-003 0,001000 0,000200 0,000000 53440314 42E|
3 870,000 1.00000e-003 0,001000 0,000200 0,000000 51844316 40
4 1160,000 1,00000e-003 0,001000 0,000200 0,000000 503,56672 37
5 1450,000 1,00000e-003 0,001000 0,000200 0,000000 489,71552 35
1] 1740,000 1,00000e-003 0,001000 0,000200 0,000000 476,77485 33
7 2030,000 1.00000e-003 0012934 0,002581 3,08588e-009 46483214 31
8 2320,000 1,00000e-003 0,089787 0,017907 2,067792-008 45411183 29
9 2610,000 1,00000e-003 0,085335 0,017020 2,82179-008 44502977 27
10 2900,000 1,00000e-003 0,084107 0016775 2,78030e-008 439,04496 26
1 3140,000 1,00000e-003 0,026001 0017152 2,84286e-008 43346122 24
12 3480,000 1,00000e-003 0,090842 0018117 3,00350e-008 42825249 23
13 3770,000 1,00000e-003 0,098506 0,019645 3,25808e-008 42339714 21
14 4060,000 1.00000e-003 0,108534 0021656 3,59342e-008 41887133 20
. ar anrn nnn srnnan_enn n1snnnn nontne s 4 nrrn Mlﬂ a1aranan s
] I -

Notes

Activate the Do Deposition Calcs checkbox to include the deposition data in
the Pipe Segment’s calculations. This checkbox is also found on the Calculation
page on the Design tab.

The deposition of the wax from the bulk oil onto pipe wall is assumed to
only be due to mass transfer; shear dispersion is not considered to be a significant
factor. The rate of deposition is described by:

m' =k [Cyau — Cpui] " A MWyyay,
— m’ — deposition rate (kg/s);

— k — mass transfer coefficient (mole/m?s);



— C —local concentration of wax forming components (mole fraction);
— MW,..x— molecular weight of wax, (kg/mole);
— A — cross-sectional area, (m?).

The mass transfer coefficient (k) is calculated using the following

correlation:
k " DH
Sh = :
c-D
where:
Sh = 0,015 - Re%88 - 5¢'/3.
and
Dy
Re =V;-p; "

— D — diffusivity of wax in oil, (m%/s);

wi— liquid viscosity, (kg/ms);
— pi— liquid density, (kg/m?);
— k- mass transfer coefficient (mole/m?s);
— Dy — hydraulic radius (m);
— V;— liquid velocity, (m/s);
— ¢ - liquid molar density, (mole/m°)

The Reynolds number that is used in these calculations is based on the local
liquid velocity and liquid hydraulic radius. Physical properties are taken as the
single phase liquid values. The viscosity used is based on the fluid temperature and
shear rate at the wall. The difference in concentration of wax forming species
between the bulk fluid and the wall, which is the driving force for the deposition of
wax Is obtained from calculating the equilibrium wax quantities at the two relevant
temperatures. These calculations provide a wax deposition rate which is integrated
over each time step to give the total quantity of wax laid down on the pipe wall.

Figure 4 shows the distribution of wax depositions in the process pipeline
corresponding the introduced solvent. Figure 5 shows the distribution of wax

depositions corresponding the oil temperature.
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Figure 4. Distribution of wax depositions alongside the pipeline

The solvents effectiveness was defined by the depositions thickness.
Cooling of oil in the interfield pipeline led to the reduction of its solvent power and
wax deposition in the initial sections of the pipeline. The presence of two
extremums in dependences (Figures 3,4) is correlated with the distribution of

paraffin hydrocarbons by the number of carbon atoms (Figure 1).
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Figure 5. Distribution of wax depositions corresponding the oil temperature

Table 3. Influence of solvents on deposition volume in the interfield

pipeline
Deposition Deposition .
Oil system volume, volume, Calcu_lgtlng
N o, conditions
Oil 38,85 100 Durat; 4
Qil + n-pentane 28,91 74,4 ura 1otr}11—
Oil + n-heptane 25,78 66,4 _ :rl;’t?m' A the
Oil + n-decane 19,12 49,2 et
Oil + toluene 16,67 2.9 Lo T
Oil + condensate 28,03 72,1

Extremal correlation of wax deposition thickness with the pipeline length
and the temperature was described by the other authors as well. Mansurov defined
that the melting temperature of asphaltene-resin-paraffin deposits was gradually
decreasing alongside the process pipeline [4]. The decrease in quantity of wax
deposition could be explained by the decrease in temperature differential At of the
oil system and pipeline wall. Low heat conductivity of wax deposition, which

serves as an insulation, also contributes to At value (Figure 6,7).
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Figure 6. Distribution of oil temperature alongside the pipeline
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Figure 7. Distribution of oil system temperature alongside the pipeline

Gluschenko [4] suggested to characterize solvents according to Hildebrand
solubility parameters. This parameter characterizes the effectiveness of solvent.

Mathematically it is defined as a square root of the cohesive energy density, i.e.



energy evaporation variation ratio or intermolecular liquid interaction to their mole

volume:

AE,,

vO

,2VMPa .

>
I

If the solvency indexes of two substances are approximately equal, these
substances will mix, i.e. interdissolve

Hildebrand parameter for oil is calculated as [4]:

§=151-(1+ (0,001 p,y; — 0,5)),VMPa.

Table 4 presents wax deposition volume indexes and solvency parameters of
the researched systems. The data shows that the most effective solvent, which
increases the oil solvent power, is toluene, as it has reduced the volume of wax
deposition in 1.8 times. Hildebrand index parameter for toluene is close to the
calculated Hildebrand parameters for oil among all the researched hydrocarbons.

Table 4. Solvent effectiveness respectfully to Hildebrand parameter index

_ Deposition volume Hildebrand parameter for
Oil system 3 ’ solvents [1],

\MPa
Oil 38,85 20,46
Oil + n-pentane 25,03 14,60
Oil + n-heptane 24,92 15,32
Oil + n-decane 24,94 15,60
Oil + toluene 21,53 18,38

Probability of wax deposition during oil transportation from the initial to the
final stage was investigated. Evaluation of hydrocarbon additives effectiveness for
wax deposition prevention was conducted on the basis of Aspen Hysys complex
software and experimental tests.

The tested paraffin hydrocarbons produce approximately the same effect to
oil solvent power: it increases in 1.5 times. However, application of aromatic
hydrocarbon as a solvent gives the maximum effect. Hydrocarbon condensate of

paraffin type is the least effective.




Deposition thickness dynamics alongside the pipeline has bimodal
correlation. This correlates with the paraffin hydrocarbons content.

Introduction of additive resulted in the shift of deposition interval alongside
the pipeline from 870-10000 m to 2300-15000 m.

Temperature of deposition initialization shifted from 40 to 34-26 °C at

solvents introduction.



