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A. A. Hosukoe, A. A. Kyuuepckan, /1. I'. Kapnoe, B. C. Ceznok

PI'Y nedtn u raza (HUY) umenu U. M. ['yOkuna

novikov.a@gubkin.ru

da3oBbie PABHOBECHSI KUTKOCTh — KHIKOCTH

B CHCTeMe BOJa — ITAHOJ — IUKJIOTeKCAH

B pabome onpedeneno nonosicenue epanuybl paccioenus, usmepervl Mexdcgasnoe HamsaxiceHue u nI0MmHoCmu
PABHOBECHBIX (ha3 8 MPOUHOU cucmeme 800d — IMAHO — Yukiozekcan npu memnepamype 277,15 u 293,15 K.
IIposedeno modenupoganue ¢hazovix pagrnogecuil 05l IMUX YCA0BULL MEMOOOM MOTEKYISPHOU OUHAMUKU.
Ycemanoeaneno, umo monexkynapras OuHamMuKa Xopouio 80CHPOU3B00UM HAYALbHOE NAJEHUE MeHCPa3H020
Hamsadxpcenus, 00HAKO NJLOX0 CO2NACYEMCS C IKCHEPUMEHMANbHLIMU OAHHbIMU NO NAOMHOCIU U COCMABAM
600HOU (hasvi. Habmooaemasn kpucmaniuzayus opeanuyeckoul gazvl npu memnepamype 277,15 K mooicem
ObImMb NONEe3HA 015 ObICMPO20 PazoeeHuss has nPu IKCMPAKYUU IUnUO08.

KiroueBble cjioBa: PaBHOBECHUC X KUAKOCTb — KUIAKOCTb, az[cop6u1/1;1, MC)K(l)aSHOﬁ HATAXKCHUEC, paCTBOPUMOCTD.

A. A. Novikov, A. A. Kuchierskaya, D. G. Karpov, V. S. Seglyuk.

Gubkin University

Liquid-Liquid Phase Equilibria in the Water — Ethanol — Cyclohexane System

The studies determined the position of the separation boundary, measured the interfacial tension and densities of
equilibrium phases in the ternary system water — ethanol — cyclohexane at temperatures of 277.15 K and 293.15 K.
The phase equilibria for these conditions were simulated by the molecular dynamics method. It has been established
that molecular dynamics reproduces well the initial decrease in interfacial tension, but does not agree well with
experimental data on the density and composition of the aqueous phase. The observed crystallization of the organic
phase at 277.15 K may be useful for rapid phase separation in lipid extraction.

Key words: liquid-liquid equilibrium, adsorption, interfacial tension, solubility.

M. b. Apaxmeoos'?, /. B. Cepzeesa®

1CKONKOBCKUI MHCTUTYT HAYKU U TEXHOJIOTHUH,

2PT'Y medru v raza (HUY) umenu U. M. I'yOkuna,

d.sergeeva@skoltech.ru

BimnsiHMe a/1IM10BOT0 ¥ IPONIAPTHJIOBOIO CIIMPTOB HA PABHOBECHbBIE YCI0BUS 00pa30BaHUsI

rUpaTa MeTaHa

B pabome uzyuena cmabunonocme cudpama memana 6 20%-1bix 0OHBIX PACMBEOPAX ANIUNIOB020 U NPONAPSULOBO20
CRUPMO8, ONpedeseHo NON0AHCEHUE MPEXPa3Ho20 PAGHOBECUs PACMEOP CNUPMA — SUOpam — 2a3 6 OUANa3oHe
oasnenusi om 3,68 00 9,53 MIla. CpasHerue nonyueHHbIX OAHHbIX NOKA3AL0, YMO 8 HUJICHEl YaACMU U3YYeHHO20
0Uana3oHa 0asieHull pasHoBecHble YCl08Us 2UOPAmMooopaz08anus 0 000UX CHUPMOE UOSHMUYHBL, M020d KAK 8
6epxHell uacmu Kpueas 0 AIIUI06020 CRUPA OMKIOHAemcs 6 0oaacmy nuskux memnepamyp ua 0,6°C.
Yemanoeneno, umo dannvie cnupmuol A61510MCA MEPMOOUHAMULECKUMY UH2UOUMOpamu cudpamooodpasosanus. C
NPUKIAOHOU MOUKU 3PEHUS PACCMAMPUBAEMble CUCEMbL MOZYM UCNONb308ANBCS 8 2030601 NPOMBIUULEHHOCHU 05

npeoomepawetsl 2uOpamoodpa308anUs U MUKSUOAYUU CHOPMUPOBANHBIX 2UOPAMHBIX OCTOHCHEHUIL.



KiueBble ci1oBa: ruipat MeTaHa, CIUPTHI, ()a30BbIE PaBHOBECHS, TEPMOJINHAMUYECKUH HHTHOUTOP

THAPATOOOpa30BaAHUS

M. B. Yarakhmedov'?, D. V. Sergeeva®.

Skolkovo Institute of Science and Technology,

2Gubkin University

Influence of Allyl and Propargyl Alcohols on Equilibrium Conditions for Methane Hydrate Formation

This study examined the stability of methane hydrate at a concentration of 20 mass% in aqueous solutions of allyl and
propargyl alcohols. The research determined the position of the three-phase equilibrium "alcohol solution - hydrate -
gas" in the pressure range of 3.68 to 9.53 MPa. A comparison of the data revealed that the equilibrium conditions for
hydrate formation for both alcohols are the same at lower pressures. However, at higher pressures, the curve for allyl
alcohol deviates towards lower temperatures by 0.6°C. The study found that these alcohols act as thermodynamic
inhibitors of hydrate formation. From a practical standpoint, these systems can be used in the gas industry to prevent
hydrate formation and address issues related to formed hydrates.

Key words: methane hydrate, alcohols, phase equilibria, thermodynamic hydrate inhibitor.

JI. H. Kopnesa', A. A. Kuokano', A. O. /lpauyx’, K. A. Ilnemnesa,

IT. A. Kunzenw', I'. Ilanoei*?, H. C. Monokumuna*

MnucruryT xprocdeps! 3emmn TroMeHckuit Hayunblii nenTp Cudupckoro ornenenus PAH,

2V HuBepcuTeT HE(PTAHBIX U DHEPTEeTHIECKUX HccenoBanmii, Jlexpanyn, Muaus
gaurav.pandey@ddn.upes.ac.in, molokitina.nadya@yandex.ru

HccnenoBanne rupaToB YIJEKHCJIOT0 ra3a B JUCIEPCHON CHCTEMe «CyXasi BOIaY

B pabome uccnedosanvl kunemuxa u pagHogecHvie yciogus 00pazo8aHus 2UOPAmMa yeieKuciozo 2asa 6 OUCHepCHoll
cucmeme «cyxas 600a» ¢ UCNOIb30BAHUEM PAZHBIX MUNOE SUOPOPOOHBIX HAHOUACUY OUOKCUOA KDEMHUS 6
U30xX0pHuIX ycnosusx npu memnepamype 273,15 K u navanonom oasnenuu oxkono 3 Mlla. Hccnedosano enusanue
«CYXotl 600bl» HA KUHEMUKY PA3L0ACEHUSL 2UOPAMOB YeNeKUCT020 2A3d NPU OAGNEHUN HUICE PABHOBECHO20 U
memnepamype 268,15 K.

KiroueBsble c10Ba: ra30BbIe THAPATHL, Ta30THIPATHBIE TEXHOJIOTHH, YTIIEKUCIIBIH ra3,

yTuiaun3anus YrjiCeKuUcCJIoro ra3a, «Cyxas Boaa».

L.N. Korneva?, A.A. Kibkalo', A.O. Drachuk?, K.A. Pletneva?, P.A. Zhingel!, G. Pandey*?, N.S. Molokitina!

! Earth Cryosphere Institute, Tyumen Scientifc Centre, Siberian Branch of the Russian Academy of Science,

2 University of Petroleum & Energy Studies (UPES), Dehradun, India

Study of Carbon Dioxide Hydrates in the “Dry Water” Dispersed System

In this paper, the kinetics and equilibrium conditions of the formation of carbon dioxide hydrate in a dispersed "dry
water" system using different types of hydrophobic silicon dioxide nanoparticles under isochoric conditions at a
temperature of 273.15 K and an initial pressure of about 3 MPa are studied. The effect of "dry water™ on the kinetics
of decomposition of carbon dioxide hydrates at a pressure below equilibrium and a temperature of 268.15 K has been
studied.



Key words: gas hydrates, gas hydrate technologies, carbon dioxide, carbon dioxide utilization, dry water.

K. A. IInemnesa, I1. A. JKunzenv, K. A. Hniownuxos*, A. O. Ipauyx’, I. [lanoei*?, H. C. Monokumuna*
NucturyT xprocdepst 3emn TroMeHckuii Hay4HbIi nentp Cubupckoro otaenenus PAH,

2V HuBepcHTET HE()TAHBIX U SHEPreTUIECKUX UcCiIeoBanuii, Jlexpaxyn, nmus

pletnevaklavdia@yandex.ru

BausiHue x10pua HATPUS HA KHHETHKY THAPATOO0Opa30BaHUs METaHA

B 00beMHBIX PACTBOPAX COEBOI0 JeIUTHHA

B pabome npedcmasnenvi pesynomamsi uccied08anuil mepmooapuiecKux ycio8uti U KUHemuKku oopazosanus
euopama mMmemana 8 06vLeMHbIX pacmeopax ¢ KOHyeHmpayuetl coeeozo aeyumuna 0,5% mac., nonyuenHsix 6
OUCMUITUPOBAHHO U MUHEPAIU308aHHOU 800e (codepacanue NaCl 1 u 3% mac.) npu memnepamype 273,2 K u
osudcywpeti cune 4 Mlla 6e3 nepemewusanus. OnpeodeneHo, 4mo 000a6Ka cOe8020 AeYUMUHA He RPUBOOUN K
cmewenuio Kpueol (hazoeo20 pasnosecus eoda—2uopam—-meman. Ycemanoeneno, umo npucymemeue NaCl npusooum x
VMEHbULEHUIO NO2TIOWEeHUSL MEMAHA 8 2UOPAM 8 08d PA3d 6 CPABHEHUL ¢ pacmeopom coegozo teyumuna desz NaCl,
umo Mooicem Oblmb C1e0CMBUEM 8bINAOEHUSA COeB020 JeYUMUHA 8 OCAOOK 8 COEbIX PACMBOPAX.

KiroueBble c10Ba: MPUPOIHBINA T'a3, TPAHCIIOPT M XpaHEHHUE IIPUPOIHOTO ra3a, ra30TUAPATHBIE TEXHOJIOTHH,

00pa3oBaHKe Ta30BOTO THAPATa, COEBLIH jeruTrH, pactBopsl NaCl.

K.A. Pletneval, P.A. Zhingel*, K.A. llyushnikov?, A. O. Drachuk?, G. Pandey!?, N. S. Molokitina!

! Earth Cryosphere Institute, Tyumen Scientifc Centre, Siberian Branch of the Russian Academy of Science,

2 University of Petroleum & Energy Studies (UPES), Dehradun, India

Influence of Sodium Chloride on the Kinetics of Methane Hydrate Formation

in Bulk Soy Lecithin Solutions

This article presents the results of experimental studies of thermobaric conditions and the kinetics of methane hydrate
formation in bulk soy lecithin solutions (concentration 0.5 mass%), obtained in distilled and mineralized water at a
temperature of 273.2 K and driving force 4 MPa without stirring. It was observed that the addition of soy lecithin does
not lead to a shift in the water-methane hydrate-methane equilibrium curve. It was established that the presence of
NaCl leads to a 2-fold decrease in the absorption of methane into the hydrate in comparison with a soy lecithin
solution without NaCl, which may be a consequence of the precipitation of soy lecithin in mineralized solutions.

Key words: natural gas, gas transport, gas hydrate technology, methane hydrate formation, soy lecithin, NaCl

solution.

A. A. Kuokano', JI. H. Kopuneea', K. A. IInemnesa’, I. A. Kunzenv',

A. O. [Ipauyx’, I'. Ilanoeii*?, H. C. Monokumuna*

MnucruryT xprocdeps! 3emn, TroMeHcKkuii HaydHbIi eHTp CHOHpCKoro oTaeneHus PAH,
2V HuBepcuTeT HE(PTAHBIX U DHEPTEeTHIECKUX HccenoBanmii, Jlexpanyn, Muaus
alexkibkal@gmail.com

Biansinue MOBEPXHOCTHO-AKTUBHBIX BEIECTB HA KHHETHKY I'MIPATO00pPa30BaHHA

B MOPOMIKOBBIX 'MAPOre€I€BbIX CUCTEMAaX



B pabome ucciedosana kunemuxa 2uopamoodpaz08anus 8 NOPOUIKOBbIX 2UOPO2eNe8blX CUCMEMAX, HACLIUJeHHbIX
B0OHBIMU PACMBOPAMU NOBEPXHOCIHO-AKMUBHBIX GEUeCmE U CMAOUIUSUPOBAHHBIX 2UOPOPOOHBIMU HAHOUACMUYAMU.
Taxoice ObLI0 NPOBEOEHO UCCIE008aHUe CUCTEM HA CMADUTLHOCTbG 8 MHO2OKDAMHBIX YUKIAX 00pA308aHUs

u ouccoyuayuu uopama, mo eCmv Ha Ux cnocoOHOCMb COXPAHAMb UHAYAbHbBIE CKOPOCHIb U CHeneHb KOHBEPCUU
8000l 8 2UOPAM 80 BMOPOM U NOCACOVIOUUX YUKTLAX.

KioueBble cj10Ba: TPAHCTIOPTUPOBKA M XpaHEHHUE ra3a, Ta30BbIe TUAPATHL, THAPATOOOPA30BAHNE METaHa, KHHETHKA

FI/I)IpaTOO6p330BaHI/ISI, MHOT'OKPATHOC FI/I,leaTOO6paSOBaHI/I€, MOBCPXHOCTHO-aKTUBHLBIC BCIICCTBA, TUAPOTCIIb.

A. A. Kibkalo, L. N. Korneva, K. A. Pletneva, P. A. Zhingel, 4. 0. Drachuk, G. Pandey, N. S. Molokitina.

! Earth Cryosphere Institute, Tyumen Scientifc Centre, Siberian Branch of the Russian Academy of Science,

2 University of Petroleum & Energy Studies (UPES), Dehradun, India

Influence of Surfactants on Kinetics of Hydrate Formation

in Powder Hydrogel Systems

In this work, the kinetics of hydrate formation in powder hydrogel systems saturated with aqueous solutions of
surfactants and stabilized with hydrophobic nanoparticles was studied. The systems were also studied for stability in
multiple cycles of hydrate formation and dissociation, that is, for their ability to maintain the initial rate and degree of
conversion of water to hydrate in the second and subsequent cycles.

Key words: gas transportation and storage, gas hydrates, methane hydrate formation, hydrate formation kinetics,

multiple hydrate formation, surfactants, hydrogel.

M. E. Cemenoé', A. I0. Manakoe'?, A. C. Cmonopes*?3, ¥. JK. Mupzaxumos', M. A. Bapgponomeee*
'Kazanckuii (heqepanbHblii yHUBEPCHUTET,

“MucTuTyT Heopraumdeckoit xumun uM. A. B. Huxonaesa Cubupckoro oraenenus PAH, r. HoBocuoupck,
SPI'Y nedru v raza (HUY) umenu U. M. I'yOkuna,

xotoy_82@mail.ru

JlaGopaTopHasi yCTAaHOBKA M0 MOJY4eHHIO U MIPECCOBAHMIO Ia30BbIX IHIPATOB

B oannou pabome npedcmasnena rabopamophas ycmaHo8Kka no ROLYYEHUIO 24308020 2U0paAma 8 Cmamuideckux
VCA0BUAX U NPECCOBAHUIO SUOPAMHBIX NeJllle HeNnoCPeOCMBeHHO 8 CAMOM peakmope. [lannas ycmanosKa
npeOHasHaueHa O pa3padbomku 3QHeKmuHvIX MemoOUK NOJYYeHUs, HOPMOBAHUS U NOCAEOVIOUWe20 XPAHEHUS
NOJIYYeHHbIX 2a4308bIX 2UOpamos. B pabome onucambi KOHCMPYKYUOHHbIE 0CODEHHOCMU YCIMAHOBKU,
nOCAe008amenbHOCHb ONepayuti no NOAY4YeHU0 2UOpama MemaHa U SpaHyi U3z He2o, a MmaKdxice NPuseoeHbl npuMepsl
IKCNEPUMEHMATLHBIX OAHHBIX NO YCKOPEHHOM) NOJYYEeHUI0 U NPECCOBANUIO 2UOPAma MemaHa u3 pacmeopa
KUHEeMUYecKko2o npoMomopa.

KoioueBble ciioBa: Ta30BbId rupar, 1abopaTopHasi yCTaHOBKA, TUAPATHBIC TIEJUIETHI, TPOMOTOP.

M.E. Semenov!, A.Yu. Manakov!? A.S. Stoporevt?3 U.J. Mirzakimov!, M.A. Varfolomeev!
!Department of Petroleum Engineering, Kazan Federal University,

“Nikolaev Institute of Inorganic Chemistry SB RAS,

3Gubkin University,



Laboratory Unit for Producing and Pelletizing Gas Hydrates

This paper introduces a laboratory setup designed to produce gas hydrate under static conditions and to compress
hydrate pellets directly within the reactor. The installation is intended to facilitate the development of effective
methods for obtaining and storing gas hydrates. The paper discusses the design specifics of the installation, outlines
the sequence of operations for producing methane hydrate and granules from it, and provides examples of
experimental data related to the accelerated production and compression

of methane hydrate from a kinetic promoter solution.

Key words: gas hydrate, laboratory installation, pellets, promoter.

I 3. Taiinynaun'?, I1. 10. Kazakoea', P. C. Ilasenvee'?,

IO. @. Yupkoea', M. E. Cemenos'>, M. A. Bapgponomeee*

'Kazanckuii henepanbHbIil yHUBEPCHUTET,

2Ka3aHCKHUii HAIMOHAIIBHBIN UCCIIEN0BATENBCKMI TEXHOIOTUYECKUH YHUBEPCHUTET,

SUnctutyT npobnem nedu u raza Cubupckoro otaenenus PAH, r. SIkyTck,

rpavelyev@gmail.com

HoBble mpoMoTOpPHI HA OCHOBE AMHHOKHUCJIOT ¥ TUMOHHOI KHCJIOTHI

17151 3¢ PpeKTUBHOTO XPaHEHHS METAaHA B BU/I€ Fa30BbIX THAPATOB

B pabome paszpabomansl Hosbie npoU3800HbIE HEKOMOPBIX AMUHOKUCIOM HA OCHOBE TUMOHHOU KUCTIOMbL, KOOPbLE
VAYUUAOmM KUHEMUKY 00pa308aHus 2uopama Memana npu HU3KuX KOHYeHmpayusx. Imu coeOuHeHuss MO2ym cmamb
NOMEHYUATbHBIMU IPOEKMUBHBIMU NPOMOMOPAMU 2UOPAMO0OPAZ06AHUSL, He 00PA3VIOUUMU NEHbl NPU U3GTEYEHUU
easa uz eudpamos. Iloxazarno, umo moougpuxayuss AMUHOKUCIOM TUMOHHOU KUCTOTOU NOGLIULAEN UX
IPPexmusHoCmy 8 Kayecmee KUHeMU4eCcKux npoMomopos 00paz08anus 2UOPAma MemaHa nNo CPAGHEHUIO € YUCMbIMU
AMUHOKUCIOMAMU. DMO NPOABTAEMCSL 8 CHUNCEHUU BpeMEeHU UHOVKYUU, BDEMEHU O0CUNCEHUS MAKCUMATbHOU
KOHBepcuu 600bl 8 2u0pam u yeeaudeHuy no2nowenus memana. Moouguxayus nopreiyuna c 06paszosanuem amuod
HOPeYUHA U TUMOHHOL KUCIOMbL CNOCOOCMBYem Y8elUuieHUu0 KOH8epCUU 00bl 8 2uopam. [l pacmeopos

¢ kouyenmpayueti 0,05% mac. konsepcus yseauuunaco Ha 5% 0o 89%, umo coomeemcmeayem noznoujenuio

0,148 mono memana na 1 monv 600vl. Taxoice npu Moouguxkayuu Hopreuyuna crudxicaemcs epems uHOykyuu 6 1,6 pas,
a 8pems 00CMUANCEHUS MAKCUMATbHOU KOHEepcuu 8 2,8 pas no cpasHenuto ¢ HemMoOUuPUYUPOBAHHLIM HOPACUYUHOM.
KiroueBnble ci1oBa: ra30BbIe THAPATHL, THAPAT METaHa, XpaHEHHE TIPUPOIHOTO Tasa, IPOMOTHPOBAHHE
THIPaTO00pa30BaHUs, AMUHOKHCIIOTHI, IMMOHHAS KHCJIOTa, KHHETHIECKUE TPOMOTOPBI, TPOMOTOPBI 00pa3oBaHMsI

TUAPATOB METaHa.
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New Promoters Based on Amino Acids and Citric Acid

for Efficient Storage of Methane as Gas Hydrates



In this study, new derivatives of some amino acids based on citric acid were developed that improve the kinetics of
methane hydrate formation at low concentrations. These compounds could be potential effective hydrate formation
promoters that do not form foam during gas extraction from hydrates. Modification of amino acids with citric acid has
been shown to increase their effectiveness as kinetic promoters of methane hydrate formation compared to pure amino
acids. This is manifested by decreased induction time, time to reach maximum water to hydrate conversion, and
increased methane uptake. For example, modification of norleucine to form the amide of norleucine and citric acid
(promotes an increase in the conversion of water to hydrate. Thus for solutions with 0.05 mass% concentration, the
conversion increased by 5% to reach a level of 89%, which corresponds to an uptake of 0.148 mol of methane per 1
mol of water. Also, for CTR+Nle, the induction time decreased 1.6-fold to 27 min and the time to reach the maximum
conversion 2.8-fold to 120 min compared to unmodified norleucine.

Key words: gas hydrates, methane hydrates, natural gas storage, promotion of hydrate formation, amino acids,

citric acid, kinetic promoters, methane hydrate promoters.
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Oco0eHHOCTH TePMOAUHAMUYECKHUX YCJI0BUH 00pa30BaHUs M COCTAB ra3a B riipatax NpUpPoOAHOro rasa,
MOJy4YeHHBIX B 32COJICHHOM XJIOPHIOM KaJbIUA TUCIIEPCHOI cpee

B pabome npusedennvi pesynivmamsl uzyueHus mepmoOUHAMULECKUX YCA08ULL 00paA308aHUS 2UOPAMNO8 NPUPOOHO20
2a3a 6 OUCNEePCHoll cpede, HACLIYEHHOU 8000U, pAcmBopamu OaumMepos u ux cmecsamu ¢ pacmeopom CaClz,

a makaice CoCmasa 2a3a 8 NOAyYaemMvlx 8 2uopamax. Y cmanosneno, umo npupooHwlil 2az 60 8cex UCCIe008aHHbIX
cucmemax oopazyem cmecsb cuOpamos memana (2udpam Kyouueckou cmpykmypul 1; nepeas cmynens) u npupooHo2o
easa (eudpam xKyouuecxou cmpykmypwl 1l; emopas cmynens). Pagnosecnvle ycnosus oopasosanus eudpamos 6mopotu
CMYNeHU CMEeWeHbl N0 MePMULEecKol wKaie 6 0oaacmo svicoxux memnepamyp na 0,5—1°C omuocumenvho
PAcuemHoll pagHOBECHOU KPUBOLU 01 UCXOOHO20 NPUPOOHO20 2A3d, BePOSIMHO IMO BbI36AHO KOHYESHMPUPOSAHUEM

6 cocmase 2uopama comono2os memana C2—Cas. Hanuuue conu CaClz npusooum k cmeweHuro pagHoeecHbix YCiosuil
00pa3oeanus 2uopamos 6mopoul CMyneHu no CPAGHEHUIO ¢ PACHeMHbIMU KPUBHIMU 6 00IACTD GbICOKUX MEMNEPAmyp
U HU3KUX 0agnenut, ¢ ygeauuenuem 0oau komnonenmog C2—Ca 6 euopamax. Ocobennocmeti enusnust conu CaClz na
mepMoOuHamuyecKue yciosus 00pazosanus 2u0pamos npupooHo2o 2a3d 8 OUCHEPCHOU cpede 8 cMeCU C pacmeopamu
NOUMEPOB He 8bIAGIEHO, MAK KAK NOJYYeHHble OaHHble PABHOBECHBIX YCI08UL 00PA308aHUL 2UOPANOE NPUPOOHOZO
2a3a coenaoaiom ¢ OAHHbIMU, NOJYYEeHHbIMU Npu 0bpazosanuu euopamos 8 pacmeopax CaClz u 600bi.

KirroueBble coBa: ra3oBbl€ THAPATHI, IPUPOIHBIH a3, JUCIEPCHAs CPEAA, PACTBOPHI OJIUMEPOB, XJIOPU KAJIbLHS.
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Features of Thermodynamic Conditions of Formation and Gas Composition in Natural Gas Hydrates Obtained
in a Dispersed Medium Salted with Calcium Chloride

Results are given for a study of the thermodynamic conditions of the natural gas hydrates formation in a dispersed
medium saturated with water, polymer solutions and their mixtures with a CaCl: solution, as well as the composition
of the gas in the obtained hydrates. It has been established that natural gas in all studied systems forms a mixture of
methane hydrates (first-stage hydrate) and natural gas (second-stage hydrate). The equilibrium conditions of the
second-stage hydrates formation are shifted along the thermal scale to the region of high temperatures by 0.5-1°C
relative to the calculated equilibrium curve for the initial natural gas, this is probably caused by the concentration of
C2>—C4+ methane homologues in the hydrate. The presence of salt CaCl: leads to a shift in the equilibrium conditions
of the second-stage hydrates formation compared to the calculated curves to the region of high temperatures and low
pressures, with an increase of the content of C2—C4 components in the hydrates. No specific influence of the CaCl:
salt on the thermodynamic conditions of the natural gas hydrates formation in a dispersed medium with a mixture with
polymer solutions was revealed, since the obtained data on the equilibrium conditions of the natural gas hydrates
formation coincide with the data obtained for the formation of hydrates in solutions of CaCl. and wate.

Key words: gas hydrates, natural gas, gas composition in the hydrate, dispersed medium, polymer solutions, calcium

chloride.
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JKcnepuMeHTAIbHOE n3ydeHue BiaussHust noHoB HCOsz™ u CI”

Ha ruapaToo0pa3oBaHue MPHUPOIHOIO raza B IOPHUCTOM cpese

B pabome uzyuenvt npoyeccvl 00pazosanus u paznodxicenus cudpamos 8 Cucmemax npupoorvlil 2as — necoxk — 5% mac.
pacmeop NaHCO3 u npupoounsiii 2az — necox — 5% mac. pacmsop NaCl memooom ougpgpepenyuanvrozo
mepMU1ecKo20 aHanu3a npu Havarbuslx oasnenusax 2asa om 3 0o 9 Mlla. Onpedenenvl pagrnosecHble YCio8us,
OHMATLNUY OUCCOYUAYUY U KUHEeMUYeCKUe Napamempbl Rpoyecca 00pasosanus cuopamos.

Ipoyecc cudpamoobpazosanus 6 cucmeme, codepicawyeti pacmeop 2UOPOKApOOHAMA HAMPUsL, XAPAKMEPUZYEMCSL
bosee 8bICOKUMU MEMREPAMYPAMU U HUSKUMU OABNIeHUAMU, a makdxice bojiee 8blCOKUMU KUHEMUYeCKUMU
Xapakmepucmuramy no CpaAGHeHUio ¢ CUCIMEMOLL C XI0PUOOM HAMPUA NPU 0OUHAKOBOU KOHYEHMPAYUU PACMEOPO8.
Tokaszano, umo 0OHUM U3 PaKmopos, BIUAIUUX HA 00pa308anUe 2UOPAMO8 8 UCCAEO08AHHBIX CUCTNEMAX, ABIAEHIC
cocmae pacmeopos. Ycmarnosneno bonee cuivhoe cmpykmypooobpazyiowee deticmsue uorna HCO3™

no cpasnenuio ¢ uonom Cl°, umo u vizvieaem paznuyy 6 mepmoOUHAMUYECKUX YCLOBUSX U KUHEMUYECKUX
napamempax 2uopamoodpas0e8anusi NPUPOOHO20 2a3d 6 HOPUCHOTU cpede.

KiioueBble ¢j10Ba: TUIPATHI TPUPOJTHOTO Ta3a, KBAPIEBbINA MECOK, THIPOKAPOOHAT U XJIOPHUI HATPHUS, KHHETUYCCKHUC

napaMeTpsl 00pa3oBaHUs TUAPATOB, CTPYKTYpa BOJBI, CTPYKTYPOOOpa3oBaTeib, CTPYKTYpOPa3PYLIIUTEb.
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Experimental Study of the Influence of HCOs~ and CI~ lons

on Natural Gas Hydrate Formation in a Porous Medium

The processes of hydrate formation and decomposition in natural gas — sand — 5% wt. NaHCO3 solution and natural
gas — sand — 5% wt. NaCl solution systems were studied by differential thermal analysis at initial gas pressures
ranging from 3 to 9 MPa. Equilibrium conditions, the enthalpy of dissociation and the kinetic parameters of the
hydrate formation were determined. It was found that the process of hydrate formation in a system containing sodium
bicarbonate solution is characterized by lower pressures, higher temperatures and kinetic characteristics compared to
systems with sodium chloride solutions at the same solution concentrations. This suggests that the composition of the
solution has a significant effect on hydrate formation within the studied systems. A stronger structure-making effect of
the HCOs~ion has been established compared to the CI- ion, which causes a difference in thermodynamic conditions
and kinetic parameters of the natural gas hydrate formation in a porous medium.

Key words: natural gas hydrate, quartz sand, bicarbonate and sodium chloride, kinetic parameters of hydrate
formation,

water structure, structure maker, structure breaker.
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H3yueHue BIUSIHUS IPOMOTOPOB HA MPOIleCC 00pa30BaHNUs IHAPATAa MOMYTHOTO HEQTIHOTO raza

B CTATHYECKHUX YCJIOBHSIX

B smou pabome sxcnepumenmanvro uccredosan npoyecc oopazosanus cuopama nonymHozo Hegpmsanoeo eaza (I1HI)
U3 3aMOPOAHCEHHBIX PACMEOPO8 8 NPUCYMCIEUU NPOMOMOPOS (000eyUncyibdam Hampus 1 mpu-cyrb@uposantoe
Kacmoposoe Macio) 6 CMamuieckux ycnosusx. Mzyuenue nposoounocs ¢ noMoubio memooda ouggepenyuanibHou
cKkanupyiowell Kaiopumempuu. Ananuz pazoevix usmeHeHull (KPUCMAIIU3ayust 160a u/uiu 2uOpamd, COBMeCmHoe
niasienue 1b0a u 00pazosanue 2UOpama) u 6U3YAIUAYUsL NPOYecca PoPMUPOSaAnUs 2UOpPama cnocobCmeosaiu
onpedenenuio Gakmopos, 6IUAIOWUX HA uHmencugHocms pocma cuopama ITHI 6 uzyuaemvix ycrosusx. Ilokazano,
umo 6 cayyae eudpama ITHI nanuyue u mun npomomopa oKazvleaiom pewaioujee 6IusHue Ha CKopochb pocma
2UOpamos, mo20a Kax nPomoKoJ ux HOJIyYeHuUs: Goablue 6IuUsem Ha 0CHPOU3B00UMOCHTb NPOYeCccd.

KiioueBble c10Ba: Ta30BbIe THIPATHI, IIABICHUE JIbA, IOy THBIN He(TAHOM ra3,

MIPOMOTODEI, UG epeHTnanbHas CKAaHUPYIOIIast KaIOPUMETPHSI.

M.E. Semenov!?, U.Z. Mirzakimov!, M.B. Yarakhmedov?, A.S. Stoporev!?
'Kazan Federal University,

%Institute of Oil and Gas Problems SB RAS, Yakutsk,

Gubkin University

Effect of Promoters on the Formation of Associated Petroleum Gas Hydrate

under Static Conditions



This study investigated the formation of associated petroleum gas (APG) hydrate from frozen solutions of promoters
(sodium dodecyl sulfate and trisulfonated castor oil) under static conditions. The experiment utilized differential
scanning calorimetry to analyze phase changes, such as ice crystallization, hydrate formation, and joint ice melting
and hydrate formation. The visualization of the hydrate formation process helped identify factors that influence APG
hydrates' growth under the given conditions. The study concluded that the type and presence of promoters
significantly affect the growth rate of hydrates, while the preparation protocol has a greater impact on the
reproducibility of the process.

Key words: gas hydrates, ice melting, associated petroleum gas, promoters, differential scanning calorimetry.
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Huskono3upyemMble HHTHOMTOPBI THAPATO00PA30BAHNS HA OCHOBE

COMOJIMMEPOB MAJIEHHOBOT0 aHTHIPHUAA

€ M30NMPONUIAKPHIAMHUIOM, AMUTHPOBAHHBIE TUOYTHIAMHUHONPONUIAMIUHOM

H3yueno enusnue conomuMepos Ha 0CHO8E MANCUHOB020 AHSUOPUOA U UONPORUNAKPUIAMUOA HA NPOYeCC
0bpazosanus 2udpama Memar-nponanogou cmecu. Peakyuro nonumepusayuu nposoounu 8 nempoietinom sgupe u
oumemuighopmamude, 3amem YUK MAiIeUHO8020 AH2UOPUOA PACKPLIBALU OUOymuiamunonponuiamunom. Yacmo
NOMYYEeHHbIX nOIUMEpPos npu konyeumpayuu 0,5% mac. npooemMoHCmpuposania ROHUMCeHue memMnepamypbl Ha4ania
2UOpamoodPA308aHUsL U KOHBEPCUIO 243d 6 2UOPAM HA YPOBHE KOMMEPUECKUX KUHEMUYeCKUX UHeUOUMOopos
euopamoobdpazosanus Luvicap EG u PNIPAM. Haunyuwue pesynomamor no nepeoxnasxicoenuro noxaszan oopaszey ¢
NOBBIUEHHBIM COOePICAHUEM Pppazmenma uzonponunrakpuramuoa. Haumenvwas xoneepcus 2asa 6 cuopam
HAb00anaAch OJisi CUCHEMDBL, COOEPAHCAUYEU 2OMONOIUMED MATECUHOBO20 AHSUOPUOA, MOOUDUYUPOBAHHO2O0
OUOYMUNAMUHORPONUIAMUHOM

Ki1ioueBblie €J10Ba: Ta30BbIC TUIPATHL, TIPUPOIHBIN ra3, KWHETHYECKHE HHTHOUTOPBI THIPATO00Pa30BaHHUS,

noJimMaJiearTsl.
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Low-Dose Hydrate Formation Inhibitors Derived from Copolymers of Maleic Anhydride

and Isopropylacrylamide Amidated by Dibutylaminopropylamine

The effect of copolymers based on maleic anhydride and isopropylacrylamide on the formation of methane-propane
hydrate was studied. The polymerization reaction was carried out in petroleum ether and dimethylformamide, then
maleic anhydride cycle was opened by dibutylaminopropylamine. Some of the obtained polymers at a concentration of
0.5% wt. demonstrated a decrease in the temperature of hydration onset and gas to hydrate conversion at the level of
commercial kinetic hydrate inhibitors such as Luvicap EG and PNIPAM. The sample with higher isopropylacrylamide
fragment content showed the best supercooling results. The lowest gas to hydrate conversion was observed for the

system containing maleic anhydride homopolymer modified with dibutylaminopropylamine.



Key words: gas hydrates, natural gas, kinetic inhibitors of hydrate formation, polymaleates.
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Processing of the Arctic Shelf Qil

This article presents the results of studies into the physicochemical properties of Arctic crude oil and its fractions.
According to its characteristics and group composition, the Arctic shelf oil is a bituminous, high-sulfur, and
low-paraffin oil with the content of light fractions less than 50 wt %. Approaches to its refining are proposed.
Keywords: Arctic shelf oil, diesel fuel, marine fuel, petroleum bitumen, fractional composition, hydrocarbon

composition.
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Ignition Features of a High-Voltage Electric Discharge

in Water under Conditions of Deep Oil Wells

Approaches to improving the electrode system of submersible electrohydropulse devices used for treating the
bottom-hole zone of deep oil wells are analyzed with the purpose of increasing the oil flow rate at a hydrostatic
pressure of up to 50 MPa and electric field strengths within the range of (0.5-1.5)-10 7 V/m. The feasibility of
increasing the voltage at the dielectric-liquid—metal interface up to Eign = 3-107 V/m to ignite a discharge under high
pressure conditions is demonstrated. The hysteresis of breakdown voltage in various liquids, such as an invert
water-in-oil emulsion, formation water, and process water, is described and analyzed. Experiments are carried out at
different values of hydrostatic pressure in the well. A possible mechanism for the appearance of hysteresis during
repeated breakdowns of liquids during a decay and rise in operating voltage is explained. The necessity of taking the
hysteresis effect into account when calculating the discharge ignition intensity in deep wells is shown. The efficiency
of the impact of breakdown and corona discharges in water on the bottom-hole zone is compared. Options for using
electrode systems with an increased electric field strength in the area of the pulse shaper in electrohydropulse devices
for treating wells are shown. These include a dielectric patch with a small hole on the flat part of the working
electrode. Types of plastic materials that could increase the level of electric field strength and carry out the required
number of stable breakdown discharges for one hoisting operation, at least 4.0-104 pulses, are described.

Keywords: electrohydropulse device, high-voltage electric discharge, electrode system, intensification of oil

production, hydrostatic pressure, breakdown voltage hysteresis.
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Characterization of Carbonate Reservoirs

and Main Controlling Factors Research

This study deeply explores the characteristics of the dolomite reservoir and its controlling factors in the Ordovician
Majiagou Formation in the southern Gaogiao area of the Jingbian gas field in the Ordos Basin, aiming to provide a
more accurate scientific basis for oil and gas exploration. The study reveals the petrological characteristics and
reservoir properties of the reservoir through core analysis, thin-section observation and porosity and permeability
testing. The results show that the reservoir in this area is dominated by mud-crystalline dolomite and crystalline
dolomite, especially mud-crystalline dolomite shows excellent storage and permeability performance due to the
development of pore-soluble pores. The porosity mainly ranges from 2% to 6%, with an average porosity of 3.03%,
and the permeability mainly ranges from 0.01 to 5 mD, with an average of 2.14 mD. The analysis of the main
controlling factors of the reservoir shows that karst plays a decisive role in the development of dolomite reservoirs,
and especially the formation and distribution of the paste-solution pores have a significant influence on the storage
and seepage performance. The depositional characteristics of gypsum nodules and their distribution pattern during
the rock-forming process have an important influence on the porosity and permeability of the reservoir. Differences in
the physical properties of the reservoir in the sedimentary microphase environment have a significant impact on the
reservoir performance, in which the microphase reservoir containing gypsum cloud ping exhibits higher porosity and
permeability. In addition, reservoir destructive primary control factors, such as compaction and
pressure-solubilization effects and cementation and filling effects, negatively affected reservoir properties. Taken
together, this study provides important scientific support for understanding the formation mechanism of dolomite
reservoirs in the region, assessing the hydrocarbon resource potential, and guiding future exploration activities.

Keywords: carbonate rocks, Jingbian gas field, Mawui+2 , reservoir characterization; main control factors.
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Influence of Perforation on Fracture Initiation in Horizontal Wells

and Parameter Optimization

Segmented multi-cluster fracturing is a key technology for unconventional reservoir development, and injection
parameters have a significant impact on frictional resistance and fracture initiation pressure. A numerical model of
dynamic fracking fracture propagation in horizontal wells was established by considering the flow distribution
between the cluster perforations, the stress interference between the fractures, and the fluid-structure interaction,
while the impact of various perforation parameters on the perforation friction and initiation pressure was

investigated. The numerical simulation results showed that a more significant perforation density, aperture, and depth



decreased the hydraulic fracture initiation pressure. The initiation pressure displayed an initial decline at a higher
perforation azimuth angle, followed by an increase while exhibiting a decreasing-increasing-decreasing fluctuation
trend at a higher perforation phase angle. By extracting the influence of different apertures and hole numbers on the
wellbore friction, The optimization template for perforation diameter and perforation quantity corresponding to
different hole friction in flow limiting fracturing is provided. This provides theoretical support for optimizing the
perforation parameters of segmented cluster fracturing in horizontal wells.

Keywords: perforation parameters, crack initiation pressure, multiple crack propagation, sensitivity, preferred

template.
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Saturation Prediction of Specific Tight Sandstone Reservoirs Based

on Experimental Analysis of Oil-Water Relative Permeability

The isotonic point of the Chang-6 tight oil reservoir in the Qilicun Oilfield in the Ordos Basin cannot be determined
from experimental data on the waterflooding permeability. Furthermore, there are missing data near the isotonic
point. Previous research on phase permeability trends has uncovered significant uncertainties in the application of
data normalization, standardization, and interpolation processing. In current research, there is a consensus on the
existence of a relationship between the relative permeability and saturation indices. However, since measurements
contain relative permeabilities of 0, coefficient indices cannot be directly derived. Researchers have theorized that the
first data number in the wet phase relative permeability must be changed from a 0 to non-0 minimum in order to
directly establish the relationship between the relative permeability and the water saturation index. The missing
intervals after the first data point are not interpolated. Not only does this method incorporate the knowledge of the
permeability indices obtained by researchers, but it also eliminates the processes of normalization, standardization,
and interpolation of missing data intervals for permeability data in order to avoid errors introduced by these
processes. Without introducing new parameters, interference with raw data was reduced and the accuracy was
improved. The results indicate that the relative permeability is highly correlated with the water saturation indices.
Furthermore, the relationships between the water content and relative permeability and between the water saturation
and water content were analyzed using the Leverett displacement function and percolation theory. The water
saturation corresponding to the water content of 17 samples was calculated under the condition of displacement, and
the relationship between the critical water saturation and water content was further established. These results provide
support for studies on the relationship between phase permeability and oil-water saturation within this area.

Keywords: saturation prediction, waterflooding permeability, water content, tight sandstone.
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Characterization of Pore Structure and Thermal Evolution of Shale

The porosity and pore structure of mud shales are crucial for shale oil and gas storage and transportation. Although
the change of organic matter state in thermal evolution has a significant effect on pore formation, the mechanism and
main controlling factors still need to be deeply explored. In this paper, we selected the shale of the Yanchang
Formation in the southeastern Ordos Basin as an object, and used low-pressure N2 /CO2 adsorption, He density
method, high-pressure mercury compression, and field FE-SEM to deeply investigate the relationship between
thermal evolution and pore development in organic matter-rich shale. The experimental results show that FE-SEM
observation reveals that the organic matter pores of the shale in the Long 7 section of the Extension Formation show
four developmental states, in which the organic matter in the undeveloped pores is mainly of higher plant origin, solid
asphalt and laminated organic matter. The organic matter with highly developed pores is nanofibrous, similar to
extracellular polymers. Comparison of thermal simulation experiments shows that the high-pressure semi-closed
system has stronger hydrocarbon drainage strength than the closed glass tube system. In the oil generation stage, the
pore volume of both systems decreased, mainly due to oil filling; while the oil cracking stage was the main pore
development period, especially in the high-pressure semi-closed system; Simulation experiments with different
organic matter types and contents showed that the mud shale with better organic matter type and TOC content was
more prone to hydrocarbon drainage and pore growth. Compared with type 11/I1 mud shale, type | and Il are more
likely to form macropores, and compaction has an inhibitory effect on the formation of macropores. This study reveals
the close relationship between the pore development of mud shale and its thermal evolution of organic matter, which
provides an important reference for shale oil and gas exploration.

Keywords: organic matter, pore structure, thermal evolution, hydrocarbon drainage, extension group.
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Effect of pH of Synthetic Solution on the Performance

of the Fluid Loss Control Additive Used in Oil Well Cement

The retarding side effect and the compatibility with other additives are the main problem to limit the field application
of the fluid loss control additive (FLCA) synthesized. The effect of the pH of the synthetic solution, and the type of
carboxylic acid group on the retarding side effect and the compatibility with the retarder AMPS-IA synthesized by
2-acrylamido-2-methyl propane sulfonic acid (AMPS) and itaconic acid (IA), and the influence mechanism was
studied in this paper. The pH value of the synthetic solution has a significant impact on the performance of fluid loss
agents containing different carboxylic acid groups. For fluid loss control additive containing maleic acid (MA), as the
pH value of the synthesized solution gradually increases, the compatibility between the fluid loss agent and the
retarder gradually deteriorates, but the side effects of the retarder gradually decrease. For water loss agents
containing IA, as the pH value of the synthesized solution gradually increases, the compatibility between the fluid loss
agent and the retarder first improves and then gradually deteriorates. The compatibility is best at pH 7, but the side
effects of the retarder gradually decrease. For fluid loss agents containing acrylic acid (AA), as the pH value of the
synthesized solution gradually increases, the compatibility between the fluid loss agent and the retarder first
deteriorates and then gradually improves. The compatibility is best at pH 12. Overall, the fluid loss control additive
containing MA has the best compatibility with the retarder, and the side effects of the retarder are not strong,
resulting in the best overall performance.

Keywords: fluid loss control additive, cement, retarder, carboxylic group, pH.
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Numerical Simulation Investigation of Lateral Bearing Characteristics

of Deepwater Expandable Conductors

Deep water poses challenges for conventional surface conductors due to soft seabed soil. The current installation
methods are time-consuming and risky, leading to sinking and instability. A new high-bearing capacity surface
conductor is essential. This study investigates lateral bearing characteristics of deepwater expandable surface
conductors. A mechanical model was established based on fundamental mechanics principles. Three types of
expandable conductors were designed, varying expansion material distribution. The study compares lateral bearing
characteristics, analyzes changes in bearing capacity based on soil parameters and expansion material section, and
demonstrates enhanced bearing capacity of the new conductors compared to traditional ones. This research supports
expandable surface conductor design and numerical simulations in surface well construction.

Keywords: drilling, deepwater drilling, surface conductor, expandable conductor, bearing characteristics.
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Research Status and Prospect of Rheology of Waxy Crude Oil

In this paper, the rheological properties and viscosity reduction mechanism of waxy crude oil were reviewed. Firstly,
the rheological behavior of waxy crude oil was introduced from the aspects of microscopic properties, viscosity, yield
properties, thixotropy and viscoelasticity. Secondly, the effects of dissolved gas, light crude oil or alcohol on the
rheological properties of crude oil were described respectively. Finally, the shortcomings and limitations of existing
studies were further prospected. The future research will focus on exploring the mechanism of the effect of shear
history on the microstructure of wax crystals, and establishing the constitutive model of crude oil considering the yield
strain and yield stress based on the morphological and structural changes of wax crystals. Furthermore, to explore
the mechanism and influence law of light component dissolution on crude oil rheology, and establish a reliable
viscoelastic-thixotropic model of crude oil under the conditions of unsteady shear, wide range shear rate and
ultra-low shear rate, will be the prerequisite and basis for the numerical calculation in restarting of gelled crude oil
containing light component at low temperature.

Keywords: waxy crude oil, rheology, thixotropy, dissolved light component, restarting.
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Experimental Study on the Synergistic Effect

of «Dispersion-Chelation-Dissolution» on the Removal

of Trithiane Blockages in Gas Wells

Natural gas has become an important replacement resource for conventional oil and gas resources. However, the
generation of trithiane blockages during gas well development can affect the development efficiency and wellbore
safety of the gas well. Unfortunately, the current research on the formation mechanism of blockages in wellbore and
their removal processes is not yet complete, and cannot provide theoretical support for the removal of blockages in
deep-water gas wells. In this study, based on the validation of the adaptability of the experimental system and
methods, the composition of wellbore blockages during gas well development was analyzed. Then, the mechanism of
dispersion chelation dissolution synergistic unblocking was explored, and the influence of factors such as wellbore

temperature was studied. Research has found that blockages in the wellbore are mainly composed of calcium



carbonate (accounting for up to 61.3%), and contain a certain amount of highly corrosive iron sulfide and calcium
sulfate. Moreover, the dissolution rate of trithiane wellbore blockages by the unblocking system will significantly
increase with the increase of temperature. However, when the wellbore temperature exceeds 140°C, the promotion
effect of the increase in wellbore temperature on the accelerated dissolution rate of blockages is significantly
weakened. At the same time, the dissolution rate of wellbore blockages will increase with the increase of chelating
agent concentration within the low chelating agent concentration range. However, when the concentration of
chelating agent is higher than 5.0 wt%, the dissolution rate of wellbore blockage will slowly decrease with the
increase of chelating agent concentration. Finally, on-site application found that the wellhead pressure and gas
production both returned to the level before the wellbore blockage after the removal of the trithiane blockage in the
wellbore, and there were no repeated wellbore blockages in the following year.

Keywords: trithiane, collaborative unblocking, wellbore flow, chelating agent concentration.
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Some Approach to Active Disturbance Rejection Control

in Fuel Cells Regarding Air Inlet Flow Control

Air inlet flow control is critical for performance of Proton Exchange Membrane Fuel Cells (PEMFC). An essential
gauge for air input flow is the oxygen excess ratio (OER). However, accurate controlling for OER is a huge challenge
because of the erroneous modeling, imprecise parameter values, and disturbances. An Active Disturbance Rejection
Control (ADRC) approach is suggested in this research as a means of resolving the issue of fuel cells’ internal and
exterior interference. Firstly, the total disturbance is obtained using an extended state observer. Secondly, the total
disturbance is compensated before the control action to determine the control quantity for air supply, which is further
controlled by modifying the air compressor’s voltage. The performance comparison between the suggested approach
and PID and fuzzy PID control shows that the proposed technique can achieve a higher reliability for managing the
mechanical faults of the air compressor. In addition, the root mean square error (RMSE) of control time and
overshoot is smaller.

Keywords: proton exchange membrane fuel cell, active disturbance rejection control, oxygen excess ratio, total

disturbance.
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Relationship of Reservoir Characteristics with Stability Parameters

of Underground Gas Storage

The geological reservoir characteristics and mechanical parameters of oil and gas fields exert significant influence on

the stability and preliminary feasibility assessment of underground gas storage facilities, posing an urgent challenge



for petroleum engineers to address. This study, grounded in the geological conditions and fundamental characteristics
of the Wanshunchang gas field, explores the effects of various factors on stability parameters of gas storage facilities
and analyzes the reasons underlying differences in stability. The findings reveal that the geological and mechanical
parameters of the Wanshunchang gas field meet the basic requirements for gas storage facilities and can withstand
injection and extraction pressures of up to 80 MPa. Furthermore, an increase in reservoir elastic modulus and
cohesive strength mitigates reservoir leakage and contributes to maintaining wellbore stability in underground gas
storage. Additionally, the pressure and curvature of the overlying strata are important factors affecting the
permeability characteristics and stability of gas storage facilities. However, at a reservoir depth of 3000 meters, low
leakage rates (23 ml/h) and reservoir damage (8%) can be achieved, highlighting the potential for establishing gas
storage facilities with minimal adverse effects. Through comprehensive analysis of the geological reservoir
characteristics of the Wanshunchang gas field, optimal parameter configurations suitable for gas storage facilities
can be identified, elucidating the stability mechanisms thereof. This study provides essential data support for the
Wanshunchang gas field as a potential site for underground gas storage.

Keywords: geological reservoir characteristics, Wanshunchang gas field, gas storage stability, seepage coefficient,

chemical mechanism analysis.
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Experimental Study of Gas Drive Chemical Analysis

and Enhanced Recovery in Tight Oil Reservoirs

As an important unconventional oil and gas resource, tight oil reservoirs are difficult to achieve ideal recovery rates
with conventional oil recovery methods. In this paper, the oil driving effect of different gases (CO2 and N2) in tight
reservoirs was investigated, and the auxiliary roles of chemicals such as surfactants and polymers in the gas driving
process were also discussed. An autoclave was used for the different gas drive experiments, with a set pressure range
of 10 MPa to 30 MPa, a constant temperature of 60°C, and the gas injection rate was adjusted to evaluate the drive
effect. In addition, the effects of surfactants SDBS and C12-14 Pareth-7, as well as polymers PAM and HPAM at
different concentrations on the gas drive effect were investigated. The results showed that the oil driving effect of CO2
was better than that of N2, and the oil recovery of CO: drive was increased by more than 20% at 30 MPa and 20
mL/min. With the addition of surfactant, SDBS increased the recovery by 15% at 0.3% concentration, while PAM
increased the recovery by 10% at 0.4% concentration. This study demonstrated the superiority of CO2 gas drive in
tight reservoirs and elucidated the enhancement effect of chemical adjuvants in the gas drive process by analyzing
detailed experimental data. These findings provide an important theoretical basis and technical support for optimizing
the gas-drive development scheme in tight reservoirs, which improves the crude oil recovery and has important
practical application value.

Keywords: tight reservoirs, gas drive, CO: drive, surfactant, recovery.
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A New Method for Solving Three Moment Equation

in Well Trajectory Control

Considering the assembly as a multi-span, continuous beam-column, a system of ““three moment equations™ can be
derived to compute side force components as well as all reactive forces, deflection, bending moment, and slope.
Solving high-order nonlinear equations involves programming and debugging, which can be time-consuming.
Moreover, many methods for solving such equations may not necessarily yield correct results. However, the Python
open-source library ““sympy”” simplifies this process by eliminating the need for complex programming and
debugging. It only requires the necessary equation information to quickly solve the high-order nonlinear equations.
Additionally, C# provides the capability to rapidly create graphical user interfaces, enhancing the solution’s usability.
By utilizing Python.NET to call Python code, it reduces the programming workload and effectively addresses the
problem of solving a system of three moment equations.

Keywords: three-moment equations, trajectory control, C#, Python, Pythonnet, Python.net, sympy.
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Temporal Changes of Sulfate-Reducing Microbial Communities

Based on Functional Gene Sequencing in Production Water

of Shale Gas Reservoir

Microbial sulfate reduction is a crucial metabolic process in shale gas reservoirs and a major contributor to
microbiologically influenced corrosion (MIC). To better understand and control the corrosion of sulfate-reducing
bacteria (SRB) during repetitive fracturing in produced water. In this paper, dissimilatory sulfite reductase (dsrB)
gene sequencing and quantitative real-time PCR (gPCR) techniques were used to compare SRB communities in
flowback and produced water from two shale gas wells (QS: fracturing with fresh water, FP: fracturing with
produced water) in the Changning area of the southern Sichuan Basin at multiple time points. A total of 10 samples
from the QS and FP wells were analyzed, revealing a shared core species distribution of Archaeoglobus (28.12%),
Desulfomicrobium (10.75%), and unclassified_d_bacteria (18.97%). The dominant genus in well QS was
Archaeoglobus, while well FP was unclassified_d_bacteria. The number of SRB was consistently higher in well QS

compared to well FP throughout the production process. Direct gradient analysis indicated that SO4> and pH (P <



0.05) were significantly correlated with the community composition of SRB. These findings offer valuable insights into
the temporal trajectory of SRB communities in different hydraulic fracturing habitats and have important implications
for understanding the enrichment of microorganisms that may pose a potential corrosion threat to gas well
infrastructure during this process.

Keywords: sulfate-reducing bacteria, bacterial community structure, flowback and produced water, water quality.
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Evaluation of the Performance of New Surfactants

and Study of Enhanced Recovery

In order to improve the efficiency of crude oil recovery, reduce the adhesion and adsorption of crude oil in the
formation, reduce the interfacial tension of oil and water to form a stable emulsion, the performance evaluation of
new surfactants and methods for improving oil recovery are studied. The esterification reaction is used to synthesize
the raw material of glyceryl monooleate succinic acid monoester, and the raw material is neutralized with an alkaline
solution to prepare a new surfactant. Through experiments, the surfactant’s interfacial tension, salt resistance,
temperature resistance, emulsification, viscosity reduction and other properties were evaluated, and the effect of
changing the oil recovery rate after using the surfactant was studied. Test results show that this new surfactant can
significantly reduce the water-oil interfacial tension, and can still reduce the water-oil interfacial tension even in
saline environments and high temperature environments. After the temperature reaches 50°C, the temperature
resistance is basically stable; When the surfactant concentration of the water-oil ratio is lower than 7:3 and higher
than 700mk/L, it can reduce the viscosity of the water-oil mixture; the surfactant has good foam performance and
emulsification, and can effectively improve crude oil recovery. Use 0.25% mass fraction surfactant, can effectively
improve oil recovery, but abnormal low-pressure environment will affect the recovery effect.

Keywords: surfactant, performance evaluation, recovery, water-oil interfacial tension.
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Oil Displacement Mechanism of a Novel Surfactant

China’s low-permeability reservoirs possess abundant resources characterized by poor rock properties, strong
heterogeneity, and fine pore throats, leading to low displacement efficiency. This study expands the concentration
window for achieving ultra-low interfacial tension (ULT) by adding co-surfactants to the primary surfactant.
Research indicates that the critical micelle concentration (cmc) and corresponding interfacial tension ([_tmc) of the
compounded system are lower than those of individual components. When the molar ratio of M to Q is 1:1, the

interaction parameter [ reaches its minimum value, indicating the strongest synergistic effect within the system.



The compounded system achieves an oil-water interfacial tension as low as 0.0021 mN/m at 0.25% M + 0.025% Q,
enhancing recovery efficiency by 0.88% compared to the single component M. Utilizing micro-etching microscopy
and natural core physical model experiments, the compounded surfactant system’s recovery efficiency increment
reaches 19.7%, significantly surpassing water flooding effects. This provides robust support for the efficient
development of the Jiyuan X reservoir.

Keywords: low-permeability reservoir, surfactant, performance evaluation, enhanced oil recovery.
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Investigation into the Dominant Factors of Gas Recovery

in High-Temperature and High-Pressure Gas Reservoir

With the exploration and development of gas reservoirs moving into deeper formation, high temperature and high
pressure (HTHP) gas reservoirs have gradually become one of the research focuses. However, there is still lack of
enough experience and systematic understanding of the development principles of HTHP gas reservoirs with different
petrophysical characteristics to clarify the development strategies. This paper established a model of HTHP gas
reservoir to investigate the effects of the major development and geological factors on gas recovery factor and stable
production period, such as reservoir permeability, water aquifer, stress sensitivity, and gas production rate, figuring
out the sensitivity of each factor to gas recovery factor. Then a RBF neural network algorithm was employed to
predict the gas recovery factors of HTHP gas reservoirs with different gas production rate in the Yinggehai Basin in
the South China Sea, and then effective development approach for HTHP gas reservoirs was proposed. The research
results showed that reservoir permeability had the highest impact on gas reservoir recovery, followed by water body
multiples and permeability stress sensitivity, while gas production rate came in last. The development of medium and
high permeability gas reservoirs was different from that of low and ultra-low permeability ones. As the permeability
and stress sensitivity increased, the recovery factor of medium and high permeability gas reservoirs changed slightly,
which was more affected by water aquifer. However, that was not the case in low and ultra-low permeability gas
reservoirs. For medium and high permeability gas reservoirs with weak water aquifer, it was proposed to improve the
gas production rate to enhance the development economics. For low and ultra-low permeability gas reservoirs with
strong stress sensitivity, it was proposed to control the gas production rate to weaken the permeability damage and
increase the stable production period in addition to the methods such as long horizontal wells, branch wells, and
fracturing acidification. The research results could provide an effective guidance for the development of HTHP gas
reservoirs.

Keywords: high-temperature and high-pressure gas reservoir, gas recovery factor, stress sensitivity, water aquifer,
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Development and Application of a Oligomeric Emulsifier

with High-Temperature Resistant

The main technical challenge of drilling fluid in deep oil and gas drilling is that the treatment agent fails at high
temperatures. The shortcomings of emulsifiers used in oil-based drilling fluids under high temperature conditions
included high dosage and susceptibility to failure. An oligomeric emulsifier SSRH-1 with high temperature resistant
was prepared through the reaction of organic acids and organic amines and the product yield exceeded 93%. Using
SSRH-1, a high temperature oil base drilling fluid was formulated with organophilic clay, filter loss reducer and
wetting agent etc. The density of this oil base drilling fluid was adjustable between 1.2 and 2.1 g/cm?®. The oil base
drilling fluid had the characteristics of good rheological performance and low filtration rate at 220°C.
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Enrichment Mechanism for the Organic Matter in a Shale Gas Formation

Based on Its Geochemical Characteristics

In order to acknowledge the enrichment mechanism of organic matter in the black shale of the Middle Ordovician
Yanxi Formation in central and southern Hunan area, the shale samples of the Yanxi Formation in the Madugiao,
Jinweixiang, Hejiadong and Mianhuaping are selected to test abundance of organic matter, major, trace and rare
earth elements. The results show that the average total organic carbon (TOC) of black shale in study area is 2.03%,
indicating the high abundance of organic matter in the Yanxi Formation. The CIA values and w(Sr)/w(Cu) ratios show
that the Yanxi Formation had a warm and humid climate. The concentrations of Zn, V, Ni and Cu imply a medium
primary productivity in the Yanxi Formation, whereas they have weak correlations with TOC. The element
concentrations of V, Cr, Ni, and Mo reveal that the black shales were deposited in anoxic-euxinic conditions. The
accumulation of organic matter is jointly affected by paleoclimate, primary productivity, redox conditions, sea level
change and terrigenous debris. The organic matter enrichment model of the Yanxi Formation shales is a ‘deepwater

retention basin’ controlleded by anoxic conditions.
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Numerical Study on Crushing Strength of Porous Proppant

Using the Finite Element Method

Porous proppants are an important type of lightweight proppants, which can be transported to far fractures in
hydraulic fracturing. The ideal proppants should have higher strength besides lower density. Usually, as the pores
increases, the crushing strength of porous proppants will decrease, resulting in the difficulty propping more fractures.
In this study, the three-dimensional finite element model(3D-FEM) was used to study crushing strength of single
proppant. The effects of pore distribution, pore size and porosity on proppant crushing strength were analyzed.
Weibull theory was used to describe the dispersion of crushing strength. The failure processes of solid proppant and
porous proppant were studied. The results show that the solid proppant has obvious brittle fracture, while porous
proppant has structural plasticity. With the increase of pore size and decrease of porosity, the distribution of crushing
strength is more dispersed. The crushing strength decreases significantly when porosity is less than 7% and then
decreases slowly as porosity continues to increase. The crushing strength will increase with the increase of pore size.
When the pore size is larger than 0.1 mm (d/D<1/6), the crushing strength has no obvious change. These results can
guide the preparation and application of porous proppants.

Keywords: hydraulic fracturing, porous proppants, crushing strength, finite element model.
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Research and Application of Temporary Blocking

and Diversion Techniques for Fracturesi Tight Oil Reservoir

The tight oil reservoirs in the western region of Yanchang Oilfield are characterized by low porosity, low
permeability, low pressure, and strong heterogeneity. During the process of volumetric fracturing, there are issues
such as low complexity of fracture extension within single clusters and the inability to fully open multiple clusters
within the same section. To increase the complexity of single-cluster fractures and improve the efficiency of cluster
activation, a field test of temporary blocking and diversion volumetric fracturing was conducted on the Chang 72
layer of Well Luoping 29 and the Chang 8 layer of Well Ding 4994DX-1 in the tight oil region. The optimal dosage of
the temporary blocking agent and the parameters for temporary blocking operations were determined. It is
recommended that the amount of the temporary blocking agent be 150-250 kg per segment, with a displacement rate

of 4-5 m*min, and a blocking pressure of 2-3 MPa. The amount of temporary blocking balls should be 1.3 times



greater than the perforation holes, with a displacement rate of 5-6 m®/min and a blocking pressure of 3-14 MPa. This
led to the development of a temporary blocking and diversion technology suitable for tight oil reservoirs. Through the
analysis of fracture monitoring data and fracturing operation curves, the construction success rate of temporary
blocking and diversion was found to be over 80%, achieving the re-opening of fractures after temporary blocking and
diversion. Post-fracturing performance evaluation indicated that Well Luoping 29 had an initial monthly cumulative
oil production of 1206 m* and an average daily oil production of 40 m*/d, which is 2.2 times the average daily oil
production of neighboring wells at the same layer. Although the daily oil production of Well Ding 4994DX-1 was
similar to that of neighboring wells, its daily fluid production and wellhead pressure were increased by 1.0 times
compared to neighboring wells, showing better post-fracturing performance. The successful trial of the temporary
blocking and diversion technology provides significant technical support for the thorough stimulation of tight oil
reservoirs.

Keywords: volumetric fracturing, temporary blocking and diversion, blocking pressure.
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High-Temperature Resistant and Environmentally Friendly Drilling Fluid Treatment Agent

During the drilling process, high-temperature environments can cause the performance of traditional drilling fluids to
decline, affecting drilling efficiency and environmental protection. To address this issue, this study added polymetallic
hydroxide to anti-temperature and environmentally protective drilling fluid treatment agents, verifying its
performance through linear expansion experiments, anti-expansion experiments, mud ball experiments, and
thermogravimetric analysis.The experimental results indicate that at 20 minutes, the expansion rate of bentonite is
44.2% in water and 22.3% in KCI, and at 120 minutes, the expansion rate is 70.4% in water and 50.4% in KCI. When
mixing different polymetallic hydroxides with bentonite clay, M1-Fe exhibited the lowest swelling among Fe-doped
polymetallic hydroxide samples, with rates of 13.3% at 20 minutes and 22.7% at 120 minutes. Among Cu-doped
samples, M2-Cu showed the lowest expansion, at 15.9% at 20 minutes and 25.3% at 120 minutes. For Zn-doped
samples, M3-Zn had the lowest expansion rates, at 16.5% at 20 minutes and 27.3% at 120 minutes.The results
demonstrate that Fe-doped polymetallic hydroxide samples exhibit excellent swelling inhibition and thermal stability
at high temperatures. These samples significantly improve the high-temperature stability and environmental
performance of drilling fluids, showing great potential for widespread use in high-temperature drilling.

Keywords: inhibitors, high temperature resistance, drilling fluids, linear expansion experiments, environmental
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Typical Deterioration Process of Jet Fuel Quality

during Maritime Storage and Transportation

Maritime transportation is one of the vital means delivering jet fuel from refineries to end-users. The possible
deterioration of fuel quality during maritime transportation directly impacts the final performance of jet fuel and, in
severe cases, may even compromise aviation safety. While numerous studies have delved into the deterioration of jet
fuel quality during long-term storage on land, there is a notable lack of research reporting on its quality deterioration
during maritime transportation. This paper summarizes the unique conditions faced by jet fuel during maritime
storage and transportation. Based on these characteristics, experimental studies were conducted to investigate the
effects of storage duration, atmosphere, impurities, water content, and fuel blending on the quality deterioration
process of jet fuel. The results reveal the process and underlying causes of jet fuel quality deterioration during
maritime transportation.

Keywords: jet fuel, deterioration, maritime transportation, accelerated aging.
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Key Components of Energy Cooperation Based

on the Game Analysis Between China and the Central Asian Region

MAiming at the real problems of energy cooperation negotiation between China and Central Asia, based on the
bargaining game theory proposed by Nash and Rubinstein, we adopt the method of dynamic game analysis to
establish the tri-stage bargaining game model of complete and incomplete. Nash and Rubinstein, we adopt the method
of dynamic game analysis to establish the tri-stage bargaining game model of complete and incomplete information,
and use the inverse induction method to solve the equilibrium problem. information, and use the inverse induction
method to solve the equilibrium, and get the equilibrium strategies of two players.

Keywords: energy cooperation, tri-stages bargaining, pricing game.
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