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M. P. Ycmanos

«JTYKOMJI — HNumxenepasie HaBbiku u KommnereHmm

link@lukoil.com

IIpakTuka BHeApeHus koHuenuun «Lean Management» B OO0 «JIMHK»

Cmamus nocesiujena onvimy npumenenusi mooenu « 7S Lean Managementy ¢ OO0 «JIUHK». [Ipedcmaenen ananusz
0a306b1X YNPABGIEHUECKUX NPAKMUK, UCNOTb3VEMBIX 8 NPOMBIULIEHHOM UHICUHUPUHEE, PACCMAMPUBACTNCS KOHYENnyYUs.
bepexrcnuso2o npou3eo0Cmaa 8 UHNCUHUPUH2080M NPOUZBOOCBEHHO-CepBUCHOM yYenmpe. Ocoboe eHuManue yoeneHo
KII0Ue8bIM Yelam U CMpame2udeckum NpUmA3AHUAM KOMAAHUU OM UCHOLb308AHUS CINAHOAPMUSUPOBAHHBIX NPAKMUK
bepexrciusozo npou3800CmMad, NPUGEOeHbl NPUMeEPbL NPOEKMO8 8 MOl 00IACmU.

KuroueBrble c10Ba: MHXUHUPHHT, OepeXIINBOE ITPOMU3BOICTBO, YIIPABICHIECKHE MTPAKTHKH.

M. R. Usmanov

Lukoil — Engineering Skills and Competences (LINK)

Practical Issues of Implementation of the "Lean Management" Concept at LINK LLC

This article provides the analysis of using the concept of lean production concept practice in the Engineering
Production and Service Center of LINK LLC. The basic management practice used in industrial engineering has been
presented and some particular features of LINK LLC have been described. Taking into account these particular
features, the "7S Lean Management" model, which is used in the company, has been provided. The major goals and
strategic claims based on use of standardized lean production practice at LINK LLC have been described, as well as
examples of projects in this area have been provided.

Key words: engineering, lean production, management practice.

C. @. Banees, E. A. Kanunenko

Jlyxotin — Umkenepusie HaBeikn 1 Komnereniuu (JIMHK)

Ekaterina.Kalinenko@Lukoil.com

CoBpeMeHHbIE TEXHOJIOTHU U TPEH/IbI PHIHKA BTOPUYHBIX MOJIMMEPOB

3a nocreonue 5 nem nos6uUIOCH 3HAUUMENLHOE KOIUYECHBO MEXHOL02UI nepepadomKy NIACMUKO8bIX 0Mmxo008 6
Hepmexumuueckue npooyKmul ¢ 8biCOKOU 00OABGNIEHHOU CMOUMOCMbIO. NIACMUKO8blEe 0OMX00bL MO2YM Oblmb
6036pawyenvl 0Ji nepepadbomKu 8 Hegpmexumuieckue NPOOYKmMul ¢ 000AGIEHHOU CIMOUMOCIBIO, GKII0YAS
apomamuyeckue y21e8000poobl, 8000p00, CUHME3-2d3 U OUOCHIPbE, C UCNOIb30BAHUEM PA3TUYHBIX MEXHOL02ULL
BKAIOYASL MEPMOXUMULECKVIO, KAMATUMUYECKYI0 KOHBEPCUIO U XUMoau3. B cmamve paccmomperul nepcnekmugsl
PbIHKA nepepabomKu NOIUMEPOS U NPOUIBOOCEA BMOPUYHBIX NOIUMEPOB, OCHOBbL PE2YIUPOBAHUSL

u cmumynuposanus, npedcmasien onvim «JIMHKy (npouseodcmesenno-cepsuchuiii yenmp Komnanuu «JTVKOHIT»)
no meme nepepadbomKu NOJUMEPHBIX OMX0008 U OYeHKe Y2lepOOH020 Clledd.

KiueBble c10Ba: IOJIMMEPHBIC OTXO/IbI, BTOPUYHBIE TUIACTHKH, OLIEHKA KM3HEHHOTO HKJIA, YTIIEPOAHBIN Cle,

IUPKYJSIpHAS YKOHOMHKA, PEIUKINHT, TTepepaboTKa IIOJIMMEPOB.

S. F. Valeev, E. A. Kalinenko
Lukoil — Engineering Skills and Competences (LINK)



Recycled Polymers: Market Trends, Regulation, Advanced Technology Routes

Over the last 5 years, a significant number of technologies for recycling plastic waste into petrochemical products
with high added value have emerged.: plastic waste can be recovered for processing into petrochemical products with
added value, including aromatic hydrocarbons, hydrogen, synthesis gas and bio feedstock, using various technologies
including thermochemical, catalytic conversion and chemolysis. The article discusses the prospects of the polymer
recycling market and production of secondary polymers, basics of regulation and stimulation, and overviews the
expertise of LINK (LUKOIL's production and service center) on the topic of polymer waste recycling and carbon
footprint assessment.

Key words: polymer waste, secondary plastics, lifecycle assessment, carbon footprint, circular economy, recycling,

polymer recycling.

M. P. Ycmanos, E. A. Kanunenxo, M. A. ¥Y3op, A. b. 3apeyxuii

Jlyxoiin — Mmxenepusie HaBeiku 1 Komnerennuu (JIMHK)

Ekaterina.Kalinenko@Lukoil.com

HanpagsiieHHs1 CHUKEHUS! YTJIEPOJHOTIO CJIeia NPOAYKIMH He)TeXHMHYeCKOii NPOMBILIJIEHOCTH —

HA IYTH K "'3es1eHO0i Xumun"

B cmamve paccmompenv nanpasnenus xumuueckol Ymuauzayuu OUoKCuoa yenepooa, Komopbule Mocym
UCNIOIL308AMbCS 8 Hehme- U XUMUYECKOU NPOMbLUIEHHOCHU 0151 cOKpaujerus 8biopocos CO2 u yenepooHozo cieda
NPOOYKYUU HA ONPEOENEHHBIX IMANAX HCUSHEHHO20 YUK, KAK anpoOuposantvie u NpUmMeHsembvle 8 NPOMbIUIEHHOM
Macwmabe, max u HAX00AWUecs 8 cmaouu npopabomxu u nuromuslx ucnvimarnui. Coenanvl 18006l 0
nepcnekmueax paspabomxu cOomeemcmeyouux mexHoI02Uull ¢ Yeibio 0eKapOOHU3ayUY U YCmouyueo20 paseumisl,
onpeoenensl (pakmopwl, umerouue 3Havenue 0jis 6b100pa HaNPAasIeHUs NPOU3B00CMEBA «3eNEeHO NPOOYKYUU C
ucnonvsosanuem CO:2 unu Opyeux 6apuarHmos e2o ymunusayuu.

KioueBble ciioBa: 3eeHas XUMUs, YA0OOPCHHUS, XUMUYECKast IPOIYKIHUS, YTICPOIHBIH CIIe],

HUPKYJIApHad 5KOHOMHKA, METAHOJI, CHHTCTUYCCKUC TOIJIMBA.

M. R. Usmanov, E. A. Kalinenko, M. A. Uzor, A. B. Zaretsky

Lukoil — Engineering Skills and Competences (LINK)

Technology Routes for Reducing the Carbon Footprint

of Petrochemical Products — a Pathway to Green Chemicals

The authors review the routes for chemical utilization of carbon dioxide, which can be used in the oil and chemical
industry to reduce CO: emissions in terms of volumes avoided and the carbon footprint of products at certain stages of
the lifecycle — both that have industry-scale applications, and those in the stage of development and pilot testing.
Based on this technology review, conclusions are drawn about the prospects of certain technologies within the
country for the purposes of decarbonization and sustainable development, and factors relevant to the choice of the
direction of green products manufacture using CO: or other options for its utilization are identified.

Key words: green chemistry, fertilizers, chemical products, carbon footprint, circular economy, methanol, synthetic

fuels.



P. I'. Hoynaes', A. A. F'uzzamoe', M. H. Paxumoe’

Ulyxoiin — Umxenepusie Haseiku n Komnerenuu (JIMHK),

2V puMckuii rocy1apcTBEHHBIN HEPTAHON TEXHUUECKUH YHUBEPCUTET

Arnis.Gizzatov@Lukoil.com

BapuanTel 3 deKTHBHOTO NPUMMEHEeHNs MO00YHBIX NPOAYKTOB HedTenepepadoTKn U HepTeXUMHUN

B npouecce (GpoTauuu TPYAHOOO0raTUMbIX M BHICOK030JIbHBIX KAMEHHBIX yIJIei

B cmamve paccmompensi 6onpocel no paspabomxe 3¢ekmusHsix peazenmos 05 gromayuu mpyonoo602amumo2o
U BbICOKO30IbHO20 Y2JIsl C 8bICOKUM COOepICcanuem Pro3eHosbix dnemenmos. Ilpedcmasnenvl OanHble cCUmMogo2o u
@pakyuonno2o cocmagos, nempocpapuyecko2o u pehpeKmocpamHoco aHaIU308 UCCIe0YeMO20 Yeiis, a MaKice
3onvrnocmu. Tlonyuenue Konyenmpamos npu ghnromayuu ¢ 301bHOCMbIO, YOOBIEMBOPAIOUEl KOKCOXUMUYECKOe
nPouU3600CmMB0 ¢ NPUMeHeHUeM U36eCMHbIX (hlomopeazeHmos 3ampyOHumensHo. H3yuenvl peazenmmule pexcumbl ¢
npuMeHeHuem romopeazeHmos Ha OCHO8e NONYNPOOYKMOE HehmexumMuuy u Hegpmenepepadomxu, Komopule
NOKA3bI8aAI0OM BbICOKYIO P PeKmueHocmy npu daomayuu mpyoHoo602amumblx U blCOKO30MbHBIX Yeell.
Ilpeocmasnenvt nayunvie 060cHO8aHUS UX I DekmusHocmiL.

KiroueBble c10Ba: BHICOKO30JIbHBIA yrofib, (I0TaLus, peareHT-coOupaTeinb, KyOOBBIi OCTaTOK PEKTU(UKALIN

ATUIOCH3071a, JISTKUAN Ta30MIIb KaTATUTHIECKOTO KPEKUHTa, PEarCHTHBIN PEKHUM.

R. G. Ibulaev', A. A. Gizzatov', M. N. Rakhimov?

"Lukoil — Engineering Skills and Competencies (LINK),

?Ufa State Petroleum Technical University

Effective Application Options By-Products of Oil Refining and Petrochemistry in the Process

of Flotation of Hard-To-Enrich and High-Ash Coal

The article deals with the development of effective reagents for flotation of hard-to-enrich and high-ash coal with a
high content of fusene elements. The results of studies of the physicochemical properties of this coal are presented.:
sieve and fractional compositions, petrographic and refrectogram analyses of the coal under study, as well as ash
content. It is difficult to obtain concentrates during flotation with ash content satisfying coke chemical production
using known flotation reagents. Reagent regimes with the use of flotation reagents based on petrochemicals and oil
refining intermediates have been studied, which show high efficiency in flotation of hard-to-enrich and high-ash coals.
Scientific substantiations of their effectiveness are presented.

Key words: high-ash coal, flotation reagent-collector, VAT residue of ethylbenzene, light catalytic cracking gas oil,

agent mode.

A. B. [loneux, B. I. Paooe, A. H. Yyounoe

ITepMmckuii HAITMOHAIBHBIN KCCIIENOBATEBCKUM MOTUTEXHUYECKUH YHUBEPCUTET

CHudinovAN@pstu.ru

HccnenoBanne KaTaJuTHYECKOT0 KPEKHHIa MPOIYKTOB Jieac(haabTH3AIUH I'yIPOHA

B pamkax nposedenus ucciedosanuti no pacuuperuro coulpbesoii basvl npoyecca Kamaiumuiecko2o KpeKutad

6 ncegdoodrcudcernom cioe (FCC) nonyuen npodykm oeacgharomusayuu 2yopoHa H-newmanom. Buinonnen ananus



ceoticmg deacghanvmuzama: GpaKyuoHHbIL U 2PYNNOGOL Yene6000pOOHbLL COCMAB, NIIOMHOCHb, KOKCYEMOCHb NO
Konpaocony, cooeporcanue cepol, azoma, 6anaous u Huxens. s CpasHeHus BbINOIHEHA OYEHKA NO YKA3AHHbIM
napamempam nPoMbIUIEHHO20 NPOOYKMA NRPOnanoeoll oeacparomuzayuu. s o6oux npooykmoe Kax

0/151 NOMEHYUATIbHBIX KOMNOHEeHMO08 cbipbs npoyecca FCC ocywecmenen npoyecca Kamaiumuiecko2o KpekuHea 6
NCeBO0OICUNCEHHOM CIl0e. Ycmanosienvl nokasamenu cmeneHy KOHEePCUll U 8b1X0008 2a3000PaA3HbIX U HCUOKUX
npooykmog npespawjenus. Ilokazano, umo nponanogulii deacharbmusam no c60UM XapaKmepucmuKam s6as1emcs
nepcnekmughbim coipvem npoyecca FCC. [Ipodykm oeacanvmusayuu 2yOpoHa H-NeHMaHoM maxice Modtcem Hamu
cB0e npumenenue 6 Kauecmee cvipbeso2o komnonenma npoyecca FCC, oonako e2o yenecoobpasno npumensmeo 6
cmecu ¢ mpaouyuoOHHLIMU 8UOAMU CHIPbS, MAKUMU KAK 6AKYYMHbLI 2A301LTb.

KaroueBnle ciioBa: katanmutudeckui kpexkur, FCC, koHBepcus, neacdanbTuzar.

A. V. Dolgykh, V. G. Ryabov, A. N. Chudinov

Perm National Research Polytechnic University

Study of FCC of the Vacuum Residue Deasphalting Products

Within the frames of research on expanding of the Fluid Catalytic Cracking Process (FCC) feedstock base, a product
of vacuum residue de-asphalting using n-pentane has been obtained. The properties of deasphalted oil have been
analyzed: fractional and hydrocarbon content, density, Conradson coking capacity, sulfur, nitrogen, vanadium and
nickel content. For comparison, the estimation of the industrial product of propane de-asphalting has been performed
according to the specified parameters. Both products as potential components of the FCC feedstock have been
processed in a fluidized bed catalytic cracking unit. Indicators of the degree of conversion and yields of gaseous and
liquid transformation products have been established. It is proved that propane deasphalted oil by its characteristics
is a promising feedstock for the fluid catalytic cracking process. The product of vacuum residue de-asphalting with
n-pentane can also be used as a feedstock component of the FCC process, but it is advisable to use it in a mixture with
traditional types of feedstock such as vacuum gas oil.

Key words: catalytic cracking, FCC, conversion, deasphalted oil.

B. U. Kysvikun'?, A. B. Konnakoe’, M. A. Menewxeeuu*

Ulyxoiin — Unkenepubie Hasbiku 1 Komnerenunu (JIMHK),

*Husxeropockuii rocy1apcTBeHHbIN yausepcutet umenun H. U. JloGayesckoro,

STAO «JIYKOMJI»,

4000 «JIYKOWJI-Huxeroponuedreopreuntesy, r. Kctoso

vkuvykin@yandex.ru

Mooenuposanue ea3Kocmu cmeceil ¢ CUCHEMAX ORMUMATLHOZO0 NAAHUPOGAHUA

B pabome npusedennvi pe3ynivmamsl 3KCHEPUMEHMANbHBIX USMEPEHUL KUHEMAMUYECKOU 8A3KOCU cMecell
Komnonenmog nepepabomku. HMccneoosana 63aumocesss 6a3Kkocmu u niomuocmu cmecu. Paspabomana memoouxa
KOPPEeKMuposKu napamempos Mooeu paciema es3K0Cmu 8 CUCIeMax ONMuUMaibHo20 NIAHUPOBAHUS C
UCNONBL30BAHUEM V208020 KOCUHYCHO20 paccmosinus. [Ipedcmaesnenst yucieHHvle IKCnepuMenmol Ha MOOeu
ONMUMATBHO20 NIAHUPOBAHUs Hepmenepepadamvi8aouwux 3a60008.

KuiroueBble ciioBa: BI3KOCTh, MOJICIUPOBAHKE, TMHEHHOE IPOrpaMMUpOBaHue, HedTenepepadoTKa.



V. L Kuvykin'?, A. V. Kolpakov’, M. A. Meleshkevich’

"Lukoil — Engineering Skills and Competencies (LINK),

’Lobachevsky State University (National Research University),

*PJSC LUKOIL,

*000 « LUKOIL-Nizhegorodnefteorgsintez»

Viscosity Mixtures Modeling in Optimal Planning Systems

The paper deals with experimental measurements results of kinematic viscosity of processing components mixtures
with a focus on the relationship between viscosity and density of a hydrocarbons mixture. It has been developed a
technique for adjusting the parameters of the viscosity calculation model in optimal planning systems using the
angular cosine distance. Numerical experiments on a refinery optimal planning model are presented.

Key words: viscosity, modeling, linear programming, refinery.

P. I. Hoynaeé', A. A. T'uzzamos', M. H. Paxumoe’

Ulyxoitn — Umkenepusie Hasbiku u Komnerenuun (JIMHK),

2V (puMcKmii ToCy1apCTBEHHBINH HEPTAHOM TEXHUUECKUHA YHUBEPCUTET

Arnis.Gizzatov(@Lukoil.com

AKTyaJbHOCTH ONITHMHU3ANMY NMPOLECCOB CMENIEHUs U MepepadoTKN Ma3yTOB

Ha HedTenepepadaThiBaOIIMX 3aBoAax Poccun

B cmamve paccmompenwt 6onpocel cmewenusn mazymos na poccutickux HII3. [Ipedcmasnenvt ocHogHble MapKu
MA3ymos, ORUCAHbl NPOYECChl cMeuenus u npueomosnenus masymos na HI13. Obosnaueno coxpanenue
NOMpeOHOCMU 8 HU3KOCEPHUCMBIX MA3YMAX U AKMYATbHOCHb ONMUMUAYUL NPOYECCco8 e2o cmeutenus. M3yuenul
PBIHOUHBIE UHOUKATNOPBI HA MA3YMbL, NEPCREKMUBLL CNPOCA HA GHYMPEHHEM PbIHKE U HA IKCNOPM 8 C8A3U C
akonocudeckumu oepanuuenuamu MARPOL u cankyuonuvimu skonomudeckumu oapvepamu. Ommeuena 8axicHocmy
asmomamu3ayuy u yudhposuayuy npoyecca CMEens Ma3ymos 8 pamKax pearu3ayuu nPpoeKmos ONMuUMAIbHO2O
KanieHOapHo2o cmeuleHus He@pmenpooyKmos.

Knrouessie croBa: Ma3yT, HeTenepepadaTbIBatOLINiA 3aBOJI, ONTUMH3AIINS, CEPOBOIOPO/I,

030HO0JIM3, KaJICHAAPHOC MIIAHUPOBAHUC.

R. G. Ibulaev', A. A. Gizzatov', M. N. Rakhimov’

'Lukoil — Engineering Skills and Competencies (LINK),

*Ufa State Petroleum Technical University

The Relevance of Optimizing the Processes of Mixing and Processing

of Fuel Oil at Russian Refineries

The article discusses the issues of mixing fuel oil at domestic refineries. The main brands of fuel oil are presented, the
processes of mixing and preparation of fuel oil at refineries are described. The preservation of the need for low-sulfur
fuel oil and the relevance of optimizing its mixing processes are indicated. Market indicators for fuel 0il, prospects for

demand in the domestic market and for exports due to MARPOL environmental restrictions and economic sanctions



barriers were studied. The importance of automation and digitalization of the process of mixing fuel oil in the
framework of the implementation of projects of optimal calendar mixing of petroleum products is noted.

Key words: fiuel oil, refinery, optimization, hydrogen sulfide, ozonolysis, calendar planning.

M. P. Yemanos', A. B. Anopees’, A. IO. Kypuyoin!, JI. B. Bywimanog'?,

H. U. I'naoviwes’, O. b. Beponux'’, E. H. Pazoé’

Ulyxkoiin — Unkenepubie Hasbiku u Komnerenuuu (JIMHK),

*HuskeropojIcKuii Tocy 1apCTBEHHbIN TEXHUUECKUii yHuBepeuteT uM. P. E. Anekceesa,

SUucTHTYT pobiiemM MamuHOCTpoeHus — puman @UIL MHCTUTYT npuKiaanHoi Gpusuku

uM. A. B. 'amonosa-I"pexoBa PAH, r. Huwxuuit Hosropon,

Alexey.Kuritsyn@lukoil.com

Ipumenenue SLM-TeXHOJOTHH JJIs1 M3TOTOBJIEHUS TeTaJieii 000py10BaHUS

HedTenepepadaThIBAIOIINX NMPeANPUITHIA

B cmamve npeocmasnenvl pesynomamul pabomol RO PEUHICUHUPUHSY OTHEEMCINGEHHBIX Oemanel UMNOPMHO20
000pY008anUsl, GKIIOUAIOWUL 8b100p Oemanell, ONMUMANbHO NOOX0OAWUX 0151 U320MOGNEeHUsL MEMOOOM AOOUMUBHBIX
MexHON02Ull, C UCHOIb308AHUEM PACUemos Ko duyuenma adoumusHocmu, cozoanue 3D-modeneli u
KOHCMPYKMOPCKOU OOKYMEHMAYUU, MAMEPUANbHOe UCHONHEeHUe 0emanell, NOCIMpPOeHUe MEmoOOM CEIeKMUGHO20
naszepnoeo niagnenus memannos (SLM). Ilpusedensvi pe3yiomamsi ananu3a cCmpykmypul no pasiuiHbiM 0CAM
NOCMPOEHUS], MEXAHUYECKUX XAPAKMEPUCTUK U MEEPOOCMU MAMEPUAld, NOJIYUEeHHO20 MemoOOM a0OUMUEHbIX
mexuoaoeul. Ilpu uccnedosanuu cmpykmypbi U NPOYHOCMHBIX XaPAKMEPUCUK BbIAGNIEHA AHUSOMPONUSL, CEA3AHNHAA C
nocaotinbimM evipawusanuem oemanu. OCHOBHbIM HEOOCMAMKOM CIMPYKMYPbl, NOAyYeHHOU Memodom SLM, saensemcs
NOPUCMOCHb, HO NPU OMPAOOMAHHBIX PEICUMAX NeYami OGHHbII NAPaMemp MOHCHO KOHMPOIUPOBAMb U
2apanmuposams Ka4ecmeeHHyl0 CmpyKmypy ¢ MUHUMALbHbIM PA3MEPOM NOpucmocmu (00 2 MKM,).

KioueBblie cj10Ba: aITUTHBHBIC TEXHOJIOTHH, 3D-11e4aTs, CeleKTUBHOE JIa3epHOE TUIABICHHE METAIIOB,

CTaJib, TBEPAOCTb, MCXAHUYCCKUEC XAPAKTCPUCTUKU.
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Application of SLM Technology for Manufacturing of Equipment Parts

for Oil Refineries

The paper presents the results of work on re-engineering of safety critical parts of imported equipment, including the
selection of parts optimally suited for manufacturing by the additive technology (AT) method using additivity
coefficient calculations, creation of 3D-models and design documentation, material execution of parts, construction
by the selective laser melting of metals (SLM) method. The paper comprises of analysis of the structure on different

axes of construction, mechanical characteristics and hardness of the material obtained by the AT method. In the study



of the structure and strength characteristics, anisotropy associated with layer-by-layer growth of the part is revealed.
The main disadvantage of the structure obtained by the SLM method is porosity, but with the developed printing
modes, this parameter can be controlled and a quality structure with a minimum porosity size (up to 2 um) can be
guaranteed.

Key words: additive technologies, 3D printing, selective laser melting of metals, steel, hardness, mechanical

characteristics.
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MoaenupoBaHue NapaMeTPOB KayecTBa

He(TAHBIX OMTYMOB C MCIIO/Ib30BAHHEM AJTOPUTMOB MALIUHHOIO 00y4eHMs

B pabome paccmompenvt nooxo0wl, npunyunsl u pe3yibmamsl MOOEIUPOSANUS NAPAMEMPOE KAUeCMEa HePmaHbIX
OUMYMO86 ¢ UCHONIL308AHUEM AN20PUNMOE MAUUHHO20 0OYYEHUs HA OCHOBE PEKYPPEHMHBIX HEUPOHHBIX Cemell.
Iloxazano, umo 013 npoyeccos HepmenepepabomKu 03MONACHO UCHONLIOBAHUE 8 NPAKMUYUECKUX YENAX
AneoOpUMMO8 MAUUHHO20 00yyeHus. Paccmompenul pasnuutsie npobiemsl npu 00pabomxe OaHHbIX,

0mbOp nepemeHHbIX U 8blOOP APXUMEKMYPbl HEUPOHHOU cemu 0/ peuleHus KOHKPemHOU 3a0a4u.

Obo3Hauenvl danvHeluiue HanPaeIeHUs UCCIeO08AHUS.

KiwueBble ciioBa: HeTeOUTYM, MOACIUPOBAHKE, MALTMHHOE 00YUYEHHUE, PEeKYPPECHTHBIE HEHPOHHBIE CETH, aHAJIN3

JIaHHBIX.
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Modeling of Bitumen Quality Parameters Using Machine Learning Algorithms

The paper considers approaches, principles, and results of modeling the quality parameters of petroleum bitumen
using machine-learning algorithms based on recurrent neural networks. It is shown that for oil refining processes it is
possible to use machine-learning algorithms for practical purposes. Various problems in data processing, the
selection of variables and the choice of neural network architecture for solving a specific problem are considered.
Further directions of research are indicated.

Key words: petroleum bitumen, modeling, machine learning, recurrent neural networks, data analysis.
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XapakTepucTuka acpaabTeHOBBIX ()PaKIUii, 0OTBETCTBEHHBIX 32 00pa30BaHue CTAOMIBHBIX
BOJIOHe(TAHBIX IMYJIbCHIA

Obpasosaniue cmaduIbHbIX 8000HEPMAHBIX IMYAbCUL 00BACHAECMCS POPMUPOBAHUEM HA PAHUYe
paszoena nepmvb/600a OPOHUPYIOWUX CLOE8, 00AAIOUUX MEXAHUYECKOU NPOYHOCTbIO U
NPensmcmeyouux Koarecyenyuu kaneisb 600l 6 negpmu. Ha npumepe mooenvnvix 6000HehmanbIx
IMYAbCULL, 0OPAZ0BAHHBIX NPU CMEUEHUU ACPATbMEHOBbIX MOYOIbHBIX U 2eNMONbHBIX PACMEOPOS C
OUCIMUTLIUPOBAHHOU 000U, NOKA3AHO, YMO CIMAOUTLHOCHI B00OHEDMAHBIX SMYIbCULL ONPEOeTAEHICS
08yma (hpakyuamu acgharbmeHo8: pacmeopumoi ppaxyuel, 0602aujeHHOU CLONCHOIDUPHBIMU
@paemenmamu, u paxyueri, CKIOHHOU K popmuposanuro acpecamos. Ilosepxnocmuo-axmueHule
ceolicmea nepsotl hpakyuu NO380AIOM GOPMUPOSams HA epanuye pasoeia He@mv/600a MOHKVIO
0007104KYy € HU3KOU MeXaHU4ecKou npoyHocmbvio. Acghanbmenosvie azpecamol, a0copoupysacs Ha Smy
MOHKYI0 000J0UKY U YHIOMHISACH CO BPEMEHEM, NPUOAIOT HCECTMKOCb U MEXAHUYECKYIO NPOYHOCTHD
MmedcghazHomy croio Ha epanuye pazoena Heghmv/600a.

Karwuessble cnoBa: acanvmenvi, ppaxyuu, 6000Hehmsnble IMYIbCUU, CTMAOUTLHOCIb, MEXAHUYECKAsL

npoO4YHOCNIb.
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Characteristics of Asphaltene Fractions Responsible

for the Formation of Stable Water-Oil Emulsions

Stable water-oil emulsions are formed due to the strong armor layer at the oil/water interface able to
prevent the coalescence of water droplets in oil. The stability of water-oil emulsions obtained by mixing
solutions of asphaltene in toluene and in heptol (a mixture of n-heptanol and toluene) with distilled water
was found to be a function of two asphaltene fractions, namely, a fraction soluble in heptol enriched with
ester fragments and a fraction tending to form aggregates in heptol. The surfactant properties of the first
fraction permit the formation of a thin shell with low mechanical strength at the oil/water interface. The
asphaltene aggregates adsorbed onto this thin shell are compacted over time, imparting rigidity and

mechanical strength to the oil/water interface layer.



Keywords: asphaltenes, asphaltene aggregates, water-oil emulsions, stability of water-oil emulsions.
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OnTuMajibHOE POEKTUPOBAHME AICOPOEPOB s pa3jaesieHUsI ra30BbIX cMeceil

Pabora nocBsieHa UCCIeIOBAHUIO U ONITUMAIBHOMY TIPOCKTUPOBAHHIO PA3ICIICHUS 2A306bIX
emeceti(CO2/CH4 u CO2/N2) adcopbyuonnvim memooom. B kauecmee adcopbenmos ucnoib306abl
cunmemuueckue yeoaumsl NaX. Hcnonvzosanvt 6unaphole moodenvhnvie cmecu 2a306: COz —50%,CH4 —
50% u N2 —50%, CH4 — 50% ob6vem. Onpedenenvt koaghgpuyuenmor oudpysuu. Ixcnepumenmol
npogoounace npu memnepamype 295 K. Paspabomana noanas mamemamuyeckds Mooens npoyecca
aocopbyuu.

KaroueBsle cnoBa: 2azosvie cmecu, adcopbep, HenoOd8UINCHBIL CIOU, MaAcCcO0OMeH, KO3pduyuermobl

oughghysuu, mamemamuyeckas Mooens.
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Optimal Design of Adsorbers for Separation of Gas Mixtures

The work is devoted to the study and optimal design of the separation of gas mixtures (CO2/CHa4 and CO2
IN2) by the adsorption method. Synthetic zeolites NaX were used as adsorbents. Binary model mixtures of
the gases were used: CO2 50%, CH4 50%, and N2 50%, CH4 50% by volume. The diffusion coefficients
were determined. The experiments were carried out at a temperature of 295 K. A complete mathematical
model of the adsorption process was developed.

Keywords: gas mixtures, adsorber, fixed layer, mass exchange, diffusion coefficients, mathematical

model.

Yong Feng'?, Xin Mu*?*, Bin Wang?, Jiguang Tang!?, Tao Feng?, Jitian Xiang!, Fuxing Peng*

1 School of Geosciences, Yangtze University, Wuhan, China;

2 Key Laboratory of Exploration Technologies for Qil and Gas Resources, Ministry of Education,
Yangtze University, Wuhan, China;

8 Wuxi Research Institute of Petroleum Geology, SINOPEC, Wuxi, China.
Xuxinl190625@163.com

Study on the Geochemical Genesis and Differences of Ordovician Oil and Gas Reservoirs

The study of fluid inclusions in petroliferous basins is an effective method to understand hydrocarbon

migration and accumulation. In this paper, the fluid inclusions in the Ordovician carbonate rock samples



taken from the TS3, TP18, YQ8 and YJ2-3 wells in Tahe Oilfield are analyzed by experiments, the
purpose is to explore the accumulation period of the Ordovician oil and gas reservoirs in the Tahe area
and the reasons for the differences between different blocks.The results show that the Ordovician
Yingshan Formation and the Yifangfang Formation in the Tahe area are rich in fluid inclusions, and
there are only a single phase of oil, gas and brine in the phase. There are also two phases of oil, gas and
water mixed with each other. According to the fluorescence characteristics and homogenization
temperature of hydrocarbon inclusions, combined with the burial history-thermal evolution history of the
study area, it is determined that the Tahe oil and gas reservoir is filled in the fourth stage, in the middle
of the Caledonian period (454-446 Ma), and in the late Hercynian-Indosinian period (255-217 Ma), late
Yanshanian period(143-99 Ma), Himalayan period (25-5 Ma).Among them, the middle of Caledon is
mainly filled with low-mature oil, with a small amount of mature oil; the late high-mature oil in the late
Hercynian is filled with some mature oil; the late Yanshan is mainly filled with high mature oil; during
the Himalayan period, as the depth of burial continues to increase, the cracking of the accumulated
hydrocarbons has occurred, mainly the migration of gas hydrocarbons. The four wells selected in this
study belong to different tectonic units, after analysis, the author believes that the difference between
single wells is on the one hand the influence of hydrocarbon thermal evolution and the other is influenced
by tectonic movement.

Keywords: Ordovician, fluid inclusions, hydrocarbon charging event, accumulation period.
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Experimental Study on Damage and Control Methods

of Fracturing Fluid Retention to Tight Shale Matrix

The tight shale matrix has the structural characteristics of low porosity and low permeability. It is easy to
cause water sensitivity damage, water lock damage and solid phase damage during fracturing, which
greatly affects the gas reservoir transportation process of core. At the same time, fracturing fluid will
invade the reservoir matrix, causing permeability damage and reducing gas production efficiency. This
study analyzes the process and mechanism of fracturing fluid damage to shale matrix in the process of
fracturing fluid retention, and proposes fracturing fluid damage control methods. Taking a tight
sandstone reservoir in the ZJ block in South Sichuan as the research object, the mineral type, viscosity
content and various physical parameters of shale gas reservoir are analyzed, and the quantitative index

of fracturing fluid damage index is calculated. Using HPG as the precursor fluid, KW-1 and KDF as the



drainage aids to prepare the fracturing fluid for experiment, the viscosity of the gel breaker reached 1.3
mPa:s, the interfacial tension between the gel breaker and kerosene reached 1.05 mN/m, and the surface
tension was 22.8 mN/m. The fracturing fluid has good flowback performance. By collecting 4 core
samples from ZJ block, the gas permeability of core samples is selected as three permeability sections
0.05-10° um?, 0.15-10°% um? and 0.25-10° um?2. And the correlation experiments of water sensitive
damage, water lock damage and solid damage are carried out. The results show that when the
permeability of the fracturing fluid decreases from 0.25-10° um? to 0.05-10- um2, the damage value of
the permeability section of the JS experimental group also increases from 8.25% to 18.35%, the movable
water retention also increases from 0.032 PV to 0.046 PV, and the bound water increase increases from
0.032 PV to 0.086 PV. Therefore, the smaller the osmotic pressure is, the greater the retained amount of
movable water and the increased amount of bound water are, and the greater the damage value of
fracturing fluid is. In addition, when the mass fraction of XJHX in this experiment reaches 0.8%, its
anti-swelling rate can reach 85%, which has excellent anti-swelling performance and can effectively
reduce the permeability damage caused by fracturing fluid to shale formation.

Keywords: fracturing fluid, water sensitive injury, water lock injury, injury mechanism, control method.
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Study on a New System of Water Unlocking in Tight Sandstone Gas Reservoirs

In order to solve the problem of water lock blockage in the wellbore of Daniudi gas field, the main
surfactant APG and CG-1, CG-2, WR and other surfactants were used to produce co-energy and
synergistic effect through the combination of multiple surfactants. The static properties of the agent were
evaluated by measuring the interfacial tension, surface tension and contact Angle of the surfactant
system. According to the physicochemical mechanism of the synergistic action of compound surfactants,
the water lock of the combination of anionic surfactants and non-ionic surfactants is preferred. A new
water unlocking agent system for tight gas reservoirs was developed: APG (0.3%) +CG-1(0.2%) +SYH
(0.1%) +KCI (2%). The interfacial tension between the system and simulated oil was 9.61:10* mN/m, the
surface tension was 18.2 mN/m, and the gas/liquid/solid three-phase contact antenna was 99.4°. Daniudi
tight core (core No. 602-14) was used to simulate the process of high temperature and high-pressure
water lock damage. The permeability recovery rate after injection of waterproof lock agent is 25.36%
compared with water lock damage.

Keywords: tight gas reservoir, water lock damage, surfactant, water lock agent.
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Research on the Sedimentary Characteristics and Oil Accumulation Laws

The key to the development of oil and gas resources in the Tamulangou Formation in the Huhehu Sag of
the Hailar Basin lies in the understanding of sedimentary characteristics and the division of
volcanic-sedimentary cycles. These cycles are divided into five sedimentary systems, namely alluvial fans,
braided rivers, fan deltas, braided river deltas, and lacustrine systems. Based on the lithological
characteristics, sedimentary structures, geometric forms, and definitions of the Huhehu Sag. The
volcanic-sedimentary sequences of the Tamulangou Formation are dominated by intermediate-basic
volcanic rocks and acidic volcanic rocks and they are located at the uppermost part of the Huhehu Sag.
The Huhehu Sag gou Formation contains thin-bedded sedimentary rocks and locally thick-bedded
sedimentary rocks, with localized development of the 148 Ma Manitu Formation volcanic-sedimentary
sequence. The source rocks in the Huhehu Sag are of moderate to good quality. And the main controls on
hydrocarbon accumulation are the distribution of hydrocarbon source rocks, development of fault zones,
characteristics of fan deltas, and volcanic-sedimentary processes.

Keywords: sedimentary characteristics, hydrocarbon characteristics, Huhehu Sag, Tamulangou

Formation.
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Reliability Evaluation of Clean Energy Internet Information Security

Based on Statistical Learning Methods

The large-scale exploitation and wanton use of fossil energy have led to the increasing global warming
and environmental pollution. The development and utilization of clean energy urgently need to be put on
the agenda. At the same time, the development of Internet technology and big data technology is
constantly promoting the development and popularization of clean energy. However, Internet information
security is the number one factor threatening the development and supply of clean energy in today’s
society. Therefore, based on the relevant theories of statistical learning, an evaluation model of
information security reliability of clean energy internet based on statistical learning is constructed. At the
same time, the reliability of the evaluation model is tested and analyzed. Finally, the role of the
evaluation model in the carbon sequestration of natural gas hydrate, the reduction of greenhouse effect

and the development of clean energy is analyzed. It is expected to lay a foundation for the efficient



development and environmental protection of clean energy (natural gas) through this research. It is found
that the predicted results of data transmission by coaxial cable are completely consistent with the actual
results, and neither will generate hydrate within 2.5 m from the entrance. Moreover, the reliability of
data transmission using coaxial cable is higher than that of wireless transmission. The study also found
that the increase of carbon dioxide injection rate will accelerate the decomposition and gas production of
hydrate, and it is more obvious in the small range of carbon dioxide injection rate. Considering the
development efficiency and burial efficiency, the carbon dioxide injection rate is designed as 20-10*
m3/day is the best. At the same time, the greenhouse effect of carbon dioxide will become more and more
significant with the increase of its concentration, and based on the prediction of the built model, it is
found that the replacement rate of natural gas in hydrate by carbon dioxide can reach 92.35%.
Keywords: clean energy, statistical learning method, information security, natural gas, greenhouse

effect.
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Geochemical Characteristics and Main Controlling Factors

of Middle-Upper Cambrian Carbonate Reservoir

The Cambrian system in the Ordos Basin has good exploration potential, and the Zhangxia Formation
and the Sanshanzi Formation of the Middle and Upper Cambrian are important targets for the
exploration of the Cambrian system. In this paper, the characteristics, genesis and main controlling
factors of the Zhangxia Formation and the Sanshanzi Formation reservoir are studied through field
section observation, thin section observation, drilling and geophysical logging data combined with
experimental analysis data. The reservoir space types of the Cambrian carbonate rocks in the Ordos
Basin mainly include intercrystalline pores, intercrystalline dissolution pores, dissolution pores,
dissolution sutures and dissolution fractures, among which intercrystalline dissolution pores, dissolution
pores and dissolution fractures constitute the most important reservoir space type. There are three
reservoir types: pore type, fracture - dissolution cavity type and fracture type. The development of
Cambrian strata in Ordos Basin is mainly controlled by three factors: high-energy sedimentary facies
zone, epigenetic diagenesis and tectonic movement. Granular beach facies and dolomite tidal flat facies
are favorable zones for reservoir development in Zhangxia Formation and Sanshanzi Formation. The
fault zone in the basin provides a migration channel for late hydrothermal fluid, which can significantly
improve reservoir performance. Tectonic fracture itself is an effective pore system, which becomes the
migration channel of geological fluid, and also plays a role in communicating pores, which plays a
positive role in reservoir.

Keywords: carbonate reservoir; pore characteristics; geochemical characteristics; main control factor.
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Study on the Lithological Characteristics and Its Controlling on the Development

of Specific Tight Sandstone Reservoirs

Diagenesis is a series of physical and chemical reactions that take place after deposition. Using cores,
thin sections, cathode luminescence, X-ray diffraction, scanning electron microscope, inclusions analysis,
geochemical analysis and pore permeability data, the diagenesis, and its influence on the tight sandstone
reservoir of Xu 2 member in the southwest Sichuan Basin has been analyzed. The reservoirs of the
southwest Sichuan Basin mainly consist of feldspathic feldspathic sandstone, feldspathic feldspathic
sandstone, and felsic sandstone, with an average porosity of 3.57% and an average permeability of
0.138:10° um?, which are typical tight sandstone reservoirs. The sandstones in the Xu2 member mainly
underwent compaction, dissolution, cementation and accounting, and the specific evolution process is
compaction , first-phase fracture, first-phase quartz increase, first-phase calcite cementation,
second-phase fracture, feldspar and rock chip dissolution, second-phase quartz increase and silica
filling, chlorite cementation or illite cementation, second-phase calcite cementation, dissolution,
third-phase quartz increase and silica filling, the third stage of carbonate cementation, carbonate
accounting for feldspar and quartz- third stage of tectonic fragmentation, late calcite or quartz
cementation into rocks. And the rock formation stage is mainly mesodiagenesis B stage. The secondary
pores and microfractures are the main reservoir space in the Xu 2 member sandstone reservoirs. Strong
compaction and carbonate cementation are the main reasons for the tight sandstone reservoir, and
dissolution and fracture are the main constructional effects for the development of the dominant
reservoir.

Keywords: tight sandstone reservoir, test analysis, reservoir characteristics, diagenesis, controlling

factors.
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Environmental Regulation and Total Factor Carbon Productivity



This study investigates the relationship between environmental regulation and total factor carbon
productivity in China’s industrial sectors. Using panel data analysis from 2000 to 2016, we find that
environmental regulations significantly enhance carbon productivity. We also examine the mediating
effect of environmental regulation and analyze the dynamic effects using a threshold effect model. The
results reveal a non-linear relationship, where stricter regulations may increase carbon emissions beyond
a certain threshold. The study emphasizes the importance of energy allocation and technology
development in shaping carbon productivity outcomes. Promoting innovation, developing a clean energy
system, and implementing effective environmental regulations are crucial for improving total factor
carbon productivity and achieving sustainable economic growth.

Keywords: environmental regulation, carbon productivity, energy allocation, technology development,
threshold effect.
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Main Elements Geochemistry Implication of Meso-Cenozoic Tectonic Evolution

The apatite and zircon fission track (FT) analysis offers the opportunity to reveal the chronology records
for Meso-Cenozoic tectonic events in the Northeast of Ordos Basin, China: the Indosinian Epoch tectonic
events mainly occurred at (245-235 Maz) with a peck-age of 240 Ma and (205-195 Maz) with a peck-age
of 200 Ma, corresponding to the parallel unconformity during the Middle and Lower Triassic to Upper
Triassic, the angular unconformity during the Late Jurassic to its underling layers. Middle Yanshanian
tectonic events occurred at (155-115 Maz) with a peck-age of 135 Ma, and corresponded to the angular
unconformity during Lower Cretaceous to its underling layers. Late Yanshanian to Himalayan tectonic
events included at least two episodes, peak-age respectively is (65Maz) and (20 Maz). On this basis, we
further complete their main elements geochemical analysis. The contents of TiO2, Fe2Os+MgO, Lg
(Si02/A1203) in samples was 0.18-1.02%, 1.23-8.55%, and 0.59-1.04%, respectively. The average was
0.53%, 4.5%, 0.71%, respectively. Based on the discriminant plate of the main element, the transition
events of the important sedimentary structure environment in phase two were obtained. The relationship
analysis of the tectonic event and the mineralizing chronology revealed that the key tectonic events
control reservoir forming time or mineralization time of the coupling coexistence of multiple energy
resources in the Northeast of Ordos Basin, and show the collaborative and coupled relationship between

the tectonic events and accumulation (mine).
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Simulation of the Influence of Fracture Gas State on Gas-Liquid Replacement

Based on Fluent Two-Phase Flow

Aiming at the hazards caused by drilling into fractured formations during oil drilling, linear prediction of
physical properties of CO2/H2S under different well depths are carried out, based on Fluent to simulate
gas-liquid placement in near-critical, critical and supercritical states of gas. The results show that when
the well depth is small, the CO2/H.S near-critical state and the initial bottom hole pressure of the critical
state invading the annulus are lower than the formation pressure, and the gas invading the annulus is
suspended in the annulus until the hydrostatic pressure of the missing drilling fluid is supplemented for
about 1s and 1.2 s respectively, the formation pressure can be balanced before the upward return can be
continued; the bottom hole pressure of the supercritical state invades the annulus rapidly drops within 2
s; the gas-liquid replacement rate in the supercritical state is slower than that in the non-supercritical
state, with a difference of 60-80 s. During the drilling process, it can be judged according to the bottom
hole pressure change whether it has encountered a fractured formation and the state of the gas contained,
and well control measures should be taken in time.

Keywords: supercritical state, gas-liquid multiphase flow, multiphase flow, phase change, well control.

Dong Zeng?!, Xiaoyu Dong?, Xiulin Zhang?, Bingzhen Gao**

Yanming Zhang?, Jiagi Zhang?, Hui Ye!

LCNOOC China Limited, Hainan Branch, China;

2 CNOOC China Limited, Zhanjiang Branch, China;

% China University of Petroleum (East China), Shandong, China;

4 China University of Petroleum, Beijing, China.

13897459327@163.com

Analysis of Influencing Factors of Pile Penetration of Jacket Platform Skirt Pile

Pile penetration is a very important engineering parameter in pile sinking operation of jacket platform.
Insufficient penetration may lead to insufficient bearing capacity of pile foundation, resulting in platform

instability and extremely serious safety accidents. In the process of actual pile sinking operation, the



penetration is affected by many factors. In this paper, through relevant calculation and analysis, the
influencing factors such as internal friction angle, pile diameter, hammer distance and hammer quality
are studied, and the influence law of pile penetration is obtained. Finally, relevant suggestions are given
in order to provide reference for engineering practice.

Keywords: jacket platform, length of penetration, pile driving works, influencing factor, engineering

practice.
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Renewable Energy Technology Innovation Effect on the Economics Growth

With rapid economic expansion, China is faced with environmental challenges like air pollution and
greenhouse gas emissions. Shifting from conventional fossil fuels to renewable energy (REN) sources is
critical to facilitate sustainable development in China. Compared to coal and oil, REN such as solar and
wind energy emit less carbon emissions. Fostering innovation of REN technologies is thus essential for
China's green transition. This study aims to analyze the impact of REN technology innovation on China's
economic growth using panel data models. The results demonstrate that advancing REN technologies
significantly promotes GDP increase in China. Targeted policy incentives must be implemented to
accelerate REN technology progression and adoption across the country. Transitioning towards REN
systems will be instrumental for China to achieve environmental sustainability while maintaining
economic growth.

Keywords: energy consumption, environment pollution, market integration, technology innovation.
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Pore Structure and Methane Adsorption Characteristics

of Primary Structural and Tectonic Coals

In this paper, the pore structure and methane adsorption properties of the primary structural and tectonic
coals of the Handan Jiulong Mine were analyzed using low-temperature nitrogen adsorption experiments
and isothermal adsorption tests. The relationship between pore structure and adsorption properties was
discussed. The study results show that the total pore volume and specific surface area of the tectonic coal
in the Jiulong Mine are larger than those of the primary structural coal. Small pores comprise most of the
pore volume in the primary structural coal, followed by micropores and medium pores. The pore volume
of the tectonic coal primarily consists of small pores, followed by micropores and medium pores.
Micropores and medium pores consist of approximately the same volume. The specific surface area of
both the tectonic coal and the primary structural coal is primarily micropores, followed by small, and
medium pores. The microporous and small pore structures of the tectonic coal have open pore
morphology. The pore shapes are primarily in the shape of ink bottles. The coal sample of primary
structural coal contains both open pore morphology and numerous closed pore morphology. The pore
shape is mainly columnar. The pressure-boosting adsorption process of coal samples conforms to the
Langmuir isothermal adsorption equation. The maximum adsorption capacity of tectonic coals is greater
than that of primary structural coals. The adsorption capacity and Langmuir volume (VL) of coal samples
decrease with increasing temperature, while the Langmuir pressure (PL) increases with temperature. The
larger the pore volume of coal samples, especially the micropore volume, the greater the adsorption
capacity, and the richer the specific surface area of micro-pores, creating a more substantial adsorption
capacity.

Keywords: Jiulong Mine, primary structure coal, tectonic coal, pore structure, adsorption.
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Study on Seepage Characteristics and Capacity Evaluation of Shale Gas Reservoirs

The formation, storage and seepage characteristics of shale gas reservoirs are significantly different from
those of conventional oil and gas reservoirs, and their in-depth study is extremely important for
improving energy security and promoting sustainable development. In this paper, based on the nonlinear
seepage theory of shale gas reservoirs and the capacity analysis of test wells, a steady state capacity
model integrating the apparent permeability model and the multi-scale transport mechanism is
constructed to investigate the influence of various factors on the apparent permeability and the capacity
of shale gas fractured horizontal wells, as well as to predict the production of shale gas wells. It is found

that: apparent permeability is significantly affected by pore radius, and the non-Darcy effect is



particularly significant under low-pressure and small-scale pore conditions; when the reservoir pressure
is lower than 15 MPa, the sensitivity of apparent permeability to temperature and Langmuir volume
increases, but decreases with the increase of Langmuir pressure; and the production capacity analysis of
shale gas reservoirs shows that the production rates of fractured wells that consider the multiscale
transport mechanism are generally higher than those considering Darcy flow only, especially in the case
of low wellbore pressure and large pore radius; the effects of Langmuir volume and pressure on the
production capacity are relatively small, and mainly noticeable in the range of wellbore flow pressure
from 1 MPa to 15 MPa. The number of fracture bars has a significant effect on production, but too many
fractures can lead to gap interference, which slows down production growth. The results of this research
provide theoretical support for the scientific development of shale gas reservoirs and have important
research and application value for the efficient and rational development of actual well sites.
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Study on Stress — Fluid Coupling of Coal Seam Floor Water Outburst Based on Flac 3D Simulation
Coal mine water outburst under fluid-solid coupling is a hot topic in coal geology. In this paper, the
FLAC 3D simulation method is used to systematically study the water outburst problem of fluid coupling
with coal mine floor. The results show that the vertical stress of the floor in the goaf has an obvious
downward trend after coal seam excavation. Under the joint influence of mine pressure and bearing
water pressure, the working face before the old roof pressure can be affected by two stages: the first stage
is the advance pressure compression section on both sides of the working face, and the other stage is the
pressure relief expansion section under the goaf. Before the old roof is pressed, the shear stress near the
roof and floor is also affected to some extent. The front and rear displacement value of the goaf is
negative, which is the result of the advance supporting pressure. The effective thickness of the floor
waterproof layer decreases gradually with the advance of the working face. When the working face
continues to advance, there will be a risk of water outburst. With the increasing width of the working
face, the height of the guide belt increases. Therefore, in the process of mining activities, a variety of
factors should be considered comprehensively, and a reasonable width of the working face should be
selected to ensure the safety of mining.

Keywords: coal mine safety, coal mine water outburst, FLAC 3D, width of working face, supporting

pressure.
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The Method of Seismic Diffraction Wave Extraction Based on PCA Method and Its Application
This paper addresses the challenge of accurately describing the boundary of deep cavern-type reservoirs.
A method is developed to extract diffraction information from the cavern and its boundaries from full
wavefield seismic data using PCA wavefield separation technology. The paper describes a method for
extracting diffraction information based on post-stack seismic data, and demonstrates the validity of this
method in identifying cavern’s boundaries via forward modeling. Subsequently, the method is applied to
actual seismic data to extract diffraction information from deep caverns. By separating wavefield
information at different scales, the extracted diffraction information can effectively identify the
characteristics of cavernous reservoirs and their boundaries. It is verified by examples that the diffraction
wave information separation method can provide a more accurate description of the distribution of deep
cavern-type reservoirs, which can provide a basis for predicting this type of reservoir.

Keywords: diffracted wave information separation, principal component analysis, karst cave, diffraction

wave field forward modeling, boundary recognition.
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