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KMHETUYECKHE OCOBEHHOCTU U D®PEKTHUBHOCTDH COPBLIMU JMOKCHUIA
YI'JIEPOIA N3 BUOTI'A3ZA CYCIIEH3WUAMUN JOJIOMUTA

B. Makapﬂeuueuel, . Cendafcukenel, P. ‘Ilomeﬂumel, C. Kumpucz, A. }Ic1<yhmc2
'Yuusepcurer Anexcanapa Cryasrunckuca (Kaynac, Autsa),

?KayHackuii TexHoArormueckuit ynusepcurer (Kaynac, Autsa),

E-mail: agrotech@asu.lt

[IpencraBneHsl Kaxylecs KHHETHUECKUE apaMeTphl COPOIIMU TUOKCHIA yriiepoa U3 Ouorasa ¢
WCIOJIb30BAHUEM PACTBOPOB, MOJYYEHHBIX B PE3yJlbTaTe CYCHEH3UPOBAHMS MPOKAJIEHHOTO J0JIOMUTA.
OntumanbHas u 3pdexTuBHas Temmeparypa abcopburu CO, cocraBnsger 20°C. Kunernueckue pacyeTsl
JOKa3bIBAlOT, YTO MpPH TMOBBIILIEHUU TeMIepaTypbl aOCOpPOLMH YMEHBIIAIOTCA KaXKYIIUHCS MOPSI0K
abcopOLMU U KaxXyIascs KOHCTaHTa CKOPOCTH abcopOIuu. Y CTaHOBJIEHO, YTO cKopocTh abcopbunu CO,
HaxOJUTCS B TIPSAMOHN 3aBUCUMOCTH OT mapuuanbHoro masieHuss CO, u B oOpaTHON 3aBUCUMOCTH OT
temneparypbl. [l abcopOium AUOKCHIA YriepoJa PeKOMEHAYeTCs MCIOJIb30BaTh PACTBOP JOJIOMUTA,
MOJTYYEHHBIN B pe3yibTare GuibTpanuu 1%-Hoi CyCrieH3uHu J0JIOMHTA B BOJIE.

KuroueBble cjioBa: O1oras, TMOKCHU]I YIiepoia, COpOIHs, KHHETUYECKUE TTapaMeTpHhI.

Apparent kinetic parameters of carbon dioxide sorption from biogas using solutions produced by
suspending calcined dolomite are given. The optimum and effective CO, absorption temperature is 20°C.
Kinetic calculations show that the apparent absorption degree and apparent absorption rate constant
decrease with rise of temperature. It is shown that CO, absorption rate is a direct function of CO, partial
pressure and inverse function of temperature. Dolomite solution obtained by filtration of 1% dolomite
suspension in water is recommended for CO, absorption.

Key words: biogas, carbon dioxide, sorption, kinetic parameters.

[IPEBPAILIEHV [TPSIMOT'OHHOM BEH3MHOBOU ®PAKIIMM HA
KOMBUHHWUPOBAHHBIX HEOJIMTCOJEPXAIINX KATAJIMZATOPAX

U. C. 3asanunckasn, U. B. Manukoes, IO. I1. fcean
Kybanckuit rocyAapCTBEHHBIN TEXHOAOTUYECKHUI YHUBEPCUTET,
E-mail: zavalinskaya@mail.ru

IIpoBeneHbl  SKCHEPUMEHTHl MO  KaTalUTUYeCKOMY O€3BOJAOPOAHOMY  00JaropakMBaHUIO
HU3KOOKTAHOBBIX OCH3MHOBBIX (pakUWi Ha [EOJUTCOAEPXKAIIMX KaTalu3aTopax C pa3HbIMU
CHJIMKAaTHBIMU MOy siMU. Ha ocHOBe XpomaTorpaguueckoro aHain3a yCTaHOBIICHO BIUSHUE U3MEHEHUS
MOJIEKYJISIPHO-CUTOBBIX XAPAKTEPUCTHK IICOIUTCOACPKAINX KAaTaIM3aTOPOB HAa WHAMBUAYAJIBHBIA H
IPYIIIOBOM  YIJIEBOJAOPOAHBIM COCTaB MoiydaeMblXx OeH3uHOB. [lokazaHo, 4YTO Ui yBEITHMYEHUS
KOHBEPCHHM CBHIPhEBOM  (Ppakiuu  1emecoodpasHo KOMOWHHUPOBAaTH B COCTaBE KaTAIUTHYECKOU
KOMITO3UIIMH LIEOIUTCOAEPIKALUE KaTAIU3aTOPbI C pa3HBIMU CUJIMKATHBIMU MOAYJISIMHU.

KuroueBble cj10Ba: 1I€0IUT, KPEKUHT, MPSIMOTOHHBIA O€H3WH, CHITMKATHBIA MOIYJIb.

OAKTOPELI, OITPEAEJAIOIINUE SOOPEKTUBHOCTD OXBATA MUKPOIIOP IVTACTA
3ABOJAHEHUMEM BA3KOVIIPYIT MU ITOJIMMEPHBIMU PACTBOPAMU

Jwo HKyHbl, Yrrcyn Xoﬁuul, VIE)] Cﬂou3yaub2, Ysicao Yannan®

'Key Laboratory of Enhanced Oil & Gas Recovery, Ministry of Education, Northeast Petroleum University
(China),

2Qil Recovery Plant N 1, Daqing Oilfield Company Limited (China),
3Offshore Petroleum Development Company, Liaohe Oilfield Company (China),
E-mail: zhhy987@126.com



Hpe;[nonceHa MaTeMaTUiuCCKasds MOJCJIb TCUCHUS MOJHMMCPHBIX pPAaCTBOPOB B TYIHMKOBBIX II0paX,
KOTOpO€ H3yYalld Ha MpUMepe MHUKPOPHUIbTpAlMHU MOJUMEPHBIX PacTBOPOB. Mojenb, BKIIIOYAIOLIYIO
YpaBHEHHE HEPA3pBIBHOCTH, YpPaBHEHUE COXpPAHEHHS HMIIYJIbCa M YPAaBHEHUE COCTOSHMSA, pPELIaln
METOJOM KOHEYHBIX pazHocTed. beutn momydeHbl mpoduinb QYHKIHE MOTOKAa W MPOGUIL CKOPOCTEH.
D¢ hekTuBHOCT, 0XBaTa MHUKPOIOpP IUIACTa 3aBOJHEHHEM BBIYMCIUIA MCXOAS M3 MPOPHIS CKOPOCTH.
Oneneno BiausiHUE Ha 3((PEKTUBHOCTH OXBAaTa MHUKPOIOP YHIPYTOCTH, CKOPOCTH MOTOKAa U BA3KOCTH
MOJIMMEPHOTO pacTBopa. [lokazaHo, 4To BA3KOCTh U CKOPOCTh HATHETAHMS OKA3bIBAIOT MEHBILIEE BIUSHHE
Ha 3QPEKTUBHOCTH OXBaTa MUKPOIIOP, YEM YIIPYroCTh MOJUMEPHOTO pacTBOpa.

KiroueBble c10Ba: BA3KOYNPYTuil MOTUMEPHBINA pacTBOp, 3((HEKTUBHOCTh OXBaTa 3aBOJAHEHHUEM,
pouIIb CKOPOCTEH, MOJTUMEPHOE 3aBOITHEHHE.

A mathematical model is proposed for polymer solution flow in dead end pores, which was studied
with reference to micro-seepage of polymer solutions. The mathematical model, which includes
continuity equation, momentum equation, and equation of state, is solved by finite difference method.
The flow function and velocity profiles are determined. The micropore sweep efficiency is calculated by
the velocity profile method. The effect of elasticity, flow velocity, and viscosity of the polymer solution
on the micropore sweep efficiency is evaluated. It is demonstrated that elasticity of the polymer solution
exerts greater effect on the micropore sweep efficiency than viscosity and injection rate.

Key words: influencing factors, viscoelastic polymer solutions, sweep efficiency, velocity profile,
mathematical model.

MOZAEJIMPOBAHUE ®PAKTAJIbBHOI'O KOO®OUITMEHTA ®UJIbTPALINN B IVIACT
KUAKOCTU IJIA TUAPOPA3PBIBA U EI'O BJIMAHWE HA JUIMHY TPELIUH U
IMPOAYKTUBHOCTL 'A30BOU CKBAXXNHBI

13u I'ogha, An Yoicaouxncyn, Jlu Caozan, Jly Auvusyns, Jlo /lans
Southwest Petroleum University (Chengdu, China),
E-mail: jiguofa@163.com

PazpaGorana ¢pakranbHas Mozens A pacueta Kod(p@uIMeHTa (QUIbTPALUH KUAKOCTH IS
ruapopaspeiBa 1wiacta (I'PII) depes TpemumuHy. Mopaenb y4yuThIBaeT (PpaKkTaNnbHBIA XapakTep H
U3BWINCTOCTh IOPUCTOM cpenpl. Ha OCHOBE KpHMBBIX KanWUISPHOIO JAABJIEHUS, IOJIYYEHHBIX B
pe3ynbTaTe 3aMepoB Ha JEBATH 00pasllax KepHa, paccuuTaHa ¢pakTalibHas MPOHHUIIAEMOCTb. 3HAYCHHS
MPOHHUIIAEMOCTH, PACCUMTAHHBIC HA OCHOBE TEOPHH (DPAKTAJIOB, XOPOIIO KOPPETUPYIOT ¢ U3MEPEHHBIMU
3HaueHusIMU. Koaddurment dunprpanuu xuakoctu 1 ['PII, onpeaenennslii mo GppakTalbHONW MOJEIH,
MPEBBIIIACT IMOJTYYEHHBIH CTaHAAPTHBIMU pacue€TaMHM M3-32 3HAUYUTEJbHOTO BIUSHUS H3BUIMCTOCTH.
PaccmarpuBaeTcst nporHo3supoBaHUe JJIMHBI TPELIMHBI U TPOJYKTUBHOCTH I'a30BOM CKBAXKHUHBI, KOTOPBIE
3aBUCAT OT Koaddunmenta ¢unabrpanuu xugakoctd s [PIT uepes tpemmny. Ecte Bce ocHOBaHUS
npenrnoaraTb, 4YTo TOYHOE ompeneneHue kodpduuuenta ¢unabTpanuu xuakoctu st ['PIT gepes
TPELIMHY OYEHb BaXKHO JI ontumu3anuu rnpouecca ['PIL.

KuroueBbie ciaoBa: Teopust ¢pakrtanoB, kodpduimeHt ¢uapTparuu QIonaa, IJIUHA TPEIIUHbI
I'PII, npOayKTUBHOCTb ra30BOM CKBAKHUHBI.

Fracturing fluid loss is a complex flow process that impacts hydraulic fracturing effectiveness, such
as fracture length and gas well productivity. Many calculation models were built for fluid loss coefficient,
but the fractal character and the porous medium tortuosity were ignored. This study considers these two
parameters and proposes a fractal model to calculate fluid loss coefficient. Based on the capillary pressure
curves of nine core samples, the fractal permeability is calculated. The permeability values based on
fractal theory agrees well with the measured ones. The fluid loss coefficient determined by the fractal
model is /higher than what is obtained by standard calculations because of high tortuosity of the porous
medium. Predictions of fracture length and gas well productivity, which depend on the fluid loss
coefficient, are discussed and compared, and it is suggested that accurate determination of fluid loss
coefficient is essential for optimizing hydraulic fracturing.

Key words: fractal theory, fluid loss coefficient, fracture length, gas well productivity.



N3YUYEHUE OCOBEHHOCTEM ITHBE30ITPOBOJHOCTH C IEJIBIO VUETA
YYBCTBUTEJIbBHOCTH K UISMEHEHMIO HATIIPSDKEHHO-JED@OPMHUPOBAHHOI'O
COCTOAHMA HU3KOINPOHUITAEMOI'O I'TA30BOI'O KOJIJIEKTOPA

Xoy Janu™, Yocan Xao™?, JTu I yauxya3
!School of Energy, Chengdu University of Technology (Chengdu, China),

*State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Chengdu University of
Technology (Chengdu, China),

3The Cainan Block of Xinjiang Oilfield Company (Changji, Xinjiang Province, China),
E-mail: cdutzhh08@163.com

UyBCTBUTEIHHOCTh MPOHUIIAEMOCTH K W3MEHEHUIO HampsKEHHO-Ie(OPMUPOBAHHOTO COCTOSIHHS
IJIacTa SBJSIETCS OAHOM W3 OCHOBHBIX NMPUYUH TOBPEKICHUS HHU3KOMPOHHUIIAEMBIX KOJUIEKTOPOB, YTO
JeaeT BaXHOM OLIGHKY YYBCTBUTEIBHOCTH NpOHULIaeMOcTH. Ha mnpumepe KepHOB, B3STBHIX U3
HU3KOMPOHMIIAEMBIX TUIACTOB HeTsiHOTO MecTopokaenust Yaniun (Kurait), mpoBeeHbl SKCIIEPUMEHTHI
[0 U3MEPEHUIO Mbe30NPOBOAHOCTU. [0 pe3ynbTaTaM 3KCHEpUMEHTa C UCHOJIb30BAHUEM MPOrPAMMHOIO
obecrieuenns CMG a1 9YMCIIEHHOTO MOJICTTUPOBAHUS MTOTYyYEHbl 3HAUCHUS TTHE30MPOBOJHOCTH C YUETOM
9YBCTBUTEIHLHOCTH MPOHUIIAEMOCTH K H3MEHEHHIO HAMPSKEHHO-Ie()OPMUPOBAHHOTO COCTOSHUS TIJIACTA.
Kaxk moka3pIBaroT pe3yabTaThl SKCIIEPUMEHTA M MOJICITUPOBAHHMS, POTYKTHBHOCTh Ta30BOM CKBAKUHBI B
HU3KOMPOHUIIAEMOM Ta30BOM KOJUIEKTOPE HE MOXKET 3HAUYUTENIbHO BO3PACTH 33 CYET IOBBILICHUS
Pa3HOCTH 3HAYEHUH JaBiieHUs Ha 3a00¢ 1 B 1acte. C yBeIWYEHUEM YYBCTBUTEIIBHOCTH MPOHUIIAEMOCTH
K U3MEHEHUIO HAMPsHKEHHO-ACPOPMUPOBAHHOTO COCTOSHUS IacTa KOIPHUIUEHT MhE30IMPOBOTHOCTH
CHWKAETCS, 3aJiep’KKa paclpOCTPAHECHMsI JIaBJICHUS CTAHOBUTCS 0oJiee 3HAYMUTEIBHOH, a TEepHoJ
CTaOMIIbHOW JOOBIYM Ta3a CTAHOBUTCS KOpoUe Ipu OobleM qeduTe rasa.

KaroueBble cjioBa: YYBCTBUTCJIBHOCTH K U3MCHCHUTIO HaHpH)KeHHO-I[e(bOpMI/IpOBaHHOFO COCTOsIHHUA
mjracTa, N1b€30IMPOBOJHOCTD, HI/ISKOHpOHI/ILIaGMHﬁ ra3oBBII KOJUICKTOP.

The permeability sensitivity of formation is one of the primary causes of damage to low-
permeability reservoir. Experiments were conducted on change in pressure propagation characteristics
with reference to matrix rock (core) samples taken from a low-permeability reservoir in Chongqing
oilfield, China. Based on the experimental results, pressure propagation values were obtained using CMG
numerical simulation software that takes account of permeability sensitivity of the formation. The
experimental and simulation results indicate that gas well productivity in low-permeability gas reservoir
cannot be increased significantly by increasing pressure difference in low-permeability gas reservoir.
With increase of permeability sensitivity of formation stressed state the pressure propagation coefficient
decreases, pressure propagation delay increases, and steady gas production time becomes shorter with
higher gas flow rate.

Key words: stress sensitivity, pressure propagation characteristics, low-permeability gas reservoir.

KOMIUIEKCHAS TEXHOJIOI'MA OI'PAHUYEHNA BOAOIIPUTOKA, BKJIFOYATOIIIA A
TAMIIOHMPOBAHUME U KNCJIOTHYIO OBPABOTKY CKBAXHH ITOCJIE THAPOPA3PLIBA

Jlo ‘Iofcmpaul, Urnicao Jqu;mI, Jwo Huuﬂul, Ban quCQHKyZ
!Southwest Petroleum University (Chengdu, China),

2Chonggqing University of Science and Technology (Chongqing, China),
E-mail: wangzhengkuwang@126.com

HccnenoBana KOMILUIEKCHAST TEXHOJIOTHSI TAMIIOHHUPOBAHUS M KHUCIOTHOW 00pabOTKH OOBOJIHEHHOM
He(TSAHON CKBaXHUHBI C IIENIBI0 OTPAaHUYCHUS OOBOJAHEHHOCTH TOOBIBAEMOW MPOAYKIIMU; COUYCTAHHE
TaMIIOHUPOBAHMSI M KHUCIOTHOW OOpaOOTKM HAmpaBlIEHO Ha JOCTH)KEHUE CHHepru3Ma. Pa3paboraHbl
MOpOBasi MOJIETh C MHUKPO- M MAaKPOTPEIIMHAMH, M YEThIPE MOJICH C IPYTUMHU BUAaMu TpemuH. OneHeHa
BO3MOYKHOCTh TPHUMEHEHHS Teeo0pa3yloniero TaMIIOHAKHOTO pacTBOpa B paMKaxX KOMILICKCHON
TexHonmoruu. Kak TMOKa3bIBalOT pe3yibTaThl JKCIEPUMEHTOB, TeleBas TaMIOHAXKHAs CHUCTEMa
3¢ (deKTHBHA B BBICOKONPOHMIIAEMBIX MPOIUIACTKaX (cTeneHb uzonsiuuu >99%), Ho mManodpdexTuBHa B



HU3KOMPOHUIIAEMBIX TPOTUIACTKaX. Harneranue BsI3KOW Mauyku OCHAONSET BIUSHUE TOCIEIYIONICH
KHCJIOTHOM 00paboTku Ha S()PEKTUBHOCTh TaMIIOHAXHOTO Marepuaia. B To ke Bpewms, CTENeHb
U3BJICUECHUS] HE(TH TNPH BBITECHEHMM BOJOW Ui TPEIIMHOBATOW MOPOBOM MOJENM HEBENIWKa, MOcie
HarHETaHUS TIOJMMEPHON TaMIIOHA)KHOW CHUCTEMBI CTETICHb M3BJIICUCHUS BO3PACTACT, TOCTUTAsT 3HAUCHUS
6onee 60%. IlpennoxkeHHas KOMIUIEKCHAsh TEXHOJOTHsS ampoOMpoBaHAa Ha JBYX CKBaXHHAX
MectopoxaeHus: YanmuH, Opu10 3aUKCUPOBAHO yBeIMYCHHE HedTe00bIYHM B CpenHeM Ha 1 T/CcyT. s
KaX/1011 CKBaKUHBI B T€UeHHE O0Jiee OAHOTO roja.

KnioueBble cjioBa: TPOpPHIB BOJABI B CKBaXHHY, OTpAaHMYCHHE BOJONPUTOKA K CKBAXHHE,
KHCJIOTHast 00paboTKa, IOpOBasi MOZEIb, refieo0pasyrolias CUCTeMa, MOBBIIICHHE HePTEeOTIauu.

An integrated technology combining water plugging and acidizing in the same flooded oil well is
studied with the goal of controlling the water content of the oil and attaining a comprehensive synergy.
For this, a micro- and macro-fracture porosity model and four models with other kinds of fractures are
built. The feasibility of application of gel water plugging system in this integrated technology is
evaluated. The experimental results show that the gel system is effective in high-permeability interlayer
plugging (plugging degree >99%), but not very effective in low-permeability interlayers. Multi-slug
injection reduces the impact of subsequent acidizing on the effectiveness of the pugging material. At the
same time, the degree of oil recovery by displacement with water for the fracture porosity model is not
high, but after polymer plugging system injection, recovery increases, reaching more than 60%. The
proposed integrated technology was applied in two wells in the Chongqing oilfield. Oil production of
each well increased on an average by 1 ton/day for more than one year.

Key words: water inrush into well, water plugging and acidizing, integration, pore model, gel
system, enhanced oil recovery.

SKCIHEPUMEHTAJIBHOE NCCIIENOBAHUE O®WJIbTPALIMOHHBIX XAPAKTEPHCTHK
HU3KOITPOHUIIAEMBIX BYJIKAHUYECKUX I"TA30BbIX KOJUIEKTOPOB C PASHOU
BOJJOHACBIIIEHHOCTBIO

Jwo ’IofcyOul, YUncao lI3tht.m'oy1, Jwo XyHC}leZ, Ban I3ans’

'Xi’an Shiyou University (Xi’an, China),

?Exploration and Development Institute, Xinjiang Oilfield Company (Karamay, Xinjiang, China),
E-mail: liuzhidiliu@126.com

C uenbto wu3ydyeHUs QUIBTPAIIMOHHBIX XapAaKTEPUCTUK HU3KOMPOHUIIAEMBIX BYJIKAaHUYECKHX
ra30BbIX KOJUIEKTOPOB IPH PA3HOH BOJOHACBHIIICHHOCTH pa3pabOTaHbl SKCIEPUMEHTAIbHBIE METOMbI
M3MEpEeHUs! IPOHUIIAEMOCTH, HACHIIIICHUS U 1eOUTa NP OCYIIECTBICHUH BHITECHEHHS Ta3a u3 KepHa. [l
UCCIIeIOBaHMsI ObLIM OTOOpaHbl 8 00pa3lOB BYJIKAHWYECKOTO KEpHA M3 TPEX CKBAXKHMH, BCKPBIBIIMX
BYJIKAHUYECKHI Tra30BbIi koyuiekTop Kamamaii (6acceitn 1[3ynrap, Kurait). M3yganu ¢unbTpanmoHHbie
XapaKTePUCTHKH 00pa3loB MPH pa3HON BOJOHACHIIIEHHOCTH. BBIsBIEHO, YTO POHHUIIAEMOCTH I10 ra3y B
OCHOBHOM 3aBHCHUT OT BOJOHACBHIIIEHHOCTH U TMoOpoBoro namieHus. Hecmorpss Ha addekr
MPOCKAIB3BIBAaHUS Ta3a, MPOHHUIIAEMOCTh KOJUJICKTOPOB B 3HAYMTENIBHOM Mepe OO0YyCIOBIMBAETCS
HCXOJHOW BOJOHACHIIIEHHOCTHIO0. KpUTHUYECKMM 3HAa4eHHEM BOJOHACBHIIIEHHOCTH HHU3KOIMPOHHUIAEMbIX
BYJIKAHMYECKHUX Ta30BBIX KOJIJIEKTOPOB MOKHO cunutaTh 40%. Korma BomoHackimieHHOCTh Bbliie 40%,
MIPOHUIIAEMOCTh BO3PACTAET C MOPOBBIM JaBIIEHUEM, HO HE3HAUUTEIbHO. B 3THX ycrnoBusix QuibTpanus
ra3a MposiBIsieT CBOWCTBA (PMIBTPALIMH KUIKOCTH, B3aUMOCBS3b (DUIBTpAlMM Ta3a M BOJBI CIOXKHA, a
COMpOTHBIIEHUE (UIbTpallMM Ta3a Benuko. Bce yka3zaHHble (aKTOpbl 3aTPYAHSIOT SKCIUTyaTalUIo
KOJUIeKTOpa U aenarT ee mManodddexkruBHor. [Ipu BomoHackimeHHOCTH MeHee 40% MpOHUIIAEMOCTh
BO3pacTaeT C YMEHBUICHHEM I[IOpPOBOTO JaBJieHHUS, U (UIbTPALMOHHbIE XapaKTEPUCTUKU IO Trazy
MNOJUYUHSAIOTCS  TaKOBBIM Il OJHO(GA3HOTO Ta30BOr0 MOTOKa. B yKa3aHHBIX  YCIOBHAX
BOJIOHACBIIIEHHOCTh BJMSET TOJIKO Ha IMPOHMUIIAEMOCTh KOJUIEKTOpA W OKa3bIBaeT HE3HAYUTENIbHOE
BIUSTHUE HA (PUIBTPAIMOHHBIC XapaKTEPUCTHUKH T10 Ta3y.

KiroueBble cioBa: ByJKaHWYecKass TIOpOAa, Ta30BbIi  KOJUIEKTOP,  (UIBTPAL[IOHHBIE
XapaKTEPUCTUKU, BOJOHACHIIIICHHOCTD.



Experimental methods of measuring permeability, saturation, and flow rate of gas displaced from
cores were developed to study seepage characteristics of low-permeability volcanic rock gas reservoirs at
varying degrees of water saturation. Eight volcanic core samples taken from three wells in the Kalamay
(Karamay) volcanic gas reservoir of the Junggar Basin of China were studied because this reservoir has
typical seepage characteristics. It was found that gas permeability depends essentially on water saturation
and pore pressure. Regardless of the gas slippage effect, the reservoir permeability largely depends on the
initial water saturation level. The critical water saturation of low-permeability volcanic gas reservoirs is
40%, above which permeability increases, not substantially, with increasing pore pressure. Under these
conditions, gas seepage shows the characteristics of liquid-phase seepage, the gas-water seepage relation
becomes complex, and resistance to gas seepage increases significantly. All these factors make
exploitation of the reservoir difficult and ineffective. Below the 40% water saturation level, permeability
generally increases with decreasing pore pressure and gas seepage characteristics comply with those of a
single-phase gas. Under these conditions, water saturation influences only the reservoir permeability, but
has little impact on the gas seepage characteristics.

Key words: volcanic rock, gas reservoir, seepage characteristics, different water saturations.

BJIMAHUE BOJIbI HA M3BJIEUEHUE METAHA YTI'OJIbHBIX ITJIACTOB: OB30P
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E-mail: swpulyj@sina.cn

[IpencraBiaeH 0030p ocoOEHHOCTEW BIMSHHUS BOJBI HAa HM3BJICUYCHHWE METAHA YTIOJBHBIX IUIACTOB.
BnusHue Boapl Ha 0OBIMY MeTaHa YTrOJBHBIX IUIACTOB CBSI3aHO C ajcopOIme BOABI B IOpax,
KaMWUTIPHOM KOHJCHCAIMEH, 3al0JHEHHEM MHUKPOIIOP, THCTEPE3UCOM aJCOpOIMU M €ro BIMSHHEM Ha
CHOCOOHOCTh MeTaHa K auddy3uu, BCIyYMBAHUEM YTIIA BCJICACTBHE aiAcOpOLMU BOABI M M3MEHEHHEM
BCJIC/ICTBHE 3TOT'O IIPOHUIIAEMOCTH 110 METaHY, HACKHIIIIEHUEM BOJIOHM IMOpP W JABYX(a3HBIM TCUCHHEM Ta3—
BOJIa B KIIMBaXKaX. PacCMOTPEHBI METO/IbI CHIKEHUS HETAaTUBHOTO BJIVSTHUSI BOJIBI HA U3BJICUCHHE METaHA
VTOJIBHBIX ITUTACTOB: HAarHeTaHWE JMOKCHAA YIJIepoJa W MHKPOBOJIHOBOE Bo3zaciicTBHe. O003HAYCHBI
MePCIIEKTUBHBIC 00JIaCTH UCCIICIOBAHMSL.

KuroueBble c10Ba: METaH yroJbHBIX MJIACTOB, aJCOPOIIMS BOBI, TPSHUPOBAHUE BOJIbI, HATHETAHUE
JTMOKCHU/JIA yIiiepoja, MUKPOBOJIHOBOE BO3IEHCTBHUE.

This paper presents a comprehensive overview of the influences of coal-seam water on coalbed
methane (CBM) production processes. These influences are associated with CH4 adsorption, capillary
condensation, micropore filling, adsorption/desorption hysteresis and its impact on CHy diffusivity, coal
swelling induced by moisture adsorption that affects effective CH,4 permeability, water imbibition into
pores, and gas-water two-phase flow in cleats that affects relative CH, permeability. Processes proposed
to reduce impact of water on CBM production include CO, injection and application of microwave
technology. CO; injection changes wettability characteristics of coal from water-wet to CO,-wet.
Microwave technology causes water to evaporate and expand, which causes fissure formation. Major
research gaps and areas identified for further study from both experimental and simulation perspective
include 1) CHy4 diffusivity under different mechanisms of water adsorption in coal, 2) CH, permeability
with variations in matrix moisture contents, 3) water imbibition into coal pores during dewatering, 4) CO,
permeation rate in coal pores with various moisture contents, and 5) feasibility of application of
microwave technology.

Key words: coalbed methane, water adsorption, gas transport, dewatering, CO, injection,
microwave impact.



COCTAB U CBOMCTBA OKCUJIATOB ACD®AJIbTEHOB TSDKEJIBIX HEDTSIHBIX
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HpOBGI[eHO OKHCJICHUC acq)aJII:TeHOB PA3JIMYHBIX  TAKCIIBIX HC(I)THHBIX OCTaTKOB BOJHBIM
pactBopoM mepkapOonara Hatpus npu temmeparype 200°C u nmaBnenun 4 Mlla, mpoaHamu3upoBaHbI
COCTaB M CBOMCTBA IOJYYEHHBIX MPOAYKTOB. CozepikaHne BOJOPACTBOPUMBIX OKCHJATOB B MPOAYKTaX
okucieHuss achanbTeHOB cocTaBisieT 47,4-49,4%. B cocraBe HEpacTBOPUMBIX B BOJE OKCHIIATOB
peo0IagaroT MPOAYKTH OKHCIUTEIBHON KOHICHCAIIUU ac(albTeHOB, 00OTallleHHbIE THAPOKCHUIHHBIMH,
MPOCTBIMU 3PUPHBIMH M KapOOKCUIBHBIMU TpymmnaMu. BojopacTBopuMble OKCHIATHI MPEACTABISIOT
cO0Oi KOHIIEHTpAaT KapOOHOBBIX KHUCIOT. BBISBIEHBI OCOOCHHOCTH CTPYKTYpPHO-TPYIIIOBOTO COCTaBa
MOJIyYeHHBIX OKcuaaTroB. [loka3aHa BO3MOXKHOCTh MPAKTHUECKOTO HCIOJb30BAaHUS OKCHJIATOB
ac(aJbTEHOB B KAa4eCTBE aJr€3MOHHON JOOABKH K JIOPOKHOMY OUTYMY, a TAaKKe€ JJIS1 OYMCTKUA BOJBI OT
(dhenoma.

KuroueBble cjioBa: HeTsHBIE OCTATKH, aCPaIbTECHBI, OKUCICHHE ac(haabTeHOB, aATe3Usl, COPOIIHSI.

Asphaltenes of various heavy oil resids are oxidized by aqueous sodium percarbonate solutions at
200°C and 4 MPa pressure, and the composition and properties of the obtained products are analyzed.
Water soluble oxidation products in the asphaltene oxidation products comprise 47.4-49.4%. Products of
oxidative condensation of asphaltenes enriched with hydroxyl, ether, and carboxyl groups dominate in the
composition of water-insoluble oxidation products. The water-soluble oxidation products represent
carboxylic acid concentrate. The characteristics of the structural-group composition of the obtained
oxidation products are disclosed. The possibility of practical utilization of asphaltene oxidation products
as adhesion additives to road asphalt and for removal of phenol from water is demonstrated.

Key words: oil resids, asphaltenes, asphaltene oxidation, adhesion, sorption.



