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BBenenune

B Hacrosimiee BpemMss B MUPOBOM M POCCHUUCKOM He(Teno0bIBaIOIIEM
KOMILIEKCE OJIMH U3 MPUOPUTETHBIX BOMPOCOB SIBJISIETCS KOJIMYECTBO U3BJICKAEMBIX
3armacoB HePTU. BONBIIMHCTBO MECTOPOXKIECHUN BXOAAT WIM YXKE HAXOIATCS Ha
TpPEThEH CTaAUM Pa3pabOTKH, a TAKKE MECTOPOXKJIECHHUS C TPYAHOU3BIECKAEMBbIMU
3armacamMu, IMpPU KOTOPHIX HEOOXOAMMO HHTETPUPOBATH METOAbl YBEIHMUYCHHUS
He(DTAHOU OTHa4YM. DTO MO3BOJIAECT BHEAPSTH HOBbIE TEXHOJIOTUU B OCBOCHUU HOBBIX
U y’Ke pa3pabaThiBaeMbIX HEPTIHBIX MECTOPOKICHUH.

BonbIIMHCTBO 3aMacoB HETPANMUIIMOHHBIX YTIIEBOJIOPOAOB B Poccuiickoit
denepanu HaxXoOASATCSA B HEPTEMATEPUHCKUX IMOPOJAaX OaXKEHOBCKOW CBUTHI,
PACIIPOCTPAaHEHHBIX Ha momW@nu cebime 1 MuH kMm% OTIMYHTENLHON
O0COOEHHOCTBIO OTJIOXKEHHIM 0a)KEHOBCKON CBHUTHI 3aKJIIOYACTCSI B TOM, YTO €IlE HE
3aBEpPIIMJICS XMMHUYECKUN Tpolecc MpeoOpa3oBaHus OPraHUYECKOro BEIIECTBA B
He(dTh. [ToaTOMY yriieBoOpObI 3alieku 0aXKEHOBCKOM CBUTHI COACPIKATCS B JIBYX
dopMmax — nerkoil He)TU U KEpOreHe, CPeAHEe CoJepKaHue KOTOPOrO COCTaBIISET
23,3%. AkxTyanbHOU mpoOiemMoil mpu pa3paboTke 0a’KEHOBCKON CBUTHI SIBIISCTCS
Her((PEKTUBHOE MCTIOIB30BAHUE TPAIUIIMOHHBIX CIOCOOOB pa3pabOTKH, KOTOPHIE
MO3BOJISIIOT M3BJIEKaTh He Ooznee 5% Bcex 3amacoB HePTH, coAepalIUMXcs B
OpoBOM TpocTpaHcTBe. C 11eJIbI0 OCBOCHHS 3a11acOB 0aKEHOBCKOM CBUTHI BEAETCS
pa3paboTKa OTEUECTBEHHOW TEXHOJIOTMH TepMora3zoBoro Bozueiicteus (TI'B).
JlaHHasi TEXHOJIOTHSI CO3/JaHa HA OCHOBE KOMIUIEKCUPOBAHUS TEIUIOBBIX, Ia30BbIX U
THAPOJIMHAMUYECKUX METOJIOB YBEIMYCHHS HE(TIHOW OTAaud U TMPEIoJiaract
COBMECTHYIO 3aKauKy B IUIACT CMECH BO3Ayxa M BOAbl. OLEHKH UCHBITATEIbHBIX
paboOT MOKa3bIBAIOT, YTO pean3alsl JaHHON TEXHOJOTWU MO3BOJIMT YBEJIUYUTH
He(DTAHYIO OTAavy 3ajiexelt 6aKkeHOBCKOM cBUTHI 710 35—-40%.

I]enw - yBenuuenue He(TAHON OTIaYu TPYAHOMU3BIEKAEMbIX 3a11aCOB
OaXKEHOBCKOM CBUTHI C TTIOMOIIBIO TEXHOJIOTMH TEPMOTa30BOTO BO3/ICHCTBUS Ha
1acT HEPTIHOTO MecTopoXkaeHus [

3aoauu:

— - VI3y4uTh reosioro-TeXHUUECKMUE XapakKTepUCTUKUA MeCTOpoxkAeHus [



— PaccmoTpeTs cyiiecTByoMe METOAbl YBETNUeHNU He(DTAHON
OT/Ia4H IUIACTOB;

— Paccuntath 00bEMBbI 3aKaYMBAEMOT0 Ta3a JJisl MPOBEIACHUS
TEPMOTa30BOr0 BO3JECUCTBUS HA IIACT MECTOPOXKACHUS [

- OHpC,ZIeJII/ITI) peHTa6eJIBHOCTI> BHCIAPCHUA IIaHHOﬁ TCXHOJIOTHH.

Ilonoscenusn, évinocumole na 3auiumy:

— Ha mectopoxennu I HanOosee NpUMEHUMBIM METOJIOM YBEIHYEHHUS
HE(QTAHOU OT/AauM SIBJIIETCA METOJl TEPMOTa30BOI0 BO3/ICHCTBYS;

— IIpumMeHeHune TepMOrazoBOro BO3AECHCTBHS O3BOJIUT YBEIUYUTD

kod(dpummenT n3snedenus Heptu Ha 0,15-0,17.



AHHOTALIUA

Bonbmias 4acTb OCHOBHBIX HETPaJAMIMOHHBIX 3alacOB YIJIEBOJOPOIHOTO ChIPbS
Halllel CTpaHbl COCPENOTOYeHa B HeTeMaTepUHCKOW Mopoje 0akeHOBCKOM CBUTHI U
NPEJICTaBICHbl BBICOKOKAYECTBEHHON ManocepHucTol HedThio. CBoiictBa Hedtu I
MECTOPOXKJICHHS U3YUYEHBI IO TTOBEPXHOCTHOU Mpobe ckB. 219, rmybuna otdopa 2300 M
(maTepBan 2720-2735 ™). Ilo pesynpTaTtam m1ab0OpaTOpHBIX HCCIECIOBAaHUN HEDTh
XapaKTEpU3yeTCs KaK JIerkas ¢ IWIOTHOCThIo 0,828 r/cm3, manocepuuctas (ceps 0,49%),
manonapadunucras (1,76%). BsizkocTe 1acToBoil HeTH B IJIACTOBBIX YCJIOBHUSIX
coctasuna 0,62 mIla*c, rasoconepxanne — 126 M3/1, 06beMubli kKodQuuuent — 1,29.
OCHOBHBIE T'e0JIOro-(pU3MIECKUE TAapaMeTPhl: CpeHss npoHunaeMocts 4,2 1073 Mxm?,
temmneparypa miacta cocrapisier 108°C, HavanbHOoe miactoBoe nasinenue 33,1 Mlla,
TeKylee miactoBoe AapieHue 17-23 Mlla. ['muanCTHIE OTIOXKEHNS 0a)KEHOBCKOW CBUTHI
OOIIMPHO TPOCTHPAIOTCS MO BCeH IUeHTpajdbHOW wyactu 3anagHo-Cubupckoin
HU3MEHHOCTU. BpIcOKass HE(TEHACHIIEHHOCTh 3THUX MOPOJ IPEACTaBIsAEeT COOOi
YHHUKAQJIbHBI 1O CBOEH NEpPCHEeKTUBHOCTH 00BEKT HedTsHOM n00buu. CyMMmapHbIe
3amachl YrieBOJOPOJHOTO ChIpbsi B HUX oOlleHUBaroTcsa nopsaka 0,8—2,1 TpiaH TOHH, a
NOTEHLMAJIbHBIN PUPOCT U3BJIEKAEMBIX 3al1aCOB HE(PTH, [0 NPEIBAPUTEIBHON OLECHKE,
cocrtasisieT okojio 30—40 mupxa ToHH. B noponax bC Hapsiny ¢ nerkoi HepTbio, KOTOpas
3aHMMAET MyCTOTHOE MPOCTPAHCTBO, YIJIEBOJOPOAbI CONEPKATCS TAKKE U B COCTaBHOM
nopoA00Opa3yoIIed 4acT MOPOAIbl, Ha3zblBaeMoOil keporeHoM. Ha naHHBIE MOMEHT
MO>XXHO BBIICTUTh CJICAYIOIIUE OTIWYMUTENbHbIE XapakTepucTuku mnopona bC:
TOHKOIUIMTYATAsA, CJIOUCTas M JIMCTOBATas CTPYKTypa; HU3KUE 3HAUEHHUS MOPUCTOCTU U
MPOHUIIAEMOCTH KOJJIEKTOPOB; aHOMAJIbHO BBICOKHE TUIACTOBBIC JABICHUS B 3ajeXkax;
MOHIKEHHAs] CKOPOCTh TPOXOXKICHUS YIPYTHX CEHCMHUYECKHUX BOJIH dYepe3 TOJIILY
apTUUINTOB; HAIMYNE BEPTUKAIBHBIX M TOPU3OHTAIBHBIX TPEIIHH; XPYIKOCTh TTopo. B
HACTOSIIIIEE BpEeMs TMPOBOMAATCS HCIBITAHUS HCIIOJIB30BAHUS PA3IMYHBIX CIIOCOOOB
BO3JICHCTBUS HA JTH TOPOJbI, TaKWe KaK THAPABINYCCKUN pPa3pbiB, TEPMHUECKOE
BO3/JEHCTBYE, BHYTPUILIACTOBOE ropeHne u ap. B Poccum nepcnekTuBbl OCBOCHUS BCE
BO3pacTalolieil JI0JIM TPYJHOU3BICKAEMBIX 3alacoB CBA3aHbI C WHHOBAIMOHHBIM
pa3BUTHEM CIOCOOOB pa3pabOTKM MECTOPOXKICHWH Ha OCHOBE KOMIUICKCHPOBAHMS

TEIUIOBBIX M ra30BbIX MY H, K KOTOpPBIM OTHOCUTCSI OT€YECTBEHHBIA TEPMOTAa30BbIN METO/



uHTeHCU(UKAMK HePTenoObYM U yBelUYeHUs: KOA(P(UIIMEHTa H3BICYCHUS HEPTH.
TepMoraszoBblii MeTOA HampaBieH Ha yBenuueHUe dSPQPEKTUBHOCTU pa3zpabOTKU
MECTOPOXKACHUN, coaepKalmux Jierkyro HedTh. OH MOXET MNPUMEHSATHCS Ha
MECTOPOXKACHUAX C HU3KOIPOHUIAEMBIMU KOJUJIEKTOpaMH, B TOM YHCIE H IOCIe
3aBOJHEHMSI U1l M3BJICUEHHUS OCTATOYHOW He(TH U3 KPOBENBHBIX YacTed B
HedTeMaTepUHCKUX MOpoaax 0axeHOBCKOW CBUTHI. LlenecoobpazHocTh onpoboBaHus U
BHEPEHUs] TEPMOra3oBOM TeXHOJIOTUM Ha MecTopoxaeHusx bC mpenonpenensiercs
BBICOKOM  HE(TEHACBHIIIEHHOCTHIO IOPOBOTO  IMPOCTPAHCTBA MOPOJ, OONBLIUMU
reoJIOTMUECKUMHU 3arnacaMu  HedTH, a TakkKe UIMPOKUM pPACIPOCTPAaHEHHEM Ha
teppuropun 3ananHoil CulOupu M pa3BUTON HUHPPACTPYKTYpPOM NAHHBIX TEPPUTOPHUIL.
Hedrsnas otmaya 3anexxeidr BC mnpu KCMonb30BaHWUM  TPAJWIIMOHHBIX CIIOCOOOB
pa3pabotku coctaBisieT 3—5%. B cBsi3u ¢ 3TUM OOJbIIME MEPCHEKTUBBI B PELICHUU
npo0seMbl yBeIMYEHUSI HEPTAHON OTAaUU HETPAIULUMOHHBIX KOJIEKTOpoB BC cBsi3aHbI €

MMPUMCHCHHUCM TepMOFaSOBOﬁ TCXHOJOI'NH.

Bnepsble TepMorasoBasi TexHosorus Obula npenigoxkeHa B 1971 1. Ee
IIPEMMYLIECTBO  3aKJIIOYAJOCh B HCIOJb30BAaHUM  IJIACTOBOM  DHEPIUM  JJIA
npeoOpa3oBaHusl 3aKauMBaeMOil BO3AYIIHONW cMecu B d()(PEKTHBHBIA BBITECHSIOMIUN
areHT. MeTo OCHOBAaH Ha 3aKayke BO3QyXa M BOJBI B IUIACT, U CAMONIPOU3BOJIBHYIO
TpaHc(hopMaIMi0 TEPBOTO, 3a CUET OKHUCIUTENIBHBIX IPOILECCOB, MPOUCXOMANINX B
IacTe: — B pe3yJbTaTe BHYTPUILIACTOBOTO TOPEHHUs BbIpadaThIBae€TCs ra3, B COCTAaB
KOTOPOTO BXOIAT a30T, yriekucieii raz3 u IIDJIY (mmpokas ¢pakiust JIerkux
yTIEBOIOPOIOB). MuHUMaNbHas HEoOXOJuMasl IJIacTOBasg TeMIepaTypa MpOBEACHUS
TI'B nomxna ObITh BeIe 65—70°C. Takum 00pa3omM Mmpy 0THOBPEMEHHOM 3aKauKe BOIbI
U BO3/IyXa, MOKHO IOOUTKCS Hanboubiei 3 PeKTUBHOCTH, 32 CUET KOMIUIEKCUPOBAHUS
HECKOJIbKUX METO/IOB, TAKMX KaK TEPMUYECKUN U ruApoauHamMudeckuii. OCOOEHHOCTHIO
TEPMOra3oBOr0 METOJA SBISETCA: - BO3MOXKHOCTb  YIPABJIEHUS IPOLECCOM
TEPMOra30BOr0 BO3JAEHCTBHUS MYTEM CO3[JaHUS ONTHUMAJIbHOTO BOJOBO3IYIIHOTO
OTHOILIECHMS. [[aHHast OTEUECTBEHHAsI TEXHOJIOTUS CO3JaHa Ha CTHIKE TETUIOBBIX M Ta30BbIX
METO/IOB YBEIMYECHUSI HEPTIHON OTAa4M U MHTEHCU(UKAUU HEPTAHON AOOBIYU. DTOT

METOJl OTJIMYAETCS OT HM3BECTHOIO IPOLECCAa BHYTPUIUIACTOBOIO TOPEHMS, KOTOPBIH



UCIIOJIb3YIOT JUIsl U3BJICUEHUS (BBITECHEHUS) BEICOKOBSI3KOM HedTu. [Ipoiiecc BrITeCHEHUS
MIPOUCXOJUT BIEPEAM 30HBl TOPEHMS, KOTOpas XapakTepU3yeTCs  BBICOKOU
temmepatypoit, 6onee 200°C. [lonmagas B 30Hy ropeHus1, BOJa UCIIAPSAETCS, CMEIIas 30HY
IIPOrpeBa BIIEPEIN 30HBI TOPEHHs. DTO MO3BOJISIET 3HAYUTEIBHO YBEIUYUTH 30HY
MpOrpeBa 3a CUET MOTy4aeMOro HACHIIIIEHHOTO Mapa U KOHAeHcaToOM (ropsiyasi BOJia).

OcHoBHasi ocobeHHocTh TexHonorun TI'B 3akmiouaercs B HMCHOJIB30BaHUU
HPHEPTreTUYECKUX OCOOCHHOCTEM MECTOPOXKICHHUS, TAaKMX KaK aHOMAaJbHO BBICOKHE
riactoBbie AaBieHus (0ko0i0 200—250 atM.) U MOBBILIEHHBIEC TJIACTOBBIE TEMIIEPATYPHI
(70°C). B 30ne apeHupoBanus Temmeparypa gocturaet 10 350°C, 94To HapsIy ¢ BBICOKUM
nasieHueM (oxoisio 200-250 at™.) MO3BOJISET TOOUTHCS MaKCUMaIbHOU (P PEKTUBHOCTH
BBITECHEHUS, COJEPIKAIlEHCs B UCIBITYEMON 30HE IUIACTOBOM HedTH. 3akaunBaemas
CMECh BOJBI M BO3[yXa OOECIEUYMBACT CO3JAHHE B JIPEHUPYEMON 30HE TEIIOBOU
0oTOpoYKHU. E€ CKOpOCTh pacnpoCTpaHEHUsI U TEMIIEPATYPHBIA YPOBEHD MOAACPKUBAETCS
3a CUET PEeryJIMPOBAHMS BEIWYMHBI BOJOBO3YIIIHOTO OTHOLIECHHS. B maHHON oTOpOUKe
BbIpaOaTbIiBaeMas TETIOBAs YHEPTHUsl OKA3bIBAET OCHOBHOE BO3JICHCTBHE MJIsi MPOTpEeBa
HEJPEHUPYEMOM 30HBI IJIACTa, YTO IMO3BOJSET W3BJICUb M3 HHUX Jerkue HedTu U
YIJIEBOJOPOAHbIE Ta3bl. OAHOBpEeMEHHas 3aKauka BOJBI M BO3JyXa IO3BOJISIET
peanu3oBaTh KOMIIEKCUPOBAHUE TEPMUUYECKOTO U TUAPOJIUHAMUYECKOTO BO3JACHCTBHIMA.
B »TOT k€ MOMEHT TUAPaBINYECKOE BO3ACHCTBUE JOJKHO YIYUIIUTh QUIBTPAIIMOHHO-
E€MKOCTHBIC XapaKTEPUCTUKU TOPOJ OaKE€HOBCKOM CBHUTHI, YTO YBEIHYUT CKOPOCTH
pacpoCTpaHEHHs TEIJIOBOTO BO3ACHCTBUS M TMOBBICUT €ro A()(PEKTUBHOCTH, UTO B
pE3ybTaTe MOBLICUT CTETICHD U3BJICUYCHUS HEPTH.

B Tperbeii wacTh MarucTepckoul amMccepTanuu Oblia MPEAIOKEHa METOJUKA
MOJIEJIMPOBAHUS TNPOLIECCA TEPMOTra30BOTO BO3JICUCTBUS B IUIACTOBBIX ycioBusax. JI.I'.
Anrtonuaau, K.I1. MUrnarosa, P.M. Kair B cBoux paboTax ompenenuiv crenuduaecKue
MapaMeTphl, NOJHOCTBIO Xapakrepusyrmmue npouecc TI'B. K Hum oTHOCATCS:
TEIJIOEMKOCTh U APYTHE TEIUIODU3NIECKUE TapaMeTPhl MTPOLYKTUBHOTO TUIACTA U TIOPO/I,
€r0 OKPYXKAIOIIUX; JUHAMHUKY W3MEHEHHUS BA3KOCTH HE(TH TPH BBIJCICHUH Ta30B
TOpPEHHS B IUIACTOBBIX YCIOBUSX; YACIBHOE COACPKAHUE KOKCOTOJOOHOTO OCTaTKa MPH

npoBenennn TI'B; ynenbHbI pacxos Bo3ayxa, TpeOyeMblil JUisi cropaHusl TOIUIMBA B



NOpOoJie; ONTUMAJIbHOE BOJOBO3 JYIIHOE COOTHOIICHHE;, KOI(DPPUIMEHT BBITECHEHUS
He(TU IPU BHYTPHUILIACTOBOM TOPEHUHU.

B nanHO#M raBe mojlydeH CyMMapHBIM OOBEM 3aKayMBaeMOIo BO3JAyXa MpH
ycnosuu nposeenns TI'B B teuenue 30 ner u cocrasun 200-300 muma. avme. KUH npu
HCIOJIb30BAaHUU JIAaHHOM TeXHOJIOruM yBennuuBaercs Ha 0,15-0,17.

B uyerBepTOii TnaBe MpeNCTaBIEH pacyeT PEHTAOENbHOCTH MPOBEACHMUS
texnonoruu TT'B Ha mecTtopoxaenuu I'. 3a cué€T HakonmuTenbHOTO 3(PheKTa OKyImaeMoCTh
MIPOEKTA HACTYIIUT yepe3 2—3 roja.

B mATOM yacTH paccCMOTpEHa OXpaHa OKPYXKAKLIEW Cpeabl NMPU TEPMUUYECKHUX
MeToaax no0brun HedTHu. OmmcaHbl BUABI BPEIHOTO BO3JCUCTBUS Ta3a U MPOIAYKTOB
TOpEHUs Ha OKpy’karomlyio cpeay. [IpoBeneH aHaan3 omacHbBIX U BPEAHBIX (AKTOPOB

MIPOMBICIIOBOTO 000PY/I0OBAHUS.



The Bazhenov Formation

Mainstream news has recently been reporting about the success of alternative
energy and oil and gas production has significantly increased in the US due to the
“shale gale”. This has had a knock on effect to many other organizations related to the
power industry and they have reacted accordingly. Some people see this associated
energy cost reduction as a threat, others see it as an opportunity to increase production,
and others see this as a chance to gain energy independence.

The hunt for shale oil is a direct result of high energy demand, limited
traditional resources bases, and the use of new technology able to reduce production
costs. You can compare the cost of research and technology for shale oil deposits with
space exploration, so it is no wonder that even the big 10Cs are combining their efforts
in order to share the burdens and risks. Even combined efforts are sometimes in vain
however without due support from Governments.

Russia is one of the recognized world leaders in the production of oil and gas,
but the depletion of traditional fields requires the establishment of a new resource base
comparable in its size with the largest producing oil and gas provinces. Equivalent
alternatives are the development of Arctic shelf, and indeed the Bazhenov Formation,
which is prevalent almost right across western Siberia and is the world’s largest oil
shale formation. The development of the Arctic shelf needs significant infrastructure
development, and lies in regions with very harsh climatic conditions unsuitable for
permanent human settlements. On the other hand, the Bazhenov formation occurs in
areas with developed oil producing infrastructure, and indeed in the territory of
producing fields. For Russia, its development is of great social importance, as the
decline in oil and gas production in Western Siberia will affect the well-being of many
Western Siberian cities and towns in which oil and gas companies are the major
employers.

Because of these facts, the development of the Bazhenov is being discussed
across multiple media platforms, including scientific, economic and political. When
reviewing the reports, readers would quite rightly end up bewildered at the

inconsistency of figures and estimates. Light oil estimates in the Bazhenov range from



600 million to 174 billion tons. As a comparison, the middle of this range is larger than
the total initial geological reserves of light oil in all known oil and gas provinces of
Russia.

Another distinctive feature associated with the Bazhenov Formation is an
extremely low permeability ranging from a microdarcy (10-6) to a nanodarcy (10-9).
At this level many publications reported natural flow of tens or even hundreds of cubic
meters per day (without special well interventions).

With such low permeability and real possibilities of creating drawdown it
would not be feasible to cause any significant inflows in principle, say nothing of
natural flow.

This lack of a clear understanding by geologists regarding the problems of the
Bazhenov makes it very difficult for the RF Government to implement tax breaks for
subsoil users willing to develop fields. The main reason is that the Bazhenov deposits
behave unpredictably. In some instances, production rates are so high that the oil itself
can be supplied to a central processing facility located dozens of kilometers from the
wells due to the high formation pressure. In other cases, wells do not flow at all even
after multiple and expensive well intervention operations. Indeed, two wells can often
be drilled very close to each other in similar geological conditions and produce
completely different results. With this in mind, operators and investors looking to
develop the Bazhenov face great risks and uncertainties.

The main reserves of unconventional hydrocarbon deposits in Russia are
concentrated in Bazhenov Formation (BF). BF deposits occur at depths 2500-3000 m,
the thickness is from 10 to 44 meters. Reservoir temperature varies from 80 ° C to 134
° C. BF deposits are similar to the oil shale, but their distinguishing feature is that the
process of converting organic matter into oil is not complete yet. So alongside with
light oil, collector contains hydrocarbons directly in the form of the rock-forming
constituent parts, called kerogen.

Thus, the organic part of the BF is presented in two forms: liquid hydrocarbons
- light oil with an average grade of 7.2% of the volume of rock and kerogen with an

average grade of 23.3% of the rock volume.



Kerogen is the main part of the organic material in the sediments of the
Bazhenov Formation and is considered as a substance that generates on stage
katagenesis major amount of oil and gas.

BF Hydrocarbon resources are estimated in 50 to 150 billion tonnes according
to many experts.

At the present time BF hydrocarbon resources is used inefficiently. Experience
shows that the use of traditional methods of development has led to the recovery of
only 3-5% of oil contained in the pore space.

OJSC "RITEK" is developing thermogas technology, taking into account the
huge potential of the production of hydrocarbons from the BF.

The most important condition for applying thermogas impact on the rocks of
the BF is based on the field and laboratory results that the filtration and capacitive
characteristics of rocks of the BF is largely determined by the level of temperature.

For all types of kerogenic rocks noted an increase in porosity and permeability,
the initial flow rate, cumulative production, hence the drainage area with the increase
in temperature.

Numerous experimental studies have shown that increasing the micropore
(matrix) temperature to 250-350 not only allow to produce 70-80% of the initially
contained therein light oil but to convert part of kerogen in hydrocarbons.

Thermogas EOR Method as Russian Oil Industry Development Innovative
Technology

With the worldwide continuous reserves deterioration, it came clear that the
most promising oil industry development tendency concerned on the design and
implementation of the new Enhanced Oil Recovery (EOR) technologies. It's believed
that integrated EOR technologies, which combine advantages of the different EOR
methods (thermal, gas, chemical), present the most progressive class of the EOR
methods. This paper is dedicated to thermogas EOR method — an advantageous
example of the integrated EOR technology. For the first time thermogas EOR method
was presented in USSR in 1971. Thermogas method supposes the injection of oxygen-

containing gas or water-gas mixture and its transformation due to the spontaneous



oxidative in-situ processes in effective miscible displacement agent. At that the natural
energetic potential of the wide range of oil-fields — the temperature level higher than
60-65C is used. Namely due to the in-situ generation of the miscible agent thermogas
EOR method has an outstanding potential in increasing oil recovery factors. Field
experiments on thermogas method's implementation started in 1980's. Commercial
thermogas technology exploration is achieved in high-permeable terrigenous reservoirs
after water-flooding and in low-permeable carbonates. However, there are strong
prerequisites to the successful thermogas treatment on a wide range of the other hard-
to-recover and unconventional hydrocarbon reserves. In this paper challenges of the
thermogas method's implementation for lowpermeable terrigenous reservoirs with high
amount of clay and Bazhen formation are discussed.

Innovative Development Methods of Kerogen-Bearing Reservoirs that Promote
Oil Generating Potential

In recent years, a very close attention is paid to the problem of search for
development methods of Bazhenov Formation. For this purpose, there are at least three
reasons. The first deals with the exhaustion of light oil. The second is due to a quantum
leap in the knowledge of the geological and physical properties of reservoirs with
reserves difficult to recover. Thirdly, the development of innovative technologies made
it possible to develop deposits of unconventional hydrocarbons, which include heavy
oil, oil of shale fields with low permeability. Layers of the Bazhenov Formation are
characterized by low porosity and permeability, heterogeneity of structure and
composition, the presence of kerogen inclusions, high degree of anisotropy and low
percentage of recoverable reserves. All this makes these layers to be the objects of
study in the search for new technologies, which should take into account the need to
change the structure of the reservoir, including its reservoir properties, to be carried
out within the pressure and temperature corresponding to the zone of maximum
generation. Experimental study of the kerogen properties, as the main source of
additional generation of mobile hydrocarbons, allows not only to close the
mathematical model, but also to numerically predict the choice of the most optimal

methods of development based on the experience of the combination of the wave,



thermal and chemical methods for the development of conventional fields. The authors
conducted an analysis of the current state of research of low-permeability reservoirs,
and laboratory experiments on the decomposition of kerogen, generation of mobile
hydrocarbon phase. A mathematical model was built based on physical and chemical
processes occurring under the influence of heat waves and high pressure waves
generated in the reservoir when using thermochemical methods.

To date, the search for new effective methods of development of hydrocarbon
deposits difficult to recover is as relevant as ever. From the set of proposed
technological solutions, part of them essentially repeats the approaches to the
development of conventional reservoirs with slight modifications in the sequence of
operations. Part is in the testing stage, is used for certain types of resources, such as
heavy oils; there is not enough sampling on the stimulation results for reservoirs of
another type, for example, with low permeability and kerogen inclusions. Mostly
multiple fracturing techniques, methods of in-situ combustion and integrated EOR
combining thermal and thermochemical methods are being tested for the development
of low-permeability reservoirs. The ‘modern innovations’ suggested for hydrocarbons
difficult to recover are not intended to search for fundamentally new methods of
influence on layers, but basically use the special properties and qualities of the rock
and saturating fluids, including those that take into account the generation of additional
hydrocarbons in reservoirs, originally having a small the volume of mobile oil. Another
kind of hard-to-recover material is no exception to this trend, to which this paper is
devoted, and which comprises a huge amount of the world’s hydrocarbon reserves and
potential reserves of Russia, namely, the reserves concentrated in kerogen-bearing
reservoirs. This group includes the deposits of the Bazhenov and other oil and gas
source formations. Feature of considered deposits is that kerogen contained in the
composition of their formation (in solid phase) has an oil and gas generating potential,
through which it is able, under certain conditions, to be converted to certain mobile
hydrocarbons. In nature, this process occurs spontaneously in the scale of geological
time (millions of years) due to a gradual increase in pressure and temperature during

sedimentation and is accompanied by a variety of slow-phase transitions and chemical



reactions, to the course of which the mineral component of the formation, bacteria and
other elements of the environment affect. However, obtaining an additional inflow
from kerogen is possible in a shorter time under artificial external influence. Therefore,
the obvious conclusion is that the main task in the development of discussed class of
fields is production of their potential reserves hidden in the kerogen and not counted in
the calculation of reserves. Theoretical bases and experimental studies of
decomposition of solid hydrocarbons. For the preparation of hydrocarbons from the
organic matter of kerogen in real time, an additional external influence is required on
kerogen-bearing rocks, which, according to the researchers, is to ensure conditions of
elevated temperature in the formation in the range 300-520 °C, and the presence of
fractures in pore space, resulting in migration pathways for kerogen degradation
products. Otherwise, generation of liquid hydrocarbons from kerogen is inhibited
regardless of the temperature and pressure level. Summarizing the results of studies in
this field, it is necessary to point out that the process of conversion of kerogen organic
matter is definitely connected with thermodynamic conditions (temperature, heating
speed, size of kerogen formations, the presence of oxygen in the composition of
kerogen-bearing rocks, etc.), and depending on them it can proceed differently. In the
world practice nowadays mainly thermal methods are implemented, combined with
hydraulic fracturing and horizontal drilling. The main objective of these techniques is
heating up rocks and increase their capacity. In Russia, thermo-gas method is
considered as the most promising, used today in deposits of the Bazhenov Formation.
Method is comparable to the in-situ combustion, however, instead of combustion, it
includes low- temperature oxidation reaction. All the technologies to a greater or lesser
extent can be accompanied by the processes of generating hydrocarbons from kerogen.
However, often, the authors in describing the nature of the technology, designate
production of immobile hydrocarbons, which are concentrated in low-permeability
rock matrix as the main task, instead of generating processes. This situation stems from
the problem of hydrodynamic description of filtration in conditions of kerogen-bearing
reservoirs. The mathematical description of multiphase filtration in kerogen-bearing

reservoirs, arranged during the development with the use of any method, is complicated



by the need to consider the features of rocks and the processes occurring in them, such
as influx of mobile phase, increase in pore volume, change in reservoir properties and
thermodynamic state of the system as a whole due to the absorption and release of
energy during physical-chemical reactions of kerogen transition into hydrocarbons and
others. The aim of this study was to create a mathematical model of multiphase
filtration in complex anisotropic formation that takes into account the presence of
physical-chemical reactions and an additional influx of hydrocarbons due to their
generation from kerogen. Generating capability of heavy hydrocarbons can be assessed
from the point of view of the thermodynamic potential as a metastability measure of
heavy hydrocarbons. The possibility of decomposition of heavy hydrocarbons is
characterized by a phase diagram P-T. Construction of the phase diagram and its
analysis for kerogen will provide an opportunity to evaluate the best options for
exposure, if the conditions of the process implemented will meet the metastable zone

of solid (kerogen) phase.



3akiIroueHue

B xozme BbINOTHEHUS AUIUIOMHOTO TMPOEKTa TMOJYYEHbl CIIECAYIOIINE
pEe3yAbTaThl: U3y4as T'€0JIOr0-TEXHOJIOTUUYECKYI0 XapaKTEPUCTUKY MECTOPOXKaAeHUS [’
OBLJIO YCTAHOBJICHO, 4TO TiIyouHa 3aneranus 2500—-3000M, momHOCTh miacta 15-35m,
IJjacToBas Temmeparypa HaxoauTcs B auamazoHe ot 80 po 110°C, wuto
CBUJETEIBCTBYET O  TpyAHOou3BiIekaeMoctu  Hedtu. Hedrsanas  ormaua
TPaJMIIMOHHBIMU CcHOcO0aMu pa3pabOTKU He TNpeBbimaeT 5%, CcienoBaTeabHo,
HEOOXOJMMO HCCIEAOBATh METOIbI BO3ACHCTBUSA Ha IIACT JJIs WHTEHCU(HKAIIAN
He(DTAHOU OT/IaYH.

beutn paccMOTpeHbl OCHOBHBIE METOJbI yBEIWYEHUS HeTSHOW oTAauu 1o
kinaccudpukanuu CyprydeBa M.JI. [IpumeHuTensHO K MecTopoxaeHuio I MOKHO
Cpazy  MCKIIOYUTh THAPOAMHAMHUYECKHME  METOAbl, KOTOPBIE  COBEPIIECHHO
Hed(PPEKTUBHBI C BLICOKOBSI3KUMHU HE(PTSIMU, a TAK)KE MPU MOBBIIIIEHHOM COJICP>KaHUU
napaduHoB (6oiiee 5%). Beicokasi ITMHUCTOCTD KOJUIEKTOpa CHUKAET 3PPEKTUBHOCTD
MpUMEHEHUsT PUBUKO-XUMUYECKUX METOJO0B U3-3a OOJIBIION aJCOPOIIMN XUMUYECKUX
NpoaAyKToB. Mcnonap30BaHUE MOJUMEPOB TaKXKE HEIEIeCO00pa3HO, B BUIY OYCHD
HU3KOM MPOHMUIIAEMOCTH TIJIaCTa, YTO MPUBOJIUT K KOJIbMATAIIMK MPU3a00IHOM 30HBI.
B pabote paccMarpuBaeTcs TepMOTra3oBoe Bo3ieicTBIE Kak Hanbosee 3 PEeKTUBHBIMN
croco0 yBenuueHus: HeTIHON OTHauu.

B Tpetbeit yacTu MarucTepckoil AuccepTanuu Oblaa MpeasiokeHa METOANKA
MOJICITUPOBAHUsL TPOIIECCa TEPMOTA30BOrO BO3JACHCTBUSI B IUIACTOBBIX YCIIOBUSX.
boutn Halinensl cnenuduyueckre mapameTpbl, TaKhe Kak: TEIJIOEMKOCTh U JIPyThe
Terio(pu3nyecKue rnmapaMmeTpbl MPOAYKTUBHOTO IJIACTa U TOPOJl, €r0 OKPYKAIOUIUX;
JTMHAMUKY U3MEHEHUS B3KOCTU HE()TU NPU BBIJEICHUN Ta30B TOPEHUS B IJIACTOBBIX
YCIIOBUSIX; YACIBHOE COACpPIKaHNE KOKCOMOJO0OHOTO OcTaTKa mpu npoBenenun T1'B;
VACNBHBIM pacxoa BO3Ayxa, TpeOyeMbld I CropaHusi TOIUIMBA B TOPOJIE;
ONTUMAJIbHOE BOJOBO3IYIITHOE COOTHOIIEHUE; KO (DUIIMEHT BHITECHEHUSI HEPTH MPH

BHYTPHUILIACTOBOM T'OPCHHH.



B nanHo# riaBe mosydeH CyMMapHBIA OOBbEM 3aKauMBAeMOIO BO3AyXa IMpH
ycnosuu nposegennst TI'B B teuenne 30 net u coctasun 200-300 mun. am3. KUH npu
MCII0JIb30BAaHUU JAaHHOW TeXHoJoTuu yBennuusaetcs Ha 0,15-0,17.

B derBepToli riaBe MpENCTaBICH pacyeT PEHTAOCIBbHOCTH MPOBEIACHHUS
texHosorun TI'B Ha wmecropoxaenun I'. 3a cuy€r HakomurenbHOTro 3(deKkTa
OKyIa€MOCTb IPOEKTAa HACTYNUT Yepe3 2—3 roja.

B mATOM yacTu paccMOTpeHa OXpaHa OKPYKAIOLIEW Cpeapl TP TEPMUYECKHUX
MeToaax Ao0buu HedT. Onucanbl BUIBI BPETHOTO BO3JIEUCTBUS ra3a U MPOJAYKTOB
TOpEeHHs Ha OKpY>Karolyto cpeay. [IpoBenen aHann3 onacHbIX U BpeIHBIX (DaKTOPOB

IIPOMBICIIOBOTO 00OPYI0BAHHS.



