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TepmMorazoBoe BO3OEVCTBYE HA 3aS1EXKM

Da>KEHOBCKOW CBUTHI
nermal Gas Treatment at the Bazhenov

B HacTosiLLee Bpems NpobneMa 0CBOeHNs
TPYOHON3BEKAEMbIX 3aracoB CTaHOBUTCS BCE
bonee akTyanbHOW. YBeNM41MBaeTCst oS AaHHOMO
BMAA 3anacoB B OOLLEN CTPYKTYpe CblpbeBO 6asbl, YTO
OVIKTYET HEOOXOAMMOCTb NMPUMEHEHUS MHHOBALIMIOHHbIX
TEXHONOTUM AN U3BAEHEHNSA HEPTU.

B OAO «PUTSK>» akTBHO BeayTCcst paboThbl MO
CO30aHVIIO MHHOBALMOHHBLIX METOA0B, MO3BOJIAOLLMX
ahheKkTMBHO paspabaTbiBaTb MECTOPOXXAEHNUS C
TPYAHOW3BNEKAaEMbIMUN 1 HETPAAULIMOHHBIMW PECYpCcCamm
Hed T 6KEHOBCKOWM CBUTHI.

OTNoXKeHNs1 BaXKEHOBCKOW CBUTbI PaCcnpOCTpaHEeHbI

B LieHTpanbHon YacTtn 3anagHo-Crnbupckon
HW3MEHHOCTM Ha nnowaan 6onee 1 MAH K2, OHK
3aneratoT Ha rnybuHe B cpeaHem 2500-3000 wm,
TonuwmHa kKonebnetcs B npegenax ot 10 go 44
METPOB. B 30Hax pasBuTis aHoMarbHbIX pa3pe3oB
Ba)KEHOBCKOW CBUTbI TOSLLMHA e€ MOXET AOCTUraTb
100 M. TemnepaTtypa nnacta no naoLaam N3MeHsIeETCS
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[though the development of unconventional resources

is a challenging task, the need to focus on this area
is becoming ever more important. As a result, new and
improved technologies are being implemented to produce
more hydrocarbons from unconventional fields. At RITEK,
we are working hard on innovative methods that will allow
cost effective production for the challenging reserves
found at the Bazhenov formation

The Bazhenov formation is found in Western Siberia,

and is spread over an area in excess of 1 min km?.
Hydrocarbon deposits are found at an average depth

of between 2500-3000 m, and their thickness varies
between 10 and 44 meters although the abnormally
thick zones of Bazhenov formation can reach 100 m.
The reservoir temperature varies between 80 °C and 134
°C. Bazhenov formation deposits are analogous to shale
oils, however the formation’s distinctive feature is that the
process of transformation from organic matter to oil has
not yet been completed. This is why, apart from light ail,
the reservoirs also contain kerogen.
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o1 80 °C go 134 °C. OTnoxeHunsa 6a>xeHOBCKOWM CBUTDI
SABNSOTCA aHanoroM HeTEHOCHbIX CNaHLEB,

HO OT/IUYUTENBHON OCODEHHOCTBIO ABNSETCA TO,
4TO Npouecc NpeobpasoBaHNs OpraHU4YecKoro
BellecTBa B HETb elle He 3aBeplueH. [TosTomy B
KONNEKTOPE Hapsaay C Nerkon HedTblo CoaepKaTcs
YrneBoaopoabl HEMOCPEACTBEHHO B COCTABHOM
nopoaoobpasyollen YacTn Nopoabl, Ha3blIBAEMOW
KeporeHoMm.

Hanbonee Ba)kHOM MPeanOChIIKON NPUMEHEHUS
TepMOra3Boro BO34eNCTBMA Ha NOpOap!
Oa>KEeHOBCKOW CBUTbI ABNSAETCHA YCTaHOBNEHHbIN
no pesyfbTaTtaM MPOMbICAOBbIX 1 NabopaTOpPHbIX
ncenefoBaHnin akT, 4To PUNbTPaLNOHHO-
EMKOCTHbIE XapaKTepPUCTUKN MOPOoL OaXxeHOBCKOM
CBUTbI B 3HAYUTENTBHON Mepe ONpeaensaTCs
YPOBHEM TemnepaTypbl.

CornacHo pesynbtaTtamMm 3KcnepuMeHTasnbHbIX
NCCneaoBaHNn KEPHOB, OTOBPAaHHbBIX U3 MOpPOo.a,
Oa>XKeHOBCKOWM CBUTbI, Npu UX Harpese go 250-350
°C 13 MUKPOTPELLMHOBATOM NOpPOAbl U3BNeEKaeTcH
nerkasa HeTb, 06 bEM KOTOPOW CONOCTaBUM U Jaxe
MOXET MPEBbLILLATL KONMYECTBO NErkon HedTu,
coepallencs B MakpoTpeLlMHOBaTOM nopoae
(puc.1).
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Puc. 1. 3aB1crMOCTb BbIxoga HeTI 13 MOPOA,

Ba>KEHOBCKOW CBUTbI OT TEMMEPaTypPb!

BenvymHa nycToTHOro MpoCTpaHCcTBa APEHVPYEMbIX
nopop 6aXKeHOBCKOW CBUTbI COCTaBNAET 0T 3 40 6 %, a
0OBEMHbIN BbIXOL, HEDTU N3 MaTPULl MPU YKa3aHHOM
BblLLIE YPOBHE MPOrpeBa MOXET COCTaBUTb OT 3 00 9 %
oT o6bema Mopo.

B ka4ecTBe BaXKHOM Mpeanochbinky HEOOXOANMOCTU
NPUMEHEHNS TEMMOBOrO BO3AENCTBUS HAa MOpOobl
Oa)KEHOBCKOW CBUTBI SBMAETCS 3HAYUTENBHOE
cofep>KaHne KeporeHa Bo BCEX IMTOTUMAX NopoS,
BarkeHoBCKOM cBUTHI (0T 12-30 % B KEPOreHO-MIMHNCTBIX
1 00 35-40 % B rMNHUCTO-KPEMHNCTO-KEPOrEHOBbIX
nopoaax).
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Because the reservoir properties are generally
determined by the temperature levels, we decided to
use thermal gas treatment. According to the results

of experimental trials that were done on core samples
taken from the Bazhenov formation, microfractured rock
yielded light oil in volumes comparable to, or exceeding
the volume of of light oil contained in macrofractured
rock when heated to 250-350 °C. (Figure 1).
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Figure 1 Dependency of oil yield from temperature for

Bazhenov rock

The percentage of the fractures in the drainage rock at
the Bazhenov formation are roughly 3 to 6%, and the oil
yield from the matrix, when heated to above mentioned
levels, may reach 3 to 9% of the rock volume. An
important premise for heat treatment of Bazhenov rock
is the significant kerogen content in all of its lithology
types (from 12-30% in kerogen-clayish and up to 35-
40% in clayish-silicious-kerogen type rock). Based on
the results of field and laboratory tests, we went ahead
with heat, gas and hydrodynamic treatment for these
challenging reserves.

The thermal gas treatment was developed domestically,
and involves an injection of a mixture of air and water into
the reservoir. Combined with the in situ conditions of the
formation, this triggers a spontaneous oxidation processes
between the oxygen in the air and the formation’s
hydrocarbons. The reaction produces a highly efficiency
gas type displacement agent.

In order to fine tune the process, we started a pilot project
at its Sredne-Nazymskoye field. The project includes five
wells (one injection well and four producing wells) (Fig.2)
and the relevant ground equipment (air compressor unit,
pumping unit, diesel genset, control room, separate
wellhead measuring units for each of the producing wells,
as well as other necessary equipment).

Firstly, fresh air is fed into a compressing unit and is
pressurized to the required level. It is then fed into the well
together with water pumped from an artesian well using a
pumping unit (Fig. 3).
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Takum 0bpasom, peadynbTaTbl MPOMbBICIOBbIX

11 NabopaToOPHbIX NCCNEQOBaHNA OUKTYIOT
HEOOXOOAMMOCTb MHTErpaLmm TEMMOBOro, ra3oBOro

1 TMOPOAMHAMUNYECKOrO BO3AENCTBUA Ha

nopoabl 6aXXeHOBCKOW CBUTLI. IMEHHO Takoe
VHTEerpMpoBaHHOE BO3OENCTBME MOXKET ObITb
peanM3oBaHO Ha OCHOBE Pa3BUTUS OTEYECTBEHHOIMO
TEpMOra3oBoro cnocoba paspaboTku, peanndyemoro
nyTem 3akadku B NaacT BOAOBO3OYLLUHOW CMeCH.
[Mpwn 3TOM B YCNOBUAX 3aneraHus 6a>xeHOBCKOMN
CBUTbI 06ECNEeYnBatOTCs CaMONPOU3BOSIbHbIE
OKUCNTENBbHbIE NPOLECChI KUCNoOPOaa,

COAEep KaLLerocsa B BO34yxe, C MaacToBbIMA
yrneesogopogamu. B pesynetate peakuumi
dhopmMrpyeTCs BbICOKOIMPMEKTUBHDIN,
BbITECHSAOLLNI ra30BbIA areHT.

[na oTpaboTkm TEXHONOMMN TEPMOra3oBOro
BO30ENCTBWUS Ha MIacTbl OaXKEHOBCKOW CBUTHI
COo3aH onbITHbIN y4acTok Ha CpeaHe-HasbiMCKoM
MecTopoxaeHun OAO «PUTSK». YyacTok cocTont
13 NSATU CKBaXKWH (OQHOW HarHeTaTebHOW 1N YeTbIpex
006bIBaOLIMX) (PVIC.2) N KOMMIEKCa HAa3EeMHOIO
060pyaoBaHns (BO3OyLIHOM KOMMAPECCOPHOMN
YCTaHOBKMW, HACOCHOWM YCTAHOBKW, AN3ENIbHON
3NEKTPOCTaHUMW, ONepaTopHON, NHAMBUOYabHbIX
3aMepHbIX YCTAHOBOK Ha YCTbe KaXXAou U3
006bIBaIOLIMX CKBaXKWNH, a TakXe ApYroro
HeobxoaMMoro obopyaoBaHs).

Puc.2. Cxema ydactka T BNe1 CpenHe-HasbiMckoro
MECTOPOXAEHNS

3abop Bo3Oyxa MPONCXOANT U3 aTMocdepbl, OTKyada OH
MOCTYNAET B KOMMPECCOPHbLI BNOK, FAe CXKMMAaeTCs A0
HeobxoaMMOro gaeneHus. [Nocne aToro cxxarbli BO34yX
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Figure 2 Layout of TGT#1 pilot project area at Sredne-
Nazymskoye field

KomnpeccopHana ctaHumA
Compressor Plant

Oo6biBaowan CKBa)KuHa
Producing Well

[o6biBalowan ckBaXKuHa

HarHetaTenbHasa Producing Well

CKBaXXuHa
Injection Well

Puc.3. [NpuHLMnmnanbHas cxema peanmaaLm
TEPMOra3oBoro BO3AENCTBUSA

Figure 3 Thermal gas treatment general flowchart

Before the wells were treated with this technology, they
were in severe decline. From 2007-2009 production
drastically fell from approximately 45 tonnes per day,

to just to 5 tonnes per day. During this period, the
formation pressure decreased from 300 to 160 atm, on
average. Since the launch of the pilot project, a total of
about 6 min nm? of air has been injected into injection
well #219 and the formation pressure on all treated
wells has increased by by 20-100 atm.
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®pakKLUUOHHbIN cocTaB HedhTH
CpaBHeHue coctaBoB HedhTu ckB. Ne3000 B 01.2009 n 01.2010

Oil Fractional Composition
Comparison of oil composition for well #3000 in 01.2009 and 01.2010
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Puc.4. [narpamma nameHeHns hpakLMOHHOro cocTaBa HedhTu

Fig. 4 Oil fractional composition change diagram

NnoJaeTCs B CKBaXKMHY, B KOTOPYHO TakxKe MocTyrnaeT Boaa
3 apTE3NAHCKON CKBaXKMHbI C MOMOLLIbK HACOCHOMO
6noka (pvic. 3).

CKBa>KMHbI OMbITHOMO y4YacTKa [0 Ha4Yana BO3OenCTBMSA
paboTann Ha eCTECTBEHHOM peXxmnme, AeONTbI CKBaXKMH
B 2007-2009 rr. pe3ko CHU3UNNCb OPUEHTUPOBOYHO C
45 00 5 TOHH B CYTKW, OaBMIEHMNE B 3aNexXM 3a TOT Xe
nepwopa cHM3nnoce B cpeanHem ¢ 300 oo 160 atm.

Bcero 3a nepuopg skcneprmMeHTa ¢ ceHTa6ps 2009
rofda no HacTosILLiee BPEMS B HArHETATENbHYO
ckBaxkmHy Ne 219 3aka4aHO 0kono 6 MAH HMS Bo3ayxa.
MNpn peanuzaunmn TepMOrazoBoro BO3AenNcTBUS
HabntoaaeTcs POCT NAacTOBOrO AaBMEHNUS MO BCEM
pearnpyroLiM CKBaxKHaM OMbITHOIO yYacTka Ha
20-100 aTtm.

B xone akcnepuMeHTanbHbIX padboT Noy4eHbl AaHHbIE
MPOMbICIOBbIX UCMbITaHWM, MOATBEPXKAAIOLLIME
TEOPETNHECKME MOSIOXKEHNSA O peanmaaun
TEPMOra3oBOro BO3AeNCTBUSA, a UMEHHO:

» MPOTEKAHWE aKTUBHbIX BHYTPUMIACTOBbLIX
OKUCNUTENBHBIX MPOLECCOB (HabnoaaeTcs
3Ha4nTENbHOE YBENNYEeHe B )J,O@bIBaeMbIX ra3ax
nonn aszota a0 45 %, yrnekucnoro rasa oo 16%,
OTCYTCTBWE KUCNOPOaa);

» MCMOSMb30BaHNe KEPOreHa B Ka4ecTBe OCHOBHOMO
TOMAMBA MPW BHYTPUMIACTOBBIX OKUCAUTESbHBIX
npoLeccax: pesyfbTaT BOSMOXHOMO Nponn3a 1
KPEKMHra KeporeHa HabtofaeTcst B yBENYEHMN 00
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The data from the field trials confirms the potential effects

of thermal gas treatment, namely:

» active intraformational oxidation processes (produced
gas features a significant increase of nitrogen content to
45%, carbon dioxide to 16% with no oxygen);

» kerogen is used as the main fuel for intraformational
oxidation processes: up to a double volume increase
of produced hydrocarbon gas and increased carbon
dioxide content which are observed are possible results
of pyrolysis and kerogen cracking;

» the fractional composition of oil shifted to higher
contents of light fractions (Fig. 4)

» oil density and viscosity decreased significantly;

Currently, air is being injected in to the wells in cycles in
order to further research the process. At the same time,
the construction of the second thermal gas treatment
area near well #210 of the Sredne-Nazymskoye field is
underway (fig. 5). We plan to launch the project in the
near future.

Following the successful pilot project at the Sredne-
Nazymskoye field, as well as the development of new
technologies that can enhance production in reservoirs
with varying properties at the Bazhenov formations,
we can be confidant of a significant increase in oil yield
for Bazhenov type reservoirs. Having said that, these
experiments are time consuming and expensive to
implement and require comprehensive technical and
technological studies.
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OBYKpaTHOro obbema 0obbiBaeMbIX YrieBOAOPOAHbIX
ra3oB, YBEMYEHVE JONM YINEKNCIOro rasa;

» M3MEHEHNE coCcTaBa HeOTU B CTOPOHY YBESIMHEHWS
cofeprkaHusa Nerknx paxkumm (puc. 4)

» CYLLECTBEHHOE CHVDKEHWE MITOTHOCTU 1
BA3KOCTU HEDTU;

B HacTosLee BpemMs C Lenbio UccnegoBaHns
TEXHOMOMMN LINKNYECKOrO TePMOrasoBoro
BO34ECTBMA 015 NOBbLILEHNA 0XBaTa BO3AeNCTBUEM
CKBa&)KVMHbI OMbITHOMO Y4YacTKa SKCMyaTUpyoTCs
nepuoamyecky, 3akadka Bo3ayxa OCyLLeCTBNSETCS
LUMKIaMN.

OpHOBPEMEHHO MNPOOOHKAETCSA CTPOUTENBCTBO
BTOPOr0O y4acTka TeEpMOrasoBoro BO34enCTBuUsS

B panoHe ckB. Ne 210 CpeaHe-HasbIMCKOoro
MecTopoXXaeHus (prc 5). 3anyck yqacTka B paboTy
3annaHmposaH B 2013 rony.

YcnewHasa peannsaums SKCnepuMeHTanbHbIX paboT

Ha CpegHe-Ha3bIMCKOM MECTOPOXAEHWM, a TakxXe
pa3BUTNE HOBOW TEXHOOTMU MPUMEHUTENBHO K
PasINYHbIM reooro-MUIbTPALMOHHBIM YCTOBUSAM
Oa>XXEHOBCKOW CBUTbI MO3BOJIUT 3HAYUTENBHO NMOBLICUTH
HedTeoTaady 3anexen 6a>KeHOBCKOWM CBUTHI.

[MpW 3TOM 3KCMNEPUMEHTaNbHbIE PaboThbl Ha
MECTOPOXXAEHNAX BXKEHOBCKOWN CBUTHI ABAAKOTCS
BbICOKO3aTpaTHbIM 1 HAYKOEMKMM MPOLIECCOM,
TpebyroLwmM KOMMNIEKCHOW NPopaboTKN C TOYKM
3PEHUSA TEXHUKN 1 TEXHOMOTMM J00bIMN HedTu.

B none 2013 roga B Poccuin Bbin MPUHAT 3aKOH
0 oM depeHUMPOBaHHOM CTaBke Haora Ha
000bl4y MoneaHbix nckonaemblx (HOMW) ans
TPYLHOU3BEKaeMOn HedTu.

B wactHocTn, koahduumeHT O K ctaBke HOMNA
OyaeT NPUMEHSTLCS MPK 000blYe HEDTY 13 3anexmn B
npepenax 6axeHOBCKNX, abanakCKmxX, XaayMCKNX 1
JOMaHMKOBbIX MPOAYKTUBHbIX OTNIOXXEHUIN B TEHEHME
180 Hanoro.bIX Nepro4oB, Ha4nHasa ¢ nepuoaa,

B KOTOPOM CTemneHb BblipaboTaHHOCTY 3anacoB
MECTOPOXXOEHNSA YrNeBOAOPOAHOMO Chipbs
npesbicuna 1%.

HoBasi Hanorosas nerota fo/kHa caenaTte 4o0blyy
He T BaKeHOBCKOWM CBUTbI peHTabenbHON.

B uensax passutus MHHOBALMOHHOWM OeATENBbHOCTM
B cchepe 0CBOEHUS TPYAHOUIBIIEKAEMbIX 3aracos,
co3aaHns athHeKTMBHbBIX METOO0B paspaboTKu
MECTOPOXOEHUI BAKEHOBCKOM CBUTHI, @ TakXe
015 NpuBneYeHnst 4ONONHUTENBHOrO Hay4YHOro

n dmHaHcooro noteHumana OAO «PUTOK»
coTpyaHunyaeT ¢ ®oHaom «CkonkoBo», OAO
«3apybexHedTb», MuHOBpHaykn PO n ap.
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Figure 5. Layout of TGT#2 project area at Sredne-
Nazymskoye field

In July 2013 a new law on graduated mineral tax for
unconventional oil was put into effect. In particular, zero
coefficient will be applied to the mineral tax for mining
of oil from formations related to Abalak, Bazhenov,
Khadum and Domanic productive formations during
180 taxation periods. Starting when hydrocarbon
deposit depletion exceeded 1%.

The new taxation benefit should make oil mining from
Bazhenov formation commercially profitable.

With the aim of fostering technology and innovation,
and to attract more investment for the development of
unconventional resources at the Bazhenov formation,
we are working closely with the Skolkovo foundation,
Zarubezhneft OJSC, the Russian Ministry of Education
and Science and others.
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