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Poccua Bcerpa 6bina n3eecTHa Kak Begylwiaa cuna

B 0O6bIYe yreBogopoaoB; B camMoM gene, bbianu
nepvoabl, Korga oHa BbiTecHAna CaynoBeKyto
Apasuio ¢ nepsoro mecTa. B nocnegHee Bpema aToT
PbIHOK HaXoANTCA B NEPEXOAHON CTaaun; rMraHTcKue
MECTOPOXAEHNA COBETCKOWN 3pbl Ha4anu B NocrnegHue
HECKOJbKO IeT UCTOWAaTbCA, MHOIONMETHMI HEAQOCTATOK
WHBECTULUMIA B re0noropasBenKy HaHeC 3Ha4YUTENbHbIN
ywepb. [obblya NOCTOAHHO Nagana, v Niwb He4aBHO
30HbI, Fae BEeAyTCA reonoropassefoydHbie paboThl,
pacLmMpunnch 3a CHET HEKOTOPLIX parioHoB Crubupu n
POCCUNCKON YacTn APKTUKM.

B TO BpemAa Kak HEKOTOpbIE 3KCMNEPThI
npeackasbiBaloT Nk HedpTenobuium yxxe B 2030 T,
BCce 60nblue BO3pacTaeT UHTEPEC K TaK Ha3biBaEMbIM
«HETPaANUMOHHBLIM pecypcamM», TaknM, Kak

TAXenaa HedpTb 1 BUTyM. TexHoNnorna n3BnevyeHnaA
Takux 3anacoB CTPEMUTENBHO pa3BUBaeTCA, U
HEeOXXMAAaHHO 3Ta OrpOMHAaA CTpaHa C UCTOLWEHHbIMU
yrneBoAopPOAHbIMM 3anacamMuy nonyyaeT noTeHuman
ana éyaywero pasBuTuA.

MTaK, Kakon NpOLEHT POCCUINCKON HEPTN MOXHO
cuMTaTtbhb peanbHO u3snekaemoim? Cambimu
HaAEXXHbIMN N3 AOCTYMHbIX UCTOYHUKOB ABNAIOTCA
OaHHble BP 1 ‘Onn aHAa 33 [kopHan, HO OHK
pacxonATcA NpmMbnmanTenbHo Ha 13 MunnMapgos
b6appenen.

MpuBeneHHbIN Bbie rpaduk He NPOBOAUT
pasgeneHuAa mexay TpaguunoHHOW Mim
HeTPaaVUMOHHON HEPTBIO; TEM HE MEHEee,
[eonornyeckana cny>xba CLUA (USGS) coenana
npepnonoxexue, 4to Poccurickaa ®epepauma
obnagaetT npmbnuantenbHo 13.4 Mnpa.
6appenammn n3BrneKaemMom TAXKENon HedpTu n
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Russia has always been known as a major force for
hydrocarbon production; indeed there have been times
when it has bested Saudi Arabia as the globes top. It
has been a market in transition recently; the pumps

at the giant Soviet era fields have started to wain over
the last few years and the years of underinvestment in
exploration have started to take there toll. Production
has fallen steadily and only recently have the
exploration boundaries been pushed further in Siberia
and the Russian Arctic.

With some experts predicting peak oil as early as
2030, there is more and more interest in so called
“unconventional resources” such as heavy oil and
bitumen. Technology in the recovery of such reserves is
advancing rapidly and suddenly this huge country with
depleted hydrocarbon reserves has an opportunity for
the future.

So, what percentage of Russia’s oil can realistically

be recovered? The best sources available are from BP
and the Oil and Gas Journal, but they differ by some 13
billion barrels.

The graph on the following page makes no distinction
between conventional or unconventional oil; however
the USGS has speculated that the Russian Federation
has roughly 13.4 billion barrels of technilcally
recoverable heavy oil and 33.7 billion barrels of
technically recoverable barrels of bitumen. The most
promising technology being used in the heavy oil
capital of the world, Canada, is Steam Assisted Gravity
Drainage (SAGD)

Il Canadian Bitumen Resource
The Canadian bitumen deposits are almost entirely
located in the province of Alberta. Three major deposits
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Munnuapabl 6appenen (6H3)
Billions of Barrels (Bboe)

TpaAauUMOHHbIE, AOKa3aHHble (No
oueHke BP) 72,3. mnpa. 6appenen
Conventional Proved (BP est.)
72.3 billion bbls

l TpaauunoHHbIe, AOKa3aHHble (No
oueHke OrA) 60 mnpp. 6appenen
Conventional Proved (OGJ est.)
60 billion bbls

N3Bnekaemble 3anacbl TAXENOn
HedTu (13,4 mnpa. 6appenen)
Tech. Recoverable Heavy Oil
13.4 billion bbls

N3Bnekaemble 3anacbl Gutyma
(33,7 mnpa. 6appeneit)
Tech. Recoverable Bitumen

33.7billion bbls
UcTounuku: BP, ‘Oin aHa 23 [hkopHan', [eonoruydeckana cnyx6a CLUA
Sources: BP Oil & Gas Journal, US Geological Survey
33.7 mnpp.6appenamu nssnekaemoro 6utyma. are defined as Athabasca, Cold Lake and Peace
Hanbonee nepcnekTUBHON TEXHOMOIMEN, KOTOpas River. The average depths of the deposits are 300,
ncnonb3oBasnacb B MMpPOBOMN cToNuue TAXenon HedpTn, 400 and 500 m, respectively. The total initial volume-
KaHapge, ABNAeTCA rpaBUTaLMOHHOE APEeHUpoOBaHue in-place of bitumen is estimated to be 259.1 billion

npu 3akadke napa (SAGD).

m3. This estimate could ultimately reach 400 billion

Poccunckumn KoachpcpumumeHT ussnedeHna 6utyma
Russian Bitumen Recovery Rate

B KaHaackue 3anacbl 6uTyma

U3Bnekaembie — 33 mnpAa.
6appenen — 14%

Tech. Recoverable Heavy Oil 13.4
billion bbls

Heussnekaemblie - 212 mnpa.
6appenei — 86%

Tech. Recoverable Bitumen 33.7bil-
lion bbls

UcTouHuk: leonoruyeckas cnyxb6a CLUA
Sources: US Geological Survey

m3 by the time all exploratory developments are
completed. This shows that Canada has the world’s

KaHapackue 3anexu 6utyma novytu NoSIHOCTLIO largest bitumen deposits. Out of the total volume, 24
pacnonaratotca B npoBuHUMn AnbbepTa. ATabacka billion m3 are available for surface mining techniques.
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(Athabask), Kong Jlenk (Cold Lake) v INuc Pusep
(Peace River) aBnAaloTcA TpemMA KpynHENLWMn
mecTopoxaeHmAamu. CpegHue rybuHbl 3TUX 3anexen
— 300, 400 n 500 m, cooTBeTCTBEHHO. ObLWMNIA
nepBoOHayvanbHbI 06 bEM NNACTOBLIX 3anexen Gutyma
oueHmBaeTcA B 259,1 mnpa. m3. OTa pacyeTHaA
undppa moxeT AocTUrHyTb 400 Mnpa. M3 K Tomy
BPEMEHU, KaK byoyT 3aBepLUEHbl BCE U3bICKaTeNbCKue
pa3paboTkun. Takum obpasom, KaHaga obnagaet
KpyrnHerwMy B MMpe 3anacamm 6utyma. 24 Mnpa.
M3 13 obLero ob6bema NpUrogHbl AnA TEXHONOrMM
pa3paboTKn OTKPbLITbIM cnocobom. MecTopoxaeHme
B ATabacke ABNAETCA eANHCTBEHHOW 3aexblo B
MUpEe C U3BneKaembiM1 3anacamu, OCTYMHbIMU

ANnA pa3paboTKu OTKpPbITbIM cnocobom. Okono 376
MApA4. M3 3aneraeT CNUWKOM rnyboKo AnA Toro,
4TO6bl BECTM pa3paboTKy OTKPbITbLIM CNOCO60M,

3TU 3anacbl MOryT paspabarbiBaTbCA NPY MOMOLLU
pasnn4YHbIX TEXHOMOTUA HA MECTe eCTECTBEHHOIO
3aneraHuA. Tem He MeHee, NPy NPUMEHEHNN
CYLLECTBYIOLMNX TEXHOMNOIMA OXXUAAETCA N3BNeYeHne
npuénuanTensHo 12%, unu ~ 50 mnpa. M3 oT obulero
obbema nnactoBbix 3anacos. OxuaaeTca, 4To

3TOT NPOLEHT BO3paCcTET Npu BHEAPEHUM HOBbIX
pa3paboToK B TexHonornax noboium. Coscem
HefaBHO HOBble PELUEHNA, BHEAPEHHbIE B HAK/TOHHO-
HanpaBfeHHOM 6ypeHUM 1 B TEXHONOMMK TENEeMeTpUn
B npouecce 6ypeHna (MWD) obnerdnnu paspaboTky
HOBbIX CNOCO60B A06bI4YY HA MECTE eCTECTBEHHOIO
3aieraHuA. TM HOBble TEXHOMOMMKU, a UMEHHO,
rpaBUTaLMOHHOE OPEHNPOBaHUE Npy 3aKkayke napa
(SAGD) 1 rpaBMTaUMOHHOE ApPEHNPOBaHWE Npu
3aKauke rnapa C paclumpaloLWmMmMcA pacTBopuTenem
(ES-SAGD), 3HauMTENbHO YyNy4YLWNIN KOHTaKT CTBONa
CKBaXXMHbI C KONSIEKTOPOM, NOAHANN NOKa3aTenu
3APPEKTMBHOCTU U AeOUTBLI MO HEPTU U CHUUNU
3arpaTbl Ha [o6bIYY.

rPABUTALUMOHHOE OAPEHVNPOBAHMUE

MPU 3AKAYKE MNMAPA (SAGD)
Haunbonee nepcnekTMBHOW TEXHOMOIMEN TEPMUYECKOTO
n3BnevYeHna ABMNAETCA NpoLecec rpaBMTaunmoHHOro
ApeHnpoBaHMA nNpu 3akadvke napa (SAGD). B xone
AaHHOro npouecca ABe ropu3oHTanbHble CKBaXKWHbI,
pasfeneHHble pacCTOAHNEM MO BEPTUKaNU, NPOXoAAT
OKONo nogowssl nnacta. BepxHAa ropusoHTanbHaA
CKBaXXMHa UCMNonb3yeTcA AJ1A 3aKadyku napa, KOTopbIn
NnoAHUMaeTCA BBEPX N CO3AaeT Ha CKBaXKMHOMN
CcBOe06pa3Hyto 60sbLLYIO MAPOBYIO KaMepy, a
HWXXHAA CKBaXXWHa ncnonb3yeTcA anA céopa
[06bITOM XMAKOCTU (NNacTOBOW BOAbl, KOHAEHcaTa
n HedpTH). MogHUMalOWMINCA Nap KOHAEHCUpyeTCcA
Ha rpaHuue Kamepbl, Harpesan 1 yBnekasa HedTb
B 3KCMyaTaUmMOHHYIO CKBaXXMHY. OTOT npouecc
nomoraeT Jo6UTLCA BbICOKOrO KoadpdumumeHTa
n3BnedvyeHna n 6onblioro aeburta no HedpTH Npn
9KOHOMUYHbIX 3HaYEeHUAX HedTenapoBoro gakTopa
(OSR). batnep (Butler) paspaboTtan amnnpunyeckyto
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Athabasca deposit is the only deposit with surface
mineable reserves. About 376 billion m3 lie too deep
to be surface-mined and are exploitable by in-situ
technologies. However, approximately 12%, or ~ 50
billion m3 of the total volume-in-place is estimated to
be ultimately recovered by existing technologies. That
percentage is expected to increase as more advances
in recovery technologies are made. Most recently,
advances made in directional drilling and measuring
while drilling (MWD) technologies have facilitated
development of new in-situ production technologies
such as the steam assisted gravity drainage (SAGD)
and Expanding Solvent-SAGD (ES-SAGD) that have
significantly improved well-bore reservoir contact,
sweep efficiencies, produced oil rates and reduced
production costs.

Il STEAM ASSISTED GRAVITY DRAINGE (SAGD)
The most promising thermal recovery technology is
the Steam Assisted Gravity Drainage (SAGD) process.
In this process, two horizontal wells separated by a
vertical distance are placed near the bottom of the
formation. The top horizontal well is used to inject
steam, which rises forming a large steam chamber
above the well, and the bottom well is used to collect
the produced liquids (formation water, condensate,
and oil). The rising steam condenses on the boundary
of the chamber, heating and entraining the oil to the
production well. The process leads to a high recovery
and high oil rate at economic oil-to-steam ratios
(OSR). Butler developed an empirical correlation for
determining the oil rate from the SAGD process as a
function of reservoir and oil properties. This correlation
is given by the following:

g=2 1.5¢AS kgoH
\ my,

Oil drainage rate as a function of reservoir
and oil properties

The Underground Test Facility (UTF-Phase A) at Fort
McMurray, Alberta, Canada was constructed in 1985
by the Alberta Oil Sands Technology and Research
Authority (AOSTRA) and industry partners to test

the SAGD technology. The process was tested from
December 1987 to mid 1990. The UTF-Phase A project
was the first successful field demonstration of the
SAGD process. In addition to proving the concept of
SAGD, it also provided operational know-how, which is
critical to its successful commercial application.

Following the success of the UTF Phase A project, 500
m long horizontal wells have been used in subsequent
phases to further test the commercial viability of the
SAGD process. In addition, a number of field pilots
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koppenauuio ana onpegeneHna gebuta no HeTU B
peaynbTarte npouecca SAGD kak yHKUMNIO CBONCTB
KonnekTopa u HedpTW. OTa KOpPeNAUnA BblpaXxkeHa

dopmyno:

KoapdpuumeHT aperHnpoBaHms HedTun
Kak PyHKLMSI CBOWNCTB KOJeKTopa 1 HeTH

B 1985 rogy B ®opT MakMiopper NpoBMHLUMM
AnbbepTta (KaHapa) cunamm TexHONOrMYEeCKon n
WNccneposatensckon OpraHnsaummn no HedTeHOCHbIM
Meckam npoBuHuun Ansbepta (AOSTRA) u
oTpacneBbix NapTHepoB 6bina noctpoeHa lNoasemHan
WcnbiTatensHaA YctaHoska (UTF-Otan A) ¢

Luenbto anpobauumn TEXHONOrMN rpaBUTaLNOHHOMO
ApeHnpoBaHnA Npu 3akayke napa. lNpouecc
ncnblTaHun AnuncA ¢ aekabpa 1987 no cepeauHbl
90-x rogos. lNpoekt UTF-Otan A ctan nepsou
yCrnewHon aemoHcTpauuen npouecca SAGD B xoae
akcnnyataumun. OH He TONMbKO NOATBEPAUIT KOHLENUUIO
SAGD, Ho Takxe n obecne4mn aKcnnyaTaumoHHbIE HOY-
xay, 4To ABNAeTCcA Hanbonee BaXkKHbIM Af1A YCNELHOro
KOMMEPYECKOro NPUMEHEHMA.

Bcnepn 3a ycnexom npoekta UTF ®asza A, ana
AanbHenwero onpeaenieHnA KOMMEPYECKON
uenecoobpasHocTu npouecca SAGD 6binu
NCMNONb30BaHbl FOPU3OHTaNbHbIE CKBaXXUHbI 500 M

B ANMHY B nocnegoBaTesibHbix pa3ax. Kpome Toro,
Ha Apyrux 3anexax TaAxenon HepTn B 3anagHon
KaHapge (AnbbepTta n CackadeBaH), a Takxe

Mo BCEMY MUPY MUCMbITbIBAIOTCA NPOMbIC/IOBbIE
NUNOTHbIe 06pasubl. MNpy NOMOLM 3TUX NUAOTHBIX
06pasLoB 66110 NCMbITAHO UCMONb30BaHNe
FOPU3OHTaNbHbIX CKBaXXMH C JIOCTYMNOM C NOBEPXHOCTM
N paclmpeHHble NnpumeHeHuna npouecca SAGD ana
NPO6MEMHbIX KONNEKTOPOB. OTU KOMMEKTOPbI HacTo
XapakTepuayroTca 6onee HU3KOWM NPOHNLAEMOCTHIO,
3aneratoT rnybxe, MMelT NePeXoaHbIe 30HbI
NOAOLBEHHOWN BOAbI, C N3HAYANbHO ra30HaCbILEHHON
«MOABUXHON» HE(PTHIO U BOAAHBIMW/Ta30BbLIMU
wankamn. B AnbbepTte ycnex aTux NUOTHbIX
06pasLoB NpMBES K NOABMEHNIO HECKONBKNX
KOMMeEpPUYECKMX NPOEKTOB Ha 0cHoBe npouecca SAGD,
KOTOPbIE B AAHHbIA MOMEHT Haxo4ATCcA B Npouecce
peanuaauum.

Tekywue ycoBepLueHcTBOBaHMA npouecca SAGD
HanpaB/ieHbl Ha NoBbIWeHne AebUTOB NO HeTH,
HedhTenapoBoro caktopa (OSR), cHUXeHne
SHEpPreTUYeCcKnx NOTpebHOCTEN N MUHUMUIAUNIO
TpeboBaHun no cbpocy Boabl. B nononHeHne K
SAGD 6bin 4OCTUTHYT Nporpecc B paspaboTke
KOMOBMHMPOBAaHHbIX NPOLIECCOB 3aKayku napa-
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[nA noa3eMHOro AoCTyna K KONNeKTopy
NCMONb3YIOTCA LIAXTbI U TYHHENN

Shafts and tunnels are used for underground
access of the reservoir

are in progress in other heavy oil reservoirs in western
Canada (Alberta and Saskatchewan), and around the
world. These pilots tested the use of surface accessed
horizontal wells and extended SAGD applications to
problem reservoirs. These reservoirs often have lower
permeabilities, are deeper, have bottom water transition
zones, with initial gas-saturated “live” oil and top water
/ gas caps. In Alberta, the success of these pilots has
led to a number of commercial SAGD projects that are
currently underway.

[OpM30HTaNbHblE CKBaXXUHbI OTKPbITON paspaboTKu
C npuMeHeHnem npouecca SAGD

Surface accessed SAGD horizontal wells

Current developments of the SAGD process are aimed
at improving oil rates, OSR, reducing energy and
minimizing water disposal requirements. In addition to
SAGD, progress has been made in the development of
combined steam-solvent injection processes, a novel
approach for combining the benefits of steam and
solvents in the recovery of heavy oil and bitumen. A
newly patented Expanding Solvent-SAGD “ES-SAGD”
process has been successfully field-tested recently
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pacTBOpUTENA — 3TO HOBATOPCKMIA NOAX04 B
COBMELLEHMN NPENMYLLECTB Napa u pacTBopuTenen
ANA N3BneYeHnA TAXenon Hedtn n butyma. HegaBHo
3anaTeHTOBaHHbIN NPOLECC rpaBMTaUNOHHOIO
OPEHVPOBAaHNA MpPK 3aKaykKe napa ¢ paclunMpAoLWMMCA
pacTteoputenem (“ES-SAGD”) ycnewHo npowen
NPOMBIC/IOBbIE UCTMIbITAHWA U NPUBES K YBENIMYEHMNIO
0ebutos no HedTH, HedpTenaposoro hakTopa n
YMEHbLUEHUIO NOTPEOHOCTEN B ANIEKTPOIHEPIM U BOAE
no cpaBHeHMIO ¢ npoueccom SAGD.

3AKAYKE MNMAPA C PACLLUPAIOLLIMMCA
PACTBOPUTEJIEM (ES-SAGD)
B koHuenuun npouecca ES-SAGD yrnesogopogHan
[ob6aBKa HU3KOW KOHLUEHTpauun 3aKkadunBaeTcA
B MOTOK B XOA€ rpaBUTauMOHHO 06yCNOBNEHHOIO
npouecca, cxoxero ¢ npoueccom SAGD.
YrneBogopogHaA aobaeBka BblIbupaeTcA Takum
obpasom, 4Tobbl OHa Morna BbinapueaTbecA
N KOHAEHCUPOBATbLCA MPU TEX XXE YCIIOBUAX,
4YTO U BoAHaA hasa. Taknum obpasom, npu
BbIOOpE yrneBoaopoOaHOro pacTBoOpUTENA,
pacTBopuTEeNb ByaeT KOHAEHCMPOBATLCA BMECTE
C KOHAEHCMPOBaHHbBIM MNapoM Ha rpaHuue napoBomn
Kamepbl. KOHAEHCMPOBaHHbIA PacTBOPUTESb
BOKPYI KOHTaKTHOW NOBEPXHOCTU NAapOBON Kamepbl
pasuxaeT HeddTb, U, BO B3aUMOLENCTBMMN C BbICOKOW
TemMnepaTypomn, CHMXKAET €€ BA3KOCTb.

I rPABUTALUMOHHOE APEHUPOBAHUE MNMPU

B npumepe, nokasaHHOM HUXXE, C NOBbILEHNEM
YrNepoaHoro yncna nobaBku pacTBOpUTENA
NnoBbILWAETCA 1 TemnepaTtypa napoobpasoBaHuA.
Cawmyto 6nuskyto Temnepartypy napoobpasoBaHuna

K Temneparype HarHeTaemoro napa umeeT rekcaH
(215 °C npu paboyem gasnexuu B 2,1 Mmlla), 4to
npuBoauT K 6ornee BbICOKOMY KOI(MDULMEHTY
ApeHvpoBaHna HedTu 13 nnacta. C opyrom CTOpPOHbI,
TemnepaTypa napoobpasoBaHuna C8 npesbiwaeT
TemnepaTypy HarHeTaemoro napa u, no CpaBHEHUIO C
[ekcaHoM, HabnogaeTcA CHUXKEHNE B KOI(PULMEHTE
OpeHnpoBaHnAa HedTu.

KaHnapckana Kopnopauua EnCana pykosoguna
NMNOTHBIM NpMMeHeHuem npouecca ES-SAGD Ha
cBoeM TepmanbHoM NpoekTe «CeHnak» (Senlac) B
2002 r. pnAa TAaxenon Hecptn. EnCana nenbeitana un
NPoAOIKAET IKCNyaTUpOBaTh 3TOT NMPOLECC HA CBOEM
6ntymHom SAGD npoekTte KpncTtuna Jlerik (Christina
Lake). Ha npoekTe KpucTtuHa Jleiik B TeyeHune 5
MeCALEB 3KCMNyaTUpoBanca TpaanuMOHHbIA NPoLEce
SAGD, 3atem nocnegosasno NpMMEHeHne npouecca
ES-SAGD B TedeHue npumepHo nonyroga oo despansa
2005 r. B TeyeHne aToro KOpPOTKOro BPEMEHHOIO
nepvoaa Habno[anocb 3Ha4YMTENbHOE YNyYLIEHNE
nokasarenen obblun HeddTN N HedpTENapoOBOro
takTopa (SOR). Bbino Takxxe 0TMEYEHO Cepbe3Hoe
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and has resulted in improved oil rates, OSR and lower
energy and water requirements as compared to SAGD.

Bl THE ES-SAGD PROCESS

In the ES-SAGD concept, a hydrocarbon additive at
low concentration is co-injected with steam in a gravity-
dominated process, similar to the SAGD process. The
hydrocarbon additive is selected in such a way that it
would evaporate and condense at the same conditions
as the water phase. By selecting the hydrocarbon
solvent in this manner, the solvent would condense,
with condensed steam, at the boundary of the steam
chamber. Condensed solvent around the interface of
the steam chamber dilutes the oil and in conjunction
with heat, reduces its viscosity.

°
0 0 o o o
.... ‘.. 0. °

KoHuenuua ES-SAGD

The ES-SAGD concept

In the example shown below, as the carbon number

of the solvent additive increases, the vaporization
temperature increases. Hexane has the closest
vaporization temperature to the injected steam
temperature (215 °C at the operating pressure of 2.1
MPa) and resulted in a higher oil drainage rate. On the
other hand, C8 has a vaporization temperature that
exceeded the injected steam temperature and a decline
in oil drainage rate is noticed as compared to Hexane.

EnCana Corporation of Canada has piloted the SAGD-
solvent process at its Senlac Thermal project in 2002
for heavy oil and has tested and still operating this
process at its Christina Lake SAGD project for bitumen.
At the Christian Lake project, conventional SAGD was
operated for about 5 months followed by introduction

of the SAGD-solvent for about half a year till February
2005. A significant improvement of oil production rate
and SOR were observed within this short time interval.
A major improvement in produced oil quality was also
observed. Suncor Energy, and other oil companies, are
currently testing, or planning to test, the SAGD-solvent
process in the field.
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KoachcdumumeHT agpeHupoBaHuAa HedTH, (rm/yac)

Oil Drainage Rate (gm/hr)

BnuaHne Tuna pacTteBoputenAa Ha ApeHupoBaHue HepTU
Impact of solvent type on oil drainage
20
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Nap-pacTeopuTenb

Steam-diluent

BnnAaHue Tuna pactBopuTENA HA OPEHNPOBaHNE HETH

Impact of solvent type on oil drainage

yAy4lWeHne Ka4eCTBEHHbIX XapakKTepUcTuK For More Information, Contact:

[obbiBaemon HedpTu. Suncor Energy n gpyrue

He(pTAHbIE KOMMaHMM B AaHHOEe BPEMA UCMbITbIBAIOT Tawfik N. Nasr, Ph.D

nnbo nnaHupytoT ncneltate npouecc ES-SAGD B Steam-Solvent Oil Recovery Strategic Area Leader,
YCNOBUAX NPOMbICIOBOM IKCNyaTaumm. Heavy Qil & Qil Sands,

Alberta Research Council,
Edmonton, Alberta, Canada,

3a JononHUTEeNbHOM NHpopmaLmen obpallanTecs: T6N 1E4

Tayduk H.Hacp, kanaupat Hayk (Ph.D) Phone (780) 450-5484

Jinpep B Ctparterudeckon O6nactu N3sneyeHns
Hedbtu npu MNomowm Mapa n Pacteoputens,
Taxenaa HedpTb n HedhbTeHOCHbIE Meckn,
WccnepoBatenbckuii CoBeT npoBuHLUMKM AnbbepTa,
OaMOHTOH, AnbbepTa, KaHaaa,
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TenedboH (780) 450-5484
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