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High oil price
Conventional oil more
challenging
In hands of
NOC's
Deep offshore
Depleting...

>Twice as much VO as
conventional oil

New technologies:

Lower OPEX/bbl
Higher R: possible
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The Numbers** CTaTMCTMKa** 4 ‘ﬂfernatiﬂg

ow much oil?  Ckonbko HedTN? 3.0-145 T

Conventional? (<100 cP) OG6blyHon? (<100 cP) 4.5-48 Tb

Viscous oil? (VO >100 cP) Baskon HedTH? 8.5-95 Tb
VO in (fractured) limestones?

BH B (TpewmnHoOBaTOM) M3BEeCTHAKE? 2.1-25 Tb

VO in sandstones? BH B necuaHukax 6.0-7.0 Tb
Where? oe?

In Canada B KaHage 2.5 Tb

In Venezuela B BeHecyane 1.7 7Tb

Russia Poccus 0.6 Tb

Middle East (mainly limestones) 2.0 Tb

CpeaHunm Boctok (B OCHOBHOM U3BECTHAK)

**All these estimates are subject to uncertainty, incomplete

data, different definitions, etc.
**[laHHble uMdpbl MOryT ObITb HETOYHbLIMW, OCHOBLIBATLCS Ha

HEMNOJIHbIX OaHHbIX, PAa3JINYHbIX onpeaesieHnAax u T1.4.

Heavy Oil Production
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World Qi Muposoii oHa | Jsp%

Endowment 3aNacoB HePTU ',
Probably the total O6wuin poHA 3anacoB BO3MOXHO
endowment is ~14 Tb* coctaenget ~14 Tb*
Venezuela and Canada Ha gonto BeHecyanbl n KaHagbl
together have ~30% of this npuxogutca ~30%

O6biuHas HedTb
30%

: _ Oil shales
Conventional Oil not included
30%
CeBepxTskenas HedTeHOCHbIE
Extra Heavy and Heq“pb M GUTYMbl ®
Bitumen 559% O i
550/ BKJTHOUYEHbI

*1 Tb = 160%10° m?

Source: MacGregor, 1996 and UNITAR, 1998
UctouHnuk: MacGregor, 1996 and UNITAR, 1998

Heavy Oil Production



Viscous Qil Production - 2007 ' 'SPE
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LHo6brua Baskou HepTu - 2007 ~;
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Heavy Oil Production

°API and p for

Viscous Qils HeTeu

°API n p ana saskux
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Alberta Production - Lo6brva B panoHe ' *'SPE-g
1973-2010 Anbbepta- 1973-2010 [ ¥ &.

2,400

B Oil Sands HedTeHocHbIe | neckn
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B Conventional Heavy
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Source: EUB NcTouHuk: EUB
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Alberta In S/tu Oo6brua 6UuTyMa B NNACTOBLIX JSP%
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Bitumen Prod. ycnoeuax B paiioHe Anbbepra ey
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Common Substance BaszkocTb 0O6bIMHbLIX 'SPE’

Intermational

ViSCOSiTy BelleCTB -,

centipoise CaHtunyas

Heobxoanmas BA3KOCTb
desired viscosity A

Water

-
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Viscous Qils of Baskue HedTU B |. Jspgﬁ'
the World mupe } Lgtemetiona!

centipoise CaHrtunyas

? 1.0+ “Conventional” oil <100
I cP in situ, gas in solution
10.0 ,, “O6bIyHan” HedTb <100,
1 cP e nnacmosbix
] ycroeusix,
Tuha 2200_3300 m 100.0 = pacTBOpPEHHbIN ras
Karazhanbas 1 60-500>| “Heavy” oil 100-10000 cP
1,000.0 - in sjtu, gas in solution
+ Canada Heg Vﬁﬁl” ﬁ&ﬁmo-mooo
! Lloydminster regidmum e
- - - + HbIN ra3
Orinoco (Faja) Oil 10,0000 &
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Heavy Oil Production ~ TexHonoruu ao6erum |, .rs.,.;[r_’
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Processes TAXENOU HePpTu A
Production Processes
TexHonormm goobIuun
v v v

Primary
lNepBUYHBbIE

= Cold Production

= CHOPS

XonogHas poo6bIva
« CHOPS

Hybrid Processes
'MbpuaHbie meToAabl

Heavy Oil Producti
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New Production Hoebie TexHonoru 1 'SPE E

Intermational
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Technologies nobbruu -y

CP (Cold Production, horizontal wells)
CP (XonoaHas pobbrya, ropU3OHTANIbHbIE CKBAXWUHBI)

CHOPS (Cold Heavy Qil Prod. with Sand)

CHOPS (XonopaHbivi meToa Ao6bIuU TAXenou HePTU C NeCKOM)

VAPEX (Vapor-Assisted Petr. Extraction)
VAPEX (YrnesopopoaHaa gobbida npu 3akavke napa)

SAGD (Steam-Assisted Gravity Drainage)
SAGD (CpasuTaumoHHoe gpeHUpoBaHWe NpU 3akayke Napa)

HCS (Horizontal Cyclic Steam) HCS (Fopu3oHTanbHoe LumMknuyeckoe HarHeTaHue
napa)
THAI™ (Toe-to-Heel Air Injection) (HarHeTaHWe BO3AyXa «C MATKU HAQ HOCOK»)

PPT (Pressure Pulsing Technology)
PPT (TexHonorua nynbcoBbIX KOoNebaHWi aasneHUs)

Can help various production methods
MoxeT nomoub NpU pasnUYHLIX meToAax AobGbIuU

Heavy Oil Production
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Viscous Oil TexHonorua Ao6bIum BA3KUX u_:rlgr.ﬂég
Technology - 1985 HeTeli Viscous - 1985 ~,

Horizontal wells
[opu3oHMarbHble X X

CKea>XUHbl

Vertical wells |CSS-Cyclic Steam

BepmukaribHble Stimulation X
CSS- Linknunueckas
CK8a)XUHbI
napoTtensoBas
obpaboTka

Thermal Tepmuyeckue :Non-thermal Hemepmuyeckue
|

The only viable commercial technolégy in 1985 for in situ viscous oil (>
50,000 cP) extraction from high porosity sandstones was CSS - Cyclic
Steam Stimulation
EavHcTBEeHHON 3hhpeKTUBHON KOMMEPUYECKOU TEXHOSTOrnen foobiun BA3KNX
HedTen 8 nnacmoenix ycnoesusix (> 50,000 cP) B 1985 6bina gobbivya U3
BbICOKONOPUCTLIX necyaHnkoB metoaom CSS — Liuknuyeckown
napoTtensoBou oopadboTkomn

Heavy Oil Production



Technology Status  Craryc TexHonoruv | o "W
- 2008 - 2008 . “"$

*
Horizontal SAGD* Cold Flow %
+PPT Boldface means
wells HCS* N
CK8aXUHbI THAI™ x 0 *K1pHbIM
IGI*..."
------- wpudTom
Vertical . obo3Ha4YeHbl MeToabl
wells CSS* CHOPS?, MOJTHOCTbIO
BepmukarbHbie PPT MOCTaBlIEHHbIE Ha
CK8axUHbI KOMMeEpPYeCKUN NOTOK

|
Thermal Tepmuyeckue : Non-thermal Hemepmuyeckue

|
Currently - 2008 - viable technologies at a commercial scale exist in all

categories (actual and emerging)

B ApaHHbIU MOMEHT - 2008 — achheKTUBHbIE TEXHONMOrMMU B NPOMbILLSIEHHOM
MacwTabe cyLecTBYOT BO Bcex Kateropusx (cpakTtnyeckue um
nosBnsoLwmnecs)

Heavy Oil Production



ITosbIWweHWe HepTeoTAQUU NNAcTa N

EOR and THEOR

(MyH) U 'SPE
TepMuYecKue meToabl NoBbILWEeHUS y '1 International
HepTeoTaaum (TMYH) »

Ap processes used for conventional
oil
No viscosity reduction is
required
Issues are displacement
efficiency, mobility, fingering,
coning, etc
In heavy oil, we must reduce the

viscosity

There are three ways to do this...

1. Increase the temperature (e.g.
steam)

2: Dilute with a solvent (e.g. naphtha
inj.)
3: Reduce the molecular weight by...

A: Combustion causing
molecular scission

B: Pyrolysis causing molecular
scission

Heavy Oil Production

Ap TeXHONOrUU, UCMONb3yeMble Npu
A0bbIYe 06LIUHOU HePTU

He tpebyertca cHuxeHua BA3KOCTU

TTpobnemHeIMU aBnaroTca
KO3(PPULMEHT BbITeCHeHUs,
mobunbHocTb, 0bpasoBaHue 53bIKOB,
KOHycoobpasosaHue u T.A.

B Taxeno He®Tu, MbI AOJSIKHBI CHU3UTb
BA3KOCTb

CywecTtByeT Tpu cnocoba CHUxXeHUs
BA3KOCTU...

1. YBenuueHue Temnepatypsl (Hanp., Napom)

2: PasbaeneHue pacteopuTenem (Hanp.,
3aKa4ka HagThI (IMrpouHa))

3: CHUXeHWe MOoNeKyIApHOMU MAcCChI 3a CYeT...

A: [opeHusa, BbI3bIBAHOLLETO
MoneKynapHoe pacluenseHue

B: TTuponusa, suIsbiarolero
MoneKynapHoe paclienneHue




Qil Viscosity and BaskocTb HepTuU
Temperature U Temnepatypa
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Cyclic Steam Stimulation
- Vertical Wells

Liuknuyeckaa napotennoeaa obpaboTka
(CSS)
- BepTuKanbHbIE CKBAXMUHbI

Heavy Oil Production



Classic CSS

M-

Knaccuyeckuu
meton CSS

'SPE

Intermational

L

.

Stage 1 Steam injection
Ctapgua 1 3aka4yka napa

Steam Injected
Into the Resanoir

Stage 2 Soak
Cragusa 2
MapoobpaboTka nnacra

Stage 3 Production
Ctaauns 3 [Nob6blya

Sieam and Condensed
Watar Heat

: Imperial Oil Ltd.

WO e0 02 03




Heavy Oil Production

TOL Cold Lake -
CSS Project

IOL Cold Lake -
npoeKkT CSS '

-
'SPE QI
--.|r1 ternational
Y

C 4

Nebutbl (M3/cyT)
Production Rates (m3/d)

120000

Production Rates (Cold Lake, 4473 Wells)
Oeo6utbl (Cold Lake, 4473 ckBaXXuHbI)

100000 |

80000 -

60000 -

40000 -

20000 -

—a— Ol —— HedTb

—=—Water —=— Bopa

*460 m deep
*150,000 cP
*0.5-1.5 Darcy
*30% porosity
*35 m thick
*N/G > 95%

19
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Cumulative Data - CBOAHbIE AGHHbIEe [~ spE!

Intermational

IOL Cold Lake - TOL Cold Lake ' .,

Cumulative Production & Inejction (Cold Lake, 4473 Wells)
HakonneHHana ooo6biya u 3akayka (Cold Lake, 4473 ckBaXXUHbI)
450 3500
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Typical €SS TunNUYHoe noeeaeHUe .’ “
Well Behavior CKBAXUHBL Npu CSS ; eratona

Deonter (Coltd Lake, CkBaknAa: 1-3-66-4W4)
Production Rates (Cold Lake, Well: 1-3-66-4W4)
120
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Typical €SS Well TunuuyHoe noeseaeHue | ISP%

Behavior CKBAXUHBI npu CSS ;e

Aeowuter(Cold Lake Fieltd, CkeaxknAaa: 1-35-64-4W4)
Production Rates (Cold Lake Field, Well: 1-35-64-4W4)
140
—— Hed1t ——Oil
120 - = _Bopa ——Water
S 100 -
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| E 1 (2 3 3 6 / 8
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BbIBOALI NO NpoeKTy LOL N
Summary of IOL  Crparerum no nposeperuro [ :spe'g

S - International
STeam S.rr,a.regy UUKNTUYECKOU napoTenjioeou f “x

06paboTku
20,000 -
[ — Steam ™ Bitumen = Water
Map butym Boaa
™ — e,

. 15,000 I i

E‘- 1

=

E n

= |
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:ci::u, Source: Imperial Oil Ltd. YEEF rO,D,bI
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Imperial Oil Imperial Oil | Jspég

Intermational
-

Project - CSS Project - CSS | &
35-40 m of uniform sand, 35-40 m oaHopoaHOro necka,
fabulous reservoir NOTPACAFOLINU KONNEKTOp
450 m deep 1-3 D |1_J':I3Y%MHC( - 450 m, NpoHMLaemocTb -
permeabity, very wniform 130, oters oavopomy
sand body, good Kk /k, ratio | COOTHOLIJeHI/lepkv/kh » XOP
u - 150,000 to 200,000 cP /n u - 150,000 ao 200,000 cP 5
situwithout gas 17acTOBbIX ycrioBuax 6e3 rasa
CSS - 12-18 cycles, Rr CSS - 12-18 umknos, R: noaxonos
approaches O.\éO 0.30
SOR goes as low as 2.4 (30 SOR npoxoaut Ha HU3KoM ybposHe
years practice) (2).4 (30-T1 NeTHU onbIT paboTbI)
: NepaUnoHHbIE pacXoabl
?5’9 %r}at:r '(n Ael\>]<)penses exceed npeeealcmnm 15 $F}6 (CAN)
70%
c 70% of costs are steam B.,Ipaéglﬁ‘y’Tn'Z.';ﬂ““m" Ha
2 generation . ~25,000 m3 npoayKUMM Ha
3 ~25,000 m3 production per CKBAXWHY 3a BeCb Nepuoa
o well over life 3KCMNyaTaumm
- 4 acre spacing 4 akpa - paccTtosHue mexay
= CKBAXUHAMU
>
T



CSS - Screening CSS - Kputepuu ' Jspe'ﬁ'

Intermational
L [—

Criteria NPUMEHUMOCTU s
Ry TN AT KPUTEPIV TIPUMEHAMOCTH
Viscosity > 10,000 cP BaskocTb > 10,000 cP
Depth 250 m to 800 m Fny6uHa ot 250 m go 800 m
Permeability as low as 0.2 TTpOHMLIGeMOCTb Ha yposHe 0.2
D (improves) 0 (ynyuwaertca)
ThlckneSS > 9‘10 m TO.”UJ,MHG > 9_10 M (B
(depe.ndmg - $/b) 3asucumocTtu ot $/6)
Porosity > 25 TTopuctoctb > 25%
OPERATIONS TTEPALIVMN
SOR2.2-3.5 3 S%RLZI.Z -35
c OPEX (2007) is about 20 One
S PALIMOHHbIE pacxXoabl
E $/b (CH, fuel) (2007) coctasunu okono 20
o Rr has climbed at TOL $/6 (CH, Tonnueo)
= 16% to 35% °
5 from 167 X Rr yBenuuunca npu IOL ¢ 16%
§ Ao 35%
L



Steam Flooding 3asoAHeHue ¢ W ot »

3aKa4Kkou napa




Belridge California... Belridge KanugpopHus... | SPE€'
(Aera Pet.) (Aera Pet.) emira
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Comparing €SS and Steamfloods [§ “"'E'g

CSS Steamflooding
<1000 m <1000 m depth
>10 m thickness >10 m thickness
¢ >0.25 ¢ >0.25
k>05-1D k>2-4D
APT > 10° APT 12°-23°
u>~10,000 cP u< ~5000 cP

: SOR~22-35 SOR~2-6

: Well spacing 4-8 Well spacing 2-6
= acres acres

1 Rr ~ 15-35% Rr ~ 30-607%**

**Can be higher with higher SOR & low



ConoctaeneHue CSS u 3asoaHeHuu ¢ | y E.gﬂ
tional §

3aKa4YKkoU napa

CSS 3as800HeHUEe ¢ 3aKa4dyKou rnapa
<1000 m rny6buHa <1000 m rny6buHa
>10 m TONWMHA >10 m TONWMHGA
> 0.25 ¢ >0.25
k>0b-1] k>2-4[1
APT > 10° APT 12°-23°
u > ~10,000 cP u< ~5000 cP
SOR~22-35 SOR~2-6

é PaccrosiHue Mexmy Paccrosinue Mexmy
3 ckBaxuHamu 4-8 CKBAKMHAMU - 2-6
= aKpOB aKpOB

£ . Rp~15-35% Rr ~ 30-60%**

**MoxeT ObITb Bbiwe npu 6ornee Bbicokom SOR 1 HU3KOM |
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Heavy Oil Production

CHOPS
Cold Heavy Qil Production with Sand

CHOPS

XonogHsiu meton A06LIMU TAXenou HePTu
C NecKoMm
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CHOPS - Yro 310 § JSP%
Takoe? 'y

CHOPS - What is it?

C - Cold C - XonopHsIN

H - Heavy H - TaxenbIi

O - Oil O - Heptb

P - Production with Sand P - [lobbr4a c neckom

Produced ~650 000 b/d Oo6eito ~650,000 6/cyT <20°APT

<20°APT oil in Canada during HepTu B KaHaae 8 nepuoa 2003-2007
2003-2007 3HauYUTenbHbIE CHUXEeHUS

, p : , onepaunoHHbIX 3aTpat 8 1990x
Major OPEX reductions in 10-20% R, (gakTopbl AO6bIUU

1990's HAYANbHBIX reoNorMYecKuUX 3anacos)
10-20% Rr (OOIP recovery TTpumeHseTcs B BCeM mupe,
factors) noAnNeXuT oT6opy, pPyKOBOACTBYACH
Applicable worldwide, subject COOTBETCTBYHOLIUMU KpUTEpUIMU

to selection with appropriate NPUMEHUMOCTU

screening criteria

Heavy Oil Production
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The Short Flow KoHuenuusa kopoTkoro nyTtu ' Hslﬁl;g
Path ConcepT puUNbTpaUUU PnHoULoB -y

altered (improved) zone oil, water, gas + sand
U3MeHeHHasa (ynydllgHHasa) 3oHa f/ 7 Hed)Tb, BOAA, ras + necok

————

,/ ‘‘‘‘‘
i
oll
seepag
bIX0
seepage HedT
c Bbixoa
& HedTn
: X 7 nyTh ¢ T
S OPOTKWI NyTb hnfigTpauum Hedu!
£ short oil flow path! 90-150 m R
5 MNpouecc CHOPS x10-20 vertical exaggeration!
> CHOPS process x10-20 cTeneHb NnpeyBenu4yeHus
- BEPTNKAIIGHOTO MacliTaoal




Heavy Oil Production

Luseland Field History

UcTopusa mectopoxaeHua Luseland

30 verticals drilled in 1982-85

Produced using beam pumps,
minimal sand

Horizontals tried in 1992-
1993 (6x600 m), not
successful (all abandoned by
1998)

Aggressive CHOPS w. PC
pumps started in 1994,
implemented conservatively
(slowly)

On average, 30 wells producing
since 1985

| - -
@ AT
\_Llnternalmnal
f “1-:

30 BepTUKANbHLIX CKBAXUH
npobypeHo 8 1982-85

[lobbIiyua Benacb ¢ NOMOLLbHO
CTAHKA-KA4YanKu, MUHUMAbHbBIU
BLIHOC Mecka

HeyaauHas nonbiTka 6ypeHus
FOPU3OHTASNbHLIX CKBAXUH 1992-
1993 (6x600 m), (Bce
NUKBUAUPOBAHSL k 1998)

ArpeccusHbIin CHOPS c PC
HACOCamm Hayan NpPUMeHSaTbCS C
1994, peanusosbiBancs
KOHCepBaTUBHO (MeaieHHO)

C 1985 pobbiua Bepetcq, B
cpedHeM, Ha 30 cKBaXUHAX




Luseland Field TTapamertper

N\
=W SPE €
mecTtopoxaeHus Luseland [¥ e

Parameters

Heavy Oil Production

Bakken Fmn. (Devonian,
unconsolidated)

Shallow marine, bar sands,
some low k zones

Z = 800 m,(i): 28 - 300/0, k
2-4 D

APT = 11.5-13°, n = 1400 cP
(live oil /n situ)
5,=0.72,5,=0.28 (highl),
5,=0

Stratum thickness: 5 - 15 m
in centre

Initial pressure: p, ~ 6-7
MPa T ~ 30°C

Gas bubble point: p, ~ p,

TTnact (desoHckuin nepuoa,
PLIXJIbIN)

MenkoBoAHO MOpCKUe, necyaHbIe
OTMesI1, HeKOTOopbIe 30HLI UMerOT
HU3KUU Kk

Ez 800 Mm, p =28 -30%,k=2-4
APT = 11.5-13°, u = 1400 cP
(noaBuxHaa HeTb B /1/1aCTOBLIX
YCI10BUSX)

§° = 8.72, S,, = 0.28 (sbrcokuul),
T%nu_lea nnacta: 5-15m no
LieHTpY

ﬂ%pBOHaqaanoe AasrieHue: p, ~
6-7 MTTa T ~ 30°C
[asneHue HacbIWweHus rasa: py =
Po



" SURT "TunuyHaa" | -3
Typical 'SPE ¥
|'OpV|3OHTCU'IbHCl$| ! International

° ¥ " [
Horizontal Well T .
Luseland Field, 600 m long well
700 MecmopoxdeHue Luseland, ckgaxkuHa dnuHou 600 m
— But, in many Canadian fields with p <
o _| 600 - 1000 cP, horizontal wells are
o) - successful (200-500 b/d)
™ f; 500 . 'D'e6MT BOAb Ho Ha MHOrMx KaHaackux
c>>s- O Water rate MecTopoxaeHusx npu u < 1000 cP,
r- w® 400 / rOPM30HTarbHbIE CKBaXKWHbI OblBaIOT
= ; \ / yaadHbimMm (200-500 6/cyT)
6 0. . : _
£| 5 -
o _g 200 Nebunt HedTH - .-
Il © Oil rate ] . .
o 100 ./ .
S 4 ] :
©
'§ 0 N T =—o - =—® ©-¢ o = —
a | Jan-93 Jan-94 Jan-95 Jan-96 Jan-97  Jan-98
o | Aus. AHB. AHB. AHB. AHB. AHB.
>
§ Economic success does not mean high R¢
T OKOHOMMYECKMU ycnex He nogpasymMeBaeT BbICOKUM Rg



Heavy Oil Production

Field Production History

-
'SPE QI
--.|r1 ternational
Yy

Oil and Water Rates - m3/mo
Ne6uTbl HedpTH M Boabl - M3/Mec

| Luseland Field, Monthly Oil and Water Rates

MecmopoxxdeHue Luseland, ckeaxxuHa onuHot 600 m

®
20,000

16000 Oil rate
Nebut HedpTM \u
12000 Havano peanusauun arpeccnsHoro CHOPS

Start aggressive CHOPQ

8000 \\\
\

Beam pumps, small CTaHkn-ka4danku, HebonbLoe

-
amounts of sand KONMYeCcTBO Necka

4000

\
Lebut Boabl Water rate

| | |
Feb-82 Feb-86 Feb-90 Feb-94

deB deB deB deB

|
Feb-98

deB
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Well 14-8 TexHonoruveckue SPEWY
Performance noKa3aTeny CKBaXmHbL 14-8 (¥ e
Central Well 14 - 8
Luseland Field LleHTpanbHaga ckBaxunHa 14 - 8
250 MecmopoxodeHue . :;
Qil rate <2
S 200 Luseland Oebut HerTM\; ..
o) e T -
2 M
@& 150 .
S5 Tl
c S Hauano CHOPS K .
S ¢ 100 Start CHOPS\ A *
33 el o
8™ 50 AR y
(a - e ° o
. Sos oy vep, STRISTIONLIGIN e " [1ebuT Boab
;;?,. -t SIS s T e Wate'lrj'rate A
;5 Jan-81 Jan-85 Jan-89 Jan-93 Jan-97 Jan-01
5 | Aus. AHB AHB. AHB. AHB. AHB.
s
T



TexHonorudyeckue N
Well 13-8 nokasarenu : u_ﬂgﬁ%
Performance CKBAKUHBI 13-8 Y
250 Luseland Field West Well 13 - 8
2 MecmopomdeHue 3anagHaga ckBaxkuHa Well 13 - 8
2 200 Luseland
9
E 150
o Havyano CHOPS Oil rate
"g 100 Start CHOPS / Oebut HedTH
'8 j Water rate
E 50 t:‘ . Nebut BO,EQ
'-§ e ® oo - . o o ,.gs»»"”:“"“: \ "“‘ i ‘D - )
o T R S A Pt g . . :
_E Jan-81 Jan-85 Jan-89 Jan-93 Jan-97 Jan-01
Q [ AHB. AHB. AHB. AuB. AHB. AHB.
>
(]
I
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o Fied -3t Well - ferroneen S0 i¥fend®
Region y '1 International
CKBQXUHBI Y

800

700 ~— A Oil - m3day ~ A HedTb - M¥/cyT

600 ——<©—— Water - m¥/day| — < Bopga - m/cyT

500

400 A
300 A

200

Ne6uT, HedbTb U Boaa — M3/cyT
Production rate, oil or water — m3/d

100

N $ Y | | ! | ! | ! | ! I
U l [ l l [

1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003

Heavy Oil Production
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Edam Field - Sand MecTtopoxaeHue Edam R oPE
. $ e
Production - BbIHOC necka =,
= 2 800000 4800
s il Borblue necka B nepuog, <°
I 5 © - Water BYPEHNSI CKBaXMH i 4132.4 1,050 E =
8 T 640000 0~ Sand - L
< S More sand in the well [\ 6220275 C ®©
S 3 <>ﬁ geq’“’ drilling period ' -% §
= Ty BoAa 132005 £
S O 528823.4
5 5 480000 — - Mecox \\ 8 8
QO m© . . Q I
T S — | 24000 3
O | , % m
: o
T 2 320000 ; 6 3
% o) | 1T 1600 > X
. 2 = =
§ T 160000 i 2 5
I 32 1800 § 3
o € O T
qC -
qc O
- O
d = 0
E T 1980 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005
al
G NOTE: Sand curve is from 13 NMpumeyvaHue: KpnBasa necka obpasyercs
wells only of the 31 wells included TONbKO no 13 ckBaxkuHam m3 31,
in the sample BKJTHOUYEHHbIX B NpumMmep




Edam Field - Well

16-30

MecTtopoxaeHue Edam -|.
CksaxuHa 16-30

'SPE

Intermational

T

40 : 1.0
—/— Oil —7/\— Hed1b
- ME —4— Water --<--- Bopa
5 S — B Sand —[1— Mecok %
= | 32 0.8
| 2 ﬁ A%
n CBU mE
=i -
S 5 24 ﬁ* | i 0.6
=73 . - | o
c . | H . c
S0 \ I o
§c 16 | m c\ ¢ 2 S 0.4 S
® o | \ i | e 3
T -8 ‘\‘ s \ ] 0l ) “\‘Ijﬁ—-l g_
E S \ \ ﬁ ‘ ‘ A LY ||
= n- r-A MIYNS I IV |
3 8 8 - | H..l@‘:%\ HEAN 'v”A B 0 2;8“
o ‘u A‘," fm “.. ‘ \ "/A"A \\ m . >
AR W wll I
IE'h 7
I'l "."‘.I
0 [PV | rm @ T 0-0
1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Oebut necka, m3/cyT

HeavaQil Praductian



Edam Field - Well MecTopoxaerue Edam 1o@¥f spE!

Intermational

16-30 CkeaxuHa 16-30 -y

42000 540.0
—A—Oil — A Heds 39019.3
+
35000 ‘;"at:r 450.0
= San %33.9
28000 360.0

270.0

180.0

e~ N
H -
o o
o (o)
o o

90.0

N

o

o

o
Cumulative sand production — m3
HakonneHHbIN BbIHOC necka — m3

Cumulative oil or water production — m?3

VA
1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

HakonneHHasa go6blya HedTn unu Boasl — M3

Heavy Oil Production
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CHOPS - Screening CHOPS - kputepuu | Jspe'g

P Intermational
L [—

3aTpaThl Ha BLIHOC MeckKa
nbumebHo $2/6

Criteria NPUMEHUMOCTU .
SCREENING CRITERIA KPUTEPHU TIPIMERVIMOCTU
Viscosity < 15,000 cP (down Baskoctb < 15,000 cP (naaaet Ao
to any low p) HU3KOW )
Depth 200 m to 1200 m FnybuHa ot 200 m o 1200 m
Permeability as low as >0.5 D TTpoHuLaemocTb Ha yposHe >0.5
Thickness 3-20 m D
Cohesionless, gas in solution, TonuwwHa 3-20 m
no water leg HecBa3HOCTb, pacTBOpEeHHbIN ras,
OTCYTCTBUE BOASHOU YaCTU
OPERATIONS
OPEX (2007) is about $8/b  OTTEPALII
S . R.expected is 10%-25% OnepaumoHHsie pacxoast (2007)
;ﬁ (average 15%) npumepHo $8/6
& ., Sand costs are about $2/b Re nnaHupyemerid 107%-25%
o (cpenHeelb5%)
E



PCP - Progressing
Cavity Pump

PCP - npoxopawmn |
BUHTOBOW HACOC ',

-
'SPE

Intermational

peaynupoekol Kpymsiuje2o MOMeHma

Electric motor

(or hydraulic)
Lleuzamernb anekmpudyeckul
(unu eudpasrnuyeckud)

(06b14HO 175 MMm)

Production tubing

(usually 72 or 88 mm)
3kcrninyamauuoHHas HKT
(06b14HO 72 unu 88 mm

Belt drive with torque conV\ \
PemeHHou npusod ¢ : :

Well casing (usually 175 mm/ il
O6cadHbie mpybbi

Polished rod
lNonupoeaHHbIU WMOoK

Production flow line
< IKernnyamauyuoHHbIU mpy6orposod

Well-head assembly
Ycmbesou 6ok

T ucker or co-rods in

production tubing
Bcacbisaroujue urnu co-HacocHble
wmaHau 8 a3KcriiyamauyuoHHou HKT

I Chromed rotor in
«—  fixed stator

XpomupogaHHbIlU pomop 8
3aghukcuposaHHOM cmamope

y_au_nrnrln 1~tioan

§ A key element in CHOPS success
I

KnroyeBoun anemeHT ycnewHoctn CHOPS
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Horizontal Well Technologies
CP - HCS - SAGD

CP - Cold Production with horizontal wells
HCS - Horizontal Cyclic Steam stimulation
SAGD - Steam-Assisted Gravity Drainage

TexHonorum ropu3oHTANbHLIX
CKBAXUH

CP - HCS - SAGD

CP - MeTtopa xonoaHOU fO6bIMU ¢ NOMOLLBHO FOPU3OHTANBHBIX CKBAXWUH
HCS - UHTeHcupuKkauma NoToka MnoUa0B C MOMOLLbHO
FOPU3OHTANBHOMU LIUKNUYECKOU 3aKa4KM napa
SAGD - paBuTALMOHHOE ApeHUpOoBaHUE NPU 3aKa4Ke napa

Heavy Oil Production



Intermational
 —

T 8
Horizontal Wells, FOpu3OHTanNbHbIE g "SPEQi-

Worldwide CKBQXUHbI, B MUpe -y
The period 1985 — 2000 saw horizontal well technology become the mature
standard it is today
B nepuood 1985 — 2000 mexHosio2usi 6ypeHuUsi 20pU30HMasIbHbIX
6000 CKea>XUH cmaHos8umcs ebICOKOopa3euUmbIM cmaHdameM, KakKkum
oD OH U siesisemcsi Ce200HS
5000+ o=
s 2
©
40001 =3
; m
(@)
3000+—F
5
2000=-3
m
1000 o
0 T 1
86 88 1990 92 94 96 98 2000
MaTepuanbl nto6e3Ho npeaocTaBrieHbl Courtesy of

Heavy Oil Production

Nxopaxem Ctocypom George Stosur



: ["opu3oHTanNbHbIE ¥
Hosz)Cn’rlc:jl)Wells CKBAXUHBI (XONOAHbLIN ﬂ I?":Eg
0 meToa) "

Heavy Oil Production

Horizontal wells are now
commonplace...

With applications in various
technologies

Direct cold oil production

Thermal processes (SAGD,
steam drive, ..)

Horizontal well cyclic
steam (Shell Peace River,
CNR Wolf Lake)

WAG, various IOR
configurations

But, the biggest factor
ultimately may be the advent of
gravity segregation

Also, /n situ combustion may be
“reborn”, based on horizontal
well configurations...

"fOpu30OHTANbHbIE CKBAXUHBI B
HacToAlee Bpems 9BNaHOTCS
OBObIMHbLIM SBSIEHUEM...

Ncnonb3yroTca npu pasnmUyHbIX
TexHonormax
MeTtoa npamou xonopgHou AO6bIYU
HePTU
Tepmuueckue texHonorum (SAGD,
pexXum BbITECHEeHUS He@PTU NApoMm,

)

Liuknuueckasa 3axkayka napa B
FOPU3OHTASTBHLIX CKBAXUHAX SSheII
Peace River, CNR Wolf Lake
BOB, pasnuyHbie MYH
KOHPUrypauum
Ho cambIm 3HAUUTENbHBbIM
AKTOpOM B KOHEYHOM CHeTe MOXeT
bITb BBeAeHUEe rpasUTaLOHHOIro
pasgesfieHus

l'opeHue 8 11/1acTOBbIX yC/I0BUAX
TaKXe MOXeT "BO3poauTCS,
OCHOBbLIBASCb HA KOHMPUrYypaLmax
FOPU3OHTASbHBIX CKBAXUH ...




N
Multi-Laterals in MHorocTeonbHbIE ' JSP%

Venezuela CKBAXWHBI B BeHecyane ; -;'E:EF“'3“°”3'

Economic with 1500 m long DKOHOMUYHbIE CKBAXUHBLI, AJIUHOMU

1500 m, MHOXecTBO A0YEpHUX
cteonos (3000-6000 m - obuias
anuHa (L))

CKBAXUHbLI pasmeLLaroTcs TOSNbKO B

wells, many with daughter
laterals (3000-6000 m total L)

Wells placed in the highest k

zohes only 30HAX C CAMBIM BbICOKUM K
Production o 2000-2500 b/d Oo6brua aocturaet 2000-2500 6/cyT
Solution gas drive mechanism MexaHusm pexuma pacTBOpeHHOro
Solvent injection at toe helps TR
Low operating costs, no sand, no TTomoraeT 3aka4yka pacTeOpuTend B
o obnactu NoaoLBbI
BUTIl - must be a great reservoir E;g:;%g?i%%g”owﬂe pacxoaer, 6e3

_+ Re likely fo be 11-13% only HOIl - nonxHo 6bITb OrpOMHLIN

g+ Not suitable for 507% of the KOJINeKTop

2 zones in the Orinoco... (free Re BepoaTHo Tonbko 11-13%

2 water, poorer reservoirs) .2,’5 ? He npuroaeH ana 50% 30H B paoHe

= w”? QQQ GY peku OpuHoko... (ceoboaHas BoAg,

> 9 29 bonee cKyAHbIe NNACTbI)

[}

ac



: : ["OpU30OHTANbHbIE CKBAXUHbI , N
CP Horizontals in BeHecyanebl, Ha KOTOPbIX N SPE Y
Venezuela nucnonb3lyerca meroa xonoaHou| ¥ ﬁf‘*““"“"ﬂ'

A Faﬂ o ”w-.l N R |f] § L Y—
.nm .?1 ﬂl\i h@" !

g

c
o
B
3]
>
o
o
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o
o
>
>
®
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: 'SPE ¥
CP Wells in Venezuela P inernationai
.
Multilaterals
Solution gas drive —All laterals in fluvial channels
Life — 12-16 years —ﬁ't'lsanfs oral -
——ALlleast one lateral In a marine san
R. ~12-15% .
Single Laterals
TR0 Fluvial channels
All sands
Marine sands
2000 — —— | |
I_I_ll:.'—'—| Multilaterals - average oil rates
i L =
o) 1500 %
O
1
O]
5 1000
5 =
§ O single Laterals - average oil rates
3 B0
E From: Schlumberger Qilfield Review - 2002
o i
>
% 1] i 1000 150 2m R0 A 50 400 450 500
q’ .
I Elapsed tlme - dayS Source Schlumberger Oilfield Review
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CKBAXUHbI C XonoaHou Aobbiveu
He®Tu B BeHecyane

'SPE

Intermational

1] ) 100 150 20m 260 A RN 4] 450 500
I_I pOLUeﬂ.Luee Bpel\/IFI - ,D,HM WcTounuk: Schlumberger QOilfield Revie

MHOrocTtBosNnbHbIE
Pexum pacTeopeHHoro ——Bce cTBONBI B anntoBmnanbHbIX kKaHanax
rasa ——Bce B necyaHnkax
Cpok akennyaraumm- o MeHbLLEeN Mepe, OANH CTBOJ
12-16 net _ pe, On
R. ~12-15% HaX0AMTCS B 30He MOPCKOTO necka
2500 OpQHOCTBOJSIbHLIE
AnnioBuanbHble KaHanbl
o Bce B necyaHukax
% 2000 — Mopckue necku
O Multilaterals - average oil rates
. '—I_|I:|__I ag
= 1500 — | ' '
I_I_
-8- %
()
T
|_
£ 1000
c (@)
o (<) -
© | : _ : -
3 €0 single Laterals - average oil rates
o
E Uctonuk: Schlumberger Qilfield Review - 2002
=
< 1]
>
1+
(<))
T



Hor".zon'ml Well Liuknuyeckas 3akauxka napa s [ ‘_‘_Irlﬁr!ziEal. '
Cyclic Steam FOPU3OHTANBHOU CKBAXUHE )
Horizontal cyclic steam Iaxout . A —
Cxema rOPnN3OoHTAJIbHOU UUKITUHECKOUN 3aKa4Ky rnapq :

bypeHue c Surface drilling

MOBEPXHOCTU N and well pad — :
KyCT CKBaXUH >

Monobore wells are easiest to contro
OaHo3aborHblE CKBaXXUHbI

Jier4ye Bcero KOHTpoJinpoBaTb

Oblique view _ _
Kocas npoekuus | —
T ——————— ! | O : Plan view
i Topu3oHTanbHas
i TNpoekuuns
1 npodpuns
p CKBaXXMHBbI

Heay\l Nil Pradiiction



One HCS Cycle

AbtiAan

T\
'SPE .

OD.MH U,MKJ-' HCS A t International

aBleHue 3aKauku, deouT
Injection Pressure, Rate

ldealized Cvcle
UpeanbHbIV unkn

Courtesy — Canadian Natural Resourceg

7

Steam Injection

Rate

napa

CKOpOCTb 3aKauku

MaTtepuanel nobe3Ho NpegocTaBneHbl| —
Canadian Natural Resources

]

/ Injection Pressure

[aBrneHune 3aKavku

-

/ Total Fluid Rate

Soak Period

/ OeouTt HecpTH

O6wun nedbuT dhnrouga

Bpemsa BblaepXku

Oil Rate

Time Bpewmsa




Intermational

, , HakonneHHas N
CumUk]Tlve Oll VS. nobbIva HepTU U I \ ’SP%
Steam - HCS 3akauka napa - HCS | ¥ &,

Comparison of D1 (30 m spacing) with C1 and B1 (180 m Spacing | Wells

ConocTtaBneHue ckBaxuH D1 (pacctosaHue - 80 m) c C1 n B1 (pacctosiHune 160 m)

30C,ooo
3()0 Cqurtesy — Canadian Natural Resources
— 1 el (1ED M) Maftepuanbl nobe3Ho npegocTaBneHbl —
—r Lo Wl (20 Canadian Natural Resodrces
pog, +——— Cr1 High Wieils (B0 m)
250 B Wells (153 m)] -
EE V. Wat
2(0 “
—

—

AT R T
Y.
N

& Cumilativei Oil — i x 1000
3

HakonneHHas gobbiya HedbTn — M3 x 1000

I:I:l;] ()O -
C —
.‘g Doo 10 —"r:qr-_
f
a 7
z &
;u -0 200 400 600 800 1000 1200
£ | Cumulative Steam — m3 x 1000 HakonneHHbin nap — m3 x 1000
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HCS - Conversion  HCS -koHeepcua B  [“WF sPE

Intermational

to SAGD SAGD ',

YcTtaHaBnuBaeTcsa Hacoc

AnA CHNXeHusA abouero Courtesy — Canadian Natural Resources
P Pump Installed to
4 AaBrneHus . 3000
Reduce Operating
450 h?-!"‘\\ ~Pressure 2700
S 400 _ H 2400
Lrv'i S team e (il (L) m—Chamber Press. (kPa)
T ‘E’ 350 — 2100
(3]

z 3 _,l \\_/JT Chamber Pressure =
£ 2 300 1800 2
o [aBneHue kamepbl B
c £ r\'\_ / E
S ® 250 T 1500 @
s 5 \"\\ H a
E E 200 1200
5 2 ; _
150 J Moo o
] X
100 600 @
(V]
s
©
50 H ' L 300 4
o
s
0 0 5
i 2 2 2 7 ? 5
: : i : : 5 =

He:l



Heavy Oil Production

Steam- and Vapor-Assisted Gravity
Drainage Processes in Qil

TexHonorum rpaBUTAUMUOHHOIO
APEeHUPOBAHUA NpU 3aKa4yKe napa nNpu Aobbive
HeTU




Cross-Section,  TlonepeuHbiv paspes, |4 . °W
Canada Sands KaHaackue necku Vet

This is the “classical” SAGD configuration
970 obpasey “knaccunyeckon” koHdourypaunm SAGD

Hobbiya Production Injection HarHeTaHue

SR e e
" -
248

éf:r-* ,i?i ! 2

‘ 5 - i
' ¥ IR : Ground
‘:-' el . z
. ok, o By
3 1 esimoi i B fesle o St e
T ok b s "F 5 e T et =,
| w:.-;-a:ﬁrt}i A i ‘;...-f.‘_'?‘; ?::}Eé ‘r..,-éi?“'? : '1-;

olorado Group 200 -{700
- m

Mannville Jpea

Clearwater A & B

Heavy Oil Production

Martepuanb! niobe3Ho npeaocraeneHbl EnCana Courtesy EnCana
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'SPE

SAGD Schematic Cxema SAGD  [¥ e

YcraHoBka SAGD
Courtesy Neil Edmunds, EnCana
MaTepuansl nto6e3Ho npegocTaBneHk

Hennom SamyHacom, EnCana

MUHxeKkTop napa
Oil Producer —,. «— Steam Injector
3anapHasa kamepa
HedTenobniB. o chamb
(o EV U E] / eam Lhamber
A

\ Mpopesn
Slots

Oil Sand Formation \ %—’

HedTeHOCHBbIN Steam Flow

necY4yaHbI nnacT MoTok napa

Oil Flow
MoTok HedTH

Heavy Oil Production



Heavy Oil Production

Surmont TTUnOTHLIY NpoekT SAGD

¢
SAGD Pilot Ha mecTopoxaeHuu ’ u_@ﬁ.ﬂi%
CYypMOHT .

HNeouTbl (Mpoekt CypMOHT, 4 CKBaXXUHbI)
Production Rates (Surmont Project, 4 Wells)

700 «350M rny6uHa *350 m deep
—a— Qi HedTH ‘?50:300 cP «350,000 cP
| *1-5 apcu o1 :
600 + - _water Boaa | .30% nopucrocts 1 50Darcy I I
— | *45M TOMLWMHA *30% p(?rOSIty
3500 f N/G > 85% sdomthick =~ Vo
;g - I *N/G > 85% ' o Bona
o?o 02400 - {- 8- H4{-§----Water
= © - f 2 R :
gl 4
Ac300 - BT - 8p g Ja (UL RN
$?2
O O
o200 F [ Al s
E HedTb
100 - WAL p s, 4 Oil |
0 A ! l ! l = ! l ! l !
1997 1999 2001 2003 2005 2007
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SAGD PiIOT Ha MeCTOPO)KAeHVlM 4 ? International

Surmont TTUNOTHBLIN NpoekT SAGD  |; 'gﬂ
CYpMOHT

ey

Cumulative Production & Injection
(Surmont Project, 4 Wells)

1997 1999 2001 2003 2005 2007

1000 I 25
—a—0il
90 | Water
— —=— Water
(o] 18 2 ] B
2 800 Steam 20
=
= 700 + o WOR S Steam .
5 £
= £
'8 ~
o o
o o
2 =
c | 5
+ €
=
= o
o
(2
o)
>
>
P
I



N
Well Count ®oHA CKBAXUH ' %,

Cumulative production & Injection HakonneHHasa gobbivya 1 3akayka

(Surmont Project, 4 Wells) (MpoekT CypMOHT, 4 CKBaXXUHbI)
TUVV : : 4.5
900 1o _A_OII HECbwaater 4

l —s—WaterBopga Bopna
800 | || oo s 3.5
—x<—Steam lNap RS

700 1 1"|1 —«—well Count ®oHa ckBaxMH & 33 steam | 3
600 -

- 2.
500 -

- 2

400 -
300 -
200 -

nieayo oo
SN0 ||9M

HakonneHHasa oo6bivya (MM m3)
—

Cumulative Production (MM m3)

100 - - 0.5
0
1997 2007

Heavy Oil Production
o



Intermational
 —

SAGD Well Pair TloeeaeHue CKBC()KI/IHHOJ' ;spgﬁ'
Behavior napel npu SAGD ',

Production Rates (Surmont Project
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Surface facilities -
Two SAGD well pairs

HaszemHoe o6opyaoBaHue -
[1Be ckBaxunHHble napbl SAGD

Long-stroke

pump jack F'
[nnHHOXOA0BbIN K.l Rotaflex pump
LUTAHIOBbIN ¥~ Hacoc Rotaflex

Hacoc-kasarnka
| Steam lines

[NaponpoBon, Injection well
¥ HarHeTaTenbHasa
nHaZ

: \ CKB:
el




®usmuka SAGD B

SAGD Physics 5
BOASHOWM 4acCTU

'SPE \
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Internating
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with a Water Leg

3aj1exu

Keep Ap small to

Overburden/ NepekpbiBatoLas nopoga

maximize stability
[MopgaepxkaHune

“insulated” region

“n30nNnpoBs Jﬁo AP
CH, + oil/Hed

Countercurrent flow
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0

_~Counte|

BcTpg4HbIN NOTOK _
team (nap) + oil (HedTL)
\‘\_\\ +water(soga) + CH,
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{ liquid level

lateral $team
chamber extension

[[Opn3oHTanbHOE pacLUnpeEH
3anapHoWn Kamepsbl
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oil and water

HedTb U BOAa

Ap/Az ~0, no water influx can take place!
cnu Ap/Az ~0. npuToka Boabl He byaeT!
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SAGD - Screening SAGD - kpuTtepu Eﬁ“

SCREENING CRITERIA KPUTEPUMN TTIPUMEHVIMOCTH
Viscosity > 10,000 cP(? - BaskocTb > 10,000 cP(? -
perhaps much less) BO3MOXHO ropasao Huxe)
Depth 200 m to 1200 m "ny6uHa ot 200 m go 1200 m
Permeability as low as >1 D* TTPOHULAemOCTb Ha yposHe >1 D
Thickness > 12-15 m ($/b * 107MHa>12-15 m ($/6 n yror

and formation dip) naaeHua nnacra)
25%
Porosity > 25% TTopuctocTs > 25%

OTTEPALIMMN
OPERA TIONS SOR Lzl,o - 30

SOR2.0-30 OnepaumoHHsie pacxoabr (2007)
OPEX (2007) is about 20  coctasunu npumepHo 20 $/6

$/b (CH, fuel) (CH, Tonnueo)
Rr expected is 65%-75% Re nnaHupyemsris - 65%-75%
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Source: EUB Public Domain Data, Sept. 2004 — Aug. 2005 . Cyclic Steam Stimulation (CSS)
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Different Areas, PasnuuHbre obnactul; Jspgg'
Different Methods pasnuuHbie metoasr|¥ 5

Screening of technologies involves careful assessment
of the best option for the asset

. Bbrbop TexHonoruu sknrovaeT B cebs TLATENbHYHO OLIeHKY
'CAMOro ONTUMGNBHOMO BAPUAHTA MPUMEHUMOIO Ha obbeKTe

m ‘1|_=:1=_--|' 1;~tl-ConventionaI production HUMOS
| bt 0| L IR] RS 2
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Mixed TTocTpoeHue J SPE'%
Developmen.'- A rray CMQLIJC(HHOD] pa3pa6o \_irl:Ernatlnnal

CVI:/I;)”PS | | :PPT wells :
‘/CKBamm \ .‘C)BamMH“\A

" Other sands

[lpoyne necku =
iig =
CP wells/ : __\- :
CKBaXXMHBbI
|

I
Continuous sands
HenpepbIBHLIE NECK

Water:sand Water sand
BoaoHoCHble Necku BoaoHoCHbIe neckn

Often, viscous oil deposits have many stacked reservoirs
Ou4eHb YacTo 3anexu BsA3KON HEPTN MMEIOT MHOXECTBO MNacTOBbIX 3anexXen
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Coal Gasification + CO, Capture |¥ SPE-%

.

O, - Oxygen—
Surface Stockpiles, Industrial Use, or Injection
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:cll:, Modified from Eddy Isaacs, AERI - 2003



Intermational

-
Coal Gasification Tasupukauma yrns; fspe'g
+ CO, Capture + 3axeat CO,

Surface Stockpiles, Industrial Use, or Injection

0, — Oxygen—-
a3eéMHble HacbIinu, NnpomMbIillIIeHHOEe UCMNOJIb30BaHU
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Summary

Many new production technologies
since 1985

Vertical wells & horizontal
wells

Thermal methods < non-
thermal methods

CHOPS is the only method for thin
zones

CP needs excellent zones, low OPEX,
low Rr

Steam methods high OPEX: >$15/b
g&r;avi’ry methods give high Re > 60%
?

CSS, HCS give 30-40% R¢

We have a great deal yet to learn...

Steam + solvents,
combustion?. ..

Alternating cycles, sequencing
of methods...

Bbieoab: ,

¥
'SPE QI -
\_‘_Irlternatmnal
Y

ONbLUMHCTBO HOBBIX T€XHONOT U
A06bIUM NpumeHseTcs ¢ 1985

BepTukanbHbie <> ropusoHTanbHLL
CKBAXWUHBI

Tepmuueckue <> HeTepmuveckue
meToabl

CHOPS - eguHCTBEHHbIU MeToA
APUMEHUMBIN B TOHKUX 30HAX

[Ona CP (xonoaHoro metoaa no6brun)
TpebyroTCa NepBOKIACCHbIE 30HbI,
HU3KWEe ONepaLUOHHbIe pacXoAabI,
HU3KUU Re

MeToabr naposow 3akayku - 6onbluve
onepauuoHHbIe pacxoabr: >$15/6

paBUTALUMOHHbIE MeTOoAbI AGHOT
BbICOKUM Re > 60% (?)

CSS, HCS parot 30-40% R
MHoroe eue He06xX0AMMO U3YUUTD...
TTap + pactsoputenu, ropeHue?..

Yepeayrowmeca uUUkner,
nocneaosaTesibHOCTb MeTOAOB...
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