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Water flooding of heavy oil reservoir/
3akadmBaHWe BOAbl B KOMMNEKTOP TAXEeNown HepTun

* High water cut/ Beicokasgs 06BogHEHHOCTb
 Early gas breakthrough/ PaHHuin npopeiB rasa

* Low oil recovery/ Huskas HepTeoTaaua

Water flood Aquifer
3akaumBaHue Boabl @



Heavy oll recovery/ [1obbiva Tsxxenon HedpTtu

* High well density/ Bbicokas NyIOTHOCTb CKBaXKMHbI Enhanced Oil Recovery (EOR)/
MeToabl noBbIWeHNA HedpTeoTAAUMN

- Extra large water handling capamty/v el sel, wter o
CsepxbonbLune 06beMbl MOLHOCTEN MO NOLIOTOBKE BOAbI | MonumepHbiil renb, BoAsSHOI 6apbep

« Downhole pumps/ I'Iorpy>KHb|e HACOCHI *Polymer flood/ NonuvepHoe 3aBogHeHME

«Surfactant flood/ 3asogHeHue c NAB

» Downhole valves/ 3aboinHbie knanaHsbl .
Alkaline flood/ LLleno4Hoe 3aBoaHeHME

» Choke water and gas breakthrough/ «Low salinity flood/

neperbrrb NpopbIB BOAbLI U rasa 3aBogHeHre BoOoW C HU3KOW CONMEHOCTbIO
+....Combinations/ Co4etaHus

Water injector Production well

Polymernized water

Aguifer

Water flood | Polymer flood
3aBoaHeHne @ [MonnmepHoe 3aBogHeHne ©



Water injection/ 3aka4dka Boabl

Immobile yvater/ HenogBuxHas Boaa i

Immobile water/ HenoaswxHasa Boga I »




Heavy oil Is not that heavy!/
Taxenaa HedTb — HE O4YeHb TsXxXenag!

e API gravity definition is related to Specific Gravity at 60 °F/
[MnoTHOCTL B rpagycax API ceasaHa ¢ YaenbHbiM BecoMm npu 60 °F

o Water: SGy o = 1, API °(water) = 10

Bona: ¥YB,,,, = 1, API °(Boga) = 10
o 141.5 o 141.5
APl = — — —131.5 APl = - — 131.5
Specific Gravity YnenbHBIN Bec

e Crude oil (different definitions exist)/Cblpas He(pTb — pasnnyHbie onpeaeneHuns:.
e Light crude oil (Jlerkas HedoTb): APl > 31
e Medium oil (CpegHsas HedoTb): 21 < APl < 31
e Heavy oil (Tshkenasa HepTh): 14 < API < 21
Density (lTnomHocme) from 926 - 971 kg/m?3
e Extra heavy oil (CeepxTtskenas HedoTh): 10 < API< 14
e Bitumen(butym): API < 10

e Specific gravity (YaoenbHbin Bec) from 0.7 to 1.076 (API = 0)
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Newtonian Viscosity/HetoTOHOBCKaa BA3KOCTb

[Plate area

Force to drag plate
Mnowagb nnockoctu: A

Cwna 1aru ang casura: F

Velocity profile
[Mpodunb ckopocTen

Height
BbicoTa

Force . . Velocit Cuita CkopocTb

= Viscosity * — Y = BA3KOCTb * —=
Area Height [Tnomanb BricoTa
Viscosity=u BA3KoCTb = U

Viscosity (m) unit: Centipoise [cp] = [m Pa s]
EonHnua namepenmna sBaskoctu (M): caHtunyas [Cn] = [Mla c]



HeHbIOTOHOBCKAA BA3KOyNpyrasa Boaa C NoJmmepamm
Non-Newtonian visco-elastic polymer water

® Polymer concentration normally 1500 ppm
® O6blyHasA KoHUeHTpauua noanmepa 1500 yacteit Ha MAIH.
® Polymer concentration visco elastic > 2500 ppm

® Baskoynpyras KoHUeHTpauua noammepa > 2500 4. Ha MAH

Extra push

[Visco-elastic}

—W@ N —

[ Viscous J




Viscosity variation/PasnnyHbie
rnokasaTenun BA3KOCTHU

* Salt/ Conb: 10%2 cp (cM)

e Tar/ Cmona: 107 cp

* Sour cream/ CmeTaHa: 10° cp

* Honey/ Mega;: 10% cp

* Engine oil/ motop. macno: 10?2 cp } Heavy oil

* Water/ Boaa: 1cp TAX.HEPTb
* Gas/ las: 102 cp




Recovery with polymer flooding/
13Bne4yeHmne ¢ NnonMMepPHbLIM 3aBOAHEHUEM

* A(Oil recovery) linear in log (upw/uw)/
A(HedpTensBnevyeHmne) NMHeENHas 3aBUCUMOCTb

(Lpw/twy)

« Similar added recovery effect/

[ononHutenbHbIM Noxoxun adpdekt ana KUH

® 1cp—- 10cp (cll)
® 10 cp — 100 cp
® 100 cp — 1000 cp

» Other effects/dpyrne adpdpektnl

- Viscous fingering/«lNanbueobpaszoBaHne»
— Heterogeneous medium/[ eTeporeHHasa cpega

- Visco-elastic polymer/Ynporoesaskum nonumep

10
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Polymer mixing and pumping/
CmMeLlmBaHne 1 3akadka nonmmepa

Polymer mixing Polymer water injection station
CmMeluMBaHue nonmvepa CTtaHuusa 3akadkm pacteopa nonmmepa
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Capillary pressure/
KanunnapHoe gaBneHue

» Surface tension (['NloBepxHOCTHOE HaTAXeHne) O

» Capillary pressure (KanunnspHoe gasreHue)
Pc = P1 — P2

1 1
Pc=P1—P2=0 R_1+R_2

» Contact angle (Yron koHTakra), 0

20 cos(0)
Pc=DP1—P2= R
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Thin water film wettability
CMa4ynmBaeMoCTb TOHKOW MJIEHKU BO/bI




I1 Film pressure

Thin film/ ToHKkaa naeHkKa waw | o

"Thick film”: Thicker than thickness at max film pressure Thick film

Toncrtaa nneHka: Toswe, 4yem nNaeHkKa NPU MakCUMa/ibHOM aBJ/IEHUN ] (Pa)

L o . : s(109) | _
"Thin film”: Trapped in primary minimum (1 nm thick) 7 max —~ Max film
. . f pressure
TOHKanA NieHKa: 3axBa4yeHa Npu MUHMMWANbHOWN HavyanbHOM TonwWwmHe (1 Hm)

. hp
Primary minimum
Phase a. (oil) energy potential Metastable maximum
energy potential
— + 11 V
Phasey (water) h | 0 Pfilm = Pbulk
Phase B (solid) Film energy potential
6V
Liguid Mean curvature, H* =
Phase a Here H* < 0 ah
Liquid, Phase y / Max film pressure]
Mean curvature, HfY — >
By
Solid Here HPY > 0
Phase 3 Primary minimum
1 (= energy potential
_ ay cos 0 =1+——| [TT(h")dh+TT4h
Heq = Pc — 2H yO' 14 O.;W ) ( ) eq



Heavy oil mixed wettability (covscek, wong, Radke, 1992)

CMellaHHaA CMavYnMBaEeMOCTb TAXKENON HEPTHU
1.

Reservoir initially water wet and water filled /
MN3HYaNnbHO KONNEKTOP CMaynBaeTCcA U 3anoNHeH BOAOW

Oil invades pores with capillary pressure greater than entry pressure/
HedTb NpOHMKaeT B NOpbI NPY KaNWANAPHOM AaB/IeHUM TIpeBbILLIaloIeM BXOJHOe JaBJieHHe:
20 cos(0)

Pc = Po — Pw Pc = -

Oil invades smaller pores/grains with less stable thick water film. /
HedTb NpoHUKaeT B meHbluKMe nopbl / 3epHa ¢ meHee cTabunbHOM NAEHKOW BOARI.

At given capillary pressure, thick film collapses into thin film of 1 nm. /
Mpw [AaHHOM KanUANAPHOM AaBNEHWM TONCTAA NNEHKA Pa3pyLlaeTca B TOHKYH NAEHKY TOAWMHOM 1 Hm.

Qil asphaltanes diffuse across thin water film => oil wet. Corners still water wet./
AcdanbteHbl AuddyHAUPYIOT Yepes TOHKYIO NAEHKY BOAbl => CMayuMBaHue HedTbo. Yrbl OCTaOTCH
CMaYyMBaeMbiM1 BOAOM

| Water wet |

[ Oil wet ]

[Water wet]




Asphaltene adsorption
Ancopbuma acpanbTeHOB

» Asphaltene adsorption is permanent /
Apcopbuma achanbTeHOB NOCTOAHHA

e Contact line is pinned //InHMs KOHTaKTa 3akpensieHa

pinned contact
angle

oil-wet e
(adsorbed
asphaltenes)

water-wet

pinned contact
angles




Pore scale network simulation

MoaenmpoBaHue ceTkm maclitaba nop

* Partly oil wet pore model. Two requirements

Mogenb nopbl, YaCTUYHO cMaymMBaemoi HedTblo. [lBa TpeboBaHuMA

— Pores primary invaded by oil / Mopbl nepsuyHo 3anonHAOTCA HedTbIO

— Capillary pressure high enough to rupture thick film /
KanunnsapHoe gaBneHne fOCTaTOYHO A5 Pa3pbiBa TOACTON NAEHKM

Pal Eric @ren et al. 2003

Water

Water

Figure 7. (a] Ol and water in a triangular pore

The areas contacted by all have
remain water wet. (b Formation

[ ail films in the ¢

r throat after primary
altered wettability while the water flled «
s

during waterfl

drainage.
-

Per Valvatne 2004
PhD Imperial college

@ Drainage

q
Water
Flooding

(c) : j (d) : j

Figure 3.5: Possible fluid configurations. (a) Initially the element is water-filled and

Water

strongly water-wet. (b) Following primary oil flooding the part of the element in
contact with oil will alter its wettability. (¢) During water flooding the element might
again become completely water-filled. (d) If wettability alteration was large enough,

oil might become sandwiched as a layer between water in the corner and the cenfre.



Immiscible flow: two numbers/

HecmelwumBaoLwWmMnUCA NOTOK: ABA Yncna

» Viscosity ratio (Koagpgpuyuenm esizkocmu), M.
Ratio of viscous forces of the two fluids
(CooTHOLWEHNE BA3KUX CUM OBYX XUOKOCTEN)

M = Pw (Water flood/ 3akayka Boapl)

Ko
« Capillary number (KanunnsipHoe 4ucno), Ca:
Ratio of viscous to capillary forces

(CooTHOLWEHNE BA3KUX U KanUNMAAPHbIX CuI)

|4
Cazﬂ—
g

» o = Interfacial tension between two fluids
(MoBepXxHOCTHOE HaTsXXeHne Mexay ABYMS XUOKOCTAMMN)

» Pore scale: Capillary dominated: Ca - 0
(Ha ypoBHe nop: JOMUHUPYIOT KanunnspHble cunbl)

» Reservoir scale: Viscous dominated
(Ha vboBHe Konnekrtona OOMUWHUDVIOT BA3KUE CUnbl)
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Capillary trapped oll cluster/

HedTb B KannnnapHOU NoByLLKe
Water

Boaa

/ _—»  k=D=10 m’
R=2 -107° m?
k=1 6 = 0°

Uy Vi, Uy Vi
Ap,, = Ax = Ax |
w kk,., k

Ax .
Apw _20cos(0) 20 Ca = HwVw
pC' — R - R o

Trapped/
B nosyuuke:

— -5
Vv 20 oo 2k 1077 . Ca=10" |
|APWSPC| =) k x‘? = — AxR  Ax AxSlO_ZmI
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Viscous fingering in homogeneous media/
«lMNanbueobpasoBaHmne» B OQHOPOOHOW cpeae
N3-3a BA3KOCTM

Water injection
3akauka BoAbl

Oil production
[Oo6biya HedhTH

OcrTaBluascsa

Remaining oll
L — He(pTb

— 3 -
Viscous finger
«Baskun nanewy

20



Heavy oil amplifies heterogeneities /
Tarkenaa HedTb yCUNMBAET HEOAHOPOAHOCTM

Remaining oil / OctaBwasncsa HedTb

Polymer
[Nonnmep




Waterflooding at adverse mobility ratio/
3akaydka Boabl Npu obpaTHOM KO3 DULMEHTE
NoABUXHOCTU

pal:*a[m 1108 :000°0T = *1f (IIM POO[F Id1eM SULINP SIBUI] "+ 2MB1]

Mohanty et al 2012
MoxaHTn n gp.2012

2000 cp

0.14 PV 0.53 PV 2.3 PV

Skauge, A., Ormehaug, P:A., Gurholt, T., Vik, B., Bondino, I., and Hamon, G., 2-D Visualisation of Unstable Waterflood
and Polymer Flood for Displacement of Heavy Oil, SPE 154292, paper prepared for presentation at the Eighteenth SPE Improved
Oil Recovery symp. Tulsa, 2012



Oil mobilization during polymer flood/
Mobwunnsaumst HedT BO BpeMS NOSIMMEPHOTO
3aBOOHEHUS

-
4,

Ref. end of waterflood 0.02 PV 0.11 PV 0.25 PV

Red: increased oil saturation (YBenniyeHne HepTeHaCbIWEHHOCTN)
Light blue: increased water saturation (YBennyeHne BOAOHACbIWEHHOCTH)

Skauge, A., Ormehaug, P:A., Gurholt, T., Vik, B., Bondino, I., and Hamon, G., 2-D Visualisation of Unstable Waterflood
and Polymer Flood for Displacement of Heavy Oil, SPE 154292, paper prepared for presentation at the Eighteenth SPE Improved
Oil Recovery symp. Tulsa, 2012



Water- and polymer flood of viscous oils/
3akayka Bogbl 1 N NONMMEPHOE 3aBOOHEHNE BA3KNX
HedoTeun

70

60

w
o
]

—e— E7000
—0— E2000

Oil Recovery (% OOIP,

0 1 2 3 4 5 6 7 8 9
Injected Volume (PV)

Skauge, A., Ormehaug, P:A., Gurholt, T., Vik, B., Bondino, I., and Hamon, G., 2-D Visualisation of Unstable Waterflood
and Polymer Flood for Displacement of Heavy Oil, SPE 154292, paper prepared for presentation at the Eighteenth SPE Improved
Oil Recovery symp. Tulsa, 2012
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Water flood in oil wet reservoir/
3aBOJHEHNE B rnapodoOHOM KommnekTope

R. Lenormand, Journal of Fluid Mechanics, 1988, 189, pp 165-187

4 Ln(Ca), Ca = Capillary number

(KanunnspHoe yvncrno = p, Vv, /o

Ln(M)

M = Mobility ratio
(KoadbomumeHT
NoaBMXHOCTW)

= Viscosity ratio
(KoadbomumeHT
BSA3KOCTM)

= HufHo

25



Navier-Stokes equation/
YpaBHeHne HaBbe-CToOKCa

ov

—Vp = —uVev+ p —+ pv- Vv ’V'V=0|
Pressure Fluid Unsteady Inertial resistance
Drop/ Friction/ Acceleration/ Spatial acceleration/
lpagueHT TpeHue B HeycraHoBsuBwasnca K| IHepunoHHoe
AaBneHun noToke aKkcenepauus CONnpoTUBAEHUNE

dnrongos MpocTpaHCcTBEHHAA
aKkcenepaums

Leonardo da V|nch|/

p = pressure (LaBrneHue) NeoHapao Aa BuHum (1452 1519)

v = velocity (ckopocTb)
pU = viscosity (BA3KOCTb)
p = density (NNOTHOCTb)

. .__2—— u.}iuﬂ.f.rvd“ éﬁ i a’u, ‘ta d*u
t = time (Bpems) ~\7e VT df+wd e T ,
dp dv dv . d* v d' dv 1o
. —2,=N\F Vvt '*“”d;) dy YT ) Wi
Solid surface " R
R._iiﬁ dw+udw+ dw+ dw d’w+d’w d*w N
TBepaasa noBepxHOCTb 2z N\Zr tugz Vv ) gttt St

’ v=20 | _ SkJetne/IJJeTHe 1995

Navier/Hasbe 1822:
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Stokes and Navier-Stokes/ Ctokc n HaBbe-CToOKC

 (a)

~ Stokes pressure .
[Oaenenue CTokca .

175 200

150

125

15 100

25

Stokes fluid speed. Lighter => Higher speed
CkopocTb xuakocTn CTokca. MeHee Bsizkas => BbilIE CKOPOCTb ..+

50

0

T
60 (b)

| NaV|er Stokes pressure "

40 -
,El,aBneHme HaBbe CTOKca

20

25 50 75 100 125 150 175 200 225 250

Navier-Stokes fluid speed. Lighter => Higher speed
Reynolds number = 52
CkopocTb xuagkoctn Haebe-Ctokca. MeHee Bsa3kas => BbILIJe CKOpOCTb

Yumucno PenHonbaca = 52
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Pore space direct flow simulation/
[Tpamoe mogennpoBaHMe NOTOKa B NOPOBOM
NpOCTPaHCTBE




Intuitive Stokes to Darcy/
MHTYyntnBHO oT CTOoKca K dapcu

29

Stokes equation/ YpaBHeHue CTtokca:

| —vp = —uv2v |

Dimensionless operator, R is grain size/
Be3amepHbI onepaTtop, pasmep 3epHa

RZVZ —

Stokes/ CToKC:

u
| ~Vp = 75 (—R*V?v) ‘

Darcy’'s law/ 3akoH [dapcu:

Permeability

I POHNLUAEMOCTb.

k~R?

}—Vp=§<v>‘

Same porosity, different permeability/

nOpI/ICTOCTb oaAnHaKoBad, NPpoHNLUaeMOCTb

pasHas




Mathematical homogenization/ periodic unitcell

Mepvoanyeckoe anemMeHTapHoe

MaTemaTnyeckasa romoreHn3aumns 1/2 e
eL

A
\ 4

Macroscopic size (Makpockonudeckuit pasmep): L, x-variable O Q O

(nepemeHHas) O
020

Microscopic size (Mukpockonuyeckuin pasmep)(unit cell/anemeHTapHoe
3BeH0)): €L, € K 1, y-variable (nepemeHHas) O

Velocity (CkopocTs): v(y, x) = 3, e*v(®(y, x) \

P . ’ = " (n) ’
ressure ([asneHue): p(y,x) =Y, e"p ™ (y,x) Y: microscopic

(MUKpoOCKonuyeckoe)

A
\ 4

X: macroscopis
p (Makpockonuyeckoe)

& = 0 = Homogeneous (oaHopoaHoe)
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Mathematical homogenization 2/2/
MaTemaTnyeckada romoreHmsaumsa 2/2

s Plugin v(y,x) and p(y, x) in Stokes equation
Bctaeute v(y, x) n p(y,x) B ypaBHeHnune CToKca
s y=¢1x V=e",+T,
* Collect terms of same power of ¢
CobpaTb aneMeHTbl OANHAKOBOW CTENEHN &
» Solve new set of equations in abstract vector space (Sobolev space)

PewuTs HOBLIV paf ypaBHeHU B abcTpakTHOM BekTopHOM npocTtpaHcTee (MpoctpaHcteo Cobonesa)

U
| —vp=—ur?v | TP =RV

Stokes Darcy
CToKC Rapcu
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Particle number density
[TNOTHOCTbL pacnpegeneHns YacTull

* Particle number density = f(t,r,v)
MNOTHOCTb pacnpeaeneHna 4acTul

* f(t,r,v)drdv = Particles (Mactuupi 8) in dr and dv

¢
*  Position between r and r + dr e ‘/.fx \\

MonoxkeHue mexay rur+dr \
* Velocity between vand v + dv L

CKOpOCTb Mmexay v u v + dv /. ./ \ﬁ

* Particles per volume/ Yactuu, Ha o6bem ~—

n(t,r) = ffdgv

* Density | p=mnr)
[ThoTHOCTbL
dv
* Velocity Y r
CKopoOCTb

v(t,r) = %ffvd3v

| f(t,r,v) drdv =4 |
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Boltzmann equation (1872)/
YpaBHeHue bonbumaHa (1872)

* Particle number density/ INnotHocTe pacnpegenexdunsa vactuy = f(t,r,v)

* f(t,r,v)drdv = Particles in/Mactuuel B (r, r + dr) and/u (v, v + dv

* Boltzmann equation/YpasHeHne BonbumaHa

F vv.y Py f =
a"‘V rf"‘a Vf—(

aof

ot

)Collision/CTO.ﬂKHOBeHHe

dr dv

| F(t,r,v)drdv =4 |

T

A\

\

VZE

33

a =

dt

; o
I\

Collision-less dynamics/
IdunHamumka 6e3 cToNKHOBEHUM:

(35) conmeton =
9t/ Collision

Star-flow in galaxies, Hubble/
[NoToK 3Be3n B ranakTukax, Xaoon




Lattice Boltzmann method/
MeToa pelleToYHbIX ypaBHeEHUU bornbLuMaHa

* Local fluid phase density at each grid point in pore space/
JloKanbHaA NAOTHOCTb ¢asbl p/itoMAa B KaXKA0M TOYKE peleTKM B MOPOBOM NPOCTPaHCTBE

* Fraction of each fluid propagates to neighbouring point in lattice directions/
[ona Kaxaoro patonaa pacnpocTpaHAETCA A0 coceaHelr TOUKM B HaNpPaB/IEHUAX PELLETKN

* On the way, they collide with incoming distributions/
Mo NyTM OHM CTANIKMBAOTCA C BXOAALMMM PACNPOCTPAHAOLWMMMUCA NOTOKAMMU

» Update fluid distribution/ .
YToYyHeHHOe pacnpeaeneHme ¢paonaos

Lattice
PelweTtka

[ Boltzmann
BonbLmaH
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Surface tension and wetting angle
[ToBEPXHOCTHOE HaTSAXXEHNE U Yroyi cCMavynBaHUA

« Surface tension generated by adding an
anisotropic, local pressure field/
[ToOBEPXHOCTHOE HATSAXKEHNE rEHEPUPYETCS
nobaBrieHMeEM aHN3OTPOMNHOrO fIoKanbHOro Nosis
OaBreHuns

— At interface between phases, proportional to p, > P,
fluid phase gradient/ '
Ha nHrepdgence mexay pasamm
NponopuMoHarnbHbIA rpagueHTy dasbl
dononga

— Mixture of oil and water everywhere/
Be3noe cmecb HedOTU 1 BOALI

35



Wetting/ CmadmBaHune

« Wetting generated by introducing a factor n = cos(@) between -1 and 1/
CmaumBaHue nonyd4aem npu BeaeHuu dakrtopa n = cos(f) mexay -1u 1

Controls tendency for a fluid phase to occupy grid points next to the walls/
KoHTponupyeT TeHaeHUuo dasbl dononga K 3aHATU0 TOYEK PELLETKU Y CTeH

From this can control the contact angle 6/
N oTctoga BO3MOXKHOCTb KOHTPOMS yrria KoHTakTa 6:

occosf=o0,,—0, = C0SO=n

Non-wetting

<

fltrv)drdv=4

-

Onpw — Oy = 0 Cc0s(0)
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Reconstruction/ PekoHcTpyKkums
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Model parameters/ [NNapameTpbl Mogenu

38

Model size/Paamep mopenu 400%x400%400
Resolution/

Digital 3D model based on rock from Norwegian Continental Shelf/
Lindpposas 3[1 mogernb ocHOoBaHa Ha rnopogax ¢ HopBeXXCKoro KOHTUMHEHTanbHOro

lenbda

Well-sorted, homogeneous sandstone , Tarbert formation, Brent group/
XOpOoLIO OTCOPTUPOBAHHbLIN OQHOPOAHbLIW NecyYaHuK, nnactT Tarbert, rpynna Brent



Fluid and flow parameters/
[TapameTpbl prironga n noToka

Density water/ (kg/m?3) 1000
NnoTHOCTL BOAbI
Density oil/[lnoTHOCTL Hed TN (kg/m?3)
Bsa3KkoCTb BOAbI
A3KOCTb HedbTH

Llenb no 3akaunBaemon Boae

Interfacial tenstions/ (dyn/cm) 40— 0.1
MexdaunanbHbie HanpsXXeHns

Contanct angle/ Yron koHTakTa - 30° and 70°

Water wet/[ udpocpurnbHbie ceoticmaa: WW (30°)
Intermediate wet/llpomexxymouHas cmadueaemocmsb: W (70°)
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Oll clusters

. .\ 2 o
%,
3 Water wet
- e mapodunabHbiE CBOMUCTBA
k .’W: p y 2%,
D 4 4 e

.| o e S SO

g &

B

;" ; »

il . Intermediate wet

gy R MpomerKyToYHasi CMa4YnMBaEeMOCTb
o - R AT 3 ‘@ X\
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Cumulative oil production (PV)
HakonneHHas 00bbiya Heghmu

41

1.0
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Conclusions/ BeiBoabl

» Pore scale phenomena affects heavy oil recovery/
AsneHne macwtaba nop Bnuset Ha KUH Tsxkenon HedTH

« Lattice Boltzmann can simulate some flow effects in realistic 3D porous media

/ PeweTka bonbumMmaHa MOXeT MOAENMNMPOBaTb HEKOTOPbIE ABMNEHUA MOTOKa B
peanbHON TpeXMepPHOU NOPUCTOU cpeae
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