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Objective

Development of the black-oil model in COMSOL Multiphysics
platform.

Implementation of a numerically stable formulation.

Oil-recovery scenarios:
Pressure depletion with solution-gas drive mechanism
Waterflooding

Gas injection

COMSOL CONFERENCE 2018 LAUSANNE 2



DEMOKRITOS

The Physical Problem
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The “Black-0il Model™ Approach

» Prediction of oil production dynamics & reservoir

Typically:
B, >1
B, «1
B, =1

conditions.
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Reservoir Conditions Bg = V—gc, Surface Conditions
p = 270 bar,T = 75°C Bmohw p =1bar,T = 15°C
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Oil phase A’[ Oil phase ] vie
Gaseous —~ [ Gaseous phase ]
——phase
Water ’ [ Water phase J
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The “Black-01l Model™ System

Balance equations on “standard

volumes”: . 3 (S i)
Gas phase (“g”) 2 B_g B, ) +V- —gug
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Oil phase (“0”) <P§(B—° +V' =4,
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Darcy’s law ug = -R="(Vpg <(pgyg), for B=g.ow
B @ Pg —\Ppa)s or 4,0,

™

Saturation Sy + 5o+ S, =1 > ug(pg)
constraint:

$- |Saturation

u: |Velocity

factor

Formation volume

R.,: |Solution gas-oil ratio

K- |Intrinsic permeability

k,. |Relative permeability

u: |Viscosity
p: |Density
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Numerical Challenge

Finite Element Method.:
Non-linearity & coupling weakened
Flow & convection dominate =+ Very steep interface gradients
Numerical instabilities

More stable formulation using terms
rearrangement!
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Phase Formulation (Chen, 2000)

Pressure variable : p = p, Total velocity : u = Y ug , for Lﬁ_= g0, Mi]

1 Pressure equation :

[V-u= N Bn(an—msn_i(_i\—un-V(_l“—s,.(Rm.q,,+"is°af_{s°+_1u..-VR.,.Y

/

O General

2 Saturation equations : Form PDE

ow =B ¢ 8 (1 . 1 Coefficient
ot TV UaT Ba\a= Py \p )" Ua" VI G Form PDE

Ug =fau_KfaZAﬂ ((Pﬂ_Pa:)g)a for |a= G:W-_}

A k
where Gy = g X faps, fz =+ 4 =fsﬁ,1=zxﬂ
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un;’ersatura /Initial Conditions h
teag Caprock: No flux 3
— p(to) = Pin = 10° + py, - 9,(2860 — y)[Pa]
m So(to) =1 = Sy
Hydrostatic GW(tO) = Swc= 0.1 )
,@S\"' Pressure
< negligible capilla
O No flux l ug = (ugeugy) 7 70 T
X . ad d
Gravity, g, _ _P _p
— | Upx = Ag | k11 x| K12 (63/ + Pﬁgy))
ap ap
*_MB ...... Ugy = A‘B (k21 a + kzz (@ o Pﬁgy)) ’
forB=g,0,w

Kmax €05%0 + kysin?@ Kmaxc0os@sing — k-,-cosGsinG] _ [k11 k12]

K= [ kmaxSinfcosl — krsinBcosd Kmax 5in%8 +k cos?0 k2 ka2
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Primary Oil-Recovery: Solution-gas Drive Mechanism

Evolution of Qil Phase Saturation Oil & Gas Production Rates
Time=0s Surface: Oil phase saturation 3.6F T T T T T 04
o 3.4}
r - 3.2+
. 2[
2.8}
0.75 gl
£ 07 2.4}
g 0.65 2.2" 5
0.8 é“ 2- g
N = LBE £
h 1.6f s
° 1.4}
T 3.7 m | e 1.2
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Boundary conditions 0.8f
0.6}
Outlet sl
P = Pout = Pin — 0.2 * Py, * flcZhs (t — £y, t3) O‘E i 1 | 1 1 . "
—n - (—eVS, +u,) = —u, 2000 4000 6000 8000 10000 12000
—-n - (—eVS, +uy,) = —u, Time (s)
where g = 10""m?/s
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Secondary 0O1l-Recovery: Waterflooding

Evolution of Oil Phase Saturation

Time=0 s Surface: Oil phase saturation

0.3

Boundary conditions
Inlet | Outlet

R -U=Uy P = Pout = Pin
So =Sor =03 | —=n - (—&VS, +u,) = -y,
Sw=1-S, |—n(—€VS, +u,) =—-u

where u;, = 10“"3,
g=5.10"%mi/s
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Secondary Oil-Recovery: Gas Injection

Evolution of Qil Phase Saturation Oil & Gas Production Rates
Time=0 s Surface: Oil phase saturation 2_8 i T T T T
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Conclusions

Successful representation of the physical phenomenon.
Buoyancy and gravity effects visually verified.
Reliable tool for the estimation of fluids recovery.

Simulation of more complex problems in EOR processes by
implementing also the appropriate PDEs.
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DEMOI(RITOS

Primary Oil-Recovery: Solution-gas Drive Mechanism
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Secondary Oil-Recovery: Waterflooding

DEMOKRITOS
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Secondary Oil-Recovery: Gas Injection

Time=1800 s Surface: Oil phase saturation
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