
SPRING 2011

MPE690: SKETCH OF SOLUTION FOR TASK 2 AND 3

Task 2.

(1) Water-oil: We have

krw(sw) = KRW · ktrw(s′), s′ =
sw − swr

1− swr
, for swr ≤ sw ≤ 1

krow(sw) = KROW · ktrow(s′), s′ =
sw − swr

1− swr − sowr
, for swr ≤ sw ≤ 1− sowr

Gas-oil: We have

krg(sw) = KRG · ktrg(s′), s′ =
sg − sgr

1− swr − sgr
, for sgr ≤ sg ≤ 1− swr

krog(sw) = KROG · ktrog(s′), s′ =
sg

1− swr − sogr
, for 0 ≤ sg ≤ 1− swr − sogr

See course material for relevant figures.

(2)

Pcow(sw) = po − pw (decreasing, positive and negative values)

Pcgo(sg) = pg − po (increasing, positive values)

Pc = J(s)σ

√
ϕ

k

(3)

∇ · (ρg−→v g + ρdg
−→v o) = − ∂

∂t
(ϕρgsg + ϕρdgso) + qg

(4) Let ρsl be densities at standard conditions, l = w, o, g.

ρl =
ml

[Vl]RC
=

ρsl
Bl(p)

, l = w, o, g

ρdg =
mdg

[Vo]RC
= ρsg

[Vdg]ST

[Vo]RC
· [Vo]ST

[Vo]ST
= ρsg

Rs(p)

Bo(p)

where we have used that ρsg =
mdg

[Vdg]ST
.

Inserting these relations in the component equations in point (3) gives us the reformulated
equations we are searching for.

(5) Using darcy law

−→v l = − [k]krl
µl

(∇pl − γl∇d),

the equations from point (4) will depend on the unknown variables pw, po, pg and sw, so, sg
(6 variables). Additional (3) equations are:

sw + so + sg = 1, Pcow(sw) = po − pw, Pcgo(sg) = pg − po.

We can eliminate two pressure by using capillary pressure curves, and one saturation
sw + so + sg = 1 in the three mass balance equations such that we get 3 mass balance
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equations with 3 unknowns.

(6) Starting point:

∇ · (
−→v w

Bw
) = − ∂

∂t
(ϕ

sw
Bw

) +Qw

• Qw = 0, sw = 1, incompressible fluid Bw = 1, 1D horizontal reservoir,
• Darcy law: vw = − k

µpx

• rock compressibility: c = 1
ϕ

dϕ
dp , which implies that ϕ = ϕ0e

c(p−p0). This can for small

c be approximated by ϕ(p) = ϕ0[1 + c(p− p0)] (Taylor expansion).

Task 3.

(1) From fig 1. (left) we see that front height s∗ ≈ 0.5. V = f ′(s∗) = f ′(0.5) ≈ 1.6 which
gives

• front position at time T = 0.3 is: x∗ = V T = 1.6 · 0.3 = 0.48.
• behind front: For example, let s1 = 0.6 which gives V1 = f ′(s1) ≈ 0.8 which implies
x1 = 0.8 · 0.3 = 0.24.

(2) Main difference is (this should be supplemented with some reference to the fraction flow
functions)

• lower speed of front
• front height is higher

(3) We have that before breakthrough R(T ) = T . Thus,

R(Tb) = Tb =
1

f ′(s∗)
≈ 1

9/7
=

7

9
= 0.78

(4) Similarly as above we get

R(Tb) = Tb =
1

f ′(s∗)
≈ 1

1.6
= 0.63.


