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CSD Petroleum Industry Course

Displacement Problem 1

(This problem pertains to the displacement of o0il up-structure by an
influxing aquifer. The problem is to be solved using the Buckley-Leverett method).

The sketches below illustrate a section of reservoir in which water is advancing
up-structure as a result of pressure reduction in the o0il band section. To simplify
this problem two assumptions will be used : (1) the initial water in the oil zone
amounts ta 32% saturation and is constant with height. To say it differently, we will
neglect any effects of the initial transition zone saturation. (2) water breakthrough
into the 1lst 1line well occurs when the front reaches the elevation of the well.

In other words, we will neglect effects of '"cusping" of water into the well.

Q
Q
" )
9 _
¥ I bet— 4 = £ &
W I & o ! /.(-°
S ot 34 e 3 g i
(Y | o] tg
° _+_I_+ l—o— 279/, S /d"'f
M f |
t‘ 0 |_4_ G Fame lSF/”"e_ /1‘)/0 gﬁs.bb
< 5
\_\ ‘/ A {O ;50
R ol e— /320" / Md
Cf/-waler ccryﬂch"”r - «1</,. .
figeere [ hfzo Figure 2 .
Flan View of “Wendow' Section A-A 1n “Window
"Ifindow" Data Relative Permeability Data
Window length = 2600! . .
Window width = 1320! Sy krosimb  kry/kro] imb
Formation thickness = 20!
Formation dip = +35° 0.30 0.725 0,0000 (Siy)
Porosity = 0.235 0,32 0.615 0.0195
Permeability (abs) = 100 md 0¢35 0.470 0.072
Up-dip flow rate at oil=- 0.0 0.315 0,280
water contact = 750 Res,.bbl/day 0.l5 0,210 0.790
Fluid Saturations 0,50 0.133 E.Ogo
. . = 0,55 0,077 «750
Siy 2 0305 St - 0.32 0.60 0,036  11.85
Soi = O gL - 0.65 0,012  33.50
Fluid Properties 0,67 0.007  55.53
= 1,27 By = 1.02
= 1,16 cp Py = 0.38 cp

fo = WS Ww/etd oy = 65 1b/ft3
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Displacement Problem 1 Cont.

The oil that is displaced up-structure by the influxing aquifer water will
presumably be captured by the o0il wells. When the water-oil front reaches the
elevation of any well there will be an instantaneous jump in water-oil ratio
(this is because we are considering only one layer - the jump would be more grad-
ual if many layers were considered). We are, of course, interested in the amount
of o0il that can be recovered from the invaded volume (cross-hatched area in Fig 1)
as we continue to produce the wells. The items to be calcplated are:

¢D) How many barrels of stocktank oil will be displaced from the invaded
volume ( and recovered) when the front first breaks through into the first line
well ? What fraction of initial oil in this volume does this amount to ?

(2) What will be the surface producing water-oil ratio immediately
after breakthrough ? Assuming that the well ontinues to produce at the same

total fluid rate, what will the stocktank oil rate be ?

(3) When the first line well's cut reaches 95 %,what will be the amount
of o0il recovered from the invaded volume ? How long (years) will it take to reach
this cut ? ( Consider that the the aquifer influx rate into the window remains
constant at 750 reservoir barrels per day.)

-,

¢ 177 ,aj ;Qur' A
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Displacement Problem 2

(The purpose of this problem is to illustrate the application
of the Dykstra-Parsons method to evaluating the water flood potential

of a depleted reservoir).

Calculate the expected production (cumulative) of oil, water
and gas as a function of time using the Dykstra-Parsons coverage
charts. Also calculate the oil producing rate, bbl/day , as a function

Qo , bbl/D

Permeability of 1L core
samples are as follows:

Core Air Perm.
md,

3 O

AN
10
82
170
105

L7
19
70
20
22

38
63
42
1 135

[ O —y
WN = OVOO=I0 NEWN =

of time. Prepare a plot of the produced
quantities and the oil production rate as
illustrated by the sketch at the left. Base
your calculations on a reservoir pore volume
of one million barrels and a constant inject-
ion rate of 100,000 barrels a year. Assume
that all gas will be displaced (fill-up) from
the unit before any oil production is achieved.
Carry out your calculations to a producing
water=-oil ratio, Fyo , of 25,

Data for the calculation are these:

Initial gas saturation, Sgi 0.15
Initial oil saturation, Sgi 0.55
Initial water saturation, Sy 0.30

Residual gas saturation, Sgp 0.05
Residual oil Saturation, Spp 0.28

0il viscosity, p, 2.0 cp
Water viscosity, ay 0.5 cp
- oia form, vol, f&ct.,Bo 1.21
Water form, vol, fact., By, 1.01
Relative water permeability,
km at (Sor + Sgr) 00225
Relative oil permeability,
Bbl pore volume, Vp = 7758 Ahg 6
= 1(10°)

Water injection rate, i, = 1(105) bbl/Yr



CSD Petroleum Industry Course

Displacement Problem 3

(This problem illustrates the calculation of fluid production
volumes and rates from a four-layer 5-spot pattemn.)

A — Regions _
| 20 acres Saturations 1 2 - 3
Water, Sy 0.28 0.28 0,85
0 Oil, éo 0.62 0.68 0015
G&S, Sg 0.10 ooo,-l 0000
’ £ 1.00 1,00 1,00
Figure 1 krw(at Sop, Region 3) = 0,655
4 Ly = 1000 B/D kro(at Syi + Sgy, Region 2) = 0,498
\ A A = 20 acres Y, = 2.66 cp
_ .. -} h = 36 feet Yy = 0,70 cp
o
> 375 md 1S Pattern injection rate, i, = 1000 B/D
1t 235 md ? Assume layer intakes proportional to
Figure 2

Use the above daba to calculate the following parameters:

(1)
(2)

(3)

The injection time (days) required to obtain fillup in
second (375 md ) layer,

The injection time (days) at water breakthrough in the
first (650 md) layer, and the cumilative production(s)
at this time

The following quantities at 5 years of injection.
a. Cumilative water injected, Wj
b, Cumlative stock tank oil produced, Np
¢. The oil production rate, q,
d. The water production rate, Qy

Guide Answers
(1) 77 days

(2) 186 days; N? = 91212 STB
(3b) N, = L689TY STB
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Solution Displacement Problem 1
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Solution Displacement Problem 2
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Solution Displacement Problem 2
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Solution Displacement Problem 2 Cont
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CSD Petroleum Industry Course

Solution Displacement Problem 3
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