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The standard backpressure equation for a well producing from a single layer reservoir is given by Fetkovich (1975). “ [ 66

\ 0y = Ca(p¢ -~ Pip) A\ (1)
4 4
Tr Fwé

The backpressure constant, C, is defined as:

CR -
L_3y) @)
Tg (ln,rW 7S )HgZ
with ¢, in std m3/d, p in bar, k in md, & in m, T in K, and 1, in cp. The gravity term, S, is defined as:
. =Y
U
N " 0.0684yg —_——

Stalio §= G

This S must not be confused with the skin factor, s.

The surface datum pressures, p, and p,,, are converted to bottomhole pressures through the gravity term. The different pressure
datums are shown in Fig, 1.

Pr= eS/ZpC,, Pwf = eS/sz S/Z, 4 &
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G(B.-B.) + By |s | BB 2 )
ORC A= ] PP

Tes

B,-B_,

"Ml

+ M Er(Pi"‘P)] ..... (A2S)

= (G,-W.R,-G,

P T

)B' + 5.615

W
w "'w- -"‘v—:.] B
P B' w

The p/z-cumulative plot including all terms would consider (p/z)[1-¢,(p;-
p)] versus the entire production/injection term Q

/z).
(p/2)[1-¢,(p,-P)] = (p/2), - (PGZ), Q v (A31)
with
5.615
Q= G'-Gi'.i-W'R"-P (W'Bw-WﬁB'-W.) ... (A32)

s

where the intercept is given by (p/z), and the slope cquals (p/2)./G.

The water encroachment term calculated by superposition is expressed,

W, = BYQat)8p ... ..., (A36)
,-

where Qy(tp) is the dimensionless cumulative influx given as a function
of dimensionless time t, and aquifer<to-reservoir radius 1, =r,o/1y. Ap;
is given by p-py (in the limit for small time stcps), and A=t



Radial Aquifers

The water influx equation for radial aquifers is:

n
= BB ¥ ;
We 1.119 ¢ch T, 360 3 Ap QD ¢ 13
where -
0 = angle subtended by the reservoir circumference, degrees.
r = radius of the aquifer inner boundary, ft.

QD = radial efflux functions, dim.

¢ch = aquifer storage number, ft. - Psi_l.

Values of Q. for infinite and limited outer boundaries are available
in equation, chart, and tabular form as a function of dimensionless wellbore

time, thu Chart 48 in Volume 4 gives QD vS. tDw curves for several limited

no-flow aquifers. Tabulated values can be found in Craft and Hawkin's, "Applied
Petroleum Reservoir Engineering', pages 212-217.
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Page 1 of 2

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 oil band section. To simplify
this problem two assumptions will be used : (1) the initial water inm 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 N
% Vo\Qage. e S a
¢ lk—ag Reody = G o
I\ o ' . (]
§ et 34 e Redacomant & =
“ , _.
° —'&—:—* o 2% fhe 752 R @
S | ' | bb‘ / dot
N 17~ lsr/u’c I/)/O&j/
< 1‘_ " s
~—— T
—{ | le—1s320
Y/ % é: ﬂi;véééf s /{T, .
F/yure / Frgure 2 "
Flan Ve w of \'/u')alog,u Section A-A 1n ‘Window
"iindow" Data Relative Permeability Data
Window length = 2600! . .
Window width = 1320! Sy krotimb  krw/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
—’-W = 8 gg §"1 = g'gg 0.60 0,036  11.85
Soi = Os 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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P 2 of 2

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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Page 1 of 3
CSD Petroleum Industry Course

Solution Displacement Problem 1
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Solution Displacement Problem 1 Cont
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