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Abstract

The objective of this study is to analyzing the fsemance of a reservoir
subject to simultaneous two edged and bottom wateve mechanism in
terms of pressure distribution for the purpose optomizing oil production.
Source and Green’s functions are utilized in derig the dimensionless
pressure expressions for reservoir with double ediged bottom water drive.
It is assumed that the horizontal well is centrallgcated with the two edged
water occurring both at the toe and at the heel thie well. Influences of
reservoir and wellbore properties are investigafed infinite-acting flow and
after infinite-acting flow conditions. Results shothat, the period of infinite
activity is extended if the reservoir is much largthan the length of the well
and the wellbore radius is small. Furthermore, dimg&onless time of
attainment of steady state for all well design isamgly dependent on the
reservoir extent and the reservoir anisotropy undemstant rate regime

1.0 Introduction

Horizontal wells are usually drilled perpendicutar maximum permeability direction to maximize reeou Transient

pressure behavior of horizontal wells has beehdaeeumented [1-5].

Reservoir permeability is one property that changik direction, that is, the reservoir is saidb® anisotropic in nature.
This property tends to influence the pressureibligiion in the well since the interconnected pahesugh which fluid flow,

to create a pressure variation, is a function ofmeability. This study is restricted to only pertbidity, as an anisotropic
property, that influences pressure distribution.

Karakaset al[6],investigated the transient pressure behavbidwal-latetral horizontal wells. They used a nuicedr

simulator to predict the pressure response and/zmahe field data from dual-lateral wells. Raghaemd Ambashta [7]
presented a semianalytical flow model to simulhgettansient flow into multilateral wells. They id#ied the flow regimes
and proposed asymptotic solutions for each flovinneg

For the first time, Gringarten and Ramey[8], camstied instantaneous source functions which can ds&l Wo derive
mathematical models for fluid flow in reservoirsdawell bores, for various types of reservoir boureta Although, the
usefulness of these relationships was also denatedtin good detail, the first application was dbyeCinco et al [9] to
generate analytic solutions for unsteady-statespresdistribution created by a directionally ddllevell in an isotropic
medium. For somewhat closer to a horizontal wedlgiRavan et al [10]Jand Rodrigues et al[11] obtaealytical solution to
the problem of transient flow of fluids in fully dmpartially penetrating fractures.

Nomenclature

h = reservoir thickness, ft

hp = dimensionless reservoir thichkness

Ipr = dimensionless well length

s = source function

tp = dimensionless time

X, Y, Z, = distance in the X, y, z, direction rétspectively

Xps Yo, Zp = dimensionless distances in the x, y, and z tloecespectively
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Ky, ky, k; = permeability in the x, y and z direction respesy, md
pp = dimensionless pressure

r.o = dimensionless wellbore radius

@ = reservoir porosity

u =oil viscosity, cp

T =dummy integration variable

I =diffusivity constant, mdpsi/cp

2.0  Reservoir and Mathematical Description of Model

The following assumptions were made for the sedectif this model:

1 The reservoir is homogenous and having constantuaifdrm thickness with gas cap at the top and watehe
bottom and edges of the formation.

2 Constant porosity and varying permeability in edibkction.

3 Gravitational and frictional effects are negligible

4 No-flow boundary only at the top of the reservoir.

Figure 1 shows the reservoir under study. It hbher&zontal well producing oil of small and constanimpressibility under a

constant draw down rate presSRirdf reservoir well experiences a drawdown pressiissP=Pi-P(x,y,z,t)for a certain time,

t, it is intended to derive a generalized dimengsslpressure as a function of reservoir, well dmid properties. The

horizontal well experiences water energy (conspaessure support) from the heel and toe owing e euater drive from

the reservoir. The reservoir is anisotropic, withKs and k as its permeabilities along the principal axestifarmore, it is

seated at the toe (top) of the well and infinitedally along the well widthfdirection). Hence, the horizontal well is a line

source.
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Fig. 1: Two Edged and Bottom Reservoir Model:

Infinite acting period

During the infinite acting period, the pressurensiants have not felt any of the external boundaridne required source
functions are: infinite slab source in an infingab reservoir in the x- direction, an infinite pdasource in an infinite
reservoir and an infinite plane source in an inéimeservoir. These sources are written as follows

X-Axis:

I N e
SO0 =4 ers 2EE W 1)
Y-AXis:
S(Y.t) =exp[—(y — )2 /4Myt] /2T, T oo 2
Z-Axis:
S(z,t) =exp[— (2 — 2,) 2 /AN Lt] /24 TN 1 e (3)

In dimensionless form equation (1) becomes

SCrp, tp)=2 erf J_ JJ:;':D @

Using the short time apprOX|mat|on, we have
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(o tp) = & o (5)
Where3 = 2 for xp < \/{—" ;B = 0 for > \/{—" ;andp=1 for >q3=\/%

Also equation (2) and (3) become

1 (p—ywp)* k
S(yp, tp)= exp [— YDJ D ?h] ............................................................... (6)
k D
2 nﬁtp
and
TEpmw) Kay e )

S(zp, tp) = ex
D»*D 2\/7}]:}21 p[ 4tp k

Using Newman'’s product rule for equations (5),46) (7), the final system dimensionless pressigtildition for infinite-
acting flow period is

k k
(yp~ywp)*5-+(2p~2wD) %

n tp11 \/kzx”l’ \/kzx"‘l’ y 2
Py (xp,yp,2p,T) =2 k;ﬁz fo - erf o +erf | |exp — dr...... (9)

4T

Using the short time approximation for x (from etioia (5)), equation (9) become

_ | Gp-ywp) +(Zp-Zwp) & S
pp; = £ho /ky"—iyEl ( ) k2 } ....................................... (10)

4tp
Wherep is a function representing the short time apprekiom prior to the time the influences of the xsasource
boundaries are felt.

2.1.2 Early linear flow

If the well length is long in relation to the regeir thickness and if there is a better verticainpeability than the horizontal
permeability, then the flow feels the Z- boundafiest while the y- and x-boundaries are still mife acting. The required
source function is infinite slab source in an iitBrreservoir in the

X-direction, infinite plane sources for the y- diten and mixed boundaries of infinite plane souarehe Z-direction.
X-Axis

x
erf 2f+(x —xw) Tf—(x—xw)

S(x,t) =2 P TR | e (11)
Y-Axis
S(y,t) =exp[—(y — yw)2/4nyt]/2\/m ......................................................... (12)
Z-Axis
s(z,t) = ZZ—ernzl exp (— %) sin (2m — l)nZZ—‘:sin 2m - 1)nZZ—e... (13)
In dimensionless forms, equations (11) to(13)retpely become:
S(xp, tp) =2 erf \/_ OTfATE | (14)
Syp,tp) = 2\/? exp _(yDA:tJ;WD)Z % ..................................................................... (15)
s(zp, tp) = EZ’"zl exp (— %) sin (2m — 1)7T L sin (2m — 1)7T ...... (16)
Using Newman'’s product rule, for equations (14§16), we have

\/—ftm 1 \/TXHD + erf‘[%_xl)] exp ~Gp-ywp)? k.

’ 4T ky®

Yir—q exXp (— %) sin 2m — 1)71 Lsin(2m — D Dd Tttt e e eeeeees a7

First steady-state flow period

This period may occur if the wellbore length is gslemmpared with the reservoir thickness and thizbotal permeability is
larger than the vertical permeability. If this ocxthen flow feels the X-boundaries while the yd @ boundaries are still
infinite acting. The required source function isgoribed pressure for the

X-direction and infinite plane sources for the gda- direction.

X-Axis:

S(xt) = Zn = Lex p( n"t)sm n— —fsm m—smnn— ............................. (18)

Xe
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Y-Axis
S(Y.t) =exp[—(y — )2 /4Myt] /2 /TN, T oo, (19)
Z-Axis
S(z,t) =exp[—(Z — 2,,)2 /AN ] /2 TIN5 o oo (20)

In dimensionless forms equations (18) to (20) respely become

Ay 1 (4n’m HX)L . b K i XwD _: Xp
S(xp, tD)— anl —exp ( T E tD) sinn —— ’kxsmnn rop SN = (21)
k -(p—ywp)?
Syp, tp) = z\/Fk —exp DMDWD % .................................................................. (22)
—(zp-zwp)? k
S(zp, tp) = zﬁk —exp DMDWD PP PP (23)

Using Newman s product rule for equations (21)28)( we have

2.2 2
Pp,=2hp o fttDD;iZn 1 exp( 47;;; T) sinﬁ( SInMX—WD sm’ﬂ ex;(—r:“—f) dr ...(24)
Second steady state flow period
This period may occur if the wellbore length isdocompared to the reservoir thickness. During filois period, the flow
feels the z-boundaries while the x- and y- bouredaare still infinite acting. The required sourf@sctions are an infinite
reservoir plane source for the y axis, an infisigh source for the x-axis and mixed boundariesfoinfinite slab source in
an infinite slab reservoir for the z-axis. The need source functions are:

X-Axis
SO0t) =2ers Y-y Lxw) (25)
p e T | e
Y-Axis
S(Y.Y) =exp[—(y — )2 /4Ny t] /2T, T o, (26)
Z-Axis
o @m-12n%n,\ . -
S(Z,t)=zz—e§:m:1 exp (— MSTM) sin 2m — 1)nzz—esm (2m — 1)7TZZ—e ...... 27)

In dimensionless forms, equations (25) to (27) eetipely become:

SCxp, tp) =1 erfJ; te fJg"‘D ........................................................................ (28)
-p-yw )2
Syp, tp) = 2\/? exp yDM); D % ....................................................................... (29)
—1)2 72
s(zp, tp) = _Zmzl exp (— M) sin (2m — D 22sin (2m — D 22...... (30)
hp 4h hp hp
k k
tpa 1 tx -x -(p=ywp)? P (2m-1)
pps = m t;“\/_ er f‘/%\/_ Drer f‘/i/_D [exp%%] [Zmzlexp( %) sin (2m — 1)7T Psin (2m —

Dn fl—‘;]d T, (31)

Late steady-state flow period

The flow feels the X- and Z- boundaries while thebpundary is still infinite acting. The requiredusce function is
prescribed pressure in the X-direction, mixed beuigd for infinite plane source for the Z-directiand infinite plane
sources for the y- direction.

X-Axis

S(x,t) :%Zf{’:l% exp(—n—”"t)sm . —fsm m—sm nnx—e ................................. (32)
Y-Axis

S(y,t) =exp[—(y — yw)2/4nyt]/2\/m ............................................................ (33)
Z-Axis

S(Z,t)=ZZ—eZ;',°;=1 exp (— %) sin (2m — l)nZZ—‘:sin 2m — 1)nZZ—e ...... (34)
In dimensionless forms equations (32), (33) and 8dpectively become

S(xp, tp)= Zn 1 Lexp ( %Ltl)) sinn Z;Ten \/kgxsinnrt Z‘Zg sin nn% ............ (35)
S(yp, tp) = ZW kk exp _(yDZ;;)WD)Z By (36)
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And
—1)2 72
s(zp, tp) = %Z;‘;:l exp (— %) sin (2m — l)n Psin (2m — 1)7r ...... (37)

Using Newman'’s product rule for equations (35)36)(We have

_ tps 1 (an?m?) K . XwD . xp _(Zm—l)znz‘r) . _
Pps = tp \/_Zn 1 0= 17 ex ( Z k) \/:—Xsmnn oy ST exp( T sin (2m
Zwp _. _ Zp ~(p-ywp)? K,
Dr np S 2m - 1)nZ2 np EXP " kyd’r ........ (38)
Using superposition principle, we have

2.2 Solution to Flow Equations
Putting equations (10), (17), (24),(31) and (38) iequation(39) gives

pp = o ,k’;’;z{El[ kaz]} \/—ftvz \r +p J; D
— 2.2
Yo _ exp (—M> sin (2m — 1)71 Psin (2m — m ZDd T +2hp o ftm iy 1 Lexp ( 41;” T) sin— | k.
eD

4h% tpz T
‘/:_x D+erf‘/:_x_xD
o 2m-1)*n“t
[2m=1 exp ( T) sin 2m — l)n Psin (2m — 1)n—]d T+
D

t 1 an?n?
Ds [Zn 1—ex ( ¢ )7 )smn smnn L sinnm —]
D‘l' \/— x2 eD kh XeD XeD XeD

[exp M k] [Zm L exp ( M) sin (2m — 1)71 Psin (2m — 1)n—]d‘r (40)
Assumed fleld data:

L=1000ft, X,=400ft, X=1250ft, X= 610ft, y=300ft, y1200ft, Z,=49.9137f, y=390ft, Z=50ft, and h=704ft, k10,
k,=0.025, k=2

]exp -p ZWD) k

Ky’

nmwx nnx 7 tpa 1 -(yp-— 2
sm—“”’ sm—” exr(—LD) dr. +\/Eft;“— erf ~Op-ywp) i].

[exp

3.0 Result and Discussion

Dimensionless pressure was computed for equatib®s &nd (40). Results of our numerical computatioa shown in
Tables 1 to 6 and plotted in Figures 2 to 7.

Table 1: T, VERSUS B ACCORDING TO EQUATION (10), FOR34=0.5 AND Ryp = 1E-4, 1E-5 AND 1E-6

TD PD(LD=0.5, RWD=1E-4) | PD(LD=0.5, RWD=1E§) PD(LD&) RWD=1E-6)
1.0E-05 27.3913 43.7375 60.0838
1.0E-04 35.5644 51.9107 68.2569
1.0E-03 43.7375 60.0838 76.4300
1.0E-02 51.9107 68.2569 84.6031
0.1 60.0838 76.4300 92.7762

1.0 68.2569 84.6031 100.949

10.0 76.4300 92.7762 109.122
100.0 84.6031 100.949 117.296
1000.0 92.7762 109.122 125.469
10000.0 100.949 117.296 133.642
100000. 109.122 125.469 141.815
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FIG. 2: Tp VERSEUS B ACCORDING TO EQUATION (10), FOR $=0.5 AND Ryp = 1E-4, 1E-5 AND 1E-6

TABLE 2: Tp, VERSEUS B ACCORDING TO EQUATION (10), FOR =1 AND Ryp = 1E-4, 1E-5 AND 1E-6

TD PD(LD=1, PD(LD=1, PD(LD=1,
RWD=1E-4) RWD=1E-5) RWD=1E-6)
1.0E-05 13.6957 21.8688 30.0419
1.0E-04 17.7822 25.9553 34.1284
1.0E-03 21.8688 30.0419 38.2150
1.0E-02 25.9553 34.1284 42.3015
0.1 30.0419 38.2150 46.3881
1.0 34.1284 42.3015 50.4747
10.0 38.2150 46.3881 54.5612
100.0 42.3015 50.4747 58.6478
1000.0 46.3881 54.5612 62.7343
10000.0 50.4747 58.6478 66.8209
100000. 54.5612 62.7343 70.9074

—o—PD(LD=1, RWD=1E-4)

—@—PD(LD=1, RWD=1E-5)
PD(LD=1, RWD=1E-6)

1
T

1.00E-06  1.00E-03  1.00E+00 1.00E+03

Tp
FIG. 3: Tp VERSEUS B ACCORDING TO EQUATION (10), FOR#=1 AND Ryp = 1E-4, 1E-5 AND 1E-6
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TABLE 3: Tp VERSEUS B ACCORDING TO EQUATION (10), FOR§=2.5 AND Ryp = 1E-4, 1E-5 AND 1E-6

D PD(LD=2-5, PD(LD=2-5, PD(LD=2-5,
RWD=1E-4) RWD=1E-5) RWD=1E-6)
1.0E-05 5.47827 8.74751 12.0168
1.0E-04 7.11289 10.3821 13.6514
1.0E-03 8.74751 12.0168 15.2860
1.0E-02 10.3821 13.6514 16.9206
0.1 12.0168 15.2860 18.5552
1.0 13.6514 16.9206 20.1899
10.0 15.2860 18.5552 21.8245
100.0 16.9206 20.1899 23.4591
1000.0 | 18.5552 21.8245 25.0937
10000.0 | 20.1899 23.4591 26.7284
100000. | 21.8245 25.0937 28.3630

—o—PD(LD=2-5, RWD=1E-4)

~#—PD(LD=2-5, RWD=1E-5)
PD(LD=2-5, RWD=1E-6)

1
X

1.00E-06 1.00E-03 1.00E+00 1.00E+03

D
FIG. 4: Tp VERSEUS B ACCORDING TO EQUATION (10), FOR#$=2.5 AND Ryp = 1E-4, 1E-5 AND 1E-6

TABLE 4: Tp VERSEUS BACCORDING TO EQUATION (40), FOR 4=0.5 AND Ryp = 1E-4, 1E-5 AND 1E-6

TD PD(LD=0.5, RWD=1E-4) | PD(LD=0.5, RWD=1E5) PD(LD&) RWD=1E-6)
1.0E-05 27.3913 43.7375 60.0838
1.0E-04 35.5644 51.9107 68.2569
1.0E-03 43.7375 60.0838 76.4300
1.0E-02 51.9107 68.2569 84.6031
0.1 60.0838 76.4300 92.7762

1.0 68.2569 84.6031 100.949

10.0 76.4300 92.7762 109.122
100.0 84.6031 100.949 117.296
1000.0 84.6031 100.949 117.296
10000.0 84.6031 100.949 117.296
100000. 84.6031 100.949 117.296
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FIG. 5: Tp VERSEUS B ACCORDING TO EQUATION (40), FOR,=0.5 AND Ryp = 1E4, 1E-5 AND 1E-6

TABLE 5: Tp VERSEUS B ACCORDING TO EQUATION (40), FORp=1.0 AND Ryp = 1E4, 1E-5 AND 1E-6

TD PD(LD=1, PD(LD=1, PD(LD=1,
RWD=1E-4) RWD=1E-5) RWD=1E-6)
1.0E-05 13.6957 21.8688 30.0419
1.0E-04 17.7822 25.9553 34.1284
1.0E-03 21.8688 30.0419 38.2150
1.0E-02 25.9553 34.1284 42.3015
0.1 30.0419 38.2150 46.3881
1.0 34.1284 42.3015 50.4747
10.0 38.2150 46.3881 54.5612
100.0 42.3015 50.4747 58.6478
1000.0 42.3015 50.4747 58.6478
10000.0 42.3015 50.4747 58.6478
100000. 42.3015 50.4747 58.6478
100
. —o—PD(LD=1, RWD=1E-4)
&)
- PD(LD=1, RWD=1E-5)
PD(LD=1, RWD=1E-6)
1.00E-06 1.00E-03 1.00E+00 1.00E+03 T,

FIG. 6: To VERSEUS B ACCORDING TO EQUATION (40), FORp=1.0 AND Ryp = 1E-4, 1E5 AND 1E-6
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™D PD(LD=2-5, PD(LD=2-5, PD(LD=2-5,
RWD=1E-4) RWD=1E-5) RWD=1E-6)
1.0E-05 5.47827 8.7475: 12.0168
1.0E-04 7.11289 10.382; 13.6514
1.0E-03 8.74751 12.016¢ 15.2860
1.0E-02 10.3821 13.651 16.9206
0.1 12.0168 15.286( 18.5552
1.0 13.6514 16.9201 20.1899
10.0 15.2860 18.555; 21.8245
100.0 16.9206 20.189 23.4591
1000.0 | 16.9206 20.189 23.4591
10000.0 | 16.9206 20.189 23.4591
100000. | 16.9206 20.189 23.4591
)
—4—PD(LD=2-5, RWD=1E-4)
Po —8—PD(LD=2-5, RWD=1E-5)
PD(LD=2-5, RWD=1E-6)
1.00E-06 1.00E-03 1.00E+00 1.00E+03 T,

FIG. 7: To VERSUS BB ACCORDING TO EQUATION (40), FOR p=2.5 AND Ryp = 1E-4, 1E5 AND 1E-6

4.0

Conclusion

The study showed how permeability ratio, wellba@dius and reservoir height can affect the prodnatiooil and gas from
horizontal well which experiencagmultaneous two edged and bottom water drive mashe

Dimensionless pressure for horizontal well cengrédicated in the reservoir

subject to edge watere formulated an

computed. The reservair is later
Influenced by an aquifer which affects iom the edge and bottom. Results show that:

(i)

(ii)
(i)

At higher values ofjp, higher pressures are observed. This indicatésatheve move deeper into the reservoir,
aquifer support becomes more pronour

The smaller the well lengthgf1/hp),the higher the pressure for the same wellboreisad

The smaller the wellbore radius the higher the amesfor the same well leng

(iv) The rate of pressure increase with time is higbettfe infinite period than any other flow regi

(v) Rate of pressure increase is ler in reservoir with horizontal permeability thaeservoir with vertica
permeability.
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