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Abstract

Two kinds of dimensionless pressure derivatives, app /dtp
and tpdpp / dtp , have been studied for a horizontal well in a bounded

reservoir subject to bottom water drive mechanism. The influence of
dimensionless well length and reservoir geometry was investigated.
Possible flow periods for a given well completion were identified.
Results show that dimensionless well length is a major determinant of
the magnitude of both derivatives, especially at early flow times, and
determines the number of flow periods obtainable. Well length
modification can be used to produce the effects of a square reservoir
with a rectangular reservoir and vice versa. Finally, large reservoirs
are found to produce more clean oil than small reservoirs, given the
same well completion and reservoir properties.

1.0 Introduction

In a bottom water drive reservoir, water encroadh&sthe wellbore directly from the bottom of
the well, leading to water breakthrough. This canse prolonged well shut down and expensive workove
job on the wellbore.

Dimensionless pressure derivatives of the typ#p, / dtp were first introduced into the petroleum

literature by Bourdet et al [12]. Dimensionlessgstge derivative plots most commonly used for diagn
today and for which soft wares are available toegate, have the formg,dpp /dtp or dpp /dInty and

dpwp / 20p,p /9Inty . They expose both the wellbore and reservoir adtaramore explicitly than the

conventional test analysis techniques that werbehid used in transient well test analysis. These
derivatives are plotted on log-log axes againstedisionless time. Some of the plots show, depenaiing
the nature of the plots, wellbore completion perfance, damage index, presence or absence of
boundaries, reservoir anisotropy, wellbore stowaugk skin factor.

When these commercial softwares produce dimenssrderivatives plots, interpretation may be
difficult if an understanding of the behaviour dietphysical reservoir system is lacking. This paper
therefore aimed at studying the possible trendschiagacteristics most likely to be observed onvdginie
plots if the horizontal well is subject to bottonater drive mechanism. In particular, factors affegtlean
oil production in both square and rectangular ieildf patterns are investigated. Both wellbore dd are
however not considered, not because they are ruairiant or impossible to do so but an ideal behavi®
assumed.

Ozkan [3] studied a similar reservoir model but dat include the influence of field patterns on
clean oil production and only laterally infiniteservoir pattern was discussed. This paper disculsses
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influence of reservoir geometry and assumes tHathal external boundaries, except the bottom of the
reservoir, are sealed. The study will thereforevigl® a wide range of flexible options for well colejion
than can guarantee clean oil production.

Nomenclature
khap . _000105&t. . _2i |k

PO Taoge’ ° T gmiz P Lk
i = positions along ory orzaxesft; hp =1/Lp; A = drop;p = pressure, psi;

k = permeabilitymd h = pay thicknesdt; t = time, hoursg = flow rate,STBDay;
M = oil viscosity,cp; B = oil formation volume factohbl/STB

¢; = total fluid compressibility, psi; L = well length ft;

erf = error function;r = dimensionless dummy time variable;

DPG = dimensionless pressure gradgst

PDD = dimensionless pressure derivatiiep o

Subscripts

X, Y, Z =X, yorz, directions;

D = dimensionless;

w = wellbore;e = external;

2.0 The basis of pressure derivatives

o2

If Pp = fA(T)' B(r)s C(r)dr + J'D(r)- E(r)e F(r)dr. (2.1)
then agto = Aty)* B(t,)* Ct) + D(t,) + E(t,) + F(ty).  (22)
and to 2=, Alty)  Bity)* Clto) + Do) + (o) + F(to) 23

Derivatives of the type in equation (2.2) were usedefs. [4] to [6] in pressure transient testlgsia.
Dimensionless pressure gradients of the form inatgn (2.2) can be used to delineate flow periods
normally encountered in horizontal wells. This gedure eliminates guessing and the use of rigid
approximation expressions. Changes in gradientddveorrespond to changes in flow periods and could
therefore be used to easily estimate the integratitervals in equations of the type similar to &ipn
(2.2).

3.0 Reservoir and mathematical description

An anisotropic reservoir with closed lateral boueks is assumed. The reservoir contains a
horizontal well and the reservoir energy for oibguction is obtained from contiguous bottom water a
shown in Figure 3.1. Origin of well axes is at egrdf the well; that is, at (X, Yp , 20, Lp) = (0, 0, Zp,
Lp/2).

Accordingly, the dimensionless pressure distribuapression for this reservoir model is written
as follows using Green’s and source functions [8]7
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D 2 o0 2 ]
Py = 4 I[1+ Xep Zlexp(—n er)sm LSS RS )}
yeDXeD 0 T w=n XeD eD XeD XeD
00 2 00 _1\2
1+ ZZ exp m 7272T)cosmnyWD cosmWD) . exp(—ml—)znzr) (3.1)
m=1 Yen eD eD =1 4hD

@2 -Yrmz,, sin 2 -Yrz, dr
2h, 2h,

xsin

Equation (3.1) shows all the possible reservoimilauies that can be felt by pressure transientstexuen
the horizontal well. However, not all of these bdaries can be felt in the same transient test gerio

No-flow at externak
and y boundaries

Upward water
movement

Horizontal well ho

Z. ........ ¢ ............. PR | : X

-wD
T

« Lo/2

Figure 3.1: Bottom water drive reservoir model

L » ~

The number of boundaries that can be felt in thenewof a well test depends on

(1) reservoir anisotropy,

(2 production/injection rate,

3) reservoir size, and

4) the horizontal well length. Possible flow pe&$o i.e., boundaries that may be

felt, and their pressure distributions are discddssow.

4.0 Solutions to equation (2.1)
Using the superposition theorem, if uniform ratevaiils, the dimensionless pressure drop at the

expiry of infinite-acting radial flow period ande¢tcommencement of effect of any boundary (welllmre
reservoir), the solution to equation (2.1) may lriten as:
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o - kka Te—[(yn—ywo>2+(zD—zWo>2]/4rdr+ an
° 8k kzLD r yeDXeD

to 2

X J{l+ Xep Z —ex p(— 2 T sin M7 cos /%o cosnnXD)} 4.1)

tpe eD eD XeD XeD

2

o0 2
. {1+ 2> exp(- m 72T T)cos MW wo_cos Mo )}
m=1

eD yeD yeD

% 2 2
. Z exp(— 2l 1)2 T T)sin @ -Yymz,, sin 2l 1)72de
= 4hg 2h, 2h,
4.1 Early radial flow period
This is the first noticeable flow period at inceyptiof transient flow in the well and is unaffected
by reservoir or wellbore boundaries. During thisige, flow gradients portray the reservoir as iitén
This period is terminated immediately a boundaryaofy kind is felt. The dimensionless pressure
distribution during this period is | |
th - (yD_yWD)2+(ZD_ZWD)2 14t
Py = Kkar je dr (4.2)
8k Kk, Ly 9 T
wherea = 2 for % < 1, and 0 for ¥ > 1 for an isotropic reservoir.
4.2 Other flow periods
Early linear, transition or steady-state may ocafier the early radial flow. The possibility of
linear flow period occurring does not exist if thettom reservoir boundary is felt first. The botttayer,
which is modeled as a constant-pressure boundeis/i@curb reservoir pressure decline and brirayiab

eventual steady-state. The onset of steady statdomedelayed if

1) kn >> Ky,

(2 production rate is low,

€)) the reservoir thickness is large, and

4) the well is located near the upper verticalrmtary.

If k, >> k,, flow transients are propagated rapidly alongxfais and this dominates this period until the
effects of the ends of the wellbore are felt. Bfitthe wellbore is sufficiently long in relation tthe
reservoir thickness and, k> k;, the effect of the contiguous bottom water is ¢wally felt first and
steady-state results. However, it should be ntiatidelaying steady-state in the case considezesl ib
tantamount to prolonging the early radial (infiréteting, clean oil production) period. Thereforer &n
anisotropic reservoir, the dimensionless pressypeession for the second flow period can be writisn
follows if the lower and upper reservoir boundaiiesxis) are felt before the ends of the wellbaleng
the x-axis and the ends of the reservoir along/thgis:

Kka tp e_[(YD_wa)2+(ZD_lND)2)]/4T tp m ﬂ T mz. 7T mz- 7T
Py = J{H ZZ exp(- )cos—2~" cos—2 |e
8Lokk, ¢ o i Yoo Yeo Yeo (4.3)

o (
\/7 @ - 1)27T T, . ( 1)72 (2 -z,
[erf ( 7 ) +erf ( N ). Zexp( )si h sin 2h dr
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kka tp e‘[(YD‘)’wD )2 +(2p = Zup )2]/47
p, = j dr
8k k,Lp r
J‘{ e Z exp(- )sm—cosnnxwD cos /%o )}- (4-4)
y tDe eb eb XED
e o)t ier Yuo)? 14T @ 2 -2 m%r @ -y, in (2 -z,

ex sin Si dr.
z p(= 4h§ ) 2h, 2h,

if the ends of the reservoir along tkkaxis and the lower and upper reservoir boundarie$edt first before
the ends of the reservoir along thaxis; or,
kka 2 e-lvo-vw)? (202007 ]1ar

Py, = dr
> 8k,k,L, { r
Ko,y K,
\/_ k D Kk D @ Yo Vun)? /4T (4.5)
j[erf (A=) + erf (A2 ) .
21 2T Jr
[ —_ 2 —_ -
Z exp( - (2l 1)2 T T)sin @ -1z, sin (21 1)ndeT
- 4h? 2h, 2h,

if the external boundaries of the reservoir along z-axis are felt first before the ends of theemesir
along the x-axis and y-axis. However, if the entithe reservoir boundaries along both y- and z-ares
felt first before the ends of the wellbore, then

kka 2 el o) (o202 1ar

Po =8k KoLy I dr+
e ( -
\F j[erf( ) +erf( )]-[1+22exp6m ﬂzr)cosmwwD cos—]
lee T T m=1 eD eD yeD
. (2 -0)’rr, . (2I—1)72WD . (A -Yrz, 46
IZ:;exp( a7 )sin 2h, sin 2h dr (4.6)

Equations (4.1) to (4.6) show that only two genéiall periods are observable. These are either

(1) early radial followed by linear periods or

(2) early radial followed by steady-state periods.

If any of the reservoir or wellbore boundaries it felt before the lower boundary, then such bouwnda
may never be felt again in the course of flow ia Wellbore. The emergence of steady-state, asult ods
influx and production of water is irreversible. Téfre, the period of clean oil production can keerded

by carefully selecting production and wellbore cdatipn options, so that no external boundary it féd
should be noted that equations (4.1) to (4.5) mtended to show the mandatory early radial perdidch
flourishes before the effect of any boundary anddeist in the computation of dimensionless pressur
gradients throughout any flow period. Another magoivantage of this presentation is that gradieots s
calculated can easily show departures or transitimiween flow periods thus helping in the moreeszir
flow period delineation.

Dimensionless pressure gradients of equation @:@)uniform for the same flow period, and
would change if another kind of flow period or dmat boundary is encountered. The changes represent
fluid flux that is possible due to available swapta. Therefore, the period of oil production magnifest
more than one type of dimensionless pressure grabéfore the onset of steady-state.
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5.0 Computation of dimensionless pressure gradientgp

According to equation (2.2) dimensionless pressinlients for equations (4.1) to (4.6) are
derived, respectively, as

apD kka/e_[(YD_YWD )2+(ZD_ZWD)2]/4tD

oty 8k K, Lot
+ 4 |: Xep z ex p(_ nﬂCOSanD Cosan ):|.
e ED XeD Xep Xep (5.1)
{1+ 22 exIO(- t )cos M7y o COsmnyD )} .
eD D yED
> exp( (2I 1)277'2'[D Jsin @-Dm, . @-Dm,
N 4hD 2hD ZhD
0Py _ kloe_[(yD‘ywo)2+(Zo—zND)2]/4r
) (5.2)
ot 8k, Lot
. [
%p kkae_[(y[’_yWD)2+(ZD—ZwD)2]/4tD Tk K, D K, D
D — + —[erf (——=—) +erf (——=)]
ot, 8k, k,Lot, Voo VK, T -
0 2 o
[1+22, exp(- Mt ) cos T /Yup oq m”yD]
m=1 eD eD yeD (53)
) _ 5 ) i ]
« > exp(- (2l 1)271 to }sin @-nm,  @-Dr,
- an? o .
apD — kkae_[(yD_yWD)2+(ZD_ZWD)2]/4tD
) 8k Kk, Loty
n2sr?
2\/_ \/7[1 Xp(_ 't D)sin nlCOSn TX,p cosn 7%, N
XeD D o XED
e s (-7, o (2 —1)772 @ -ym,
N | _ (5.4)
Yo 2o 4h2 S)sl 2hD

*[(Yu*VWD)2+(ZszWD)2]/4tD \/7
= f,/ et () )+erf(V

at, 8Kk, Loty 2t ) (5.5)

[(Yo-ywo)?l/to e _ - —
e . z exp(- el 1)271 t, Jsin 2l 1)772WD sin @ -1z,
Jio - 4h? 2h, 2h,

Dimensionless wellbore pressure derivatives wermapeded for a horizontal well parameteys=
Yup = 2 X 10°, Xp = Xup = 0.732 (infinite conductivity condition}, = 0.5hp, (central well location along
the vertical axis)k. = k, = k, (isotropic reservoir case), hend®, = 1L, different dimensionless well
lengths,Lp. Both square and rectangular geometries are cemesidand are selected through different
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values ofxep andyep, Xep = VYep gives a square geometry and otherwise gives amgatar geometry.
However, square and rectangular drainage geometrgesonsidered using only equation (5.1), where al
the lateral and vertical boundaries are assumetate been felt. Equations (5.3) to (5.5) are used
compute dimensionless pressure gradients for calsese at least one external boundary is infinitelyO
water arrival pattern into the wellbore is crititaloptimization of clean oil production. Elsewheifgat is,

in the reservoir, water influx pattern is only él when sweep and displacement efficiencies aszled.
The different geometries considered would helpdied suitable well spacing should the size ofeddfi
subject to bottom water drive warrant exploitatieith one or more horizontal wells. Finally, infiait
conductivity well is chosen to determine the praggnof the well to flow unaided (natural flow). Rdts
obtained are shown in Tables 5.1 to 5.4 below.

Table 5.1:Dimensionless pressure derivatives and gradiente&dangular geometry
(a) (XeD,! YeD) = (114)

Dimensionless po(toP’b)

Time, tD LD: 0.5 I—D:1-0 LD:2-5 LD:].O

10° 50000 (0.5) | 25000 (0.25) 10000 (0.1) 2500 (0.025)
10* 5000 (0.5) | 2500 (0.25) 1000 (0.1)] 259 (0.0259
10° 500 (0.5) 250 (0.25) 108 (0.1) 32 (0.032)
102 51.4(0.514)| 30 (0.30) 17 (0.17) 3.3(0.033)
107 6.3 (0.63) 6.1 (0.61) 2.7 (0.27) 0.25 (0.025)
1 1.2 (1.2) 0.61 (0.61) 0.1(0.1) 0 (0)

10 0.1 (1.0) 0 (0) 0 (0) 0 (0)

(b) (Xen, Yeo) = (1,2)

Dimensionless| p’b(toPp)
Time, tp Lp=0.5 Lp=1.0 Lp=2.5 Lp=10
10° 50000(0.5) | 25000(0.25] 10000(0.1 2500(0.025)
107 5000(0.5) | 2500(0.25) | 1000(0.1) 250(0.025
10° 500(0.5) 250(0.25) 116(0.116)]  40(0.04)
102 51(0.51) 34(0.34) 24(0.24) 4.1(0.041)
107 6(0.6) 10(1.0) 4.3(0.43) 0.25(0.025)
1 0.83(0.83) | 0.8(0.8) 0.1(0.1) 0(0)
10 0.1(1.0) 0(0) 0(0) 0(0)

(€) (Xen, Yen) = (2,1)
Dimensionless 'o(toP’p)
Time, o I—D= 0.5 I—D:1-0 LD:2-5 LD:].O
10° 50000(0.5)] 25000(0.25)| 10000(0.1 2523(0.02523)
10* 5000(0.5) | 2500(0.25) 1000(0.1) 272(0.0272)
10° 500(0.5) 261(0.261) 119(0.119)]  43(0.043)
102 53(0.53) 36(0.36) 26(0.26) 4.5(0.045)
107 7.7(0.77) | 10(1.0) 4.5(0.45) 0.25(0.025)
1 1.1(1.1) 0.6(0.6) 0.1(0.1) 0(0)
10 0(0) 0(0) 0(0) 0(0)

(d) (Xen, Yeo) = (2,4)

Dimensionless po(toP'p)

Time, tp Lp=0.5 Lp=1.0 Lp=2.5 Lp=10

10° 50000(0.5)| 25000(0.25) 10000(0.1) 2500(0.025)
10* 5000(0.5) 2500(0.25)| 1000(0.1) 256(0.0256)
10° 501(0.501)| 253(0.253)| 105(0.105) 30(0.030
102 51(0.51) 28(0.28) 14.2(0.142) 3.0(0.030
10" 5.6(0.56) 4.7(0.47) 2.0(0.20) 0.25(0.02%

1 0.56(0.56) | 0.45(0.45) 0.1(0.1) 0(0)

10 0(0) 0(0) 0(0) 0(0)
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(€) (Xen, Yeo) = (4,2)

(@)

(b)

(@)

(b)

Dimensionless po(toP’p)

Time, tp Lp=0.5 Lp=1.0 Lp=2.5 Lp=10

10° 50000(0.5)| 25000(0.25) 10000(0.1) 2500(0.025)
10* 5000(0.5) 2500(0.25)| 1000(0.1) 260(0.026)
10° 511(0.511)| 255(0.255)| 109(0.109) 33(0.033
10° 61(0.61) 30(0.30) 17.8(0.178) 6.0(0.06)
10! 15(1.5) 6.5(0.65) 3.0(0.3) 0.25(0.02%)
1 4.1(4.1) 0.57(0.57) 0.1(0.1) 0(0)

10 0.1(1.0) 0(0) 0(0) 0(0)

Table 5.2:Dimensionlesspressure derivatives and gradients for square giepme

(Xep,» Yen) = (1,1)

Dimensionless 'o(toP’p)
Time, tp Lp=0.5 Lp=1.0 Lp=2.5 Lp=10
10° 50000(0.5) | 25000(0.25) 10000(0.1) 2538(0.02538)
10* 5000(0.5) 2500(0.25) 1000(0.1) 286.8(0.02868)
10° 505.5(0.5) 268.8(0.2688) 131(0.131) 54.4(0.0544)
10° 55.4(0.554)| 43(0.43) 37(0.37) 8.1(0.081)
107 9.4(0.94) 14.6(1.46) 6.9(0.69) 0.25(0.025)
1 1.7(1.7) 0.9(0.9) 0.1(0.1) 0(0)
10 0.1(1.0) 0(0) 0(0) 0(0)
(Xen,» Yen) = (2,2)
Dimensionless po(toP’b)
Time, tp Lp=0.5 Lp=1.0 Lp=2.5 Lp=10
10° 50000(0.5) 25000(0.25) 10000(0.1) 2500(0.025)
10* 5000(0.5) 2500(0.25) 1000(0.1) 261(0.0261)
10° 500(0.5) 256(0.256) 110(0.110) 34(0.034
10° 51.7(0.517) 30.5(0.305) 18.3(0.183 3.5(0.035)
107 6.5(0.65) 6.7(0.67) 3.0(0.30) 0.3(0.03)
1 1.0(1.0) 0.6(0.6) 0.1(0.1) 0(0)
10 0.1(1.0) 0(0) 0(0) 0(0)
Table 5.3:Dimensionlespressure derivatives and gradients whgyiscnot felt
and yp boundaries are sealed
(XeD,: yeD): (114)
Dimensionless pPo(toPd)
Time, tp Lp=05 Lp=1.0 Lp=2.5 Lp=10
10° 50000(0.5) | 25000(0.25) 10000(0.1)  2500(0.025
10* 5000(0.5) 2500(0.25) 1000(0.1) 251(0.0251)
10° 500(0.5) 250(0.25) 100(0.1) 25(0.025)
102 50(0.5) 25(0.25) 10.5(0.105) 2.5(0.025)
10° 5.5(0.55) 2.7(0.27) 1.0(0.1) 0.3(0.03)
1 0.62(0.62) 0.3(0.30) 0.1(0.1) 0(0)
10 0.1(1.0) 0(0) 0(0) 0(0)
(Xep,, Yen) = (1,2)
Dimensionless pPo(toPd)
Time, tp Lp=05 Lp=1.0 Lp=2.5 Lp=10
10° 50000(0.5)| 25000(0.25)] 10000(0.1)] 2500(0.02pb)
10* 5000(0.5) | 2500(0.25) 1000(0.1) 251(0.02%1)
10° 500(0.5) 250(0.25) 100(0.1) 25(0.025)
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6.0
6.1
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102 50(0.5) 25.4(0.254)| 10(0.1) 2.5(0.025
10? 6.0(0.6) 2.6(0.26) 1(0.1) 0.3(0.03.)
1 0.7(0.7) 0.3(0.3) 0.1(0.1) 0(0)
10 0.1(1.0) 0(0) 0(0) 0(0)
() (Xep,, Yen) = (2,1)
Dimensionless po(toP'p)
Time, tp Lp=0.5 Lp=1.0 Lp=2.5 Lp=10
10° 50000(0.5) | 25000(0.25) 10000(0.1) 2500(0.0p5)
10* 5000(0.5) 2500(0.25)| 1000(0.1) 250(0.02%)
10° 502(0.502) | 250(0.25) 100(0.1) 25(0.025)
102 52.1(0.521)| 25(0.25) 10(0.1) 2.5(0.025
10" 6.1(0.61) 2.6(0.26) 1.0(0.1) 0.3(0.03)
1 0.8(0.8) 0.3(0.3) 0.1(0.1) 0(0)
10 0.1(1.0) 0(0) 0(0) 0(0)
Table 5.4:Dimensionless pressure Derivatives and Gradienew, is not felt
andx.p boundaries are sealed
() (Xen,, Yeo) = (1,4)
Dimensionless pPo(toPd)
Time, o I—D= 0.5 LD:]..O LD:2-5 LD:].O
10° 50164(0.5) | 25560(0.26) 10953(0.11) 3618(0.036)
10* 5052(0.5) 2677(0.27) 1301(0.13 596(0.060
10° 516(0.52) 306(0.31) 194(0.19) 112(0.11)
102 55(0.55) 42(0.42) 36(0.36) 5.5(0.055)
10° 6.5(0.65) 3.1(0.31) 3.0(0.30) 0.3(0.03)
1 0.8(0.8) 0.9(0.9) 0.1(0.1) 0(0)
10 0.2(2.0) 0.2(2.0) 0(0) 0(0)
) (X, Yeo) = (2,1)
Dimensionless pPo(toPd)
Time, o I—D= 0.5 LD:]..O LD:2-5 LD:10
10° 50099(0.5) | 25339(0.25) 10576(0.1) 3176(0.032)
10* 5031(0.5) 2607(0.26) 1182(0.12) 459(0.046)
10° 510(0.51) 284(0.284) 157(0.16 78(0.078)
10? 53(0.53) 35.4(0.354) 26(0.26) 4.5(0.045)
10* 6.0(0.6) 5.0(0.5) 2.0(0.20) 0.30(0.03)
1 0.6(0.6) 0.40(0.40) 0.1(0.1) 0(0)
10 0.1(1.0) 0(0) 0(0) 0(0)
(c) (Xe,» Yen) = (4,2)
Dimensionless pPo(toPd)
Time, 175 I—D: 0.5 I—D:1-0 LD:2-5 LD:10
10° 50093(0.5) | 2819(0.28)] 10543(0.1 3137(0.031]
10* 5029(0.50) | 361(0.36) 1171(0.12 447(0.045)
10° 509(0.51) 57(0.57) 154(0.15) 75(0.075)
10° 53(0.53) 12.3(0.12) 25(0.25) 4.2(0.042)
10" 6.0(0.6) 2.7(0.27) 2.7(0.27) 0.3(0.03)
1 0.9(0.9) 0.1(0.1) 5.5(5.5) 0(0)
10 0.1(1.0) 0(0) 0.4(4.0) 0(0)

Results and discussion

Early Time

Gradient and pressure derivative characteristics of horizontal well



p'o=1/(4 % Lp) for cases represented by equations (5.1) andl (5.8nd t, govern dimensionless
gradients. But in equations (5.5) and (5.4)0at 1.0°, the reservoir geometry and well length affectvflo
gradients.

6.2 Late Time

First and final steady-state is attained fasteldahger the k. Larger Ly yield lower pp. However,
some maximum points are observed across the rafggisnensionless lengths chosen. For an isotropic
reservoir casegy = 2.0 means full well penetration of the resenadimg the x-axis, but for values of,px
> 2.0, there is partial penetration. Partial pertietnagives rise to limited reservoir exposure taidl flow.
This accounts for the larger dimensionless presgradients observed for all cases ofy x 2.0 for the
same I.

For all the cases of reservoir geometries consitjetenensionless flow gradients decrease with
increasing dimensionless well length. When all tleservoir boundaries are felt (late time flow),
dimensionless wellbore pressure gradients are selieproportional to the product of lateral extemnts.,
(XepYep) for the same b. This means that for the samg, tsmall reservoirs produce the effects of larger
dimensionless pressure drop than larger reservdinge implication of this is that, given the same
sensitivity of an aquifer body and well completiosmall reservoirs would experience earlier water
production than large reservoir. The effects ofyeamter production by small reservoirs may be gaited
by well length extension. Meanwhile, geometrieshaf same dimensionless area but different widtlgs, e
(Xep Yep ) = (1,4) and (X% ,Yeo ) = (2,2), have different dimensionless pressumdigints when their
extremities are eventually felt at late flow dimeméess times. This behaviour shows that the eftdct
square reservoir geometry can be produced by angalar geometry, and vice versa, by simply modgyi
the wellbore length (either by further drillingirstlation or plug back). This is the only optioraélable to
an operator because the reservoir area cannot D#iedo This guideline can be used to select diggna
areas, and therefore well spacing, in a field doirig a network of horizontal wells, all subjectliottom
water drive energy.

Results in Table 5.4 and Table 5.3, show that fog same reservoir geometry, larger
dimensionless pressure gradients are obtaineck ikghboundaries are felt first than thgyyboundaries
before steady-state effects. If thg poundaries are felt first, gradients are actudleysame for early times
(to < 10°) for all L, as for most geometries. But, if thgyoundaries are felt first, the gradients are large
for the < 10° for all Lp. However, if the reservoir is sufficiently largach that none of the lateral
extremities is felt during the period of clean mibduction, results in Table 5.4 show that suffithg high
gradients, comparable to those in Figure 6.1 ataimdd. These results clearly show that, if themesr
experiences infinitely far away lateral boundariebas tremendously high propensity to producarcieil.

7.0 Computation of dimensionless pressure derivative; i’ p
Dimensionless pressure derivative expressions doatons (4.1) to (5.5), derived according to
equation (2.3) are

. P S G S
o,

t (7.2)

8k Ly
T, o,
apD a kkae_[(yD_wa)2+(zD_ZWD)2]/4tD 7ID k kx b kx D
t, Po = + Mo X ey rerf (]
ot 8k, k,Lp Yeo VK, N N

2

[1+2) exp(- m ) cos/Ywo 0™ Yo ] (7.2)
m=1 eD eD yeD
I N \YA _ -
¥ expi- @D antD Jsin@ 72 o @ =D,
Er 4h? 2h, oh,
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tD
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T )ity @ @-1
& Ze e ) ‘ 0)sin (@02, . @-)m,
\/E D 2h, 2h,
_[(yD_yWD) +(2p~2yp) ]/4tD
to 6pD kkae
8k,k,Lp
2
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o0 2 2
. {1+ 2> exp(- m ylz to ) cos MW wo_cos Mo )}

m=1 eD yeD yeD
0 _ 2 2 - -
© S exp(- @l 1)277 oy gin @ -V, o (2 -,
= 4h? 2h, 2h,

The same parameters used for computing gradients wsed to compute all the values ¢fd t
po/0 tp. The results are shown in Tables 5.1 to 5.4. Altyganes, dimensionless pressure derivatives are
governed chiefly by dimensionless well length, @@pproximately given as 1/(4)-for an anisotropic
reservoir. In all the cases considered, single mari points were observed gtapproximately equal to
1/Lp and independent of reservoir geometry. For=L2.5, however, there is sudden collapse of déviva
immediately afterg = 1/ (4Lp) for some reservoir geometries. For all caseseton$ steady-state is
characterized by rise in dimensionless pressurvatere for t, > 1/ (4lp). These dimensionless times
would correspond to the last chang@ ip/0 tp plot since the encroaching water is incompressible

At late dimensionless times only, when the latdralindaries are felt, square reservoirs yield
dimensionless pressure derivatives that are inlepeportional to the product.x Yep. But, during the
same dimensionless times derivatives for rectamggdametries behave differently. In this case,eases
in yep produce decreasing derivatives for fixed and L, . Furthermore, increases igyXor fixed y,p and
Lp either produce increasing or decreasing dimensssnipressure derivatives depending on well
penetration along the x-axis. For fully penetratimglls, lower values of derivatives are obtained l&te
dimensionless times, while larger values are obthiior cases of partial penetratiohhe same behaviour
was observed for dimensionless pressure gradients.

When no lateral boundary is felt, pressure gradieme as high as when either or both lateral
boundaries is/are felt. This mean that the bestt eaghpletion, which could also give high produdiyiis
achieved if no lateral reservoir boundary is falridg flow. Such completion could be stimulated for
further clean oil production if well penetrationspecially along the x-axis is implemented. The
dimensionless pressure derivatives, on the othad,hahow in Figure 7.1 that, if bothpx andyep
boundaries are not felt, that is, still infinitelgr, derivatives are greater than those obtainetiaf y.p
values are felt and.x infinite by the quantity:
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Figure 7.1: Derivatives for reservoir flow unaffected by extarextents
for all dimensionless flow times and reservoir getnies. However, those completions with all ingnit
lateral boundaries are lower by the quantity:

toN7T 2 - n°7t . n7x n ~(¥o~Ywp)’ /4o
S £[1+—X6D ZE expE—> )smn—zncos D cog wo], € (7.7)
Xep ky T =i

X | X5 Xp Xo o

for all dimensionless times and for all reserv@ometries; that is, about half of equation (7.7)

8.0 Conclusion

Well completion type is very crucial to ultimatd ogécovery from any given reservoir system,
even with a horizontal well. Water influx or eveakproduction from any kind of well completion is
inimical to the economics of oil and gas producti®nessure derivatives and gradients are capable of
exposing the true character of an entire resersggtem. At any stage in the life of a well, these
characteristics can be used to decide on the bedugtion method that can guarantee more economic
production. To adequately take advantage of theackeristics presented by a reservoir system, & bas
understanding is imperative. This is the major eeawhy this study is necessary for a horizontall wel
under the influence of bottom water.

In this paper, pressure derivatives and gradiehts liottom water drive reservoir drained with a
horizontal were calculated and factors affectinganl oil production were investigated. The following
major conclusions were drawn from this study:

(1) Pp and b pp are both inversely proportional tg land the product (xy.p), at early and late flow
times, respectively.

(2) Large reservoirs have the tendency to produce aéddonger than small reservoirs of the same
well completion and reservoir properties.

3) Both pp and p pp exhibit single maximum points on log-log plots Exgat, at t = 1/(4Lp).

4) At water breakthroughptpp collapses to zero; water fillup (onset of steatited follows the
maximum point.
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(5) Well length modification can produce the effectsacfquare reservoir for a rectangular reservoir
and vice versa.

(6) Depending on flow rate, reservoir anisotropy, aguresponsiveness, more than two flow periods
may be achievable for a particular well completion.
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