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ABSTRACT

Beyond doubt, the productivity index is one of the most important key parameters in reservoir evaluation and
characterization. It is a screening guide to establish the reservoir size, the presence on an aquifer and the connectivity
degree. Thereby, its accurate determination is a challenge for engineers. This paper presents a productivity equation of a
horizontal well in pseudo-steady state in a closed anisotropic box-shaped reservoir, using a uniform line sink model. A new
equation for calculating pseudo skin factor due to partial penetration is also proposed. Compared with the equations for
horizontal wells in pseudo-steady state in the literature, the new equations are more practical and easy to use in the field

practice.
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1. INTRODUCTION

Due to their great efficiency in producing higher
flow rates per unit pressure drawdown, horizontal wells
have currently become the most popular alternative for the
development of hydrocarbon fields around the world. So
far, most of the introduced correlations for the estimation
of their productivity index have shown certain differences
among their results. This does not allow us to properly
establish which one of them provides the closest value to
the actual one, since there is no evidence of a trustable
enough reference point.

Throughout the years, several investigations for
the determination of horizontal-well productivity index
have been carried out. These researches have been focused
on the determination of steady-state solutions for the
above-mentioned parameter, therefore, a diverse number
of correlations have been introduced. These correlations
were introduced by such well-known researchers as, Giger
(1983), Merkulov (Borisov, 1954), Renard and Dupuy
(1990), and Joshi (Borisov, 1954; Joshi, 1988 and 1991,
and Penmatcha, Arbab, and Azz., 1997). However, there
are remarkable differences among their results which do
not allow us to clearly establish which one matches closely
the actual value since not accurate comparison point has
been given. Much later, Escobar and Montealegre-M
(2008) presented a more accurate correlation which
behaves steadier for a wider range of application and
presents the lowest deviation error among the others above
mentioned. According to the proximity to the simulated
results, they also found that Joshi’s correlation is the
second option to estimate the productivity index in
horizontal wells.

To determine the economic feasibility of drilling
a horizontal well, the engineers need reliable methods to
estimate its expected productivity. There have been
several attempts to describe and estimate horizontal well
productivity indexes. Lu (2001), Lu (2003) and Lu et al.

(2003) presented steady-state productivity equations for a
horizontal well in an infinite extension, finite thickness
reservoir and in a circular cylinder drainage volume
reservoir.

Babu and Odeh (1989) introduced a complex
equation to calculate productivity of horizontal wells
which required that the drainage volume be approximately
box-shaped, and all the boundaries of the drainage volume
be sealed. They reduced their original infinite series
solution into equations for shape factor and partial
penetration skin.

2. MATHEMATICAL DEVELOPMENT

2.1. Horizontal well model
Figure-1 is a schematic of a horizontal well.

B

Figure-1. Horizontal well model.
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A horizontal well of length, L, drains a box-
shaped reservoir with height, H, length (x direction), 2a,
and width (y direction), 2b. The well is parallel to the x
direction with a length L < 2a.

The following assumptions are made:

a) The reservoir is a horizontal, homogeneous,
anisotropic, and has constant k,, k,, k. permeabilities,
thickness H, porosity¢. All the boundaries of the box-
shaped drainage volume are sealed.

b) The reservoir pressure is initially constant. At time t =
0 pressure is uniformly distributed in the reservoir,
equal to the initial pressure P;.

¢) The production occurs through a horizontal well of
radius, r,, represented in the model by a uniform line
sink located at a distance z,, from the lower boundary,
the length of the well is L.

As Figure-1 shows, the horizontal well is a

uniform line sink in three dimensional space, the
coordinates of the two ends are (-L/2, 0, z,) and (L/2, 0,

Z)-
Let,
Q=(-a,a)x(-b,b)x(0,H) (1)
Q is the box-shaped drainage volume.
All the boundaries of the box-shaped drainage

volume are sealed; i.e., the reservoir has the following
outer boundary condition:

OP
ﬁh:o (2)

where OP/ON|r is the external normal derivative of
pressure on the surface of box-shaped drainage volume
I=o0Q.

The reservoir pressure is at initial condition,

Plo=F )

The geometric average permeability, &, is:

k, =k k k. )

The vertical and horizontal permeabilities are respectively

k,=k,
ki = (kk)'” Q)

Let Sbe the permeability anisotropic factor

p=1Jk, Ik, 6)

And 7 be the partially penetration factor
n=~L/(2a) (7

2.2. Horizontal well productivity

A horizontal well flow rate in a sealed box-
shaped reservoir in pseudo-steady state can be calculated
from:

0.001127(kyk;)"/ 2 L(B, ~ P/ (uB)
9w = A+s

®)

P

where P, is average reservoir pressure throughout the box-
shaped drainage volume, and,

A = (GP=) = G Intdsin(zz,,p / Hp)sinlr,p | CHpY} - (9)

The pseudo skin factor due to partial penetration s,, is:
2

b
D

2
— (b yq_Lp D
Sp =1 aD+4a12))+(

P 3

HpLpn

M h Ibp)(1-Lpy/
< R 2~ coth(apm [ bp) )

m=l (10)

P M
+H(—L—) Y cos?(nxz,,p | Hp)

bpHpLpr® n=1

M
1\ <osh[(mnm)(1-Lp/ap)]
x 2 ( M sinh( 4, 77)

- COth(,umn”)} }

m=0 dmiinn

It has been shown that in Equation (10), the

integer number M =100 is sufficiently big enough to

reach the engineering accuracy for all practical purpose,
and,

m=0,d, =l;m>0,d, =1/2 (11)

My =[(map /bD)2 +(nap /HD)Z]N2 (12)
For a fully penetrating horizontal well, L = 2a, then

5,=0 (13)

And Equation (8) reduces to,

0.001127(k k)2 L(P,~P,)/(uB
Gy = (yz)A(a w)(/—l) (14)

where A has the same meaning as in Equation (9). For a
given well in a closed box, the flow rate reaches the
maximum value when it is located at the middle height of
the payzone. In order to calculate s, we may separate
Equation (10) into three parts

s, =¥, +¥,+¥, 15)

426



VOL. 8, NO. 6, JUNE 2013

ISSN 1819-6608

ARPN Journal of Engineering and Applied Sciences

==
©2006-2013 Asian Research Publishing Network (ARPN). All rights reserved. @

www.arpnjournals.com

where
aplp p . Lp
\PII(IZbDHD)(l_E+%) (16)
b2 M sh _
_ D 1 4C0s [(apmz/bp)(1-Lp/ap)]
v, _(HDLD”3) ma( P sinh(apmz/bp) (17)
—coth(apmn / bp)}}
¥, — a Mo 2
3= (———)H{ X cos”(nzz,,p / Hp)
bpHplLpr n=1 (18)

“ f‘if( 13 ){cosh[(ymnzr)(l—LD/aD)]

Sinh( iy, 77) - COth(/'lmnﬂ)}}

m=0 dmMinn

3. EXAMPLES AND EFFECTS OF SOME
CRITICAL PARAMETERS
Examples are given below to compare the
proposed equation with the equations of Babu and Odeh
(1989) and Helmy and Wattenberger (1998). These
equations are also used to investigate the effects of some
critical parameters on productivity index (PI).

3.1. Example-1

Equation (8) is used to calculate productivity
index of a horizontal well in pseudo-steady state in a
sealed box-shaped drainage volume. Using the reservoir
and fluid properties data reported in Table-1, we have

a =1000 ft, b =2000 ft

Values of k£, = 125.99 md, =2 and n7= 0.5 were
obtained using Equations (4), (6) and (7), respectively.

Table-1. Reservoir and fluid properties for example-1.

Parameter Value
Pay zone thickness, H, ft 100
Reservoir length, RESL, ft 4000
Reservoir width, RESW, ft 2000
Well vertical location, z,, ft 50
Wellbore radius, 7, ft 0.25
Permeability in X direction, k,, md 200
Permeability in Y direction, k,, md 200
Permeability in Z direction, k., md 50
Oil viscosity, 4, cp 1.0
Formation volume factor, B, rb/STB 1.0
With the definition of the dimensionless
parameters given in the appendix, the following

information is obtained:

LD =dp= 0.7937
bp=1.5874

z,,p =0.07937
hp=10.15874

aD=LD, 1 —LD/aD=0

ap / LD,:O.S, ZwD / hD =0.5

Application of Equation (12) yields:

Mo = m? /442507

Equation (9) allows to estimate a value of A =
2.392. Also, Equations (16) through (18) are used to
respectively calculate W,=0.00521, ¥,=-0.54606 and
W;=0.00495. The partial penetration skin was calculated
with Equation (10) to be -0.5458. Finally, the productivity
index of this well, i.e., the flow rate per unit pressure drop,
is calculated as 59.54 (STB/D/psi).

It is interesting to find that s, is negative in the
above calculations. The denominator of Equation (8) for a
partially penetrating well is smaller than the denominator
for a fully penetrating well, (s,=0)). But the flow rate of
the partially penetrating well still decreases due to smaller
well length L in the numerator of Equation (8).

3.2. Example-2

In this example, only fluid properties, reservoir
width and length are constants, other reservoir parameters
are variables. The effects of some critical parameters on
productivity index are investigated here.

Table-2. Reservoir and fluid properties for example-2.

Parameter Value

Reservoir length, RESL, ft 4000
Reservoir width, RESW, ft 2000
Wellbore radius, r,, ft 0.25
Oil viscosity, 4, cp 1.0
Formation volume factor, B, rb/STB 1.0

a) Effect of pay zone thickness on Pl

Table-3 and Figure-2 presents the effect of
payzone thickness on PI calculated by the proposed
Equation (8) and Babu and Odeh (1989) and Helmy and
the equations proposed by Babu and Odeh (1989) and
Helmy and Wattenberger (1998), with the following
constant parameters:
L =1000 ft, k.= k,= k. = 200 md, k.= k, = 50 md and the
horizontal well is at mid-height of the payzone, z,, = A/2.

Table-3 and Figure-2 show the existence of no
significant differences among the Pls calculated by the
three equations. If the payzone thickness % is not very big
(h<50 ft), PI increases rapidly with the increasing of 4, but
when 7>50 ft, Pl increases slowly with the increasing of 4.
From 4 = 10 to 50 ft, PI increases about 4 times; from A=
50 to 100 ft, PI increases about 1.5 times. For this reason,
horizontal wells are believed to perform better than their
vertical counterparts in thin reservoirs.
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Table-3. Effect of payzone thickness on PI.

Method
Pl, STB/psi 1) This work (2)
H=10 ft 8.425 9.325 9.609
H=20 ft 16.161 17.799 17.358
H=30 ft 23.156 25.376 23.886
H=40 ft 29.448 32.115 29.527
H=50 ft 35.096 38.101 34.490
H=60 ft 40.165 43.421 38.971
H=70 ft 44717 48.156 42911
H=80 ft 48.811 52.379 46.546
H=90 ft 52.499 56.155 49.880
H=100 ft 55.828 59.538 52.958
(1) Babu and Odeh

(2) Helmy and Wattenberger

Effoct of Pay Zone Thickness on Preductivity Index

Pay Lene Thickness, H (i)

Figure-2. Effect of payzone thickness on PI.

b) Effect of well location in vertical direction on Pl

Table-4 and Figure-3 present the effect of well
location in vertical direction on PI, with the following
constant parameters:

L=1000 ft, k= k= k. = 200 md, k.= k, = 50 md, 2 = 100
ft.

Table-4. Effect of well location in vertical direction on P/.

Method
Pl, STB/psi a This work ?2)
H=10 ft 51.097 54.453 50.807
H=20 ft 53.583 57.156 51.962
H=30 ft 54.910 58.573 52.556
H=40 ft 55.608 59.308 52.862
H=50 ft 55.828 59.538 52.958
H=60 ft 55.608 59.308 52.862
H=70 ft 54.910 58.573 52.556

H=30 ft 53.583 57.156 51.962
H=90 ft 51.097 54.453 50.807
(1) Babu and Odeh
(2) Helmy and Wattenberger

(STHDpsi

FProductivity Index

o 0 i) an 40 0 ) 70 80 50 100

Well Location in Vertical Divection, Zw (1)

Figure-3. Effect of well location in vertical direction
on PIL.

Table-4 and Figure-3 show that the location of
horizontal well in vertical direction does not have
significant effect on P/. For maximum P/, the well should
be located at the mid-height the pay zone.

c) Effect of Well Length on Pl
Table-5 and Figure-4 present the effect of well
length on PI, with the following constant parameters:

L =1000 ft, k= k= k. = 200 md, k.= k, = 50 md, » = 100
ft, z, = 50 ft.

Table-5. Effect of well length on PL

Method
Pl, STB/psi 1) Pl, STB/psi 2)
L=250 ft, (1=0.125 | 21.222 22.342 17.994
L=500 ft, [1=0.250 | 34.306 36.214 30.472
L=750 ft, [1=0.375 | 45.444 48.277 41.800
L=1000 ft, [1=0.500 | 55.828 59.538 52.958
L=1250 ft, [1=0.625 | 65.870 70.183 64.189
L=1500 ft, [1=0.750 | 75.710 79.994 75.278
L=1750 ft, [1=0.875 | 85.337 88.428 85.608
L=2000 ft, 7=1.000 | 94.637 94.335 94.259

(1) Babu and Odeh
(2) Helmy and Wattenberger

Table-5 and Figure-4 show that no significant
differences among the PI values calculated by the three
equations. PI increases slowly with the increasing L. For
every increase in L of 250 ft, P only increases about 10
STB/D/psi. From 250 to 1000 ft, Pl increases 4 times.
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From 1000 to 2000 ft, P/ only increases about 1.6 times.
So PI is not sensitive to L and7.

Effect of Well Length on Produetiviry Index

(STRDps

Fraductivity Indes

o 250 500 750 1000 1250 1500 1750 2000 2250

Well Length, L (fr)

Figure-4. Effect of well length on PI.

Table-6 presents the pseudo skin factor s, due to
partial penetration calculated by the Equations (15)
through (18). For a partially penetrating horizontal well,
P, is positive while ¥, and ¥; are negative.

From Table-6 we find that when 7 increases, ¥
decrease, the absolute values of ¥, and W5 also decreases.
When 7> 0.25, the absolute value of ¥; is very small
compared with | and the absolute value of ¥,. So, in
many cases, V5 are negligible when s, is calculated.

Table-6. Pseudo skin factor calculations.

¥, ¥, Y3 ¥,
[i:j(i(l)zf;’ 0.03988 | | 15038 | 0.02031 | 1.13080
0250|0059 | o et | ootons | osassr
ars | 006108 | o ocn | 000677 | 06107
00 | 005208 | o ieor | 000500 | 0.4988
s | 003662 | 040 | 000406 | 038464
50 001953 | o0 | 0 00sss | 027862
s 000570 | el o0on | 016155
L2000 10,0000 | 0.00000 | 0.00000 | 0.00000

d) Effect of horizontal permeability on Pl

Table-7 and Figure-5 present the effect of
horizontal permeability (k= k= k.) on PI, with the
following constant parameters:

L =1000 ft, k= k= ky, k,=k, =25 md, h=100 ft, z,, =
50 ft.

Table-7 and Figure-5 show that P/ is a strong
function of horizontal permeability (assuming k.= k,= k).
Horizontal permeability increases 8 times, while B only
increases 2.8 times and PI calculated by the three
equations increase about 5.5 times.

Table-7. Effect of horizontal permeability on Pl

Method
Pl, STB/psi (4] Pl, STB/psi (0]
k=25 md, p=1.000 | 8.626 9.379 8.562
k=50 md, f=1.414 | 15.744 16.952 15.193
k=75 md, p=1.732 | 22.094 23.653 21.071
k=100 md, 5=2.000 | 27.914 29.769 26.479
k=125 md, f=2.236 | 33.333 35451 31.550
k=150 md, 5=2.449 | 38.431 40.790 36.361
k=175 md, =2.646 | 43.264 45.848 40.963
k=200 md, 5=2.828 | 47.870 50.669 45.390

(1) Babu and Odeh
(2) Helmy and Wattenberger

Fifeet of Hormentsl Permenbility sn Productiviry Index

L= 10001t
H=100101
Tw= S04
KRy,
Fy=Fo=25mD

Productvity Index | STET pa

30 13 100 123 130 173 00
Hostzontal Promneability, Ky {ml¥

Figure-5. Effect of horizontal permeability on PI,
(k= k= k).

e) Effect of vertical permeability on Pl

Table-8 and Figure-6 present the effect of vertical
permeability on PI, with the following constant
parameters:

L = 1000 ft, k= ky = k, = 100 md, k, =k, = 50 md, h =
100 ft, z,, = 50 ft.

Table-8 and Figure-6 show that PI is a weak
function of vertical permeability, vertical permeability
increases 10 times, (B decreases about 3 times) Pls
calculated by the three equations increase about 1.6 times.
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Table-8. Effect of vertical permeability on PL

Method
Pl, STB/psi ) P1, STB/psi ?2)
k=10 md, p=3.162 | 22.609 23.890 21.528
k=20 md, f=2.236 | 26.666 28.361 25.240
k=30 md, p=1.826 | 28.902 30.897 27.501
k=40 md, f=1.581 | 30.394 32.622 29.124
k=50 md, f=1.414 | 31.489 33.905 30.385
k=60 md, f=1.291 | 32.340 34913 31.412
k=70 md, f=1.195 | 33.028 35.733 32.276
k=80 md, p=1.118 | 33.599 36.420 33.020
k=90 md, f=3.162 | 34.085 37.007 33.671
k=100 md, p=1.000 | 34.504 37.516 34.248
(1) Babu and Odeh
(2) Helmy and Wattenberger
ey R : :

P ETETpa

00

wduenviry Index
-

L4

Figure-6. Effect of vertical permeability on PI.

f) Effect of permeability perpendicular to horizontal
well on PI
Table-9 and Figure-7 present the effect of
permeability perpendicular to the well in horizontal plane
(k,) on PI, with the following constant parameters:

L=1000 ft, k,=50 md, k,=k, =25 md, h =100 ft, z,, = 50
ft.

Table-9 and Figure-7 show that Pl is a strong
function of k, when &, < 25 md. From 5 to 25 md, %,
increases 5 times, and P/ calculated by the three equations
also increase about 5 times; but P/ is a weak function of &,
when &, > 25 md. From 25 to 250 md, &, increases 10
times, but PI values calculated by the three equations only
increase about 5 times.

Table-9. Effect of permeability perpendicular to
horizontal well on PL

Method
Pl, STB/psi (€)) Pl, STB/psi ?2)

k=5 md, f=0.795 2.527 2.609 2.425
k,=15 md, p=1.047 | 6.316 6.626 6.035
k,=25 md, f=1.189 | 9.420 9.979 9.021
k, =50 md, f=1.414 | 15.744 16.950 15.193
k,=75 md, f=1.565 | 20.938 22.787 20.339
k,=100 md, p=1.682 | 25.459 27.940 24.868
k, =125 md, f=1.778 | 29.518 32.614 28.966
k, =150 md, f=1.861 | 33.233 36.926 32.739
k,=175 md, f=1.934 | 36.678 40.950 36.255
k, =200 md, f=2.000 | 39.905 44.736 39.560
k, =225 md, f=2.060 | 42.949 48.322 42.687
k, =250 md, f=2.115 | 45.838 51.734 45.662

(1) Babu and Odeh
(2) Helmy and Wattenberger

Effect of Permeabibty Pependicnlar to Hoizontal Well on Froductivary Index

2 bility Perp 1o I 1 Well, K, {mlh

Figure-7. Effect of k, on P

g) Effect of permeability parallel to horizontal well on
Pl
Table-10 and Figure-8 present the effect of
permeability parallel to horizontal well (k,) on PI, with the
following constant parameters:

L=1000 ft, k,= 50 md, k,=25 md, # =100 ft, z,, = 50 ft.
Table-10 and Figure-8 show that P/ is a weak function of
k.. When k, increases 50 times, (£ increases about 3 times)
PI values calculated by the three equations increases about
1.6 times.
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Table-10. Effect of permeability parallel to horizontal

Table-11 and Figure-9 show that Pl is a weak

well on PL function of reservoir width (RESW), from RESW=1000 to
2200 ft, (the partially penetrating factor 7 drops from 1.0
Method to 0.455), Pls calculated by the three equations increase
Pl1, STB/psi (1)) Pl, STB/psi Q) slowly; from RESW = 2200 to 4000 ft, (the partially
k=5 md, $=0.795 9 606 11.773 10.009 penetrating factor 7 drops. from 0.455 to 0.250) Pls
calculated by the three equations decrease slowly.
k,=15 md, f=1.047 | 12.939 14.660 13.055
ky =25 md, f=1.189 14.200 15.736 14.122 Table-11. Effect of reservoir width on PL
k,=50 md, f=1.414 | 15.744 16.950 15.193 Method
k, =75 md, f=1.565 | 16.542 17.531 15.641 . PI,
y Pl, STB/psi 1) STB/psi ()
k,=100 md, f=1.682 | 17.056 17.889 15.894 RESI=1000 ft
k=125 md, f=1.778 | 17.426 | 18.136 | 16.057 1=1.00 47318 | 47.168 | 47.129
k,=150 md, =1.861 | 17.710 | 18320 | 16.171 RE%VZ?%O;) ft, 52205 | 54.073 | 50.792
k,=175 md, f=1.934 | 17.937 18.463 16.256 RESW:i600 ft, sa6a6 | 57576 | 52397
k, =200 md, /=2.000 | 18.124 18.579 16.322 [1=0.625 i i i
k=225 md, f=2.060 | 18282 | 18.674 | 16374 RESFA0 T 55.682 | 59246 | 52.926
k, =250 md, p=2.115 | 18.418 18.755 16.417 RESW=2200 ft,
(1) Babu and Odel 1=0.455 55913 59.857 | 52.876
abu an e
RESW=2500 ft
(2) Helmy and Wattenberger %VZ() 45(?0 ’ 55.682 59.853 | 52.504
el o Proiuctivity Tndex RESW=2800 ft’
ect of Pertlny Parslel to Horizanes : 20357 55.190 | 59.490 | 51.953
RESW=3100 ft,
) 1120323 54.553 58.921 | 51.301
" RESW=3400 ft,
i 10294 53.842 | 58234 | 50.596
g RESW=3700 ft,
5. 120270 53.099 | 57.486 | 49.865
g RESW=4000 ft,
E 120,250 52.349 | 56.707 | 49.125

] sl 50 75 100 125 150 175 200 25
Permpabiliry Parallel to Hormontal Well, K, { mIn

Figure-8. Effect of &, on PL

3.3. Example-3

In this example, the effect of reservoir size on
productivity index (PI) is investigated. Fluid properties
and other reservoir parameters are the same as in Table-1.

h) Effect of reservoir width on PI

Table-11 and Figure-9 present the effect of
reservoir width (RESW, the size of reservoir parallel to
horizontal well) on PI, with the following constant
parameters:

L =1000 ft, k,= k.= k;, = 200 md, k, =k, = 50 md # = 100
ft, z,, = 50 ft.

And reservoir length (RESL) is a constant, and it
is equal t0 4000 ft.

Effest of Reserveir Width o Froductiviry Iidex

vty Index ( STEDps

o

Revervenr Widih, RESW (fi)

Figure-9. Effect of reservoir width on PL

Table-12 presents the pseudo skin factor s, due to
partial penetration caused by the different reservoir
widths. We obtain the same conclusion as that in Table-6
in Example 2. For a partially penetrating horizontal well,
¥, is positive while ¥, and W are negative. When n >
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P1, STB/psi

¥

ke

RE

Sp

RESW=1000
ft, [1=1.000

0.00000

0.00000

0.00000

0.00000

RESW=1300
ft, [1=0.769

0.00721

0.30983

0.00508

0.30769

RESW=1600
ft, 1=0.625

0.02344

0.45286

0.00508

0.43450

RESW=1900
ft, 1=0.526

0.04441

0.52898

0.00508

0.48966

RESW=2200
ft, [1=0.455

0.06818

0.57218

0.00508

0.50908

RESW=2500
ft, [1=0.400

0.09375

0.59761

0.00508

0.50894

RESW=2800
ft, [1=0.357

0.12054

0.61292

0.00508

0.49746

RESW=3100
ft, [1=0.323

0.14819

0.62226

0.00508

0.47916

RESW=3400
ft, [1=0.294

0.17647

0.62801

0.00498

0.45653

RESW=3700
ft, [1=0.270

0.20524

0.63157

0.00498

043132

RESW=4000
ft, 1=0.250

0.23438

0.63378

0.00498

0.40439

i) Effect of reservoir length on Pl

Table-13 and Figure-10 present the effect of
reservoir length (RESL, the size of reservoir perpendicular
to horizontal well) on P/, with the following constant

parameters:

L =1000 ft, k= k= k;, =200 md, k.= k, = 50 md H = 100

ft, z,, = 50 ft, RESW = 2000 ft.

Table-13. Effect of reservoir length on P

Method
Pl, STB/psi (03] Pl, STB/psi (6))
RESL=1000 ft, 78.011 86.885 81.143
RESL=1500 ft, 75.223 81.777 74.390
RESL=2000 ft, 70.336 76.269 68.654
RESL=2500 ft, 66.045 71.288 63.810
RESL=3000 ft, 62.248 66.889 59.671
RESL=3500 ft, 58.863 62.994 56.091
RESL=4000 ft, 55.828 59.528 52.958
RESL=4500 ft, 53.090 56.423 50.188
RESL=5000 ft, 50.608 53.625 47.720
(1) Babu and Odeh

(2) Helmy and Wattenberger

Table-13 and Figure-10 show that P/ is a weak

function of reservoir length (RESL).

Froducts

wary ludex | STEDpa

Fifect of Recervair Length on Produceiviey Tndex

Feservon Widilh = 2000 ft
1= 1000 e
H=100fs = S0
i =k =Ky =200l

50 i B, =H,=50msl

=00 1000 1500 2000 2500 3000 3500 000 4500 S000 5500
Reservois Length, RESL {1t}

Figure-10. Effect of reservoir length on PI.

CONCLUSIONS

a)

b)

The proposed productivity equation for a horizontal
well in a sealed box-shaped drainage system in
pseudo-steady state is based on solving three
dimensional partial differential equations, and has a
solid mathematical base in the theory of flow in
porous media; it is reliable and easy to use in oil field.
The horizontal well productivity is a weak function of
well length, well location, vertical permeability, the
permeability parallel to the well in the horizontal
plane, and reservoir size. But it is a strong function of
pay zone thickness, the permeability perpendicular to
the well in the horizontal plane. For maximum
productivity, the horizontal well should be located at
the mid-height of the pay zone.

Nomenclature

B Volumetric factor, RB/STB

cr Fluid compressibility, 1/psi

Formation thickness, ft

Permeability, md

Horizontal wellbore length, ft

P Pressure, psi

Well productivity index, STB/D/psi

G Well flow rate, STB/D

T Wellbore radius, hr

RESL | Reservoir length, ft
RESW | Reservoir width, ft
s Pseudoskin facfor due to partial penetration,
14

dimensionless
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Greeks

Permeability anisotropic factor, fraction

Partially penetrating factor, fraction

Porosity, fraction

B
Ui
u Fluid viscosity, cp
4
A

A function defined by Equation (8)

Y, A function defined by Equation (16)
¥, | A function defined by Equation (17)
¥, | A function defined by Equation (18)

Suffices

a Average
D Dimensionless

e External

h Horizontal

i Initial

% Vertical

w Wellbore

x,y,z | Coordinate indicators
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APPENDIX

Definition of dimensionless variables

k
—x [ka
*D =Ty
_ v kg
YD =T\%, (A1)
k
—z [k
i Ars
i
—a |k
4D =Nk
by =t |ta A2
D =TT (A2)
y
Zy  |kg
ZwD T Ak,

N
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L=,
x : (A3)
Hp =4\
kgt
i = e (A4)
Py = kaL;jB—m (A.5)
er = [é/kr /kz + {‘/kz /kx )]rw / (2L) (A6)
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