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Abstract

Identification of reservoir boundaries and their f&fcts on pressure distribution assist
in defining and managing the reservoir system. lhig paper, Pressure distribution
study in a vertical well system is carried out bgadyzing the effects ofthe intrinsic
reservoir parameters on the pressure distributiarch asZj,, X, and X,.prepresenting
the vertical point coordinate, lateral point coomtte and lateral extent respectively.
Approximated source and green functions approach swased. The results show
thatlnfinite — acting flow period subsists for a @ time when flow is close to the well
bore, thereby making it possible to accurately detme near — well bore
characteristics using the conventional analysis psmures such as buildup,
drawdown and or any other procedure.The verticaliptocoordinates which connotes
a position along the reservoir thickness affectsettime of attainment of pseudo —
steady state. The impact of the boundaries on puesgesponses occur at late time
production. Pressure behaviors at early time protioo are not affected by the
boundaries.Pressure behavior of a vertical well & bounded reservoir is affected
significantly by the reservoir boundary. Furthermer it was observed that the infinite
— acting flow period is unaffected by the lateraftent of the reservoir.

Keywords: Bounded Reservoir, Dimensionless Pressure, Dimelesi® Pressure Derivative,Lateral Extent, Lateral
Point Coordinate, Log — Log Plot, Reservoir BoumeiarPressure Distribution, Reservoir Thicknesstiva Point
Coordinate and Vertical Well
Nomenclature
pp = Dimensionless pressure.
hp = Dimensionless reservoir thickness.
xp = Point co-ordinate along the X — directiop.
zp = Point co-ordinate along the Z — direction.
S = Source function.
T =Time.
tp, = Dimensionless time
x.q = Reservoir lateral extent.
k = Reservoir permeability
ct = Total compressibility
u = Viscosity
g = Porosity

1.0 Introduction

The analysis of pressure data has been a subjécteoést to petroleum engineers for many decadesssure data can be
analyzed to determine reservoir parameters and dloavacteristics. Measurement of bottom hole presdata is one of the
few ways of acquiring “real time” data can be obéai with a high degree of accuracy for a very reable cost. Hence there
is much interest in acquiring and interpreting puee data.Throughout the life of an oil well, froexploration to
abandonment, asufficient amount of well test dat @ollected to describe well conditionand behavibrshould be
emphasized that the multidisciplinary professiomedsl to work as an integrated team to develop raptement thewell test
data management program with efficacious modeld| A& pressure responses characterize the abflitye fluid to flow
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through thereservoir and to the well. Tests provwdeescription of the reservoir in dynamicconditipas opposed to
geological and log data.

2.0  Problem Definition

Identification of reservoir boundaries and thefieefs on pressure distribution assist in definind ananaging the reservoir
system. The dependence on long aged establisheuematical models has limited the extent of presslis&ribution
analysis that can be done during well test analysder some circumstances. This leads to the adsaincthe use of
numerical modeling approach in pressure distrilouéinalysis as implemented in this research.

3.0  Technical Objective
The objectives of this research include:
1. To simulate the actual reservoir behavior usingmioak mathematical modelsderived from Source ande@r
functions.
To determine the various flow regimes.
To delineate the appropriate flow periods.
To analyze the effect of wellbore and reservoiapaeters on the pressure behavior in a boundedroiser
To study the pressure distribution of the reserabivarious dimensionless times.

arwN

4.0 Literature Review

Well test analysis became a true reservoir chaiiaatentool decades ago. Researches carried odaibnbasis till date has
made it one of the major tool used in reservoirl@ation. Good number of innovative researches cdd@dound in the
literature [1-10].Oloro andAdewole [8] gave an as&é usingSource and Green’s Function, the FathatsAffect Pressure
Distribution of Horizontal Wells in a Layered Regar with Simultaneous Gas — cap and Bottom Wateved Owolabi et
al.[9] presented the use of Source and Green’stieumin Pressure Distribution in a Layered Reserwoth Gas — cap and
Bottom Water. Extensive researches have been szbbyt several researchers on Transient Pressulgsisaf Horizontal
Wells including an extensive research on pressuesvdbwn and buildup analysis of horizontal wells a@nisotropic
media[1l — 14]. Despite the fact that advanceseh testing have resulted in several research wovis the past decades,
approximating the use of Source and Green’s Fumétid®’ressure Distribution in vertical well testiisghot common among
researches carried out today. This has been testkid work.

5.0 Flow Regimes Categories [15]

At different times, fluid flows in the reservoir thi different ways generally based on the shapesa® of the reservoir.
Flow behavior classification is studied in termgoéssure rate of change with respect to time. & hrain flow regimes will
be described in this sub-chapter; they are stetadg-8ow, pseudo steady state flow, and transtaie flow.

6.0 Steady State Flow [15]

In steady state flow, there is no pressure changelgere with time (Equation (1)). It occurs duritige late time region
when the reservoir has gas cap or aquifer suppbis. condition is also called constant pressurentdaty which pressure
maintenance might apply in the producing formation.

op _

7.0  Pseudo Steady State Flow [15]

This flow regime also occurs in late-time regiont ib forms when there is no flow in the resenauter boundaries. No flow
boundaries can be caused by the effect of neartjupimg or presence of sealing faults. It is aadbsystem or acts as a
tank where a constant rate production results eohgtressure drop for each unit of time (Equati®)).This flow is also

called semi-steady state or depletion state.

Z—Z:= o0 101 17 (2)

8.0 Transient State Flow [16]

When the pressure/rate changes with time due td gemetry and the reservoir properties (i.e. pabiigdy and
heterogeneity), it indicates that transient (urdyestate) flow occurs (Equation (3)). It is obseheefore boundary effects
are reached or also called infinite acting timeiquerHigher compressibility of the fluid leads thgore pronounced the
unsteady state effect of the reservoir fluid.

Journal of the Nigerian Association of Mathematic&hysics Volume 33, (January, 2016), 473 — 484
474



Pressure Analysis of a... Suanu, Otamere and Abbas J of NAMP

9.0 Radius of investigation [16]
Quantitatively and qualitatively, radius of invegtiion has great significance both in planning andlyzing a well test. It
describes the distance (from the tested wellboiréhe transient pressure into the formation if éhir an unstable pressure
caused by production or closure of a well. It whlow that this distance has a correlation with aysroperties of the rock
and fluid and also depends on the length of timeaedf testing.
There is a timd& when the pressure disturbance reaches the disténadius of investigation). The relationship betweéen
andr;is given by;

Kt 0.5
riz(—m%) (4)
From equation above;describes a distance at which the pressure distaeb@crease or decrease) simply influences due to
production or injection of fluid at constant rate.

10.0 Methodology
This section presents the derived models and #pgilications, representing a vertical well in afwbed reservoir for lateral
extent and point coordinate effects on the presdistabutions analysis.
In this research,the following assumptions aboatwiell and reservoir being modeled were madein ldpugg the bounded
reservoir model.

e The reservoir is homogeneous

e The reservoir is rectangular in shape

e The reservoir is anisotropic

» The boundaries in a given axis are felt by thedient pressure at the same time
In developing the mathematical equation represgntie above described model, the Source and Grdention
expression and the Newman'’s product rule were eyaplko determine the dimensionless pressure analysis
Newman'’s product rule is expressed as:

S(xp,zptp) = S(xptp).S(zptp)... . (5)

And the dimensionless pressure response is explrasse

pp = 2mhp fo S(pT).S(ZPT)AT weveee e e, (6)

a. Dimensionless Pressure Models

The analytical models for the transient pressuspanse of a vertical well in a bounded reservarexpressed below
b. Early Time Flow Period

This is an infinite-acting period when the transi@nessure has not felt any boundaries. The redjBaurce function
expressions for this flow period as read from therse function table are as follows:
(e=xw)?
__1 el
S(x_t) = Zme Xl e et e e e e e e e e e e e (8)
Source is an infinite plane source in an infingsarvoir
Source function number: 1(X)

1 e
S(Z_t)=2\/ﬁe L (9)

Source is an infinite plane source in an infingsarvoir
Source function number: 1(Z)
In dimensionless form;

(xD wa)

S(xptp) = zm\/k: D (10)
[_(D ZWD)

S(zptp) = zm kz D e s (11)

Using the Newman’s product method, the model ferdimensionless pressure response of a vertichldwghg the early
radial flow period is given as;
Substituting equations (9) and (10) into equat@ngfves

e~lxD—%wD)?+(zp-2zwp)?] /

1 t
Pp = _Emfol) . TR (12)
C. First Transition Time Flow Model
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In the first transition time flow model, the boumnids in the x - direction have been seen whilelthendaries in the z —
direction have not been seen by the well. The reduource functions as read from the source fomdiable as follows:

S(xt) =§e [1 + ZZ?zlexp( Tn")cosnn—cosnn— (13)

Xe Xe
Source is an infinite plane source in an infinlebseservoir
Source function number: VII (X)

_(z—zw)
S(Zt) = ﬁe[ 4mzt ] (14)

Source is an infinite plane source in an infingsarvoir.
Source function number: 1(2)
In dimensionless form;

-1 |k n _nir’tp XwD XD
S(thD)— f[1+22~=1exp( Z )cosnnXeDcosnnXeD]........................ (15)
(z Zw)
S(znto) = e (16)
ZD D 2\/? kz WA E e e NN B R B R R R R R EE R EE R R R R R R R AR N AR R RN AN R R R R R R R N A R RN EEE AR R R EEE

Using the Newman’s product method, the model fa tiimensionless pressure response of a verticdl dueing the
intermediate flow period is given as;
Substituting equations (14) and (15) into equa(ﬁ)n

2
_k mhp ptpy n _nzn:z‘r) Xp 1 [_M]
Po = T Jepe [1 +2)y%, exp( PR cos = . L cos L Xze 4T dr. a7
d. Second Transition Time Flow Model

In the second transition time flow model, the baanes in the z - direction have been seen whilebthendaries in the x —
direction have not been seen by the well. The reduource functions as read from the source fomcéible are as follows:
_(x—xw)
S(x t) = ﬁe[ 4Mxt L (18)
Source is an infinite plane source in an infingsarvoir.
Source function number: 1(X)
_1 n _nimlngt 2w z
S(Z_t) =2 [1 +2)  exp ( g )cos nm =% cos N Ze] ...................................... (19)

Ze
Source is an infinite plane source in an infiniEbgeservoir.
Source function number: VII (2)

In dimensionless form;
[_(XD—wa)]

K

S(thD) 2\/? e £ > P (20)
2.2

S(ZD,tD)——([1+Zanexp( nnDtD)cosnnZ}‘;V—DDcosnn’Zl—l;]........................ (21)

Using the Newman’s product method, the model f& thmensionless pressure response of a verticdl dueing the
intermediate flow period is given as;
Substituting equations (19) and (20) into equaf®n

ok sz znz Zwp zp| 1 [_M]
Pp =T [1+ZZl 1exp( W2 )cosnn " cosnnhD] X e 4 dr..... (22)
e Late T| me Flow Model

In this case, the boundaries in both the X andrectibns have been felt. The required source fanatixpressions as read

from the source function table are as follows:
1

S(x_t) = [1 +2)% exp ( Tnx) cos nm 2 cos nm —] .................................... (23)

Xe
Source is an infinite plane source in an infinlebseservoir
Source function number: VII (X)

S(zt) = é [1 +237% exp (— nzzzznzt) cos nr 2 cos nm Zi] ...................................... (24)
e e e

Ze
Source is an infinite plane source in an infinlebgeservoir
Source function number: VIl (2)
In dimensionless form;

_ l k n _ n?m?tp XwD XD
S(xD,tD) = ’ [1 +2)% exp ( Z ) cos i~ cos nir xeD] ............................ (25)
2.2
S(zp, tp) = — ’ [1 + 23" exp ( T tD) cos nr 22 cos nr Z—D] ............................ (26)
hD hp hp
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Using the Newman’s product method, the model fer dimensionless pressure response of a vertichldughg the late
time flow period is given as;
Substituting equations (24) and (25) into equatB)rgives

tp3 n’nt X x
Pp = f 1+22exp< )cosnn YD cosnm —2| x
,/ k XeD tp =1

XeD XeD
2 2
[1 + 2 exp (

n met
hj

The sum of all the dimensionless pressure equafemsations (11), (16), (21) and (26) for all thenf periods is expressed

in equation (27b).

)cos nm 22 cos nm —] AT (27a)
hp hp

Xp—Xw, 24(z Zyy 2
o k {_ftD e—lxp D)“+(Zp—zwD) ]/ }
Pp Jkxkz 0 T
[ 2
hp rtpa n XD [—7(217_2:’[)) 1| _
oo e [1+22 1exp( 5 )cosnnxd)cosnn ] \/_e 4
[ (*p—xwp)*
ftD2[1+ZZL 1exp( )cosnn cosnn—] —e[ P ]] -
2 [(tps —n’m?t XD Xp
( f 1+ ZZ exp cosnm cosnmwt—| X
XeD Jtp, = xZp XeD XeD
[ 2.2
142X exp ( nhf T) cos nnzh—cos nm h—] ............................................. (27b)
L D D D
f Solutions to Flow Equations
g Dimensionless Pressure:
h. Early Time Flow
Using the Gauss-Laguerre quadrature, the earlplrfidiv equation (equation (11)) can be expressed a
__1 k (*p—%wp)*+(Zp~2wD)*
Po = =5 7| pr | (28)

i First Transition Time Flow
Using the Gauss - Legendre quadrature, the fassttion time flow equation (equation 16) can bpressed as:

hy k (b—ayx —n’n? (z;(b—a) + b+ "
pD=7T D—< a)Zwif[1+Zexp( nzn (Z( @) a)).cosnnx D cosnm 2

Xep \[kyk, 2 —~ XeD 2 XeD XeD
(zp-zwp)*
exp [— Wl

(zi(b—az)+b+a)
j- Second Transition Time Flow
Using the Gauss - Legendre quadrature, the secansition time flow equation (equation 5.17) carekpressed as:

wk (b - a)zn: f [1 42 (—nznz (zi(b —a)+b+ a)) Zyp D
Pp = w; exp .COSNTT —— COSNTT —
AR r 2 Hy 0 Hy
— 2
A=
zi(b—a)+b+a ( )
(Flr
k. Late Time Flow

Using the Gauss — Legendre quadrature, the lateftow can be expressed as:

N [ —n?n? (z;(b—a)+b+a 1
ok /b—a 1+ 2exp (— > )
L
Xep /Ky, 2 i=1 k cos NI 2w cos nnx—D
2 xeD xeD
1+ Zexp (—1’11211: (zi(b—az)+b+a))
X P PP (32)
cos n 222 cos n 22
hp hp
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l. Dimensionless Pressure Derivative:

m. Early Time Flow
The dimensionless pressure derivative at earlgne flow can be expressed as:
1 (xp—*wp)*+(Zp—2wD)*
P> = 3 7 &P P— a2 xWDl”DZD D (32)
n. First Transition Time Flow
The dimensionless pressure derivative at firstsitemm - time flow can be expressed as:
, tDT[hD k [ —le 2 D XwD XD
pp = Z 1+ 2exp (———).cosnm cosnmw —
Xep /kyk, —~ xZp XeD XeD
exp [ (zp- ZwD) ] )
..(33
N @
0. Second Transition Time Flow
The dimensionless pressure derivative at seconditian — time flow can be expressed as:
.y k i [1+2 (—nznzt ) Zyy Zp ]
Pp = mT— exp\——5— COSTlT[—COSTlT[—
g P Vkxk, = h3 Hp Hp
exp|ﬁ (xp— wa)] "
Vip
p. Late Time Flow
The dimensionless pressure derivative at late e fiaw can be expressed as:
n —-n?m?t x X
ph = tp2m  k 1+ 2exp (TD) cosnm wa cos nnx—D
D — T Xep eD eD
Xep \{ k kz i=1
1+ 2exp (= D> cosnm 7 hD oS nni_z; ........................................................ (35)
g. Flow Time Equations and Solutions

These equations are presented here for estimdigngatrious flow regimes based on the concept ohQahel Babu[13].

r. Early Time Flow
The duration of this flow period may be approxintaly the minimum of the two following terms
1800d2°9
el Zk—VuCt ............................................................................................... (36)
And
_125L%p

Wheredz is the shortest distance between the well and theaundary.
Dimensionless time is expressed as:

0.00264kt
tD:W .............................................................................................. (38)
Substituting separately equations (36) and (30) égfuation (38) gives:

4.752(h—2zy)>
the =# (39)
And

_033— (40)

Therefore the duration of the early time radialflperiod may be approximated by the minimum offtilewing two terms
tpe = %’QZW AN Epe = 033501 (41)
S. First Transition Flow Time
The time for this flow starts at

1800¢D2
te1 =Tl’-ct (42)
And ends at
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t., = %‘”“ .................................................................................................. (43)
WhereDz is the longest distance between the well and théaundary.
Substituting separately equations (42) and (48) égfuation (38) gives:

_ 4.752(h—2)%

tDl - kvr‘%/ ------------------------------------------------------------------------------------------------- (44)
And
Bz = 04224 5p
Therefore, the first transition time flow starts at
—_N2
tpr = “r2" ANd endS 8ty = 042242 wooooooe e (46)
t. Second Transition Flow Time
The time for this flow starts at
2
tos = %W‘””Ct (47)
And ends at
r 2

2000Quce(dy+—
R -
Wheredx is the shortest distance between the well and thbaundary, ft.
Substituting separately equations (47) and (4®) éofuation (38) gives:
£ = 3.9072 0. (49)
And

2

5.28K| (xe—x)+r—w
tD4=¥- PR A s RN R R R AR R ER R EE RS R R A w (50)
Therefore, the second transition time flow statts a

k 5.28k((xe—x)+rTw>2

tps = 3.9072k— And ends atp, = T e e (51)
V. Late Time Flow
This flow period ends at a maximum of

4800@cyD%
And

2

WhereDx is the longest distance between the well and theb&undary.
Substituting equations (52) and (53) into equaf®&8) gives:

12.67k(xe—xy)?
tps = # ....................................................................................... (54)
And

4.752(h—z)>
tps = # ............................................................................................. (55)
Therefore, the late time flow period ends at a maxn of

)2 32

tpg = 220880t A g = L e (56)

L? L?
11.0 Results and Discussion
This section presents the results of the analysiheoeffect of well and reservoir parameters am pnessure behavior of a
vertical well in a bounded reservoir model. Resolidhe dimensionless pressure and dimensionlessspre derivatives
were obtained using a program Visual Basic 201@ dimensionless pressure and dimensionless predstivative results
were then plotted and subsequently analyzed.

1. Effect Of Vertical Point Coordinate (ZD)
The effect of the parametery,zon pressure distribution of a vertical well ilbaunded reservoir system was examined by
keeping all other parameters constant while varyging
The vertical point coordinates being varied for tinst set of wellbore and reservoir and rock pagters were taken ag z
1.94 and g = 1.923. g = 1.923 represents a position within the well begion while 2 -1.94 represents a position slightly
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beyond the well region, close to the lower boundary
A plot of the dimensionless pressure and dimensgmbpressure derivative results against the dimelesis time is also
illustrated in Figure 1 on the log-log axis for st set of parameters.

DATA SET ONE
10000 z

1000 /

/ = pD(zD=1.94)
100 ——pD'(zD=1.94)
// pD(zD=1.923)

——pD'(zD=1.923)

|

DIMENSIONLESS PRESSURE, pD

0.1 T T T T T T 1

0.01 0.1 1 10 100 1000 10000 100000
DIMENSIONLESS TIME, tD

Figure 1: Dimensionless Pressure and Dimensionless Presaneablve plots for Vertical Point Coordinate VatuéSet
One)

It is can be observed from the plot in Figure 1 tha dimensionless pressure curves for both vaséduaes of g= 1.923 and
Zp= 1.94 increase infinitely with time with each hayia characteristic slope of 1.151 betwgen 0.001 andd = 0.313. At
this point, there is minimal separation betweentéi curves, signifying that the vertical point cdimate is negligibly small
to affect distribution during the early - time flo®uring this period flow which is called infinite acting or radial flow
period, the reservoir behaves as though it is mehe large with infinite production. Since the uince of the boundary has
not been felt at this time, near — well bore chtmadzation is possible and clean oil production rgnteed. Between, t=
0.313 and g = 0.445, the reservoir experiences its first titeors from the early - time flow signifying the ilnence of a
boundary. At this time, the early — time flow eradsl the first transition flow becomes dominant.sTiow period indicates
that the well has seen the closest boundary eithise x or z plane. This flow is characterizedabgmooth transition on the
dimensionless pressure curves. The second trandlta occurs betweerpt 0.445 andg= 4.118. This flow period is
characterized by a slight deviation in course ftbmn first transition flow pattern on the dimensiesg pressure curves. This
flow period occurs with the assumption that thermtary that was not seen during the first transifiow is now being seen
while the other becomes unseen. The curves rema@parable throughout the period of transitionreth indicating that
pressure response is unaffected by the vertical poiordinate during this flow period.From the titge 4.118 and upward,
pseudo — steady state occurs. It can be seen qothehat during this period of flow, the curuése steadily with increasing
pressure values. This pressure increase indich&dtie average reservoir pressure of the resesysiem has started to
decrease over time; however, pressure distribugarains unaffected by variation ip.z

The dimensionless pressure derivative curves witridited on the same graph above shows that fondaoied values ofpz=
1.923 and g= 1.94, the curves flatten at an approximately tamtsvalue of 0.5 during the early — time flow beem =
0.001 andg= 0.313. This is usually the norm for a verticallvpgessure distribution. Between the early timaafland the
first transition flow, the curves experience abfisirise as the influence of a boundary is feltwien the first and second
transition flow, there is a slight dip on the cwsv@hese features are clearly visible on the dévieaurves because they
reveal features that are hidden in the dimensisrgesssure curves.

The vertical point coordinates being varied for skeeond set of wellbore and reservoir and rockrpaters were taken ag z
-3.86, 3 = 3.874 and = 3.93. 3 = 3.86 represents a position within the well bagion, 2 -3.874 represents a position
slightly beyond the well region, close to the boanyd while 2= 3.93 represents a position further away fronwt# region
and closer to the boundary.

A plot of the dimensionless pressure and dimensgmbpressure derivative results against the dimelesis time is also
illustrated in Figure 2 on the log-log axis for thecond set of parameters.
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DATA SET TWO

100000

——pD(zD=3.874)

1000
——pD'(zD=3.874)
pD(zD=3.86)
= pD'(zD=3.86)
10 pD(zD=3.93)
pD'(zD=3.93)

DIMENSIONLESS PRESSURE, pD

0.1 T T T 1

0.01 1 100 10000 1000000
DIMENSIONLESS TIME, tD

Figure 2: Dimensionless Pressure and Dimensionless Presaneablve plots for Vertical Point Coordinate VatuéSet
Two)

It is can be observed from the plot of Figure 2thating the early — time flow, the curves @&z3.86 andg= 3.874 are in
close proximity to each other and increase infipiteetween pointgt = 0.001 and o = 0.352. This behavior of pressure
response suggests that the reservoir is infinlgelye in size with no flow interference by any bdary. The slope of each of
the curves remains unchanged with a constant valug.151 during this period. This signifies thae thertical point
coordinate has negligible effect on the pressus&idution during the early - time flow between tiwe® curves. It can also
be noticed from the plot that at the inceptionlo® the dimensionless pressure curveysf 3.93 is conspicuously separated
from the other curves during the infinite — actfiayv period, with a constantly changing slope. &se increases, this curve
gradually comes within the reach of the othersis Tidicates that the infinite — acting flow perigchdually disappears as
flow is further away from the well and approachbs boundary. Between, t= 0.352 and g = 0.394, the reservoir
experiences its first transition from the earlyme flow signifying the influence of a boundary. tis time, the early — time
flow ends and the first transition flow becomes dwant. This flow period indicates that the well reeen the closest
boundary either in the x or z plane. This flow l@cterized by a gradual merging of the dimensampressure curves of
zp= 3.86 and g= 3.874. The second transition flow occurs betwégn 0.394 and g= 3.647. This flow period is
characterized by a slight deviation in course ftbmnfirst transition flow pattern on the dimensisg pressure curves.From
the time p= 3.647 and upward, pseudo — steady state oct¢uran lbe seen on the plot, that during this peoioitbw, all the
curves merge with each other and rise steadily witheasing pressure values. This pressure incriea$eates that the
average reservoir pressure of the reservoir sybgsrstarted to decrease over time; however, theesuemain unaffected
by variation in 2.

The dimensionless pressure derivative curves witridited on the same graph above shows that fondaoied values ofpz=
3.86 and g= 3.874, the curves flatten at an approximatelystamt value of 0.5 during the early — time flowveetn =
0.001 andg= 0.352. This is usually the norm for a verticallvpgessure distribution. Between the early timaafland the
first transition flow, the curves experience abfisirise as the influence of a boundary is feltwien the first and second
transition flow, there is a slight dip on the cwsv@hese features are clearly visible on the déivieaurves because they
reveal features that are hidden in the dimensisrgesssure curves.

1 Effect Of Lateral Extent (Xep) On Pressure Distribution

The effect of the parameter, xen pressure distribution of a vertical well ima@unded reservoir system was examined by
keeping all other parameters constant while varyigg

The reservoir lateral extent being varied for thiedt set of wellbore and reservoir parameters waken as % -16.52, %p =
20.4 and % = 30.6. These parameters represent different satithe dimensionless drainage radius.

A plot of the dimensionless pressure and dimensgmbpressure derivative results against the dimelesis time is also
illustrated in Figure 3 on the log-log axis for tiinst set of parameters while varyingpx
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Figure 3: Dimensionless Pressure and Dimensionless Pressuiealive plots for Lateral Extent Values (Set One)

It can be observed from Figure 3 that during thdyeatime flow, the pressure values remain uncleanfpr the different
values of xpbeing investigated. It shows the curves mergingveeh $= 0.001 andg= 0.318. Since the effect ofxs
unnoticed, it thus means that it has no effect mssure distribution during the infinite — actingw period. During this
period of flow, the dimensionless pressure curvieseiase infinitely with time with a slope of 1.15fhis is usually the
convention for a vertical well pressure distribati®@uring this period flow which is called infinite acting flow period, the
reservoir behaves as though it is infinite in sigth fluid flowing radially into the well bore fromall directions. Since the
influence of the boundary has not been felt at tini®, near wellbore characterization is possilnid elean oil production
guaranteed. Furthermore, it can be observedhkaturves seem to separate apart from each otliee asservoir undergoes
its first transition between,t= 0.318 andg = 0.439. It is observed during this period, thegre is an obvious change in the
dimensionless pressure as the value.ghgreases. The curves further separate as thevoirsendergoes another transition,
this time, to pseudo — steady state. As can befseemthe curves, the dimensionless pressure ldigidn tends to reduce as
the value of xjincreases during these periods. The transitiorogerare desired because they delay, to some eftent,
attainment of pseudo — steady state, thereby ptiegeearly rapid depletion of the reservoir. As thensition flow recedes
over time, pseudo — steady state flow becomes firgyandicating the influence of all boundaries pressure distribution.
It can be observed from the dimensionless curvaistkie pressure distribution increases rapidlatat + time. However, the
rate of depletion decreases agncreases and vice versa.

The reservoir pressure response is quite noticéabhe dimensionless pressure derivative curveatlmse hidden features in
the dimensionless pressure curves are clearly lexeBigure 1 shows that at early — time, the dgive curves stabilize at
constant pressure values of 0.5. The merging ofctiwwes during this period, is an indication thathas no effect,
whatsoever, on pressure response during the edimye-flow. As the infinite — acting flow period apually disappears, the
transition flow becomes dominant with obvious safian of the curves as clearly shown on the presdarivative curves.
This behavior validates the earlier representationthe dimensionless pressure curves as showneimpltdt. During the
pseudo — steady state flow, it is observed thatitheensionless pressure derivative curves mergeactaistically with the
dimensionless pressure curves and increase atstacbnate.

The reservoir lateral extent being varied for theosid set of wellbore and reservoir parameters teden as ¢ -50.98, %p

= 60.69 and ¢ = 67.97. These parameters represent differenegalfithe dimensionless drainage radius.

3. Effect Of Lateral Point Coordinates (xp)

The effect of the parametery,xon pressure distribution of a vertical well irhaunded reservoir system was examined by
keeping all other parameters constant while varygg

The reservoir lateral point coordinates being \chf@ the third set of wellbore and reservoir paggams were taken ag x
19.84, % = 28.86 and x = 30.66. These parameters represent differentgaiong the lateral coordinate of the reservoir
system.

A plot of the dimensionless pressure and dimensgmbpressure derivative results against the dimelesis time is also
illustrated in Figure 4on the log-log axis for econd set of parameters while varyigg x
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Figure 4: Dimensionless Pressure and Dimensionless Pressuiealive plots for Lateral Point Coordinate Values

On the dimensionless pressure plot, as seen ind=@gurom early time to late time the curves aersto rise gradually with
no distinct separation between the curves. On imerkionless pressure derivative plots, at eamhe tia straight horizontal
line trend develops with a value of 0.5, and theadgally rises forming a unit slope straight lindader time. No distinct
separation is seen between the curves for therelifferalues of xfrom early time to late time.

This means that from the early radial flow periadhére the reservoir acts as if it is infinite ahdd flows in all directions to
the wellbore) to the point where pseudo - steadiest attained (the remaining oil in the reser®ibeing drained by the
vertical well), the pressure distribution of theeesoir remains similar for all varied values gf x

This is an indication that varying the lateral gaioordinate has no significant difference in effea the pressure response
of a vertical well in a bounded reservoir.

12.0 Conclusion
The pressure analysis of a vertical well in a baghdeservoir has been studied for proper understgraf the pressure
behavior of wells in reservoirs which is hardy foaking important reservoir engineering decisionad Ahe following
findings were arrived at:
1. Pressure behavior of a vertical well in a boundesgrvoir is affected significantly by the resenimaundary.
2. The impact of the boundaries on pressure resp@w®s at late time production. Pressure behavibeady time
production are not affected by the boundaries.
3. Situating the well far away from the boundariesagislthe attainment of pseudo — steady state.
4. Infinite — acting flow period is unaffected by ttageral extent of the reservoir. However, reserdaipletion during
late time reduces with increasing lateral extent.
5. Pressure behavior is unaffected by the lateraltpaiardinates throughout all the flow regimes.
6. Infinite — acting flow period subsists for a longmé when flow is close to the well bore, therebyking it possible
to accurately determine near — well bore charasttesi using the conventional analysis procedurek as buildup,
drawdown and or any other procedure.
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