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Abstract

Reservoir boundaries are encountered when the flogvipressure departs from
the straight line portion of the commonly known sém log plot. And this reflects the
lateral extent of the reservoir.Information on thieoundaries detection and the effects
of the lateral extent and coordinate on pressurehbgior is an important and integral
aspect of well test analysis. In this paper, nunoali mathematical models were
derived for the vertical well in a bounded reseroiThelateral extent and point
coordinate effects on the pressure distributionsrev@nalyzed. The pressure responses
were simulated and some calculations were performeing the derived models by
varying the coordinate parameters.

The results show that dimensionless pressure desesawith increasing lateral
extent. Pressure behavior is unaffected by the tatgoint coordinates throughout all
the flow regimes.Situating the well far away fronhd boundaries delays the
attainment of pseudo — steady state.Infinite — agtiflow period subsists for a long
time for as long as flow is close to the well bohealso shows that theinfinite — acting
flow period is unaffected by the lateral extent tie reservoir. However, reservoir
depletion during late time reduces with increasitaferal extent.

Key words: Bounded Reservoir, Dimensionless Pressure, Diroslesis Pressure Derivative,Lateral Extent, Lateral
Point Coordinate, Log — Log Plot, Reservoir BoutelarPressure Distribution and Reservoir Thickness
Nomenclature
pp = Dimensionless pressure.
hp = Dimensionless reservoir thickness.
xp = Point co-ordinate along the X — direction.
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

Oil well test analysis is a branch of reservoiriaegring. Information obtained from flow and prasgstransient tests about
in situ reservoir conditions are important to det&ing the productive capacity of a reservoir. Bues transient analysis
also yields estimates of the average reservoirspres The reservoir engineer must have sufficieftrination about the
condition and characteristics of reservoir/welattequately analyze reservoir performance and t&c&st future production
under various modes of operation. The productiogirexer must know the condition of production angkdtion wells to
persuade the best possible performance from trervas. Pressures are the most valuable and uskfial in reservoir
engineering. Directly or indirectly, they enterdnall phases of reservoir engineering calculatiofiserefore accurate
determination of reservoir parameters is very irtgoar
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2.0 Problem Definition

Information on the boundaries detection and thectsfof the lateral extent and coordinate on predsehavior of a well is
an important and integral aspect of well test asialyTherefore, the need to simulate the resetwoiterive representative
models for pressure behavior description becomasgermane.

3.0  Technical Objective
The objectives of this research include:
1. To simulate the effects of lateral point coordinatethe pressure behavior in a vertical well systera bounded
reservoir usingnumerical mathematical modelsderfv@ah Source and Green functions.
2. To simulate the effects of lateral extent on thespure behavior in a vertical well systemin a bednd
reservoirusingnumerical mathematical modelsderfu@eh Source and Green functions.
3. To vary the coordinate parameters for proper sitimraf the different possible scenarios in thesresir.
4. To determine the various flow regimes.
5. To analyze the effect of lateral extent and poadrdinate on the pressure behavior in a boundedveis.

4.0 Literature Review

Advances in well testing have resulted in sevexakarch works over the past decades.Several reseat@mve successfully
worked on flow test in wells and pressure build[14b]. Theuse of transient testing in reservoir agement is reported in
[6-10]. Oloro and Adewole [8] also analyzed in theork usingSource and Green’s Function the FadtasAffect Pressure
Distribution of Horizontal Wells in a Layered Resar with Simultaneous Gas — cap and Bottom Wateved Owolabi et
al.[9] presented the use of Source and Green’'stieunim Pressure Distribution in a Layered Reserwith Gas — cap and
Bottom Water. Extensive researches have been ezpost several researchers on transient pressuhgsanaf horizontal
Wells [11-13]. Interestingly, the applicability 8ource and Green’s Function in Pressure Distrinutiovertical well testing
is yet to be reported. And this has been implentente

5.0 Basic Theory of Transient Well Testing [14]

The well test concept is basically sending a sigmahe reservoir, then receiving its response ftbenformation at the end
the permeability can be obtained from it declinesjponse which is received at the wellbore is useevaluate the near
wellbore properties. If response from a boundame&ched, so the distance is possible to estimate the time delay. The
whole process of well test requires specific setdupe standard well test set-up consists of surfatas, wellhead pressure
(WHP), bottom hole pressure (BHP) including bottieate temperature (BHT), and acquisition interpietatTransient well
testing applies the inverse solution of indirecaswement where input and output are known frontetsie while the system
is going to predict or estimate from interpretatidie system means well and reservoir characesjstiutput represents
pressure responses, and input shows a changeeofAspart of field data, well test data contrilsuite production analysis
model (i.e. well test models, material balance nmdd decline curve analysis). Those data ateatetl become reservoir
information that furthermore designed to be a mtadé model. This model allows engineers to sinaufatoduction forecast
and run various scenarios with different productibrategies. Finally, economic study and decisiaking for the field
development is conducted by considering many aspect

6.0 Types of Transient Tests[14]

Certain types of tests are dedicated to specidigesbf reservoir discovery, development, and pridincin exploration and
appraisal wells, Drillstem tests (DSTs) and wireliformation test are normally run. During primasgcondary, and
enhanced recovery stages, the conventional transiedhtests (i.e. drawdown, buildup, interferenaad pulse tests) are run.
Step-rate, injectivity, falloff, interference, apdlse tests are executed during secondary and emthaecovery stages. Some
tests are implemented throughout the life of resierguch as multilayer and vertical permeabiligts.

7.0  Flow Regimes Categories[14]

At different times, fluid flows in the reservoir thi different ways generally based on the shapesarel of the reservoir.
Flow behavior classification is studied in termgpaoéssure 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.
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8.0  Steady State Flow[14]

In steady state flow, there is no pressure changalaere 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 _

9.0 Pseudo Steady State Flow[14]

This flow regime also occurs in late-time regiout Iv forms when there is no flow in the resenaiter boundaries. No flow
boundaries can be caused by the effect of neamguping or presence of sealing faults. It is aadosystem or acts as a
tank where a constant rate production results eohgiressure drop for each unit of time (Equat®y).This flow is also
called semi-steady state or depletion state.

Z—Z:= o0 11 17 (2)

10.0 Transient State Flow[14]

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

11.0 Radius of Investigation [14]
Quantitatively and qualitatively, radius of invggttion has great significance both in planning andlyzing a well test. It
describes the distance (from the tested wellbofé¢he transient pressure into the formation if éhexr 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 timeedf testing.
There is a timé& when the pressure disturbance reaches the distginadius of investigation). The relationship betweéen
andr;is given by:

Kkt 0.5
ri:(%swt) (4)
From equation above;describes a distance at which the pressure distaeb@ncrease or decrease) simply influences due to
production or injection of fluid at constant rate.
The concept of radius of investigation is a guinl@lan a well test. For a certain radius of in\ggion needed, duration of
the test is possible to estimate using this conddprefore, optimum and effective time will be disehich affect the cost of
well testing. Effective and optimum cost for wedkting is very important since it is considerabtpensive, especially for
offshore wells.

12.0 Drawdown [14]

Drawdown test is ideally performed when the presssiequalized throughout the formation. This ctiodican be reached
by shutting-in the well prior to drawdown test dtea having several days of workover job. Perfognandrawdown test at
new wells becomes a good recommendation becauseg@eoir still has a uniform pressure.

Basically, this test measures bottom hole pressurieg a period of constant production rate. Theiggent is first set into
the well, and then begins a constant flow rate. Thasideration for having this test is simply whibere are some
uncertainties in buildup interpretations. Theref@malysis from drawdown test can be used for coatpa analysis.

13.0 Buildup [14]

A constant production ratgfor a period of time is usually conducted prior to buildup test. Prodgca well at constant rate
represents the drawdown part of the well histonyildip test is started right aftgwhich is representing the duration of
production) with zero production by shutting-in thell at the wellhead. Measurement of bottom haksgure is normally
performed since the beginning of drawdown partl tiné end of buildup test.

A method to analyze the pressure response of huildst is using Horner method. It is a semilog pibshut-in pressure
puwsversushorner timép+ At)/At. This plot creates a straight-line which represehé transient flow during the middle-time
of the test. Middle-time region indicates that firessure transient has spread away from the wellmo the formation.
Slope of the straight-linmis a tool to predict reservoir permeability.
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14.0 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 aboetvilell and reservoir being modeled were madein ldpirey the bounded
reservoir model.The reservoir is homogeneous, mgatar in shape, anisotropic and the boundariasgiven axis are felt by
the transient 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 eyeplto determine the dimensionless pressure asalysi

Newman'’s product rule is expressed as:

S(xDZDtD) S(xptp).S(zptp)... (5)
And the dimensionless pressure response is explrasse

pp = 2mhp fo R 7 3 RN €75 3 1 SRR (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 redjaurce function
expressions for this flow period as read from thérse function tableare as follows:

[-G=xw)?)

S(xlt) = 2\/%8 L L (7)

Source is an infinite plane source in an infingsarvoir
Source function number: 1(X)

(z—z)?
[t )

1
S(z,t)zzme (8)
Source is an infinite plane source in an infingsarvoir
Source function number: 1(Z)
In dimensionless form;

(xD wa)
[_(ZD ZWD)
S(zptp) = ZW\/; D s (10)

Using the Newman’s product method, the model ferdimensionless pressure response of a vertichldwghg the early
radial flow period is given as;
Substituting Equations (8) and (9) into Equationdiges:

e~l&xp=xwp)?+@zp-2wp)?] /

1k tpe
pp =~ — OD . A T e e e e (12)
C. First Transition Time Flow Model

In the first transition time flow model, the boumés in the x - direction have been seen whileldbendaries in the z —

direction have not been seen by the well. The reduource functions as read from the source fomdtble are as follows:
1

S(x_t)=;e [1+22?=1exp( Tnx)cosnn—cosnn—] (12)

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

_ Z—Zw)]

(
S(26) = same’” Mt (13)

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

2.2
S(xD'tD)=% \lz[l+ZZ?zlexp(—nx”thD)cosnnf{‘zgcosnn;—';]........................ (14)
[_(ZDZWD)]
S(zptp) = ZW HED e, (15)

Using the Newmans product method, the model far tiimensionless pressure response of a verticdl dueing the
intermediate flow period is given as;
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Substituting Equations (13) and (14) into Equa((ﬁ))tgives:

2
_ k mhp ptpy n _nzn:z‘r) Xp 1 [_M]
pp = Trs xop Jtpe [1 +2)y%, exp( Z cosnmw= . L cos nm - Xze 4T dr. (16)
d. Second Transition Time Flow Model

In the second transition time flow model, the baanek 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 fomdtible are as follows:
_(x—xw)
S(x t) = ﬁe[ 4Tt LTS (17)
Source is an infinite plane source in an infingsarvoir.
Source function number: 1(X)
=1 n _ gt w z
S(Z_t) =2 [1 +2)  exp ( g )cos nm == cos N Ze] ...................................... (18)

Ze
Source is an infinite plane source in an infiniebgeservoir.
Source function number: VII (2)
In dimensionless form;

(XD wa)
S(xptp) = zm\/:x D e (19)
S(zD,tD)——f[1+Zleexp( 27thl))cosmth—cosmthl)] (20)

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 (18) and (19) into Equatien

k t
e Late Time 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 —] .................................... (22)

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

S(zt) = 1 [1 +2Y% exp ( nzzzgnzt) cos ni 2 cos nm Zz—e] ...................................... (23)

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

2.2
S(xptp) = l \/Z[l +2Y"  exp (—nx”z tD) cosnnzwg

eD

S(zp, tp) = \/7 [1 + 23" exp ( tD) cos nnh—cos nm ho] ............................ (25)

2.2 (xp—xwp)?
n T Z, z 1 =W
cos Nt 22 cos n 22| x — el w dr
h3 hp hp

el dr (21)

D
Using the Newman s product method the model fer dimensionless pressure response of a vertichldushg the late
time flow period is given as;
Substituting Equations (23) and (24) into Equa((ﬁ))tgives:

tps —-n’n?t Xwp Xp
Pp = 1+2 Z exp cosnm cosnmt—| X
ﬁ/k k xeD tp XeD XeD

2 2
[1 + 23" exp ( hZ T) cos nnZ"l”—DDcos nm fl—l;] AT, (26)

The sum of all the dimensionless pressure equafiegsations (10), (15), (20) and (25) for all thewf periods is expressed
in Equation (26).
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~[(xp=xwp)?+zp-2zwp)?] 2
_ k| e /az hD tpy n _nn’t xp|, 1 [-Ep=twD)
Pp = T[—m [{2 fo - } - ItDe [1 +23%, exp( pen )cosnn: . cosni D] Xze a -
20 (p-_xw )2
[ NG [1 +2%iL exp (— = )cosnrrh—cosmr—] x—e[ = ]] -
2 [tos nznzr Xwp Xp
{ f 1+2 Z exp > cosnm cosnmw X
XeD Jip, E Xep XeD XeD
e Zwp Zp
1+2)Y" exp ( " )cos s cosni ho> ............................................. 27)
f. Solutions to Flow Equations
0. Dimensionless Pressure:
h. Early Time Flow
Using the Gauss-Laguerre quadrature, the earlplrfidiv equation (Equation (11)) can be expressed a
_ _ 1 k _ (xp=Xwp)*+(zp=2wp)*
Pp = —3 ki pr. R (28)

i First Transition Time Flow
Using the Gauss - Legendre quadrature, the fassttion time flow equation (Equation (15)) canespressed as:

_Tho_k (b—a N 142 —n’n? (z;(b—a)+b+a Xwb Xp
bp = Xop \/ﬁ(T);wlf + 2exp ( z < > >).cosnn o cosnna
= i?”ﬁla)l
X e ettt ettt ettt (29)
(Zi(b—az)+b+a)
- Second Transition Time Flow

Using the Gauss - Legendre quadrature, the secansition time flow equation (Equation (29)) candx@ressed as:

nk (b—a —n?n?(z;(b—a)+b+a Zyy z
Pp = ( > )Z w;f [1 + 2exp ( < i ; )) cosnt 22 cosnm =2
h}

VExk, ~ Hp Hp
(xp—%Xwp)* l
)

exp | — —Gortra
’V 4_(zl(b a)+b+a

i(b— b
(z( az)+ +a)
k. Late Time Flow
Using the Gauss — Legendre quadrature, the latgeftow can be expressed as:

n (|[1 + 2exp (_n i (Zl G a; tht a>)]|

_em k (b—a x2
/—( 2 )Z wif | “x X
" Zen kyk, = l cos nt 2 cos nr —=
k XeD XeD
2.2 /.
1+2€xp< 1’11211 (zl(b a)+b+a))

2
X i L (31)
cos nm 22 cosnm =2
o h

D
l. Dimensionless Pressure Derivative:

m. Early Time Flow
The dimensionless pressure derivative at earlgne flow can be expressed as:
_1 (xp=%wp)*+(Zp~2wp)*
Pp =3 g €XP [— it ] .......................................................... (32)
n. First Transition Time Flow
The dimensionless pressure derivative at firstsitamm - time flow can be expressed as:
. tpmhp k i [1 2 (_nZnZtD) Xwp Xp
Pp = exp\——-——).cosnm cosnm
b Xep [kyk, ~ x§D XeD XeD
2
exp[ (zp— ZwD) ]
..(33)
N V?_D
0. Second Transition Time Flow
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The dimensionless pressure derivative at seconditien — time flow can be expressed as:
n

: k —n’m’tp Zwp Zp
pp = tpm Z 1+ 2Zexp (—2) . COSNTT —— COSNT ——
vV kxkz i=1 D HD D
exp[ (xp- wa)] o~
..(34
_ Vip
p. Late Time Flow
The dimensionless pressure derivative at late e fiaw can be expressed as:
n —n?m?t x
pp = tp2m  k 1+ 2exp (xTD) cos nm wa cos nnx—D
D =
Xep (_k kz £ eD eD eD
D — —
1+ 2exp (= ) cos nn oS hD ........................................................ (35)
g. Flow Time Equations and Solutions
These equations are presented here for estimdigngatrious flow regimes based on the concept ohQ@ahel Babu[13].
r. Early Time Flow
The duration of this flow period may be approxinaaly the minimum of the two following terms
1800d2°g
te1 = THCt ................................................................................................. (36)
And
125L2¢
ter = k—VHCt (37)
Wheredz is the shortest distance between the well and thbaundary, ft.
Dimensionless time is expressed as:
0.00264kt
tp = oo (38)
Substituting separately Equatlons (36) and (373 Equatlon (38) gives:
4.752(h—2y)?
tpe = k,f—r,f,Z) (39)
And
Therefore the duration of the early time radialflperiod may be approximated by the minimum offtilewing two terms
tpe = %’”W) AN Epe = 033501 (41)
S. First Transition Flow Time
The time for this flow starts at
18009DZ
to = k—“ct (42)
And ends at
160L%¢
ter = k—XHCt .................................................................................................. (43)
WhereDz is the longest distance between the well and théaundary, ft.
Substituting separately Equations (42) and (43) iEdquation (38) gives:
4.752(h—z)>
tDl = kv—i‘%/Z) ................................................................................................. (44)
And
tDZ —_ O 4’224’_ ..................................................................................................... an'
Therefore, the first transition time flow starts at
tp = %ﬁ’” AN €NS atp, = 04224 cooooovooiveeeeesees e (46)
t. Second Transition Flow Time
The time for this flow starts at
2
tys = % ............................................................................................. (47)
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And ends at
zooowpct(dx+rﬂ)2
e3 = k—x4 ....................................................................................... (48)
Wheredx is the shortest distance between the well and thbaundary, ft.
Substituting separately Equations (47) and (48) Edquation (38) gives:
E3 = 3:907 21 (49)

X

And

5.28k((xe—x)+rTw>2
tD4 T T T T T T T (50)

ky
Therefore, the second transition time flow starts a

2
5.28k((xe—x)+rTw)

tps = 3.9072ki And ends atp, = T TP PP NP (51)
V. Late Time Flow
This flow period ends at a maximum of

4800@ucyDZ
toy = + .............................................................................................. (52)
And

18009DZ
te4 = k—ZHCt .............................................................................................. (53)
WhereDx is the longest distance between the well and theb&undary.
Substituting Equations (52) and (53) into Equati®) gives:

12.67k(xe—xy)2
tD5 = ki—i‘%“ ........................................................................................... (54)
And

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

_ 2 _ 2

tD5 = %ﬁex‘”) And tD5 = %&hz‘”) ............................................................. (56)

15.0 Results and Discussion

This section presents the results of the analysiseoeffects of lateral extent and point coordéinan the pressure behaviour
in a vertical well in a bounded reservoir system.

1 Effect Of Lateral Extent (Xep) On Pressure Distribution

The effect of the parameter, xen pressure distribution of a vertical well im@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, %xp =
20.4 and % = 30.6. These parameters represent different salfithe dimensionless drainage radius.

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 tiinst set of parameters while varyingpx
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DATA SET ONE

0000 —
= pnD(xeD=16.52)

= pD'(xeD=16.52)

1000 pD(xeD=20.4)

= pD'(xeD=20.4)

e pD(xeD=30.6)

[
o

pD'(xeD=30.6)

DIMENSIONLESS PRESSURE, pD

O.l T T T T
0.001 0.1 100000

DIMENgﬁ)NLESS TIME,]t g0

Figure 1: Dimensionless Pressure and Dimensionless Pressuiealive plots for Lateral Extent Values (Set One)

It can be observed from Figurel that during thdyeartime flow, the pressure values remain unchdnfge 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 curveseiase infinitely with time with a slope of 1.15Mhis 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 possild 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 {irgyandicating 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 ofctimwes 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 showneimltdt. During the
pseudo — steady state flow, it is observed thatitheensionless pressure derivative curves mergeactaistically with the
dimensionless pressure curves and increase atstaobnate.

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

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

A plot of the dimensionless pressure and dimensgmbressure derivative results against the dimelesis time is also
illustrated in Figure 2 below on the log-log axis the second set of parameters while varyigg x
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DATA SET TWO
[m)]
o
o
o
A —— pD(xeD=50.98)
(%]
1000
E —— pD'(xeD=50.98)
A pD(xeD=60.69)
X
Z = D'(xeD=60.69)
o
2 e pD(xeD=67.97)
wl
= pD'(xeD=67.97)
o
0.1 T T T T
0.001 0.1 10 1000 100000

DIMENSIONLESS TIME, tD

Figure 2: Dimensionless Pressure and Dimensionless Pressuiealive plots for Lateral Extent Values (Set Two)

It can be observed from Figure2 that during thdyeartime flow, the pressure values remain unchdnfge the different
values of xpbeing investigated. It shows the curves mergingveen = 0.001 andg= 0.3502. Since the effect ofgis
unnoticed, it thus means that it has no effect mssure distribution during the infinite — actingw period. During this
period of flow, the dimensionless pressure cun@eases infinitely with time with a slope of 1.15khis 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 with infinitesie with fluid flowing radially into the well borgom all directions. Since
the influence of the boundary has not been feltha time, near well bore characterization is passiand clean oil
production guaranteed. Furthermore, it can be robdethat the curves seem to separate apart frai ether as the
reservoir undergoes its first transition betweer 0.3502 andst= 0.398. It is observed during this period, there is an
obvious change in the dimensionless pressure asaiue of xpincreases. The curves further separate as thevoéser
undergoes another transition, this time, to pseudteady state. As can be seen from the curveglittiensionless pressure
distribution tends to reduce as the value gincreases during these periods. The transitiorogserare desired because they
delay, to some extent, the attainment of pseudizady state, thereby preventing early rapid depietif the reservoir. As
the transition flow recedes over time, pseudo -adstestate flow becomes prevailing, indicating théuence of all
boundaries on pressure distribution. It can be miesefrom the dimensionless curves that the presdistribution increases
rapidly at late — time. However, the rate of dapletiecreases aggincreases and vice versa.

The reservoir pressure response is quite noticéabhe dimensionless pressure derivative curveatlmse hidden features in
the dimensionless pressure curves are clearly lexveBigure 2 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 representatinrthe dimensionless pressure curves. During teedus— steady state
flow, it is observed that the dimensionless pressierivative curves merge with characteristicalifhwhe dimensionless
pressure curves and increase at a constant rate.

2. 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 varyg

The reservoir lateral point coordinates being éhfa the third set of wellbore and reservoir pagtens 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 3. below on the log-log afos the second set of parameters while varyigg x
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Figure 3: Dimensionless Pressure and Dimensionless Pressuiealive plots for Lateral Point Coordinate Values

On the dimensionless pressure plot, as seen inrd=iguabove, from early time to late time the curaes seen to rise
gradually with no distinct separation between theves. On the dimensionless pressure derivatives,pad early time, a
straight horizontal line trend develops with a eabf 0.5, and then gradually rises forming a uigips straight line at later
time. No distinct separation is seen between tieesufor the different values offtom 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 effec the pressure response
of a vertical well in a bounded reservoir.

16.0 Conclusion

The pressure behavior of a vertical well located ibounded reservoir has been studied.Pressurensespwere generated
using mathematical models which were developedtiameffect of lateral extent and lateral point cloate on the pressure
behavior has been investigated. From the resultseofnalysis, the following conclusions were drawn

1. Infinite — acting flow period is unaffected by tlaeral extent of the reservoir. However, reserdeipletion during
late time reduces with increasing lateral extent.

2. Pressure behavior is unaffected by the lateral tpodordinates throughout all the flow regimes. Tdieect
implication of this is that late and early time guations cannot be differentiated by the effectsheflateral point
coordinates in a vertical well located in a boundeskrvoir system.

3. Infinite — acting flow period subsists for a longé for as long as flow is close to the well bore.

4. Situating the well far away from the boundariesagislthe attainment of pseudo — steady state.
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