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Abstract

A pressure drop model is a vital tool used by thleamd gas industries to predict the
performance of any wellbore system and this is wadlcumented in the literatures. It
is critical therefore to evaluate energy potentiaf every well drilled in a reservoir and
this defines the life span of the well as well && treservoir system.

In order to evaluate the performance of a well, tgeometry will play a significantly

role especially for a deviated well. In this studievelopment of analytical approach is
adopted to investigate pressure drops behavior iavidted wells. It presents
formulation of a new mathematical model to predigressure drops in deviated
wellbores. The existing pressure drop models werified to accommodate multiple
well geometries such as build-and-hold, build-hadekd-drop, and continuous build.

The modified model enabled efficient assessmenthaf effect of pressure drops on
deviated wellbores. It can therefore be used to lgpa the performance of any
deviated wellbore system which will further enhancthe effective pressure
maintenance in the well?.
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Nomenclature

A=tubing cross sectional area® ft,L_7 = fluids mixture density, Ib/cuftAP= pressure drop in pipe, psi
H, =pressure head loss, psFdiquid flow rate, bbl/dag= inclination angle, degree

L=tubing length, ftvV= fluids velocity, ft/g = lead angle, degree

d=tubing internaldiameter, in P= pressure, psi; = build rate, degree/100ft

F.= force due to Shear Stress, Ib g= acceleratiortalgeavity, ft/$ L,= measured depth for well vertical section, ft
Fy= force due to gravity, Ikg unit conversion for acceleration, 32.1;741b-s* [ p = drop rate, degree/100ft

F= force due to friction, IhZ= change in TVD, ft k= measured depth for well build section, ft

f = fanning friction factorp= fluids viscosity, cpkE measured depth for well tangent section, ft

Ngre= Reynolds Number 1= shear stress, Ibfft ,=measured depth for drop section, ft

1.0 Introduction

It is critical to know the energy required to trpag fluids from its original location at the battoof the well to the surface
along the tubing. This energy required must beigafit to overcome friction losses in the wellbaystem and to lift
reservoir fluids to the surface.The equations presk by Beggs and Brill [1] apply to flow in a pi@g any angle of
inclination. The method has been found to sligbtrer predict pressure gradient in vertical wellséme cases. However, it
gives good results for pipeline calculations. Aeh¢P] also used the program called MONA to reprapecessure drops
measured in Prudhoe Bay field surface lines. Thesalts were compared with those from the combimedels formulated
by Beggs and Brill [1], Dukler[3] and Eaton [4]aitdwas discoveredthat the former performed slightter than latter.
Hassan and kabir [5]proposed a model that is tadeel especially for directional or deviated wellse model predicts the
flow pattern and the pressure gradient. A numbeawthors [6-10] presentedothermethods eitherexgeriatly or semi
theoretically in order to analyze the energy equmti

The energy losses or pressure losses must thereommnsidered during the transportation of fluadtsng the tubing to
ascertain the amount of energy the system musttodve at its optimum performance. This insight\a$t for efficient
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decision making in the areas of custody transfdraso to reduce the uncertainties in future ecooaifthe well

Well performance models are vemssential in many activities such as well desigrgdpction optimization, fiell
development, and reservoir management. A reliafiieazcurate well performanceodel is crucial for these tas [11].
From this excerpt, it is further reaffirmed that ttorsideration of the wellbore performance model ital ool for reservoi
pressure maintenance. This study presents a maticahraodel to investigate the pressure drops biehav deviated wells

2.0 Problem Description

A Field with an existing welis to be developed with more wells. In order whiave this, it was discovered that o
deviated wells can be drilled to maximize the resgrgiven the Geology of the Formation. The bigstjoe is what type ¢
deviated well will be suitable to maxip@ the reserves by considering pressure manageniénte”

3.0 Research Objective
The primary objective of this research is to depedomathematical model of pressure drops for theetlstandard existir
trajectories such as build-and-hold, buildid-and-drop, andcontinuous build in literatures [12].

4.0 Methodology

The problem of pressure maintenance culture of rdservoir if drained with deviated wellbores wasdadsed b
considering the pressure drop issues in the walofthe three selected standard existing trajectofedid-and-hold,
build-hold-anddrop, and continuous build) in literatures[12]. Amalytical approach was adopted to develop a maitiesh
model of pressure drops for each of the aforemeatidrajector. Developed model is homogene-flowmodel because it
treats multiphase flow as a homogeneous mixturedaed not considered the effect of liquid holdugp)dor fluids upward
movement.

This model was developed from first principle usBernoulli’s equation for fluids flow in pipes aedmbined with suc
correlations as Darcy weisbach’s equation for hes&ldue to friction in pipes, Reynolds’s equafionturbulent flow, Shar
stressimpacting on the wall of the pipe during turbuldialw, volumetric flow rate, inclination angles frothe wellbore:
trajectories, and trajectories measured de

The developed pressure drops model was modifieddon of the selected trajectc

A

5.0 Physical Model Descriptior
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Figure 1: Diagrammatic representation of bi-and-hold Figure 2: Diagrammatic representation of bi-hold-and-
Trajectory drop trajectory
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Figure 3: Diagrammatic representation of continuous builgetery

Figures 1, 2, and 3 illustrate typical deviatedlsvahd their geological paths ttconvey fluids from the bottom of the wi
to the surface.

L= measured depth of surface (vertical) sectiomeftell, fi

L,= measured depth of build section of the we

L= measured depth of tangent section of the w

L,= measured depth dfop section of the well,

Xs=horizontal departure, ft

AZ =True Vertical Depth(TVD), ft

0 = angle of inclination,degree

¢ = angle between build section and TVD (lead angleyre:

6.0 Model Assumptions

The following assumptions were made durine model formulation:

The density of the fluids in the pipe is cons

Multiphaseflow system is adoptt

The fluids are taken as homogeneous mi:

Turbulent flow regime is considered to avoid fluidading at the toe of the we
The temperature of theystem is constal

No liquid holdup (slip) for upward moveme

Steady state flow in pipes is adopt

NogkrwbE

7.0 Model Description
Using the existing correlations and principles shomvequation (-5) to develop the pressure drops model, it wavddras

5171x10° fLpog, 1, 7102x10°p0q.°g,  pAZ
g d*g g 1)

Equation (1) shows the generalized model that veagldped for this analytical study. A stepwise fakation of the mode
is shown imppendix A. furthermore, equation (1) was modified for eachecconsidered; giving rise to equations (7),
and (9) for build-and-hold, build-hold-afdtop, continuous build trajectories respectively.
Equation (1) was actualized with the help of someeatations and principles, these .
()Bernoulli's Equation[13]
The equation is for Fluids flow through Pig
2
P + Ve +Z —H  =constant )
M 29
(i) Darcy Weisbach's Equation[14]
The equation is for Head Loss due to Friction fluid=flow through Pipes.

1447P =
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2
b o MLV

" 2dg
(i)  Volumetric Flow Rate Equation
This equation describes the volume of fluids beragsported at a particular time.
q= AV (4)
(iv) ReynoldsEquation [15]
This equation is for Reynolds Number for turbuléonyv.

®3)

9280Vd
NRe =__"r -
)
(v) Shear Stress Equation
The equation describes the force impacting on tladl ¥f the Pipes by the fluids
96Vu
r=———
d (6)

8.0 Modified Models
The modified models are shown below:

Q) Pressure Drops Model Build-and-Hold Trajectory

L440P = 5171510+ P9 T8, _ 7102*10°* pg’g, _ p(L,+L,COSp+L,COSH)
grd? gd* g,

(2) Pressure Drops Model for Build-Hold-and-Drop Trajedory

(7)

5171x10° fLpg, 19, 7102x10° pq,°g _ p(L, + L, cosp+ L, cosd + L, cosy)
md’g d*g g ®)

3) Pressure Drops Model for Continuous Build Trajectory

5171x10° fLog, 19, 7102x10°pg, g p(L, + L, cosp)
pd*g d'g 9.

144AP =

144AP =

©)

9.0 Conclusion
The following observations have been obtained ftoisistudy:
(1) A modified pressure drops model for thethree ttajges was successfully developed.
(2) The designed model allows for efficient decisiorking in the areas of custody transfer.
(3) The modified models allow for proper pressure eatidun of any deviated wellbore.
(4) Efficient reservoir pressure maintenance can beaet with this model.
The observations obtained from this study show ttiatmodified pressure drops model developed haslnghe conditions
assumed during the formulation.

10.0 Appendix A: Model Formulation for Pressure Drop in the Tubing.
The sum of all the forces acting on a particulatiea of the tubing in the wellbore is equaled ¢oaz

> F +F+F =0 AL)

Bernoulli equation for fluids flow through pipesdensidered for building conservation of energyfrihis section of tubing
where all the forces are acting:

P V?

—+—+Z —H =Constant (A-2)

p 29
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2 2
"= (&_&Hv_l v 2j+(zl—zz) =
e s Ree 29 29

2
H = E + av + /A7 (A-4)

A 29
From Darcy weisbach equation for Head Igglst) due to friction for fluids flow through pipes
_ fLV 2
L= ﬁ

2 2
fLv = ﬁ + V— +AZ (A-5)
2dg A 29

From volumetric flow rate, g=A.V,

b= flLog, _ ,.°

= - o\Z - (A-6
2dgA®  2gA? P o
Considering Reynolds number for turbulent flow ipgs:
_9280vd
NRe -
Y7
2 2
_ fLogu i _,0qu — ph\Z (A-7)
2NgotOA" - 20A
928pV
Considering shear stress on the wall of the tulngurbulent flow in pipes:
_96vu
71 =—
d )
2.2 2
. 4.83pr2qu d ,oqL2 — o7 (A-8)
N gt/ QA 20A
2. 2 2
AP = 77.33f|2_,0 gL T _ 8,0g|| - phZ (A-9)
N u°gd®r  gmd
-5 2 2 -2 2
Ap = 2718x107 flp®qu'r _ 7102x107 pq. - pAZ (A-10)

Neots’d g gd’
Divide through with unit conversion for acceleratidue to gravityg .= 3217lb, - ft/Ib—s?
5718x10°° fLp’q.’rg, 7102x10°p0.°g, pAZ
N gett*d’g ) gd* )
V =0.01192y, /d?
5171x107° fLpqg, 1, _ 7.102><10_5,0qugC iV
wd*g d*g de (A-12)

Appendix B: Model Formulation for the Three Trajectories

Case One:Build-and-Hold Trajectory
180

R = (B-13)
T

144AP = (A-11)

1447P =
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tana = (Xs-R) (B-14)
(Az,-nz,)
a=tan? N R (B-15)
AN, -AZ,
LB =90-a (B-16)
£ =90-tan™ X~ R (B-17)
AN, -AZ,
sSinQ = R (B-18)
J(Xs-R) +(az, -2,y
Q=sin™ R (B-19)
\/(Xs - Rl)2 + (AZ3 _AZ1)2
y=90-sin™ . R . (B-20)
\/(Xs_Rl) +(A23_AZ1)
6=180-(B+y) (B-21)
6 = tan-{ﬂj +sin™ - R . (B-22)
Az, -AZ, \/(Xs - Rl) +(AZ3 _AZ1)
L, =AZ, (B-23)
6
L, = B-24
27 g ] (B-24)
L = AZ,(AZ, + R siné) 525
cosd
@= tan'l(cgse) (B-30)
sin@
AZ, =L,cosg (B-31)
AZ, =L,cosf (B-32)
Z=N,+AZ,+NZ, (B-33)
Z=1L,+L,cosp+L,cosd (B-34)
a0 *10°* A2 el
Laap = 517110+ L0, _ 7102*10° % pfg, _ p(L,#L,COSp+L,COSY) o o
o gd dc
Case Two:Build-Hold-and-Drop Trajectory
A single equation for hold inclination proposedWwjggins et al [16]
180
= B-36
R 0, (B-36)
180
= B-37
R, 7, (B-37)
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R=R +R, (B-38)
TVD =AZ, -AZ, (B-39)
X=X,-R (B-40)
L=yTVD2+X2-R? (B-41)
6= sin‘l[(wsz)f EXL} (B-42)
L, = Dg (B-43)

B

— + I

L= AZ, (ACZc;gRlsmH) -
L, = Dg (B-45)

D

AZ, =L, (B-46)
AZ, =L,cosg (B-48)
AZ, =L,cosd (B-49)
AZ, =L, cosg (B-50)
Z=NZ,+NZ,+NZ,+1Z, (B-51)
Z=1L,+L,cosp+L,cosf+Lcosy (B-52)
-6 -5 2
Laapp = 571X 1’L(1)OI 2;L,oqugc _ 7102x;?g %9 p(L +L, cos¢)+gL3 cosé +L,cosp) 6.53)
Case Three:Continuous Build Trajectory
_ 180
R = e (B-54)
B
a=tan* X ~R (B-55)
AZ,-NZ,
[ =90-tan™ X, R (B-56)
ANZ,-NZ,
6+ [£3=180 (B-57)
9=90+tan X3~ R (B-58)
AZ,-NZ,

L, = DH (B-59)

B

X3

tang= (B-60)

NZ,-NDZ,
AZ, =L, (B-61)
AZ, =L, cosg (B-62)
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Z=L +L,cosg (B-63)
-6 -5 2
Laapp = S0 fLpa 1y, 7102x10° /g _ p(L, +L, cosp) B-64)
=g d'g 9
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