LMNIVERSITI
TEKNOLOGI
PETROMNAS

NUMERICAL MODELING OF PRESSURE DROP IN SUBSURFACE SAFETY
VALVES

By
JAMALIATUL MUNAWWARAH MOHD ALISJABANA
(11544)

SUPERVISOR: MR. MOHAMMAD AMIN SHOUSHTARI

Dissertation submitted to the Petroleum Engineering Programme
in Partial Fulfilment of the Requirements
for the Bachelor of Engineering (Hons) Degree in Petroleum Engineering
on May 2012

Universiti Teknologi PETRONAS
Bandar Seri Iskandar,
31750 Tronoh,

Perak Darul Ridzuan.



CERTIFICATION OF APPROVAL

NUMERICAL MODELING OF PRESSURE DROP IN SUBSURFACE SAFETY
VALVES

By
JAMALIATUL MUNAWWARAH MOHD ALISJABANA
(11544)

A project dissertation submitted to the
Petroleum Engineering Programme
Universiti Teknologi PETRONAS

A partial fulfillment of the requirement for the
BACHELOR OF ENGINEERING (Hons)
(PETROLEUM ENGINEERING)

Approved by,

(Mohammad Amin Shoushtari)

UNIVERSITI TEKNOLOGI PETRONAS
TRONOH, PERAK
MAY 2012



CERTIFICATION OF ORIGINALITY

This is to certify that 1 am responsible for the work submitted in this project, that the
original work is my own except as specified in the references and acknowledgement,
and that the original work contained herein have not been undertaken or done by

unspecified sources or persons.

JAMALIATUL MUNAWWARAH MOHD ALISJABANA



ABSTRACT

This report will present on the research done for the project entitle “Numerical Modeling
of Pressure Drop in Subsurface Safety Valves.” The project objective is to develop a
numerical model that could determine the pressure changes across the Subsurface Safety
Valve (SSSV) by using Wolfram Mathematica software. By having this numerical
model, we are also able to run sensitivities on the parameters that could affect the
pressure drop. It is hope by having this project, a dynamic control over the SSSV can be
achieved as a function of fluid flow parameters. In this report, literature review is done
on the introduction to SSSV and how it is operated, the flow behavior and also on the
concept of pressure drop in SSSV. Project methodology and activities have been
designed and the milestone for this project has been planned. The mathematical
procedures and the program code flow chart are also included in the report. This report
also presents the single and two phase flow computer code that has been completed and
also the results and analysis of the sensitivities run on the parameters that could affect
the pressure drop across the SSSV. In conclusion, the project has been successfully

completed and it is hope that this project is able to be applied in the industry.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

In every field either offshore or onshore, it is necessary to have an adequate and reliable
safety system. A good safety system will protect the increasingly high capital investment
in equipment and structure, protect the environment against ecological damages which
could occur, prevent the unnecessary waste of our natural resources, and most important

of all, to protect the lives of people working in the area itself, (D.N.Hargrove).

In most offshore producing well, Subsurface Safety Valve (SSSV) is installed as per
required by law and is one of many devices available for well fluid containment. SSSV
is designed to prohibit the flow of the producing well in the event of disasters such as
explosions or fires, excessive pressure in and flow from the producing zone, leaks or
tubing failure above well completion zone or failure of surface safety system. As (James
Garner, 2002) says that by working properly when other system fail, SSSV is the final
defense against the disaster of uncontrolled flow from a well.

According to (James Garner, 2002), the first safety device to control subsurface flow
was used during the mid-1940s in US inland water. The valve was deployed only when
needed that is when a storm was expected. The valve was dropped into the wellbore and
acted as a check valve to shut off the flow if the rate exceeded a predetermined value. It
was then retrieved by using a slickline unit. The use of SSSV only become prominent
when the state of Louisiana passed a law in 1949 which requires an automatic shut-off

device below the wellhead in every producing well in its inland water.

‘Modeling’ is defined by (Taitel, 1995) as a kind of approximations in which the physics
of the problem is approximated and formulated in a format tractable by analytical or

1



numerical means. By using modeling, one tries to simplify the problem to the extent that
it could be analyzed with reasonable efforts. The more elaborate the description of the
problem, the more elaborate and difficult the formulation is. In solving engineering
problems, one will usually choose the least elaborate model that could still satisfy the

requirement for accuracy.
1.2 Problem Statement

In oil and gas industry, it is important to have an optimized production of oil and gas
wells. Production optimization can be defined as an optimum analysis and
comprehensive investigation of well production systems to maximized hydrocarbon
recovery while minimizing the operating cost. In order to have an optimize production;
the whole production systems are needed to be optimized, so that they could perform
efficiently. This can be done by performing production optimization at different levels
such as well level, platform / facility level or field level. This project will focus on

optimizing one of the components in the well level which is the SSSV.

The SSSV must function properly throughout the exposure to a wide range of
temperature and pressures. As the reservoir and the flow is a dynamic entity, we would
not be able to predict its behavior all the time. At times, the production conditions may
exceed expected performance, (James Garner, 2002) which then will affect the SSSV.

Therefore, a proper management of SSSV is required to overcome this problem.

A proper management of SSSV should start in the beginning of designing the SSSV so
that the SSSV could work efficiently from the first day of its installation. Through
proper management of SSSV, it allows us to estimate the pressure traverse across the
valve as well as the well production rates that are necessary for SSSV valve closure. The
consequences of improper management of SSSV are significance as it could cause the

lost in production and also loss of well protection.

At the moment, there is no unique method in having a good management of the SSSV.

However, the correlations that could be used in predicting pressure drop across a SSSV



in single and multiphase flow have been developed. This prediction method can also be

used in determining the correct sizing for the choke.

This project aims to develop a numerical model by using the developed correlation to
determine the pressure changes across the SSSV with hopes to have a better

management of the SSSV.
1.3 Objectives
The objectives of this study are:

e To develop a numerical model that could determine the pressure changes in
single and two phase flow in SSSV by using Wolfram Mathematica software.

e To run sensitivities on the parameters that could affect the pressure changes in
SSSV.

1.4 Scope of Study
The scope of study includes:

e Understanding of SSSV and how it works

e Understanding the concept of flow behavior — critical and subcritical flow

e Understanding the concept of pressure drops

e Deeper understanding on the developed mathematical correlations in calculating
the pressure changes in SSSV

e Familiarization with Wolfram Mathematica software in order to develop the

computer code for the model.



1.5 Relevancy of the Project

The study will produce a numerical model that could calculate the pressure drop in
SSSV focusing on subcritical flow in single or two phase flow. With the model,
determination of the pressure changes across the SSSV in different phases of flow can be
done easily. Besides, the parameters that could affect the pressure drop across the SSSV
can be determined. Furthermore, this model can also be used during the designing part of
the SSSV. Through this modeling work, it is hope that a better management of SSSV can

be achieved.
1.6 Feasibility of the Project within the Scope and Time Frame

With careful planning and full dedication in conducting this research, the project are able
be completed within the given times of 8 months. During FYP 1, it is required for the
student to complete the research on the project topic, the understanding on the
mathematical formulation and the familiarization of the Wolfram Mathematica software.
For FYP 2, the focus should be on developing the numerical model and to run
sensitivities on the parameters that could affect the pressure drop across the SSSV.
Following is the analysis and interpretation of the results. The cost for this project is
affordable as the student only have to purchase Wolfram Mathematica to complete the

project.



CHAPTER 2

LITERATURE REVIEW

In order to complete the project, it is important to understand the mechanism of the

SSSV, the flow behavior and the concept of pressure drop.
2.1 The Principle Work of SSSV
2.1.1 Categorization of SSSV

According to (James Garner, 2002), safety valve is a simple device that most of the time
it is open to allow the flow of produced fluid but in an emergency situation it is
automatically closes and stops the flow. (Purser, 1977) has categorized SSSV into
Surface-Controlled SSSV (SCSSV) and Subsurface Controlled SSSV (SSCSV). Figure 1

summarized the categorization of SSSV.

Subsurface Safety Valve

Subsurface Controlled Surface Controlled

—  Closes automaticallyata — Closes by virtue of hydraulic,
L predetermined mass flow J pneumatic or electrical signals sent
rate through the valve to it through appropriate control
lines from a control system at the
(Source: Purser, 1977) surface

v W
Velocityor
differential Pressu\:’:l\?::uated Wireline Retrievable Tubing Retrievable

controlled valves

(Source: Brown, 1984)

Figure 1 Categorization of SSSV



SCSSV is operated from the surface facilities through a control line that is tie in to the
external surface of the production tubing. It is the most widely used as it is a more
reliable method. SCSSV operates in a fail-safe mode with hydraulic control pressure
used to hold open a ball or flapper assembly that will close if the control pressure is lost.
From Figure 1, the two basic types of SCSSV are tubing retrievable and wireline
retrievable. In tubing retrievable, the entire safety-valve component is run as an integral
part of the tubing string and can only be retrieved by pulling the tubing. While in
wireline retrievable, the valve nipple is run as an integral part of the tubing and the

internal valve assembly can be subsequently run and retrieved by using slickline.

SSCSV is designed to remain open provided either a pre-set differential pressure
occurring through a fixed size orifice in the valve is not exceeded or the flowing
bottomhole pressure is maintained above a pre-set value. The valve will close when
there is any increase in the differential pressure which causes the force of the spring to
close the valve. There are two basic operating mechanism of SSCSV. There are velocity-
or differential-controlled valves and pressure-actuated valves, (Brown, 1984). Velocity-
or differential-controlled valves are operated by an increase in fluid flow while pressure-

actuated valves are operated by a decrease in ambient pressure.
2.1.2 Valve Closure Mechanism

Valve closure mechanism is based on a simple force balance principle. The safety valve
is held open by the spring and seal gripping forces which together are greater than the
opposing resultant well fluid forces generated by normal production rates, (H.D.Beggs,
1977). When the production rate is higher than normal and the net well fluid forces
become great enough to overcome the spring and seal gripping forces it will then actuate
the valve closure. The mechanism will be explained in more details at the end of this

section.

The common key feature of early subsurface safety valve is the use of different valve
closure mechanism design such as ball and flapper valves. A ball valve is a sphere with a
hole through it which allows the flow of fluid through the valve when the hole is aligned

with the tubing. The flow of fluid will stop when the ball is rotated 90° which places the

6



solid part of the ball in the flow stream. Figure 2 shows the schematic diagram and a real
ball-type safety valve.

CLOSED

BALL-TYPE CLOSURE

Figure 2 Schematic diagram and picture of Ball-type valve

While the more common flapper-valve design acts like a door. A flow tube moves in one
direction to push the flapper open to allow flow through the valve. Moving the flow tube
back from the flapper allows a torsion spring to close the valve and block the flow.
Figure 3 shows the schematic diagram and a real flapper-type safety valve.

CLOSED

FLAPPER-TYPE CLOSURE

Figure 3 Schematic diagram and picture of Flapper-type valve

In SSCSV, the restriction in the flow path is held open by a spring. The pressure below
the restriction is P; and that above is P,. These pressures act on the exposed faces of the

piston, creating a pressure drop to close the valve. When the fluid flows upward, the



constriction creates a pressure differential that increases the closure force. As the spring
is pre-set for a specific flow rate, when the flow rates reaches the critical rate, the piston
will moves up, releasing the flapper to close and stop the fluid flow. The mechanism
explained above is illustrated in Figure 4.

Flapper

Figure 4 Typical subsurface-controlled safety valve operation, (James Garner, 2002)

For a SCSSV, the activation is no longer depends on downhole flow conditions. It is
design normally as a closed valve with the spring force, Fs acting to push the piston
upward and release the flapper to close the valve. Control pressure that is transmitted
from surface through a hydraulic-control line act against the spring to keep the flapper
valve open during production. The opening force Fy is generated by the ring-shaped area
between the piston and the valve body that the hydraulic pressure acts upon. The

mechanism explained above is illustrated in Figure 5.



Hydrafic-control fne

— Vale
sprng

» = = = =
Tt = :.':‘)‘ 3

B — Flow tube
and piston Pow

Figure 5 SCSSV Operation, (James Garner, 2002)

2.2 The Flow Behaviors

In compressible flow, we can recognize two regions of different behavior depending on
the Mach number. The Mach number, M is defined as the ratio of the fluid speed to the
local speed of sound. When the flow velocity is smaller than the local speed of sound
and the Mach number is smaller than unity (M < 1), this flow region is called subsonic
(or subcritical). Meanwhile, if the flow velocity is greater than the local speed of sound
and the Mach number is greater than unity (M > 1); the flow region is defined as
supersonic (or supercritical). Sonic (or critical) flow region is the limiting condition that
separating the two flow regions which happened when the velocity of gas is
approximately equal to the local speed of sound and the Mach number is equal to unity
(M =1).



There are two types of two-phase flow that can exist in a restriction. There are critical
and subcritical flows. In a report by (R.Sachdeva, 1986) stated that when the flow rate
through choke reaches a maximum value and the velocity of fluids reaches sonic
velocity, the flow behavior will become independent of conditions downstream from the
choke. This situation can be demonstrated by the changes or disturbance in downstream
condition such as decreasing the downstream pressure will not change the condition in
the upstream where it does not increase the flow rate. This statement is also supported by
(D.W.Surbey) and (J.P Brill, 1999).

(D.W.Surbey) defined subcritical flow as flow across the choke where the flow rate is
affected by both the upstream pressure and the pressure drop across the choke. The
velocity of the fluids through the choke is less than the sonic velocity. This condition can
be demonstrated by increasing the downstream pressure which then will affect the flow

rate and upstream pressure.

According to (Beggs, 1991), in order to distinguish between critical and subcritical flow,
the rule-of-thumb which states that if the ratio of downstream pressure to upstream
pressure is less than or equal to 0.5, then the flow will be critical can be used. This is a
closer approximation for single-phase gas than for two-phase flow. Usually the critical
pressure ratio in two phase flow used by engineer is either 0.6 or 0.7. However, the
research done at Tulsa University has shown that the ratio must be as low as 0.3 before
the flow is considered critical.

The main purpose of choke is to control flow rate, therefore choke will usually be sized
so that critical flow will exist. As for SSSV which its main task is to shut in the well
when the wellhead pressure becomes too low, it is designed and sized for minimum
pressure drop so that it will be operating in subcritical flow. This project is also focusing

on subcritical flow in a SSSV.
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2.3 The Concept of Pressure Drop

This section will explain the concept of pressure drop in production system and pressure
drop in SSSV.

2.3.1 Pressure Drops in Production System

The production system is referred to as the combined system of the reservoir, the
wellbore and the surface treatment facilities. To produce the oil from the reservoir to the
storage tank, the oil has to flow through a variety of restrictions which will consume
some of the energy stored within the compressed fluids. These energy losses can be

represented by the pressure losses.

A loss in pressure will occur within the fluid firstly when the oil has to flow through the
reservoir rock to the drainage area of the individual wells. This pressure loss is known as
reservoir pressure drop or drawdown. Reservoir pressure drop is principally dependent
upon the reservoir rock and fluid characteristic such as reservoir’s porosity, permeability

and the fluid viscosity.

The fluid then has to be able to leave the formation and enter the wellbore at the junction
between the reservoir and the individual wellbore. Therefore, a major completion
decision on how the fluid connectivity between formation and wellbore is to be provided
has to be made. In some cases, the fluid will be produced through open hole, while
others through perforated liners. The pressure drop generated by the perforations and
other near wellbore completion equipment is known as the bottomhole completion
pressure drop. This pressure drops will be dependent on the number, location and

characteristics of these perforations that will influence the fluid flow.

Once inside the wellbore, the fluid will need to flow upward in the production tubing
string through various sizes of tubing and restrictions that is caused by other completion
string components resulting in pressure losses of the fluid between the bottomhole
location and surface. This pressure drop is referred to as completion string or vertical lift
pressure drop. This pressure loss is attributable to 3 primary sources which are frictional

pressure loss, hydrostatic head pressure loss and kinetic energy losses.

11



Frictional pressure loss is causes by the loss associated with viscous drag. While
hydrostatic head pressure loss is due to the density of the fluid column in the production
tubing. Kinetic energy losses are due to expansion and contraction in the fluid flow area
and also the acceleration or deceleration of the fluid as it flows through the restrictions.

Once the fluid arrives at the surfaces, it will then flow through the surface equipment
and flowline giving rise to additional pressure loss. The extent of these pressure losses is
depending upon the operating system being minimal for a small platform with small
flowline lengths or being significant for offshore wells or onshore wells that have great

distance from the production gather stations.

Figure 6 summarized the pressure losses that occur in a complete production system.

——» SALES

APg = (Pyh- Psep)——_>|

B ! GAS LINE
HAPG'(PDSC'Psep)/'
- SEPARATOR
| <] SURFACE CHOKE LIQUID STOCK
== g OP5= (Pyn=Fosc) —=—7/—  TANK
Z (L T 7 74
AP = (Rsy~Posc) _EJ/E
—{ PUSV =
" AP, = P, - =
e | r - Pufs = LOSS IN POROUS MEDIUM
ot
b= = g AP, = Pyufs~Pyf = LOSS ACROSS COMPLETION
P - " "
wf~Fah OPy = Pyp~Ppg = RESTRICTION
BOTTOM HOLE OPy = Py-Ppsy = " " SAFETY VALVE
RESTR‘CT'ONi b OFg = Ryh=Posc = " SURFACE CHOKE
AP = B DR 1
(pui-pDR) i BPg = Posc-Psep * IN FLOWLINE
Ik AP, = Pyt -Pyp = TOTAL LOSS IN TUBING
OPg = Pyp~Psgp = " “ " FLOWLINE
= /: ow/%DWfs Pe

Pa il ) J
APZ = (ows'ow)_H I‘“"AP| =(Pr —PWfS)

Figure 6 Pressure losses in complete production system
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2.3.2 Pressure Drops across SSSV

The principal losses in the well system do not usually occur in the restriction but it could
be significant in some well too. The three main types of restrictions are SSSV, surface or
bottomhole chokes and valves and fittings.

When SSSV is chosen as a node in the nodal analysis, the upstream of the SSSV is a
combination of the Inflow Performance (IPR) curve and the vertical multiphase pressure
drop from the bottom of the well to the bottom of the SSSV. While the downstream of
the SSSV will include the horizontal and vertical multiphase pressure drops from the
separator to the top of the SSSV. According to (Beggs, 1991), the inflow and outflow

expressions are:

Inflow:

Pp — AR5 — APtubing petow — DPsssy = Pnoge

Outflow:

Psep + APflowline + APtubing above = I'node

The pressure loss across a restriction in subcritical flow such as choke or bean in SSSV
is proportional to the flow rate of fluids through the restriction, (H.D.Beggs, 1977).
Therefore, the higher the flow rate, the greater the pressure loss.

2.3.3 Research Works Done on SSSV

According to (J. David Lawson, 1974), the APl computer programs are able to predict
the pressure drops but only for single phase gas or single phase liquid flow as it uses the
pressure drops correlations based on single phase theory. However, most SSSV will be
operating under multiphase flow conditions. Therefore, it is needed to develop the

pressure drop correlations that are valid for multiphase flow.
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As a result the API Offshore Safety and Anti-Pollution Research (OSAPR) Committee
has therefore funded a few projects at the University of Tulsa dealing with the
determination of SSSV behavior in the presence of multiphase fluid flow. The purpose
of this research is to develop correlations for predicting pressure drop across SSSV
occurring during multiphase flow as a function of variables such as gas and liquid flow

rate, bean or choke size, gas-liquid ratio and average pressure, (H.D.Beggs, 1977).

This Final Year Project (FYP) will be focusing on the development of numerical model
of the pressure drops across the SSSV by using the correlations from the researches done
by University of Tulsa. Besides that, this project will also analyze the parameters that
could results in the changes in pressure drops which will be discussed in more details in
Chapter 4.

14



CHAPTER 3

METHODOLOGY

3.1 Research Methodology

v

Figure 7 Research Methodology Flow chart
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3.2 Key Milestone and Project Activities Gantt chart

Table 1 Gantt Chart of FYP 1 Project Implementation

FYP1 Briefing

Topic Selection
Preliminary Research Work:
Studies fundamental concept

of project
Proposal Defence Report .
Submission

Proposal Defence (Oral

Presentation
Project Work Continues: In
depth studies on pressure
drops in SSSV
Familiarization with Wolfram

Mathematica Software
Preparation for Interim

Report
Draft Interim Report .

Submission

Mid Semester Break

Interim Report Submission .

. Submission Date
Process

Legend:

Table 2 Gant Chart of FYP 2 Project Implementation

Preparing the computer code
using Mathematica software
FYP2 Briefing
Preparation for Progress
Report
Progress Report Submission

Run sensitivities, analysis of
results & discussion of
Pre-EDX combined with
seminar & Poster
EDX
Submission of Draft Report
Submission of Dissertation
(softbound)
Submission of Technical Paper

Mid Semester Break

Final Oral Presentation

Submission of Hardbound
copies

Submission Date
Legend:
Process
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3.3 Calculation Procedures

The project will be focusing on the calculation of pressure drop in SSSV in single-phase
and two-phase in subcritical flow. Below are the calculation procedures for both phases

of flow:
3.3.1 Single-Phase Flow

The equation was published by the API® for gas flow (single phase):

b _p, 1048 107%y,Z;T1q%(1 - B%)
1~ 2=
P d*Ciy?

Equation 1

API suggested using the discharged coefficient, Cq at 0.9.
The equations for all parameters in Equation 1 are as follow:

I.  Equation for gas specific gravity, yg:

_ pgZT
Y9 =327p

Equation 2

Il.  Equation for gas compressibility factor, Z;
There are a few methods that can be used to estimates gas compressibility
factor namely Standing and Katz chart and Brill and Beggs (1974)
correlation. For developing the numerical model in this project, the Brill

and Beggs correlation is to be used.
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A=1.39(T,, —0.92)"* -0.36T,, —0.10 (2.28)
0.066 ,  032p%
B=(0,62-0.23T +| ———-0.037 |p%, + (2.29)
( pr}Ppr [Tpr—ﬂ.ﬂﬁ )Fpr lﬂE
€ =0.132-0.3210g(T},) (2.30)
D=10" (2.31)
E=T, -1) (2.32)
F =0.3106-0.49T,, +0.1 3241";, (2.33)
and
1-A
z=A+ "-;E— + Cp;]r (2.34)

Figure 8 Excerpt of Brill and Beggs (1974) correlation from (Dr. Boyun Guo, 2005)

I1l.  Equation for Beta Ratio, :

Ol &

B =

Equation 3

>

IV.  Equation for expansion factor, Y:

P1—P2]

Y =1-[0.41+ 0.358%] P
1

Equation 4

Determination of expansion factor is iterative. The value ranges between

0.67 and 1.0. For quick estimates, the default value of 0.85 is often used.
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V.  The equation for ratio of specific heat of gas, k:

=_P
k_C,,

Equation 5

Overview of parameters involve for 1 phase Gas Flow
1048 X 10%y,Z, Ty1q2.(1 — B*)
P1— P2 pld“CjYz
Ve z B Y
| | | |
T|:|r PDF E' k
I s I s N s B
Pg Z T Toe P Poc d D C, Gy

Figure 9 Overview of parameters involve for 1 phase Gas Flow

3.3.2 Two-Phase Flow

A research project sponsored by the API at University of Tulsa that was designed to
improve the equation for sizing SSSV’s operating in two-phase subcritical flow. The

equation for pressure drop is:

1.078 x 10~*p,, V2,
P1 - PZ = Cd

Equation 6
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The equation can be used for all type of SSSV. In order to use Equation 6, we need to
calculate the parameters involved in the equation. Listed below are the parameters that

need to be calculated.

I.  Tocalculate No-Slip Density, pn:
a) Find Producing Gas Oil Ratio, R:

q
rR=-12

90
Equation 7

b) Find Solution Gas Oil Ratio, Rs at any pressure less than or equal to

bubble point pressure:

R.=C PC2EXP [w
s = L1¥ge T + 460

Equation 8

If separator conditions are unknown, the uncorrected gas gravity may be
used in the correlations for Ry and B,. The values of the constant are

depending on the API gravity of the oil and are given by:

Table 3 Values of constant depending on API gravity for R

Constant | AP1 <30 | APl > 30
C 0.0362 0.0178
C, 1.0937 1.1870
Cs 25.7240 | 23.9310

c) Estimate Oil Formation Volume Factor, B, by using Vasquez and Beggs

PI API
> + C3R,(T — 60)( )

gc ch
Equation 9

method:

A
By = 1+Cle+CZ(T—60)<
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d)

f)

9)

h)

The constants are determined from:

Table 4 Values of constant depending on API gravity for B,

Constant | API <30 API > 30
C; 4.677 x 10* | 4.670 x 10™

C, 1.751x 10® | 1.100 x 10™
Cs -1.811x10% | 1.337x10°

Gas compressibility factor, Z used in the numerical model is by using

Brill and Beggs (1974) correlation. For equations, refer Figure 8.

Calculate Gas Formation Volume Factor, By at standard conditions of

Psc=14.7 psia and Ts=520°R:

0.0283ZT
9= P
Equation 10

Find in-situ Oil Flow Rate, q,,

q, =6.5x107°q,B,
Equation 11

Find in-situ Gas Flow Rate, q,

P qo(R - Rs)Bg
99 = 86400
Equation 12

Find No-Slip Liquid Holdup, A.:

No-Slip Liquid Holdup is defined as the ratio of the volume of liquid in a
pipe element that would exist if the gas and liquid traveled at the same
velocity divided by the volume of the pipe element.

!
g
L — "1 q
o T qg
Equation 13
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i) Find Density of Oil, po:
350y, + 0.0764y 4R

Po = 5.6158,
Equation 14
J) Find Density of Gas, pq:
2.7y4P
Ps ="7r
Equation 15

k) By using all the parameters calculated above, calculate No-Slip Density,
Pn:
Pn = PoAL + pg(l — L)
Equation 16

To calculate Mixtures Velocity, Vp:
a. Calculate Area of SSSV, A in ft:

d 2
1= (n)
Equation 17

b. Calculate Mixture Velocity, Vp:

do + 4y
Vin = ———
Equation 18

To calculate Discharged Coefficient, Cg:

a. Calculate Number of VVoid Space, N:

!
q
N,=-2
qo
Equation 19

b. Calculate Beta Ratio, . Refer to Equation 3.
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c. Calculate Discharged Coefficient, Cyg:

Cd = Cl + Csz + Cgﬂ + C4ﬁ2
Equation 20

Once all parameters have been calculated, the pressure drop in two phase flow can be

calculated by using Equation 6.

Overview of parameters involve for 2 phase flow
1.078 x 103%p,v3
P1—P2= C
d
™
Pn Vm Ca
04 Pe A dg || Qo A Ny B
T T —— |
d
LY | [y q q
=z 0
v | >z | | |
B | 2T g | | a | | d D
] R, > p

Figure 10 Overview of parameters involve for two-phase flow
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3.4 Program Flow Chart

3.4.1 Program Flow Chart for Single-Phase Flow

Input Data:
(Pll Tll qSC’ dl DI Cdl Yl vgl Zl)

Calculate common parameter:
Beta Ratio,

Output Data:
Pressure Drop in SSSV

Figure 11 Flow chart for Single-Phase flow program
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3.4.2 Program Flow Chart for Two-Phase Flow

Input Data:
(P,Tya,0,dDv,v,
API, Z)

Calculate common parameters:

(R,R,B,B,d',d A, p,p,P,N,BC,AV)

Output Data:
Pressure Drop in SSSV

Figure 12 Flow chart for Two-Phase flow program
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3.5 Tools / Software

This project only requires the use of Wolfram Mathematica software to develop the
numerical model of pressure drop across the SSSV.

Wolfram Mathematica &

Figure 13 Wolfram Mathematica logo

Wolfram Mathematica is a computational software program that is used in scientific,
engineering and mathematical fields and other areas of technical computing. It was
conceived by Stephen Wolfram and is developed by Wolfram Research of Champaign,
Ilinois.

B Wolram Ms 2 30 for !
[Fle_Ede Iman Fomst Cob Graphica Evshistion Pabeter Window Help

T T s . L & 8 [T SR

s ~ Cakulabor >
| Wolfram Mathematior = 1or s1uoews @ 1
! Y T Bk | Adesnced
& = 56/6 .
by = 1,95 xjleottle | o«_‘.:—nu-
¥g = 0,63 . 7is s *aiye .
Yo = 0,83y 43¢ “ e 1
1 2 3 - el & - =
APE = 35
3083 g g ‘ol
Tob Enter Trad MonelPorm
Wt bors Absen annte bpnd Cak
i Ot hore AZcwe Comate Tooz Catl
Prant [*R « *, W[p. =
| [ e 22 e e
| . y ~ Nadpaton @
Tou ¥yt .
Move Carsar

Pree ot Moot gt | =Del Dele o0
T b he s e

Aebect ard Mowe Comtont
Coars Selmasze Cet [Copy | Pase

€3 « 1f [APL & 30, D.0362, 0.0178]
€3« 101API < 30, 1.0937, 1.1800) ¢
| €y« 10[AF] « 30, 25,7240, 25,9310}

Print |*R, - *, R =G ReC nm[c"k”” |
nt ("R, = ", Ry aCievneR*Che
e o Ted6a A Bask Cormmants
VT l-l!ﬂII ) un Iml!n
‘ Mathewiatial Commtamts
€3« IM[AM] € 30, 4.477410% (-4}, 4.4T0420%(-4)]! 2 lelt w8 ©|[Noralw
€3 IF|API € 30, 1,950 410%(-5), 1.100010%(-5)]: Numertc Functions
€y o IOPAPI < 30, -1,821020% (-8), 1.357410% (=93]} n Ase | Cating | Round
Fosr [ Morml®
AFT) AT Cwmentary Tunctions
?nm.l'h . "B eleCiR, 0 CielTy m:.‘—'.c,.n..;v,-m:.l—'“ - 5 100 opto
" | ™
A gl N | Cotr | Tarn [ Morel®
Trigamamate: Functions
: =n Con Tan Cat
Prant [*n, an,.M' ~ A acsin | AsCos | mcTan [Morel®] | .
I 00% -

Figure 14 Wolfram Mathematica interface
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CHAPTER 4

RESULTS & DISCUSSION

This chapter will discuss on the results for both objectives of the project which are
firstly, to develop numerical model of pressure drop of SSSV for single and two phase
flow and secondly, to run sensitivity on several parameters to find their effect towards

the pressure drop in SSSV.
4.1 Computation Algorithm

For this project, four (4) computer programs that can be used to predict the pressure
drops in SSSV have been developed. The first program is for single phase, subcritical
flow with given gas compressibility factor by the user. The second program is for single
phase, subcritical flow and calculated gas compressibility factor by using Brill and
Beggs (1974) correlations. While the third program is for two phase, subcritical flow
with given gas compressibility factor that can be input by the user. The last and fourth
program is for two phase, subcritical flow and calculated gas compressibility factor by
using Brill and Beggs (1974) correlations. The computer codes are as attached in
Appendix 1 to Appendix 4.

The calculation procedure for the first and second computer programs are done by using

the equation published by API®

has been translated into the computer codes by using
the Wolfram Mathematica software. The input data needed to predict the single phase
pressure drops are the upstream pressure in psia, upstream temperature in Rankine, the
gas flow rate in Mscfd, the gas specific gravity, the bean diameter and pipe ID in inch.
For the discharge coefficient, the value 0.9 is used as suggested by the API while the

default value of 0.85 for expansion factor is used for quick estimation.

The difference in the first and second computer programs is only on the gas
compressibility factor, Z where in the first program, the value of Z is given by the user

while in the second program, Z is calculated by using the Brill and Beggs (1974)
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correlations. Common parameters will be calculated once all data has been input into the
programs. The parameters mentioned are the beta ratio and Z (for second program only).
The final computation of the program will be on the calculation of the pressure drops in
single phase flow.

For the third and fourth computer programs, the calculation procedure is done by using
the equation that was developed by the research done by Universiti of Tulsa. The input
data required for the programs are upstream pressure in psia, upstream temperature in
Rankine, produced oil flow rate in stb/d, produced gas flow rate in scf/d, oil and gas
specific gravity, API gravity, bean diameter and pipe ID in inch and Z (for third program
only). Common parameters to be calculated from the input datas are Z (for fourth
program only), producing GOR, solution GOR, oil FVF, gas FVF, in-situ oil flow rate,
in-situ gas flow rate, liquid holdup, density of oil and gas, no-slip density, void space,
beta ratio, discharged coefficient, area of SSSV and mixture velocity. With the common

parameters calculated, the pressure drops for two phase flow will then be calculated.
4.2 The Assumptions Used in the Model

For the numerical model, it is assume that the composition of gas of hydrogen sulfide
(H2S) is less than 3%, nitrogen (N_) is less than 5% and total content of inorganic
compounds is less than 7%. This assumption is made so that the calculation of
pseudocritical pressure and temperature can be determined from the simple correlation

mention below where it only required the gas specific gravity.
P, = 709.604 — 58.718y,

Equation 21

T, = 170.491 + 307.344y,

Equation 22

If there are impurities in the gases, it will require some corrections that can be made by

using either charts or correlations such as Wichert-Aziz (1972) and Ahmad (1989).
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For the model, the Kkinetic energy change or acceleration component is assumed to be

zero for constant area and incompressible flow.

4.3 Sensitivity Analysis

Sensitivities on several parameters had been run in order to determine how the

parameters will affect the pressure drops in the SSSV. When one variable is changed,

the others are kept constant and the effect of changes towards the pressure drops is

analyzed. Before running the sensitivities, the base case for both single and two phase

flow are needed to be set up. This is done so that we could compare the results for

several ranges of values of the parameter’s data. The sensitivity range is also decided.

The base case and the sensitivity range for both single and two phase flow are as follow:

1P Flow Base Case

Sensitivity Range

Table 5 Base Case and Sensitivity Range for 1-Phase Flow

P, 1000 psia 1 2

T; 176 F Py 600 800

d 0.78125 in T, 130 150

D 2.602 in dg 100 300

Cq 0.9 d | 0.5625 0.6875
Y 0.85 D | 1.815 2.150
Ye 0.7 Ye 0.5 0.6

Z; 0.9134

Osc 800 Mscfd - Base Case
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1200 | 1400
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1100
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Table 6 Base Case and Sensitivity Range for 2-Phase Flow

2-P Flow Base Case Sensitivity Range

P, 615 psia 1 2 3 4 5
T, 170 F Py 200 400 800 1000
Uop 800 stb/d Ty 130 150 190 210
Ogp 250000 scf/d do 200 500 1000 1500
d 0.78125 in g | 170000 200000 280000 | 350000
D 2.602 in d 0.5625 0.6875 0.90625 1
Yo 0.85 D 1.815 2.150 2.764 3.340
Ye 0.65 Yo 0.75 0.80 0.90 0.95
API 35 Ye 0.5 0.7 0.8 0.9

yA 0.9534 API 10 20 45 60

The sensitivities results are plotted on the graph against the pressure drops to show the
relationship between the particular parameter and pressure drops. The results will be

discussed next.
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4.4 Sensitivity Results for Single-Phase Flow

4.4.1 Effect of Gas Flow Rate on Pressure Drop

Effect of Gas Flow Rate on Pressure Drop for
1-Phase Flow
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2.000 /

K /

[7,]

o
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o

[a] /

g

3 1.000

g

o
0.500
01000 T T T T T 1

0 200 400 600 800 1000 1200

Gas Flow Rate, Mscfd
=¢—Pressure Drop, psia vs Gas Flow Rate,Mscd

Figure 15 Effect of Gas Flow Rate on Pressure Drop for 1-Phase Flow

Based on the graph obtained by plotting various gas flow rate with pressure drop for
single phase flow, it can be seen that as the gas flow rate increases, the pressure drop
increases. This phenomenon can be explained by saying that as the gas flow rate
increases; the gas velocity will also increase. This will cause an increase in the friction
loss which causes the pressure drop to increase as well. Besides, from the single phase
pressure drop equation, we can see that the gas flow rate is proportional to the pressure

drop.
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4.4.2 Effect of Pipe ID on Pressure Drop

Effect of Pipe ID on Pressure Drop for 1-

Phase Flow
1.240

1.235 —

1.230 //
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o
(7]
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9 1.220
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2 /
§ 1.210
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1.200 /
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1.000 1.500 2.000 2.500 3.000 3.500

Pipe ID, in
==@=Pressure Drop, psia vs Pipe ID, in

Figure 16 Effect of Pipe ID on Pressure Drop for 1-Phase Flow

The sensitivity is then done on several values of Pipe ID. The pipe ID is referring to the
tubing ID before and after the SSSV. Based on the graph plotted for pipe ID with
pressure drops, we can observe that as the pipe ID increases in size, the pressure drops
across the SSSV increases. When there is an increased in the pipe ID, the restriction for
fluid to flow in the pipe will decrease. Hence it will reduce the friction in pipe which
then will decrease the pressure drops across SSSV. However in this case, we can
observe that the pressure drop is increasing. This phenomenon is happening because of
the fluid from the pipe entering the small entry of the SSSV at higher flow rate which

then increases the pressure drops.
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4.4.3 Effect of Bean Diameter on Pressure Drop for 1-Phase Flow
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Several values of bean diameter which is the size of SSSV have been used in order to
analyze the effect of bean diameter towards the pressure drop across the SSSV. The
range is from 36/64 opening to fully open, 64/64. Based on the graph above, it can be
seen that as the bean diameter size increases, the pressure drop across the SSSV
decreases. This is because as the bean diameter increases, the restriction for fluid to flow
in the SSSV is less and therefore decreases the friction losses. Hence the pressure drops

Figure 17 Effect of Bean Diameter on Pressure Drop for 1-Phase Flow

across the SSSV decreases.
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4.4.4 Effect of Upstream Pressure on Pressure Drop for 1-Phase Flow

Effect of Upstream Pressure on Pressure
Drop for 1-Phase Flow
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==0==Pressure Drop, psia VS Upstream Pressure, psia

Figure 18 Effect of Upstream Pressure on Pressure Drop for 1-Phase Flow

The upstream pressure is referring to the pressure entering the SSSV. Based on the
graph plotted on upstream pressure with pressure drop, we can observe that as the
upstream pressure increases, the pressure drop across the SSSV decreases. For a single
phase gas flow which is a compressible flow, when the pressure increases, it will
decrease the density of the gas assuming the temperature is constant. Lesser density of
gas will reduced the friction losses along the pipe. Therefore, decreases the pressure
drop across the SSSV.
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4.4.5 Effect of Upstream Temperature on Pressure Drop for 1-Phase Flow

Effect of Upstream Temperature on Pressure
Drop for 1-Phase Flow
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Figure 19 Effect of Upstream Temperature on Pressure Drop for 1-Phase Flow

Based on the graph plotted on upstream temperature with pressure drop, it can be seen
that as the temperature increases, the pressure drop across the SSSV increases. This is
due to the effect of the viscosity of the gas. When temperature increases the gas will
become more viscous, this will cause more resistance for the gas to flow. Hence, the

friction losses increase which then causes the pressure drop across the SSSV to increase.
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4.4.6 Effect of Gas Specific Gravity on Pressure Drop for 1-Phase Flow

Effect of Gas Specific Gravity on Pressure
Drop for 1-Phase Flow
1.60
1.40
® 1.20 -
; 1.00
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g
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<
& 0.40
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0 0.2 0.4 0.6 0.8 1
Gas Specific Gravity, yg
Pressure Drop, psia VS Specific Gravity

Figure 20 Effect of Gas Specific Gravity on Pressure Drop for 1-Phase Flow

Based on the graph plotted on gas specific gravity with pressure drop, it can be seen that
when the gas specific gravity increases, the pressure drop across the SSSV also
increases. This phenomenon can be explained with the density of gas. As the gas
specific gravity increases, the density of gas also increases which also increase the

friction losses. Therefore, the pressure drops across the SSSV also increases.
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4.5 Sensitivity Results for Two-Phase Flow

4.5.1 Effect of Upstream Pressure on Pressure Drop

Effect of Upstream Pressure on Pressure
Drop for 2-Phase Flow
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Figure 21 Effect of Upstream Pressure on Pressure Drop for 2-Phase Flow

The upstream pressure is referring to the pressure entering the SSSV. Based on the
graph plotted on upstream pressure with pressure drop, we can observe that as the
upstream pressure increases, the pressure drop across the SSSV decreases. This
phenomenon can be explained through the density effect. As the upstream pressure
increase, the density which is dependent on the pressure will decrease. The less dense
fluid will be able to move more easily through the SSSV. This could also means, the
friction losses is reduced as the upstream pressure increases. Therefore, the pressure

drop decreases.
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4.5.2 Effect of Upstream Temperature on Pressure Drop

Effect of Upstream Temperature on

Pressure Drop for 2-Phase Flow
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Figure 22 Effect of Upstream Temperature on Pressure Drop for 2-Phase Flow

Based on the graph plotted on upstream temperature with pressure drop, it can be seen
that as the temperature increases, the pressure drop across the SSSV increases. This is
due to the effect of the viscosity of the two-phase flow. The viscosity of liquid will
decrease as the temperature increases. The viscosity of gas will increase with when the
temperature increases. As the two-phase fluid will have different viscosity, it will move
at different velocity. The different in velocity increases slippage between the gas liquid

phases which then increases the pressure drop.
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4.5.3 Effect of Oil Flow Rate on Pressure Drop

Effect of Oil Flow Rate on Pressure Drop for
2-Phase Flow
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Figure 23 Effect of Oil Flow Rate on Pressure Drop for 2-Phase Flow

Based on the graph obtained by plotting various oil flow rate with pressure drop for two
phase flow, it can be observed that as the oil flow rate increases, the pressure drop
increases. This phenomenon can be explained by saying that as the oil flow rate
increases; the liquid holdup and oil velocity will also increase. This will cause an
increase in both the hydrostatic and friction loss which causes the pressure drop to

increase as well.
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4.5.4 Effect of Gas Flow Rate on Pressure Drop

Effect of Gas Flow Rate on Pressure Drop for

2-Phase Flow
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Figure 24 Effect of Gas Flow Rate on Pressure Drop for 2-Phase Flow

Based on the graph obtained by plotting various gas flow rate with pressure drop for
two-phase flow, it can be seen that as the gas flow rate increases, the pressure drop
increases. This phenomenon can be explained by saying that as the gas flow rate
increases; the gas velocity will also increase. This will cause an increase in the friction

loss which causes the pressure drop to increase as well.
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4.5.5 Effect of Bean Diameter on Pressure Drop

Effect of Bean Diameter on Pressure Drop
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Figure 25 Effect of Bean Diameter on Pressure Drop for 2-Phase Flow

Several values of bean diameter which is the size of SSSV have been used in order to
analyze the effect of bean diameter towards the pressure drop across the SSSV. The
range is from 36/64 opening to fully open, 64/64. Based on the graph above, it can be
seen that as the bean diameter size increases, the pressure drop across the SSSV
decreases. This is because as the bean diameter increases, the restriction for fluid to flow
in the SSSV is less and therefore decreases the friction losses. Hence the pressure drops

across the SSSV decreases.
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4.5.6 Effect of Pipe ID on Pressure Drop

Effect of Pipe ID on Pressure Drop for 2-
Phase Flow
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Figure 26 Effect of Pipe ID on Pressure Drop for 2-Phase Flow

Based on the graph plotted for pipe ID with pressure drop, we can see that as the pipe ID
increasing, the pressure drop across SSSV decreases only until the pipe ID of 2.764 in.
At pipe ID of 3.340 in and above, the pressure drop started to increased. This
phenomenon can be explained by saying as the pipe ID increases, the friction loss and
the total pressure gradient will decrease up to a certain point. However, as the pipe ID
increases above the maximum, the velocity of the mixture decreases and the fluid will be
more in contact with the pipe wall which will increase the friction losses. Therefore, the

pressure drop started to increase above 3.340 in.
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4.5.7 Effect of API Gravity on Pressure Drop
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Based on the graph plotted for APl Gravity with pressure drop, we can see that as the
API gravity increases, the pressure drop increases. API gravity is a measured of how
heavy or light a petroleum liquid is compared to water. The lower the API gravity, the
heavy the liquid is. From the trend in the above graph, it can be explained that the lighter

the liquid, it is much easier for the fluid to move across the SSSV. This also means, less

Figure 27 Effect of APl Gravity on Pressure Drop for 2-Phase Flow

restriction and reduced friction loss which results to less pressure drop.
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4.5.8 Effect of Oil Specific Gravity on Pressure Drop

Effect of Oil Specific Gravity on Pressure
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Figure 28 Effect of Oil Specific Gravity on Pressure Drop for 2-Phase Flow

Based on the graph plotted on oil specific gravity with pressure drop, it can be seen that
when the oil specific gravity increases, the pressure drop across the SSSV also increases.
This phenomenon can be explained with the density of oil. As the oil specific gravity
increases, the density of oil also increases. As the oil density increases, it will also
increase the friction losses. Therefore, the pressure drops across the SSSV also

increases.
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4.6 Sensitivity Results Comparison

In this section, the results from sensitivity analysis for both phases will be compared.

Pressure Drops with Flow Rate
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Figure 29 Sensitivity Result Comparison: Flow Rate
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Figure 30 Sensitivity Result Comparison: Upstream Pressure
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Pressure Drops with Upstream
Temperature
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Figure 31 Sensitivity Result Comparison: Upstream Temperature
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Pressure Drops with Pipe ID

Gas Specific Gravity
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Based on the graph plotted from Figure 29 to Figure 34, we could observe the trend of
behavior for each parameter on single and two-phase flow. It can be seen that the
pressure drop for 2-phase flow for every parameters is higher than the pressure drop for
single-phase flow. The higher pressure drop for 2-phase flow is due to the interaction of
the phases in the SSSV which will increase the friction losses. The friction losses in 2-

phase flow are higher than single-phase flow hence higher pressure drop as well.

The sensitivity results comparison is important especially during the designing of the
SSSV. In order to have an optimized and efficient SSSV, we should not under-design or
over-design it. Since it is possible to have both single and two-phase flow in the SSSV,
we are able to know the gap between the single and two-phase flow SSSV competencies
through this comparison. Therefore, this knowledge can be used to design the efficient
and optimized SSSV.

48



CHAPTER 5

CONCLUSIONS & RECOMMENDATIONS

5.1 Conclusions

The whole project can be summarized as follow:

e The numerical model to predict the pressure drop across the SSSV for single and
two-phase flow for subcritical flow has been developed.

e In the model, the gas compressibility factor is calculated by using Brill and
Beggs (1974) correlations.

e It is also assumed that the acceleration component is zero for constant area and
incompressible flow.

e The sensitivity analysis on several parameters had been done to analyze the
effect of the parameters towards the pressure drop in the SSSV.

e It is important to know the effect of each parameter towards the pressure drop
across the SSSV as the knowledge can be used in designing an efficient and
optimized SSSV.

e With a good understanding on the sensitivity analysis done, we are able to know
the range of sensitivity for each parameter that is affecting the SSSV so that we
would not under design or over design the SSSV.

e It is hope that through this project, a better management of the SSSV can be
achieved. Hopefully the project will be beneficial and can be applied in the
industry.

e The objectives of the project have been achieved. Therefore, the project can be

considered as successfully completed.
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5.2 Recommendations
The following are the recommendations suggested in order to improve the project:

e The developed numerical model can be further improved by adding the

calculation for spring force to determine the forces tending for valve closure.

e More in depth study and analysis on the SSSV. For example, pressure drop in
SSSV for 3-phase flow.

e All study and computer codes done on SSSV should be compiled in one

integrated computer programs that could be used as a standard for a better

management of the SSSV.
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APPENDIX 1

The numerical model for Pressure Drop in SSSV for Single-Phase Flow —Given Z

Pressure Drops in SSSV for Single-

Phase Flow
Given Z

7= Clear ["Global'w+"];

(winput parametera=}

Py, = 1000; (#Prezssure Upstream=x) (speiaw)

Ty =176+ 460; {#Upstream Temperatures) (woBx)

gz- = BOO; (#Gas Flow Bates) (sMacfds)

dy, = 50/ 64 ; (*Bean Diameters) (vinw}

Dp = 2.602; (#Pipe ID=) (winw)

Ca=0.5; (#Diacharge coefficients) (#suggested by API=)

¥ =0.85; (#Expansion Factors) (¢#Default value for guick estimations=)
Wg=0.7; {#Gas Specific Gravity=)

Z; = 0.5051;

(wcalemlating Beta Ratio,f=)
dy, .

Print [",3 =", p= —
Oy -

(*To calculate pressure drop, aPx)

(1. 048 % 10* (-6} ) *ygw By » Ty w (qao)?w {1-,&‘}

Print ["e.P =", AP = ]
Prwde®w (Ca)? »¥E

(1. 04B %« 10* (-6)) v ygnZr wT1 % (gac)Zn [1-;3‘]

Manipulate [Plot[
Py vy (Ca) B ey

{Qsc, 200, 1000}, Axeslabel —+ {"Gas Flow Rate, Mscfd", "Pressure Drop,paia”},
PlatLabel + "Pressure Drop,.pai ve. Gas Flow Rate"- ]
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APPENDIX 2
The numerical model for Pressure Drop in SSSV for Single-Phase Flow —Calculating

Z using Brill and Beggs (1974) correlations

Pressure Drops in SSSV for Single-

Phase Flow
with Z calculation using Brill & Beggs(1974)

nfi4f= Clear ["Global'="];

{(#Input Parameters=)

P, = 1000; {#Pressure Upstreams) (spaiawx)

Ty =176 + 460; (#Upstream Temperatures) (xoB=}

dz- = B00; (#Gasa Flow Rates) (s«Macfd=)

dy, = 50 / 64; (#*Bean Diameter=s) (sinw)

Oy = 2.602; (#Pipe IDw) (xinw)

Ca=0.5; (*Discharge coefficients) (#suggested by APIs)

Y =0.85; (*Expansion Factors) (sDefault wvalue for guick estimations)
Tg=0.7; (=Gas Specific Grawvity=)

(#Calculating Beta Ratio, =)

dy -
print[",ﬂ =", p=—
D, -

{wCalculating Gas Compressibility Factor, Zx)
(#For Pp. and T, formula, assume that the composition of gaa H;§ <« 3%,

M; <5% and total ceontent of inorganic compound < T% =)

Ppe = TO9. 604 - 5B_T18 w yg/ {#Peseudocritical Pressure=)
Py

Pow = —; (#*Paeundoredunced Preasaures)
Ppeo

Tpe = 170.451 + 307.344 » vy (#Pzeudocritical Temperatures)
Ta

Tpe = — ¢ (#Paeudoreduced Temperatures)
T,
FPc
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(#*Brill and Beggs -
Print ["Ar_-nngtn.nt.
Print ["Emnta.nt =

Print [ "Beenstant

Boonstant = [l] .62

Frint [" congtant =

C
"E
i

Print [

Frint [" conatant

Print ["zl

(#*To calculate

congtant

Z Factors)

", Boonseanc = 1.39 (Tpe -0.32)*0.5-0.36= Ty - 0.10]

Ecopstane = 3 {TP‘E - 1] ]

m

Print ["aP = " AD

3 conatant
3 COonATaAntT
C conAtant
Fiﬂ!‘: ETant
:'22!‘: ETant

Z; = 0.

]

un

(¥
LYE]

[=3]

(=
(=]

[}

223w Ty ) # Pyt

Doapstane = 1

E
0.066 0.32= (P
—_U_UST]* |:ppz]|2+ |: FIII ]
Tpz - 0.8E 1 gt
Ceonstane = 0.132 - 0.32 » Logl0 [Ty, |
Foonstan: = 0. 3106 - 0. 45 # Tpp + 01824 = (ij"
QFmatazz ]
1-2,
onstant e Cronstans # (pr]nm:t]

pressure drop,

(L.048 % 10" (-6} ) #wgw By w Ty w (@) ¥ w {1-,&‘}

APw)

EIP[Em.nta.nl:]

Prede® # (Ca)? #¥®
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APPENDIX

The numerical model for Pressure Drop in SSSV for Two-Phase Flow —Given Z

Pressure Drops in SSSV for Two-Phase

Flow
Given Z

3

n3= Clear ["Global'="];
(wgliven parametera#x)

P; = B15; (*Pressure Upstreams) (#*psiax)

T, = 1707 (*TUpetream Temperaturex) (cFwx)

qep = 8007 (#*Produced 0il Flow Rates) (#x5TB/D=)
Qgp = 2500007 {xProduced Gas Flow Ratew) (sscfdw)
dy, = 50 7 64; (*Bean Diameters) {(+im*}

DOp = 2.602;7 {(#Pipe IDw) (#inw)

Tg = D.65; (#Gas Specific Gravitys)

¥e = 0.85; (*011 Specific Gravitys#)

API = 35;

Z=0.95534; (»Gas Compressibility Factors)

{wcalculate B, Producing Gas/0il Ratio, scfE/S5TH =)

Print ["R

{wcalculate

Tge = Wgr

B L)

Top

B., Sclution Gas/0il Ratio=)

(*yge-corrected gas gravity. if separator conditions unknown, yg.=yg *}

!
C:
Ca

If [APT =
If[APT =
IF[APT =

Print [ "Ry =

{#Calculate
C, = If[APT 2
Cz: = If[APT
C; = If[APT

o
%
o
%

Print ["Bi,

(#Calculate

Print ["B, =

o, 0.0362, 0.0178] ; [{#True-API=£30,
30, 1.0%37, 1.1870]; [{#True-API=£30,
{*True-API£30, False-API>30x)

30, 25.7240, 23_93310] ;

Ca = APT

. Bg=0C4 trgErPl“Eanxp[—]]
T, + 460

B,, 0il Formation Veolume Factorw)

0, 4 67T w10 (-4), 4 670%10" (-4)];
30, 1. 751« 10+ (-5}, 1.100=10* {-5)]:
a0, -1.811«10*{-8), 1.337 =10 {-9})]:

API
", By=1+C; B, +Cy» (T, - 60) | —
Tge
By, Gas Formation Volume Factorw)
0.0283 » E» (T1+ 460)
n ' Eg = ]
P,

56

+CywB,» (T, - 60) [

API

Tge

False-APT>30x)
False-APT>30x)
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(wht Pie=14.7 paia and T:-=5200FEx)}

{(*Calculate q,, in-situ 0il Flow Rates) («ft’/secs)
Print ["qd, = ", g, =6.5%10"(-5) .%Pwﬂﬁ]

(#Calculate qé, in-aitu Gas Flow ERates) {*ftza.-"'aecn-:l
oy # (R -B;) = |:Eg:|]
86 400

-

Print [ "qg =

(#Calculate Liguid Heldup,A;x)

x

T
Print[".l]_ R —]

Q. + g

(#Calculate Demsity of oil, pawx) {tlbml_-"fftjk:l

350wy, +0.076d wyn Ry
Print ["p = ", po = |
5.615 = B.

{#Calculate Density of gas, pgow) {*lbl:l:l.l_-"rftjt:l

2. TeygwPy
Print ["pq =", pg= —]
Zx (T1+460)

(#Calculate Heo-5lip Density, pp#) {t]_bml,.-'rt't:’r:l
Print ["ps = ", Pn=Paw Azt pgw (1-2)]

(#Calculate number of Void Space, H,w)

dz
Print ["H,, =" W, = —]
=

(»*Calculate Beta Ratio, B=)

dr
Print [",3 =", B= —]
O
(#»Calculate Discharge Coefficient, Ca=)
Ci=0.233; (#Conatant Values)
C:=8.4=10"(-4); (#Constant Values)
C: = 6.672; (#Constant Values)
Cs = -11 _661; (#»Constant Valuex)
Print ["Cq = " ,Ca=Cy +Cew M, +CamB+CywiF~Z]

(#Calculate Area of 555V, A=) {tftzt}l
2

(#Calculate Mixture Velocity, Vpw) (xft/secs)
e + dg
Print ["Va = ", Va= ——]
A

T ds,
Print ["A =", H[A: [—] .| —
4 12
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{#Calculate Pressure Drop=) (spaiax)
1.078 10" (-4) ® gy * (V)2

Print ["e.P = " AP = ]
Ca

(#To find Downstream pressure, Pp;=) (vpaiawx)
Print ["P; = ", Pz = Py - &aP]

1.078 %10 (-4) = pp * (Va)?
Manipulate [Plot[ . {Va, O, 30},
Ca

Axeglabel -+ {"Mixture Veloccity, [t/sec”, "Pressure Drop,psia™},

PlotLabel —+ "Pressure Drop,.psi ve. Mixture Velocity"

]
[
({3}
ca
o]

on = Z5.2728
N, = 0.95%1531
B = 0.30025

s ted
- i
o
1]
n
[=]
[A%)
b =
V &
il Lol
o [
in [
=) [=x)
L
in

I
=]
1]
[
-1
[
-1
e
s
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APPENDIX 4
The numerical model for Pressure Drop in SSSV for Two-Phase Flow —Calculating

Z using Brill and Beggs (1974) correlations
Pressure Drops in SSSV for Two-Phase

Flow
with Z calculation using Brill & Beggs(1974)

r7Ef= Clear ["Global'"="];

(wgiven parameterawx)

P, = B15; [*Pressure Upstreams) (+«psiasx)

T, =170; (#Upstream Temperatures) (xcFw)

Qep = BOO; («Produced 0il Flow Rates) («5TE/Dw)
gy = 250000 ; (#Produced Gas Flow Ratewx) (sacfdx)
dy, = 50/ 64; {#*Bean Diameter=) (+in=)

Dp = 2.602; (wPipe IDx) (=inw)

Tg = D.65; (#Gas Specific Gravity=)

Y= = 0.85; (#0il Specific Gravitys=)

APT = 356;

(*Calculating Gas Compressibility Facteor, Zx)
(wFor 11'1:,C and TP= formula, assume that the composition of gaa H;5 <« 3%,

Nz «5% and total content of inorganic compound < 7% #)

Ppe = 705.604 - 5B.718 » ygi {«#Pzeudocritical Pressurex)
Py
Ppr = —; {*Peendoreduced Pressurex)
Pre
Tpe = 170.431 + 307.344 » vy; (wPeeudocritical Temperatureas)
Ty + 460
Ty = ———7 (*Paeundoreduced Temperatures)
T,
o

(#Brill and Beggs - E Factors)
Poprseane = 1.39 [Tpr-n.ﬁz] *“0.5-0.36% Ty -0.10;
Econstant = 9 |:Tpr'1:|-'-
0.066 L 0.32# (Pe)”

Boonstant = (0.62-0.23 # Tpe) #Ppr+ | ————— - 0.037| » (Ppe) + —————;

Tpe - 0. 86 ' 1 pFesnetans
Coonstant = 0.132 - 0.32 » Logl0|Te:) s
Frongtant = 03106 - 0 49« T, + 0_1874 (Tp,}"'

Deongtant = 101‘““"‘ v

] 1 - Acopstant
Print ["Z = ", B = Apapzrane + —————— # Crunarane * I{PPE

Docratact
Exp[Beonsrant] :I ]

(#Calculate R, Producing Gas/0il Ratioc, scf/5TB =)
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Prlnt[R—  H[r q-np]]

(»Calculate B;, Soclution Ga=s,/0il Ratio=)

¥ge = Tgr
(*yge-corrected gas gravity. if separator conditions unknown, yg.=yg *}

C, = If [API < 30, 0.0362, 0.0178]; {#True-API<30, False-APT>30s)

C, = IE[API < 30, 1.0937, 1.1870]; {#True-API<30, False-APT>30s)

C: = IF[API < 30, 25.7240, 23.9310] ; {+True-API<30, False-API>30s)
Cs » APT

Print ["R, = ", By=Cy%vygexP:1"Cs !Exp[—]]

T, + 460

{(#*Calculate B,, D0il Formation Volume Factors)
C,=IF[API 530, 4. 67TT»x 10~ (-4), 4. 670=10"({-4)];
Cz =IF[API 530, 1.751«10*(-5), 1.100=10*{-5)];
C;=IF[API 530, -1.B11«10*(-8), 1.33T»10"°{-9)]1;:

APT
+Cs R, » (Ty - 60) [— ]
Tge

].:"!‘ill:l‘i:.|:":|3-‘ﬁl = " ,B.=1+Cy B, +Cz» (Ty - 60)
¥ge

(#Calculate By, Gas Formation Volume Factorw)
) 0.0283 » E» [Ty + 460)
Print ["Bg = ", Bg = ]
Py
(wAt P,.=14.7 psia and T .=5200Rx}

(#Calculate g, in-situ 0il Flow Ratesx) {Hft!J.-"IBEEt:I
Print ["qﬁ, = ", g,=6.5%10"(-5) .%Pwnn]

(xCalculate qé, in-aitu Gas Flow Ratesx) {kftzJ.-'llE-EC*:l

Qop ® (R-Fz) = (Eg]

Print["qg- =", dg = ]
B6 400

(#Calculate Liguoid Heldup,A;w)
e ]

Print[".l,_ I
Qo+ g

(#Calculate Denzsity of oil, p.=) {‘l’lbl]ll_-"rftal':l

350 %y, +0.07T64 wyy =By

Print ["_ﬂa = r Po = ]
5.615 =B,

(#Calculate Density of gas, pg=) {wII.]:unl_.-'rt't3 w)
2. TwmygnPy

Print [",:lg. = . Pg =

% » {'I'1+45[I:|]

(#Calculate Ho-51lip Density, pp#) {t].bml_-'rt'tJn-:l
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Print ["PI:. = ; B = PowAy +pgw [1'11]‘]

(#»Calculate number of Void Space, Hy=x)

] g
Prlnt["u, I ——]
s

(#*Calculate Beta Ratioc, Fw»)

Print ["3 =", B= E:]

(#Calculate Diacharge Coefficient, Ca=)

Ci=0.233; {#Constant Value=)
C:=8_4=10"(-4); (#Constant Values)
Cz:=6.6T72; (#Constant Values)
Cs = -11 _661; {#Conatant Valuex)
Print ["Cy = " ,Ca=C; +Cz ¥, +CyeB+CywE*2]

{(#Calculate Area of 555V, Ax) {kftzk:l
2

Print["A =", H[A: [E]'*[;E ]]

(#*Calculate Mixture Velocity, Vg=) (vft/secw)
Je + dyg

|

Print["v; = ", Wy =

(#Calculate Preassure Drop=) {spaia=x)
1L.07T8»10" (-4} % oy » (Vo) 2

Print["aP = ", AP = ]
Ca

(#To find Downstream pressure, Pzx) (spaia=x)
Print ["Pz = " , Pz = P1 - aP]

1.078 # 10* (- 4) * py % (Va)?
Manipulate[plnt[ . {Va, 0, 50},
Ca

Axeglabel -+ {"Mixture Velocity, [t/sec”, "Pressure Drop,paia”™},

PlotLabel —+ "Pressure Drop,psi ve. Mixture Velocity"-

Z = D.34g8382
B o= 312.%

B, = 23_355%
B, = 1.1075%
By = 0.0274332
q. = 0.0575547
gy =0.0568063
A, = D._503448
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