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ABSTRACT

Pipelines are the most common way of transporting oil or gas in oil and gas industry.
A pipeline is all parts of the physical facility through which liquids or gases such as
crude oil and natural gas are moved, usually over long distances between a producing
region and a local distribution system. A pipeline is like any other flowline. The
main differences are that pipelines are long and continuously welded, they have a
minimum number of curves, they have no sharp bends, and they are most often either
buried or otherwise inaccessible due to their location over the majority of their
length. These differences mean that small sections of pipeline are not easily removed
for maintenance and consequently great care is taken to prevent problems arising in
the first place. A pipeline is extremely expensive to lay, and in the case of offshore
pipelines, costs in the order of several million pounds per subsea mile have been
encountered. Maintenance on pipelines is also expensive but this expenditure is
necessary since, regardless of the expense, pipelines frequently form the most
efficient and cost-effective method of transporting the quantifies of oil or gas
produced. Multi-phase transportation is currently receiving much attention troughout
the oil and gas industry. The combined transport of hydrocarbon liquids and gases
can offer significant economic savings over conventional, local, platform based
separation facilities. Much of fluid data used to design two-phase pipeline have been
determined experimentally and through test made in operationg two-phase pipelines.
Two-phase pipeline design is a subject on which research and testing continue, and
sophisticated computer programs can predict flow conditions and pressure drop more
accurately. A number of different correlations have been developed for two-phase
pipeline design. Pipe tlow simulation is used to optimize and verify design and to
throw light on various operational issues and also for training engineers and
operators. This paper is an approach to minimize the operation and maintenance cost
by selecting the optimum pipeline size and sizing a slug catcher between the outlet of
the pipeline and the processing equipment. PIPESIM is used to run the simulation
and compute the complex calculation involved in designing the pipeline size and

sizing the slug catcher,
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CHAPTER 1: INTRODUCTION

1. PROJECT BACKGROUND

Two-phase pipelines have been built and operated successfully, though the
simpler approach is to use two single-phase pipelines with one transporting liquids
and the other gas. However, in some applications, the construction of two pipelines
along the same route is the least economic solution. The most common application of
two-phase pipelines is offshore, where pipeline construction costs are high. In this
application, the two-phase pipeline is the most economical approach eventhough it is

more difficult to design and operate.

Much of data used to design two-phase pipeline have been determined
experimentally and through test made in operationg two-phase pipelines. Two-phase
pipeline design is a subject on which research and testing continue, and sophisticated

computer programs can predict flow conditions and pressure drop more accurately.

Nowadays, many computer softwares were developed containing some of the
methods for predicting pressure drop in two-phase flow. The softwares employ
accurate methods for predicting phase behavior, physical properties and can be used
to calculate pressure drops for horizontal, inclined and vertical phases. The softwares
can be used to solve test cases for many types of flow, varying the diameter,
roughness, composition, overall heat transfer coefficient, angle of inclination, and
length. The softwares can be a steady-state or transient, multiphase flow or single
phase flow simulator for the design and diagnostic analysis of oil and gas production
systems. The software tools such as PIPESIM can be use to model multiphase flow
from the reservoir to the wellhead as well as analyzing the flowline and surface
facility performance to generate comprehensive production system analysis. This

paper is an approach to the design two-phase pipelines using PIPESIM.

In this paper, for the case study 1, the pipeline transports natural gas from
source to the destination about 104.44 miles away. After the liquid is separated from

the natural gas , the gas flows through a solid desiccant dehydrator and then to the
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pipeline. Due to the high content of H,S and CO; (25.6 and 9.9 mole %, respectively)
and to prevent corrosion and hydrate formation, the gas has been dehydrated before
entering the pipeline. The design gas flow rate for the pipeline is 180 MMSCF/D.
This paper is an approach to the design of optimum pipeline size for the designed
pipeline flow rate. The pipeline was divided into 14 segments according to the
number of up-hills and down-hills in the line. The pipeline was simulated by
PIPESIM. For pressure drop calculation, the Beggs and Brill method with the

original liquid hold up correlation was chosen when running the simulation.

For case study 2, the fluid flows down a riser from the satellite platform to the
seabed, along a 5 miles pipeline, and up a riser to the processing platform. The fluid
inlet pressure at satellite platform will be 1500 psia and the fluid inlet temperature at
satellite platform is 176°F. Design liquid flowrate i5 10000 STB/d with minimum
arrival pressure at processing platform of 1000 psia. [n offshore oilfield development
projects using subsea tieback/riser, severe riser slugging is of great concern,
particularly for flowlines with downward slope at the riser base. Subsea tieback has
been increasingly used in the development of deepwater oil and gas fields. In a
typical subsea production system, produced fluids flow through a welibore, a subsea
flowline and a riser. Flow patterns in the production flowlines and risers may be in
stratified flow, slug flow, or annular flow. A flow regime of particular concern and
may cause the most damage to topsides equipment is the severe riser slugging. It is

crucial to size a slug catcher to avoid the damage to topsides equipment.

2. PROBLEM STATEMENT

Muitiphase flow of gas and low loads of liquids occurs frequently in natural
gas gathering and transmission pipelines for both onshore and offshore operations.
As gas moves through a pipeline its pressure and temperature change due to the
frictional loss, elevation change, acceleration, Joule-Thompson effect, and heat
transfer from the surroundings. Due to pressure and temperature change, liquid and
solid (hydrate) may also form in the line which in turn affects the pressure profile.
Modeling and simulation of multiphase system, even under steady-state condition, is

complex. There are a few tools designed specifically for modeling and analysis of
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complex multiphase systems such as PipePhase, PipeSim, OLGA, etc. Under this

case study, the problem is to:

TO SELECT THE OPTIMUM PIPELINE SIZE

The calculation of pressure losses and flow rates depends on pipeline size.
Pipeline size required, in turn, depends on pressure loss and volume. So it is
often necessary io make a preliminary choice of pipeline size before detailed
calculations are made on flow rate and pressure drop. Knowing the flow rate
required and assuming a reasonable pressure drop based on experience, the
experienced designer can choose a likely pipe size as a starting point. Then,
calculation of pressure drop and flow capacity can be made assuming that
size and weight of pipe. After these calculations are made, a change in the
pipe size may be needed to meet requirements dictated by operating pressure.
Using PIPEsim, these choices can be evaluated rapidly and the correct design
selected. Sensitivity analysis on pipeline diameter should be done by using
PIPEsim to determine the optimum pipeline size that will allow the design
flowrate to maintain design arrival pressure. To do the sensitivity analysis,
the complex calculation of pressure drop and flow capacity will be coinpute
by PIPEsim. Large pipeline diameter is not economical and required longer
installation time therefore it is important to select the optimum pipeline

diameter.

SLUG CATCHER SIZING

The computer software also can be used to screen the pipeline for severe riser
slugging by identifying which flow regime is the flow in and designing for
one in a thousand 5lug. Pipelines that transport both gas and liquids together,
known as two-phase flow, can operate in a flow regime known as slug flow
or intermittent flow. Under the influence of gravity liquids will tend to settle
on the bottom of the pipeline, while the gases occupy the top section of the
pipeline. Under certain operating conditions gas and liquid are not evenly
distributed throughout the pipeline, but travel as large plugs with mostly
liquids or mostly gases through the pipeline. These large plugs are called

slugs. Slugs exiting the pipeline can overload the gas/liquid handling capacity

10
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of the plant at the pipeline outlet, as they are often produced at a much larger
rate than the equipment is designed for. Therefore, if slug flow is expected in

the pipeline, it is necessary to size a slug catcher.
3. SIGNIFICANT OF PROJECT

Internal diameter (ID) of the pipeline has significant effect on the pressure
drop in the pipeline so it will effect the pressure at the outlet end. The ID of pipeline
can effect the performance of the pipeline system. The ID of the pipeline was varied

in order to observe the performance of the pipeline with different ID.

4Other than that, in oil & gas field development, interfiled pipelines widely
used to transfer well fluid from Satellite welthead (SW) to Center Processing
Platform (CPP) for pretreatment, conditioning and processing. Partial conditioned
gas and partial stabilized condensate will then transfer to onshore plant via pipeline
for further processing. Partial conditioned gas and partial stabilized condensate travel
through long distance pipeline will experience frictional loss and heat loss to
ambient. These results change in equilibrium state and lead to condensate formation
for partial conditioned gas and flashing in partial stabilized condensate. Two phase
gas-liquid flow along pipeline will leads to unavoidable non-stable operation, as

example, the slugging flow,.
4. OBJECTIVES

The objective of this project is to optimize the design of two phase pipeline
which in this case, the design of gas pipeline with the presence of liqui& when the gas
pressure and temperature change due to the frictional loss, elevation change,
acceleration, Joule-Thompson effect, and heat transfer from the surroundings as gas
moves through a pipeline. This paper emphasizes the sensitivity analysis on pipeline
diameter to select the optimum pipeline size. The important parameters that will be
vary is the diameter of the pipeline in selecting the optimum pipeline size. Other
than that, the computer software will model the two phase pipeline and if the fluid

tlow within certain flow regime and indicates the slug formation in the pipeline, the

11
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sizing of slug catcher is necessary because as slug approaching receiving facilities,
slug size will grow and large slug arrived at first receiving facilities will seriously
overload the liquid handling capacity and may lead to tripping of receiving facilities.
To size a slug catcher, there are 2 important parameters that will be required to size a

slug catcher namely:

o One over thousand siug length

e Volume swept by pig (liquid by sphere)

For the case study 1, two phase pipeline will be modeled to do the sensitivity
analysis on pipeline diameter to select the optimum pipeline size. For the second case
study, two phase pipeline will be modeled to do the sensitivity analysis on pipeline
diameter to select the optimum pipeline size and to size a slug catcher if the fluid
flow within certain flow regime and there is indications of the slug formation in the

pipeline.

5. SCOPE OF STUDY

The general scope of study for the two phase pipeline design is to understand
the basic key design term such as pipe diameter, pipe length, the temperature,
pressure and any other fluid properties and other variables considered in designing
liquids or natural gas pipelines. The basic key design terms can be used to calculate
pressure drop and flow capacity. Learning on the theories of gas pipeline
transmission and understanding in the basic key design term is essential as the
knowledge from the theories will be implemented in the PIPESIM software. Other
that that, it is crucial to know the steps in building a multiphase pipeline model and
learn the procedure of conducting the PIPESIM software. The understanding on all
parameters will help the engineers to design the pipeline. The understanding in phase
flow behaviour in gas pipeline also essential as the need to determine the flow
regime to perform mathematical correlation. There are few correlation developed for
different fluid phase condition and the correlation for complex pipeline system can

be perform by Pipesim in short time and greatly easing the design process.

12
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6. RELEVANCY OF THE PROJECT

This paper is an approach to optimize the pipe diameter of natural gas
pipeline to meet the customer’s required arrival pressure and temperature where two
phase flow is predicted to occur in the pipeline system. This paper is also an
approach to design of slug catcher size in order to minimize the cost for operation
and maintenance. Slugs exiting the pipeline can overload the gas/liquid handling
capacity of the plant at the pipeline outlet, as they are often produced at a much
larger rate than the equipment is designed for. Large slug arrived at first receiving
facilitiy will seriously overload the liquid handling capacity. Large slug may leads to
tripping of receiving facilities therefore the slug catcher can be used to temporary
store the intermittent slug and treated it afier the slugging period in order to avoid

this situation,
7. FEASIBILITY STUDY
The Gantt chart prepared serves of how this study evolves and move through
the end of project. Simulation of the natural gas pipeline, case study 1 started from

end of end of May, while the case study 2 for the slug catcher size design started

from middle of June, and both simulations were done in the first week of August.

13
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CHAPTER 2: LITERATURE REVIEW

4Even to discuss the basics of pipeline design, it is necessary to be familiar
with how key physical properties of fluids affect pipeline design. It is important to
remember that the term fluid includes both liquids and gases. The effect of these
parameters varies with the fluid, compressibility does not significantly affect the
flow of liquids, for instance, and differences in viscosity among different gases may
not greatly affect the flow of natural gas. Most of the following fluid properties and

other variables are considered in designing liquids or natural gas pipelines are:

¢ PIPE DIAMETER. The larger the inside diameter of the pipeline, the more

fluid can be moved through it, assuming other variables are fixed.

¢ PIPE LENGTH. The greater the length of a segment of pipeline, the greater
the total pressure drop. Pressure drop can be the same per unit of length for a

given size and type of pipe, but total pressure drop increases with length,

¢ SPECIFIC GRAVITY AND DENSITY. The density of a liquid or gas is its
weight per unit volume. Density can be given in different units: In English
units, it is in pounds of mass per cubic foot (Ibge/ft’); in the SI
(International} metric system, units are kilograms per cubic meter (kg/m3).
The specific gravity of a liquid is the density of the liquid divided by the
density of water, and the specific gravity of a gas is its density divided by the
density of air. The specific gravity of air, therefore, is 1, and the specific

gravity of water is 1.

e COMPRESSIBILITY. Because most liquids are only slightly compressible,
this term is usﬁally not significant in calculating liquids pipeline capacity at
normal operating conditions. In gas pipeline design, however, it is necessary
to include a term in many design calculations to account for the fact that
gases deviate from laws describing ideal gas behavior when under conditions
other than standard, or base, conditions. This term supercompressibility factor

is more significant at high pressures and temperatures. Near standard

14
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conditions of temperature and pressure (60 F and 1 atm, for example), the
deviation from the ideal gas law is small, and the effect of the

supercompressibility factor on design calculations is not significant.

o TEMPERATURE. Temperature affects pipeline capacity both directly and
indirectly. In natural gas pipelines, the lower the operating temperature, the
greater the capacity,assuming all other variables are fixed. Operating
temperature also can affect other variables are fixed. Operating temperature
also can affect other terms in equations used to calculate the capacity of both
liquids and natural gas pipelines. Viscosity, for example, varies with
temperature. Designing a pipeline for heavy crude is one case in which it is
necessary to know flowing temperature accurately to calculate pipeline

capacity.

o VISCOSITY. The property of a fluid that resists flow, or relative motion,
between adjacent parts of the fluid is viscosity. It is an important term in
calculating line size and pump horsepower requirements when designing

liquids pipelines.

¢ POUR POINT. The lowest temperature at which an oil will pour, or flow,
when cooled under specified test conditions is the pour point. Qils can be
pumped below their pour point, but the design and operation of a pipeline

under these conditions present special problems.

e VAPOR PRESSURE. The pressure that holds a volatile liquid in equlibrium
with its vapor at a given temperature is the vapor pressure. When determine
for petroleum products under specific test conditions and using a prescribed
procedure, it is called the Reid vapor pressure (RVP). Vapor pressure is an
especially important design criterion when handling volatile petroleum
products, such as LP-gas. This minimum pressure in the pipeline must be

high enough to maintain these fluids in a liquid state.

15
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¢+ REYNOLDS NUMBER. This dimensionless number is used to describe the
type of flow exhibited by a flowing fluid. In stream-lined or laminar flow, the
molecules move parallel to the axis of flow; in turbulent flow, molecules
move back and foth across the flow axis. Other types of flow are possible,
and the Reynolds number can be used to determine which type is likely to
occur under specified conditions. In turn, the type of flow exhibited by fluid
affects pressure drop in the pipeline. In general, a Reynolds number below
1000 describes streamlined flow; at Reynolds number between 1000 and
2000, flow is unstable. At Reynolds numbers greater than 2000, flow is
turbulent. some references recommend, however, that flow be assumed
laminar at Reynolds numbers of up to 2000 and turbulent at values above
4000. In this case, flow is considered unstable at Reynolds numbers between
2000 and 4000,

¢ FRICTION FACTOR. A variety of friction factors are used in pipeline
design equations. They are determined empirically and are related to the

roughness of the inside pipe wall.

Other properties of the fluid and pipe may be used in specific calculations,
but these are the basic terms used to determine pressure drop and flow capacity.
Many system variables are interdependent. For example, operating pressure depends,
in part, on pressure drop in the line. Pressure drop, in turn, depends on flow rate, and

maximum flow rate is dictated by allowable pressure drop.

Several pressure term are used in pipeline design and operation. Barometric
pressure is the value of the atmospheric pressure above a perfect vacuum. A perfect
vacuum cannot exist on the earth, but it makes a convenient reference point for

pressure measurement.

Absolute pressure is the pressure of a pipeline or vessel above a perfect
vacuum and is abbreviated psia. Gauge pressure is the pressure measured in a
pipeline or vessel above atmospheric pressure and is abbreviated psig. standard

atmospheric pressure is usually considered to be 14.696 Ib/in®, or 760 mm of

16
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mercury, but atmospheric pressure varies with elevation above sea level. Many
contracts for the purchase or sale of natural gas, for instance, specify that standard, or
base, pressure will be other than 14.696 Ib/in’,

Formulas describing the flow of fluids in a pipe are derived from Bernoulli's
theorem and are modified to account for losses due to friction. Bernoulli's theorem
expresser the application of the law of conservation of energy to the flow of fluids in
a conduit. To describe the actual flow of gases and liquids properly, however,
solutions of equations based on Bernoulli's theorem require the use of coefficients

that must be determined experimentally.

The theoretical equation for fluid flow neglects friction and assumes no
energy is added to the systems by pumps or compressors. Of course, in the design
and operation of a pipeline, friction losses are very important, and pumps and
compressors are required to overcome those losses. so practical design equations
depend on empirical coefficients that have been determined during years of research

and testing.

The basic theory of fluid glow does not change. But modifications continue to
be made in coefficients as more information is available, and the application of
various forms of basic formulas continues to be refined. The use of computers for
solving pipeline design problems has also enhanced the accuracy and flexibility

possible in pipeline design.4

17
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1. COMPUTER MODELS

sAccurate prediction of physical and thermodynamic properties is pre-
requisite to successful pipeline design. Pressure loss, liquid holdup, heat loss, hydrate
formation, and wax deposition all require knowledge of fluid states.
In flow assurance analyses, the following two approaches have been used to simulate

hydrocarbon fluids:

e "black-oil" model: defines the oil as liquid phase that contains dissolved gas,
such as hydrocarbons produced from the oil reservoir. The "black-oil"
accounts for the gas that dissolves (condenses) from oil solution with a
parameter of R, that can be measured from the laboratory. This model
predicts fluid properties from the specific gravity of the gas, the oil gravity,
and the volume of gas produced per volume of liquid. Empirical correlations
evaluate the phase split and physical property correlations determine the

properties of the separate phases.

» Composition model: for a given mole fraction of a fluid mixture of volatile
oils and condensate fluids, a vapor/liquid equilibrium calculation determines
the amount of the feed that exists in the vapor and liquid phases and the
composition of e¢ach phase. It is possible to determine the quality or mass
fraction of gas in the mixtures. Once the composition of each phase is known,
it is also possible to calculate the interfacial tension, densities, enthalpies, and

viscosities of each phase.

The accuracy of the compositional model is dependant upon the accuracy of
the compositional data. If good compositional data are available, selection of an
appropiate EOS is likely to yield more accurate phase behaviour data than the
corresponding "black-0il" model. This is particularly so if the hydrocarbon liquid is a
light condensate. In this situation complex phase effects such as retrograde
condensation are unlikely to be adequately handled by the "black-oil" methods. Of
prime importance to hydraulic studies is the viscosity of the fluid phases. Both

"black-0il" and compositional techniques can be inaccurate. Depending on the
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correlation used, very different calculated pressure losses could result. With the
uncertainty associated with viscosity prediction it is prudent to utilise laboratory

measured values.

GOR may be defined as the ratio of the measured volumetric flow rates of the
gas and oil phases at meter conditions (ambient conditions) or the volume ratio of
gas and oil at the standard condition (14.7 psia, 60°F) with unit of SCF/STB. When
water is also present, the watercut is generally defined as the volume ratio of the
water and total liquid at standard conditions. If the water contains salts, the salt

concentrations may be contained in the water phase at the standard condition.4

2. HYDROCARBON FLOW

4The complex mixture of hydrocarbon compounds or components can exist as
a single-phase liquid, a single-phase gas, or as a multi-phase mixture, depending on
its pressure, temperature, and the composition of the mixture. The fluid flow in

flowlines is divided into three categories based on the fluid phase condition,

o SINGLE-PHASE; black oil or dry gas transport flowline, export flowline,
gas or water injection flowline, and chemical inhibitors service flowlines such
as methanol, glycol lines and etc.

o TWO-PHASE, oil + released gas flowline, gas + produced oil (condensate)
flow line.

» THREE-PHASE,; water + oil + gas (typical production flowline).

The flowlines after oil/gas separation equipment generally flow single phase
hydrocarbon fluid, such as transport flowlines and export flowlines, while in most
cases, the production flowlines from reservoirs have two or three-phase,

simultaneously, and the fluid flow is then called multi-phase flow.

In a hydrocarbon flow, the water should be considered as a sole liquid phase
or combination with oil condensates, since these liquids basically are insoluble in

each other. If the water amount is small enough that it has little effect on flow
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performance, it may be acceptable to assume a single liquid phase. At low velocity
range, there is considerable slip between the oil and water phase. As a result, the
water tends to accumulate in low spots in the system. This leads to high local
accumulations of water, and thereby a potential for water slugs in the flowline. It

may also cause serious corrosion problems.

Two phase (gas/liquid) models are used for black oil system even when water
is present. The water and hydrocarbon liquid are treated as a combined liquid with
average properties. For gas condensate systems with water, three-phase

(gas/liquid/aqueous) modelis are used.4
3. TWO-PHASE PIPELINE DESIGN

4The design of two-phase pipeline to handle both gas and liquids involves
calculations similar to those used for a single-phase pipeline. The goal in both cases

is to determine pipe size, flow capacity, pressure drop, and other flow parameters.

The key difference is that pressure drop is much more difficult to determine
when both gas and liquids are flowing in the same pipeline. And some pipelines
carry a two-phase, multicomponent stream (gas, oil, and water). Flow of the two
phase can take several forms, and presure drop can vary widely, depending on flow
conditions. Changes in elevation over the route of two-phase line are much more
significant than single-phase pipeline.

Besides pressure drop, liquid holdup is an important consideration in the
design of a two-phase pipeline. Holdup refers to the fraction of the pipeline occupied
by liquid at any point in the line and is a function of liquid and gas flow within the
pipeline. In bubble flow, frec gas is present as bubbles in a continuous liquid phase.
At the other extreme is mist flow, in which the gas phase is continuous and liquid
droplets are entrained in the gas. Between these two extremes are other types of flow,
including stratified, wavy, and slug flow. In slug flow, at low flow rates, liquid can
occupy the entire cross section of the pipeline at poits in the line. This is likely to
occur on uphill portions of the pipeline. This type of tlow can produce liquid slugs

that exit the pipeline intermittently. Because of ths, it is often necessary to include
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equipment to catch thes slugs of liquid at the end of the pipeline to prevent damage

to processing or other facilities.,

4. MULTIPHASE FLOW

3As in the multiphase flow in vertical pipe, in horizontal pipe there are
distinct flow regimes. In horizontal flow there are divided up into 3 main types,
Segregated Flow, Intermittent Flow and Distributive Flow. Segregated Flow is
divided up into Stratified, Wavy and Annular Flow. Intermittent Flow is divided up
in to Plug and Slug Flow. Distributive Flow is divided up in to Bubble and Mist

Flow.

o Segregated flow is further classified as being stratified smooth, stratified
wavy (ripple flow), or annular. At higher gas rates, the interface becomes
wavy, and stratified wavy flow results. Annular flow occurs at high gas rates
and relatively high liquid rates and consists of an annulus of liquid coating
the wall of the pipe and a central core of gas flow, with liquid droplets
entrained in the gas.

e The intermittent flow regimes are slug flow and plug (also called elongated
bubble) flow, Slug flow consists of large liquid slugs alternating with high-
velocity bubbles of gas that fill almost the entire pipe. In plug flow, large gas
bubbles flow along the top of the pipe.

¢ Distributive flow regimes include bubble, mist ,and froth flow.;
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DIRECTION OF FLOW '—;’f_,“agg’\
INTERMITTENT SLUG INTERMITTENT
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| ¥
|
"STRATIFIED WAVY BUBBLE

Figure 1: Horizontal Flow Regimes;

5. BEGGS AND BRILL METHOD

3The Beggs and Brill method works for horizontal or vertical flow and

everything in between. It also takes into account the different horizontal flow

regimes. This method uses the general mechanical energy balance and the average

in-situ density to calculate the pressure gradient. The following parameters are used

in the calculations.

Determining flow regimes

u2

Neg = —
FR gD

/‘[z="1il"
Uy

L, = 316273

L, = 0.00092521; 24684

L3 = 10/’{?1.4516

L4, = 0.511_6'738

» Segregated if 3; < 0.01 and Npp < Ly or 4; > 0.01 and Npp < L,
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TranSiﬁon if&l = 0.01 and L2 < NFR < L3

Intermittent if 0.01 <A, <0.4 and Ly < Npgp < Ly or A, > 0.4 and L; <
NFR<L4

Distributed if 4, < 0.4 and Npg > Ly or 4; =2 0.4 and Npp > L,

For segregated, intermittent and distributed flow regimes use the following:

With the constraint of that y;9 = 4,

Yi = Y0¥
ar?
Yo = N;&;

¥ = 1+ C[(sin 1.86) - 0.333 (sin®1.86)]

c=(1

~ ) ln(dzlfNJ,NgR)

Where a, b, ¢, d, ¢, f and g depend on flow regimes and are given in the following

table

BEGGS AND BRILL HOLDUP CONSTANTS

FLOW
a b ¢
REGIME
Segregated 0.98 0.4846 0.0868
Intermittent 0.845 0.5351 0.0173
Distributed 1.065 0.5824 0.0609
d e f g
Segregated
0.011 -3.768 3.539 -1.614
uphill
Intermittent
2.96 0305 | -0.4473 0.0978
uphill
Distributed
No correction, C =0, =1
uphill
All regimes
4.70 -0.3692 | 0.1244 -0.5056
downhill
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For transition flow, the liquid holdup is calculated using both the segregated and

intermittent equations and interpolating using the following:

[y, = Ay,(Segregated) + By,(Intermittent)|

- N,
A=L3 FR
Ly — L,

1P = Yip1+ YgPy |

(dP) _ gpsin®
PE 9,144

dl

The frictional pressure gradient is calculated using:

Gpr 9.0
ftp = fn%

The no slip friction factor f,, is based on smooth pipe (E = () and the Reynolds
D

PmimD1488

™m

number, Ngerm = where fny, = pmd + tgdy

fipthe two phase friction factor is

Inx A
where § = ndx = ;—‘5
I

-~0.0523+3,182 In x—0.8725(In x)2+0.01853(In x)* a
Since S is unbounded in the interval 1 < x < 1.2, for this interval
S =In(2.2x - 1.2)
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6. SLUG CATCHER SIZING

Stug catchers should be sized to dampen to a level that can be handled by
downstream processing equipment. Before dynamic models of the topsides facilities
are available, the level of acceptable surging is unknown and designers are often
forced to make assumptions vis-a-vis surge volumes, such as designing for the 'one

in a thousand' stug.

Surge volume for gas condensate requirements are determined from the outlet
liquids rates predicted in the ramp-up, startup, and pigging cases. The required slug
catcher size is dependant on liquid handling rate, pigging frequency, and ramp-up
rates. An iterative process may be required to identify optimum slug catcher size,
pigging frequency, liquid handling rate, and acceptable ramp-up rates. For this
optimization, the results of the simulations should be presented as surge volume
requirements as a function of liquid handling rate for representative ramp-up rates

and pigging frequencies.

7. SEVERE RISER SLUGGING

Severe riser slugging is likely in a pipeline system followed by a riser under

certain conditions. The elements leading to severe riser slugging are:

e The presence a long slightly downward inclined pipeline prior to the riser.
» Fluid flowing in the stratified or segregated flow regime {as opposed to the
usual slug or intermittent flow regime).

o A slug number (PI-SS) of lower than 1.0.

The PI-SS number can also be used to estimate the severe riser slug length from the

equation:

SLUG LENGTH = RISER HEIGHT / PI-SS NUMBER
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2. PROJECT ACTIVITIES FLOW

ot - - S
Xg
= B B =
. 4
_)

Figure 2: Project activities flow
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Figure 3: Project Methodology Case Study |
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1.Check the PI-SS number at the riser 2.Check the riser base flow regime
base. maps.

slugs genarate by volume of liquid swept  3.Determine the pigging
reviewing the 1/1090 in front of a pig.(Liquid volume.

1
Figure 4: Project Methodology Case Study 2
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3. KEY MILESTONE (GANTT CHART)

Dissertation

JULY AUGUST SEPTEMBER
No Activities /Week 7 [8]9|10 1112|1314 15|16 |
1 | Pipesim Exercise
2 | Pipesim Case Study »
)
; e z
3 | Progress Report Submission 5 5 ;
4 | Pre-EDX = 5| 5
= 2| =
5 | EDX 7 S| z
= Bl =
6 | Final Oral Presentation = ‘ ﬁ
—— %
7 | Delivery of Final Report to External Examiner o
L
8 | Submission of Hardbound Copies }E'

- Activities done

Table 1: Project Gantt chart
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4. PIPESIM

I.  Steady-State Multiphase Flow Simulation (PIPESIM)

sPIPESIM software is a steady-state, multiphase flow simulation software
that can be used to design and analyze of oil and gas production systems. The
multiphase flow of hydrocarbon from the reservoir to the wellhead can be modeled
by using PIPESIM software tools and also analyzes flowline and surface facility
performance to generate comprehensive production system analysis as well. With
advanced modeling algorithms for nodal analysis, PVT analysis, gas lift, and erosion
and corrosion modeling, PIPESIM software helps engineers to optimize the

production and injection operations.s

II. PIPESIM Flow Assurance

sPIPESIM production system analysis software offers the industry’s most
comprehensive steady-state flow assurance workflows, both for front-end system
design and production operations. Specific flow assurance modeling capabilities

include:

¢ erosion prediction for sand-laden fluids

e (CO2-induced corrosion prediction

¢ emulsion handling

¢ hydrate prediction including mitigation with inhibitors
e slug characteristics and pigging operations

e wax and asphaltenes prediction

o time-dependent wax deposition
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¢ liquid loading prediction

o detailed heat transfer modeling,

sPIPESIM can be used to identify and predict flow assurance issues and
develop mitigation strategies. Fluid flow can be modeled accurately using industry-
standard multiphase flow correlations and advanced heat transfer models in this
simulator software. PIPESIM also offers the accurate characterization of fluid
behavior and predict hydrate, wax, and asphaltene formation using a wide variety of
black-oil and compositional fluid models. Prediction on rates of erosion and
corrosion assess the pipeline integrity. Furthermore, PIPESIM assess the operational
risk from wax deposition along flowlines over time and determine liquid-handling
capacities at the processing facility by modeling slug flow and pigging operations.
The benefits of PIPESIM:

e Models multiphase flow from the reservoir through the production facilities
to your delivery point

e Addresses complex production networks and captures the interactions
between wells, pipelines, and process equipment

e Performs a comprehensive sensitivity analysis at any point in your hydraulic
system using multiple parameters

» Simulates your field production system to improve production, make better
decisions, and maximize your asset value

o Links with HYSYS process simulator for an integrated sand face to process
facility analysis
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CHAPTER 4: RESULTS AND DISCUSSION

1. CASE STUDY 1

The design gas flow rate for the pipeline is 180 MMSCF/D. The pipeline length
and clevation at inlet are shown in Table 2. The ambient temperature is assumed to
be 60 °F (15.6 °C). The fluid inlet pressure is 1165 psia (8032 kPa) with 95 °F (35
°C) inlet temperature. The required outlet pressure is 750 psia. The pipeline is buried
under ground; with an approximate overal! heat transfer coefficient of 1 Btu/hr-fi2-°F
(5.68 W/m2-°C) was assumed. Due to the high content of H,S and CO» (25.6 and 9.9
mole %, respectively) and to prevent corrosion and hydrate formation, the gas has

been dehydrated before entering the pipeline.

Segment length for pipeline

Segment No Length (miles) Elevation at inlet (ft)
1 7.09 1740.00
2 4.84 672.57
3 6.40 1197.51
4 3.10 688.98
5 0.62 1410.76
6 7.77 862.86
7 9.94 295.28
8 14.93 426.51
9 7.34 196.85

10 9.46 98.43
11 9.94 55.77
12 9.94 49.21
13 9.94 19.69
14 3.1 36.09

Table 2: Pipeline length and elevation at inlet

Composition and condition of pipeline

Component Mole %

H,8 - 256
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N, 02
CO, 9.9
G 62.9
C, 0.7
C, 02
iC, 0.06
nC, 0.09
iC, 0.04
nC, 0.05
Cot 0.26
Total 100

Table 3: Composition and condition of pipeline

PROPERTIES OF C6+

SpGr=10.7

Molecular Weight = MW = 107.8
Normal Boiling Point = NBP=233.8°F
Critical Temperature = TC = 536.7 °F
Critical Pressure = PC = 374.4 psi
Acentric Factor = 0.3622

L.D.(") Wall thickness (") | Roughness (")
16 0.5 0.001
8 0.5 0.001
20 0.5 0.001
24 0.5 0.001

Table 4: Available pipeline sizes
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SELECTION OF OPTIMUM PIPELINE ID

By using the wizard feature in the Pipesim, this pipeline model is constructed. The
source pressure is 1165 psia with 95°F fluid temperature. The pipeline was divided
into 14 segments according to the number of up-hills and down-hills in the line. The
pipeline ID, wall thickness, roughness, overall heat transfer coefficient and elevation

data and was entered for detailed pipeline description.

DisEEel 4l | e v DAEEE 6 sl
T o@D EWHg e b 4ok iynRE R e g

Y
I
Ad
A
A
o
-
S
— 3 = 20.000 inches
9] WT = 0.500 inches

Bocugh. = 0.0010 inches
Length = 551428.18 Tc
Detailed Profile: 15 ncdes

Figure 5: Constructed pipeline model CASE STUDY |
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Figure 7: Pipeline diameter sensitivity analysis
Required outlet pressure = 750 psia
PIPELINE ID 16" 18" 20" 24"
i 750 psi 750 psi 750 psi 750 psi
< ia < ia > ia > ia
PRESSURE " " > B

Table 5: Pipeline diameter & outlet pressure case study |

Figure 6 is the graph plot for sensitivity analysis on 4 available pipeline size which
are 16", 18", 20" or 24” ID. Note that the calculated outlet pressure for 16" and 18"
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pipeline will become less than required outlet pressure for the operation before fluid
reach the destination, 20" and 24" ID pipeline will be the suitable pipeline. It can be
seen that a 20" is the smallest pipeline size that will satisfy the arrival pressure

condition of at least 750 psia. The optimum pipeline size selected is 20".

Case 1 IDIAMETER=1% ins

Dist. FElesv. Horiz. Vert. Pres. Teap. Mean Pressure Drop Liguid Free Densitims Slug Flow
. Yel. {ps=i) Flow Gas (1bsft3} Humber Pattern
{feet] (fest) (deg) (deg) (psia) (F) (ftss) Elav. Frictn. (bbl/d) {mmscfd) Liquid Gas (PI-SS)
FLOVLINE Flowline 1
] ]

1 D.Q00D 1740.0 -1.53 B3.37 1165.©@ 95.000 15.330 0.0000 0.060C G.0008 180.006 00016 6.18%8 GAS

2 37435, 672.57 -1.63 B8.37 1142.3 -B0.714 14.676 -46.91 £9.659 395.25 178 607 37.658 6.4223 125.26 B/B SEGREGATED
3 62000, 1197.6 1.177 B8.g2 1070.% 68.9Y9 16.082 28.800 42 974 795.89 178.794 37 922 6.2222 31 72 B/B SECREGK

4 96702. 688.90 -.862 0%.14 1022.5 63.286 15.584 -21.60 £9.528 940,30 170.54C 39.148 5.9945 16.26 B/B SECREGK

§ 113150 1410.8 2.525 B7.47 950.87 57.222 16.654 42.256 29.3087 1511 B 176.975 3%.609 5.5499 B.49 BB SEGREGATED
6 116424 862.86 -3.50 80.50 958.24 68,379 15 404 -21.13 13.824 1297.2 177.592 139.244 5.5486 2 BB SEGREGATED
7 157450 295.28 -.793 89.21 Q02.61 55.75) 18,355 -20.95 96.562 1857.5 176.0818 4G.616 5.0257 5.82 BB SEGREGATED
8 209933 426 51 .1433 €9.86 744.63 50.554 22 486 5.8857 132.03 1639.6 176.502 42.851 4.0857 4.14 B/B SEGREGATED
9 288763 196.85 -.167 £9.83 433.92 39.85% 42.804 -5.162 315.54 761.17 179.133 43.023 2.2232 6.79 B-B DISTRIBUTED

wxmx  Cage no. 1: Calculated pressure is too low { 0 Bsia) in section 9 wsesss

zexeswx  CASE TERMINATED swwevuus

Table 6: Output table for 16" pipeline

Case 2 :IDIAKETER=18 inz
Dist. Elev. Horiz. Vert. Pres. Tesp. Hean  Pressure Drop Liquid Free Densities Slug Flow
ingle Devn. . Val. (psi) Flow Gas {lbsft3) Hunbsr Pattern
{feat) {feet) {dea) (d=g) (psia) (¥) (ftrs) Elev. Frictn. {bbl/d) (mmscfd) Liquid Gas (PI-55)
FLOVLINE Flowline 1
1 0.0006 1740.0 -1.63 B6.37 1165.0 95.000 12.113 0.pgoc 0.6000 0.0000 18€.00C .00D1I0 6.1858 GAS
2 7435, 672,57 -1.63 88.37 '1176.6 81.166 11.215 -47.67 37.028 3B86.12 179.62] 37.557 6.641% 127.90 B-B SEGREGATED
3 62990 1197.5 1.177 88.82 1123.6 70,054 11.236 30.24% 22,373 793.38 178.780 37.721 € .587¢% 31.68 B/B SEGREGATED
4 96782, 68B.98 —.B62 89.14 1111 7 65,977 13.164 -23 .33 34 620 920.92 17B.514 37 761 6.6161 16.3) B/B GEGREGATED
5 313150 1410.8 2.52% 87.47 '1051,2 59.268 11.632 46,215 14.269 124B.8 177.768 38.373 &.3148 10.15 B/B SEGREGATED
6 115424 062.86 -9.50 80.50 -1068.4 61.441 11.519 -24.20 7.0893 1042.7 170.316 37.931 6.3993 11.84 B-B SEGREGATED
7 157450 29528 -.793 89.21 1049.7 6G.487 11.743 -24.99 43.653 1054.6 178,306 36.014 %.2756 B.46 B/B SEGREGATED
B 209933 426,51 .1433 89.86 '991.80 57.660 12.447 7.2644 50,621 1516.7 176.979 39 213 5.8703  4.34 BB SEGREGATED
9 288763 196.85 - 157 09.93 .906.78 55.922 13.90 -B.856 93.855 1619.4 176.649 40.205 5.2175 2.96 BB SEGREGH
10 327518 50.430 ~.146 8%.85 0859.26 55.196 15.036 -3.441 G50.952 1544.0 176.843 41.068 4.8463 2.76¢ B/B SEGRECATED
11 377467 55.770 — 049 89.55 :788.16 G54.B96 16.891 -1 356 77.434 1378.2 177.301 42 428 4.3214 2.73 BB SEGREGATED
12 429950 49.210 -.007 89.99 :701.99 52.900 19.325 -.18548 B6.318 1294.0 177.462 42,560 3.78l6 2.56 B/B SEGREGATED
13 482434 19.680 ~.032 89.97 :600.73 51.249 23.346 ~.7121 101.92 1025.5 178.233 42,668 2.1455 2.95 B/B SEGREGA
14 534917 36.050 .0179 89 98 480.29 49.8B56 36 490 43811 119.91 €52.08 17%.358 42 641 2.4257  £.32 B/B SEGREGATED
15 551338 0.0080 —.126 89.87 431.12 49.101 34.419 -.5742 49.691 600.73 179.47% 42 762 2.1508 4.60 BB SEGREGATED
Table 7: OQutput table for 18" pipeline
Cass 3 :IDEAKETER=20 ins
Tist. Eley. Horiz Vart. Pres. Temp. ¥man Prassure Drop Liquid Fres Densitios Slug fFiow
Angle Devn. Vel. (psi) Flow Gas (lb/ft3) Number hPattern :
(femt) (faot} {deg) (deg) (psia) (F} {ft-s) Elav. Frictn. (bbl-d} (mmzcfd) Liguid Gas (PI-55)

¥

FLOWLINE Floeline 1

1 0.0000 1740.0 -1.63 88.37 1165.0 35.000 9.6111 0.00Q¢ 0.00G0 ¢©.0G00 168C.0GD .00CL0 6.105€ GAS h
7 97435, 672,57 -1.63 08.37 1191.9 90.763 0.9125 —4p.12 2:.180 407.32 179,575 37.312 6.767¢ 120.99f BB SEGREGAT

3 62990, 1197.5 1.177 88.92 1148.0 69.824 B©.8387 31 304 12.671 B16.6B 178.726 37.640 6.7814 3D.66f B/ SEGREGATEDY
4 96752, 688,98 —.862 B9.14 1153.0 66.403 B.6487 24,20 19.21p 939.87 179.478 37.824 6.9178 16.07"B/B SEGREGATED"
L 113150 1410.8 2.525 $7.47° 1096.2 59.574 8.9379 48.857 7.8Y80 1198.5 177.926 37.997 6.665%1 i0 S23B-/B SEGREGATED

6 116424 862.86 -9.50 80.50 1119 1 62.522 8.8222 -25,57 2.7221 10S1.% 176.273 37.73% 6.76%33 11 .70&B-B SEGREGA

7 157450 295.28 —.793 £9.21 1122.4 62.293 8.7767 -26.7% 23.459 1063.8 178.248 37.724 6.8032 §.3%B-/B SEGREGATEDY
8 209933 426.51 .1433 89.86 1093.9 &I.446 B.94BC 7.@696 20.638 1254.5 177.767 38 116 6,650l & 20B/B SECREGA

9 288763 196.85 —.167 B9.83 1058.2 5B.732 9.3026 -10.40 46,918 1367.5 177.376 39.547 6.3914 3.38 B/B TED

10 327518 95.430 —. 146 89.85 1039.2 S8.477 9.5145 -4.312 23.365 1419.9 177.276 38.721 6.2342 2.914B/B SEGREGATED,

11 377467 GE.770 —. 049 89.95 1010.1 .£8.008 9 8564 -—1.814 30,939 1476.8 172.101 33,013 £.0101 2 .423B-/B SEGREGA

12 429950 4%.210 -.007 89.99 976.49 57.582 10.2% ~.2679 33.826 1499.7 177.021 3%.333 ©5.7490 2.10¢B/B SEGREGA’

13 482434 19.6%0 - 032 89.97 942.15 57.34% 10,807 -1.3161 35.490 1464.8 177.106 39.653 §.4778 1.93 B/B SEGREGA

14 534317 36,090 .0179 89.98 906.85 57.150 11.395 .83318 34.461 1404.3 177 266 40.04) 5.1982 1.84§B/B SEGREGATED)

iE 551338 G.0000 -.126 €9.87 695.98 57.159 11.8%5 -1.292 12.163 1370.1 177.350 40.1s3 5.1110 1.8%B/B 4

Table 8: Output table for 20" pipeline
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[Cas® 1 IDIAAEIER=24 1ns
Dist. Elev. Horiz. Vert. Pres. Teap. ¥ean Pressurs Drop Liquid Frea Densities Slug Flov
Angle Davn. Vel. {psi) Flow Gas {lb-£t3) Humbsr Pattern
{(feat} (feet) {deg} (deg) (psia) {F) (fts) Elev. Frictn. (bblsd) (mascfd) LEigquid Gas (PI-S6)
FIOVLINE Flowlin= 1
L 0.0000 1740.0 -1.63 98.37 1165.0 95.008 5.8133 0.0000 0.00G0 0.0000 182.000 .DOJ1D 6.1858 GAS
2 37435. 672.57 -1.63 80.37 1205.6 79.12% 6.0510 -40.B9 B.1272 479.50 179.419 37.477 6.9150 101.75 BrB SEGREGATED
3 62990, 1197.5 1.177 88.82 1167.8 68.254 5.9699 32,976 4.8220 085.64 178.562 37.580 6.9775 28.1C B-B SEGREGATED
4 95782. 68O, 98 — BR2 89.14 11856 65.791 57761 -25.03 7.1861 985.62 178.378 37.530 7.1694 15.2¢ BB SEGREGATED
5 113150 141G.8 2.525 87.47 1130.5 59.377 5.9473 52.192 2.9553 1310.7 177.621 38.017 6.9449 9.58 B/B SEGREGATRD
& 116424 862 86 -9.50 80.50 1156.6 62.323 b5.B641 -26.60 .52202 1087.3 178.188 37.613 7.0699 11.268 B-B SEGREGATED
7 157450 295.20 -.793 §9.21 1176.1 62.824 5.7528 -20.13 8.6253 1G64.1 176.180 37.556 7.2078 0.15 B-B
8 209933 426.%1 .1433 §9.86 1158.0 59.916 5.7877 B 4694 % 6561 1i90.0 177.970 37 658 7.1522 5,46 B/B SEGREGATED
9 268763 196.85 - 17 §9.83 1153.1 60.030 5.B244 ~11.37 16.296 1161.9 173.047 37.624 7.1101 4.02 B/B SEGREGATED
18 327518 98.430 - 146 89.45 1149.9 59.99% G5.8443 -4.851 ¢©.04é8 1162.3 175.046 37.638 7.0857 3.5) B/B SEGREGATED
14 377467 55.770 - 049 §9.95 1141.6 S9.724 5.8675 -2.090 10.405 1228.4 177.857 37.813 7.0256 2.86 B-B SEGREGATED
12 429950 49.210 -.007 £9.99 1130.9 59.478 5.9491 -.3183 11.024 12B84.3 177.696 37.96% 6.9458 .41 BB SEGREGATED
13 482434 19,690 - 032 99.97 1121 1 59 41% 6.9142 -1 416 11,153 1290.2 177.676 3B.029 6.8694 2.14 B/B SEGREGATED
14 534917 36.690 G179 99.98 111C.2 £9.302 5.0069 1.0241 5.9266 1309.3 177 619 38.120 6.7645 1.90 B-B SEGREGA
15 551338 0.0000 -.126 §9.87 1108.3 '59.3%% 6.1049 -1.898 3.5651 1282.4 177 693 38.064 6.7675 1.89 BsB SEGREGATED
Table 9: Output table for 24" pipeline

From the output summary in Table 8, it can be seen that the flow regime for the fluid

flow in 20" pipeline is segregated flow. Segregated flow is further classified as being

stratified smooth, stratified wavy (ripple flow), or annular. There is no indication of

any slugging would occur in this pipeline.
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2. CASE STUDY 2

For case study 2, the fluid flows down a riser from the satellite platform to the
seabed, along a 5 miles pipeline, and up a riser to the processing platform. The fluid
inlet pressure at satellite platform will be 1500 psia and the fluid inlet temperature at
satellite platform is 176°F. Design liquid flowrate is 10006 STB/D with minimum

atrival pressure at processing platform of 1000 psia. And the maximum turndown is
5000 STB/D.

Composition and condition of pipeline

Component Moles (%)
C, 75
C, 6
Cs 3
iCy 1
nC, 1
iCs 1
nCs 0.5
Cs 0.5
Crt 12

Table 10: Composition and condition of pipeline
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Pipeline Data
Height of undulations 10/1000
Horizontal distance 5 miles
Elevation difference 0
Wall Thickness 0.5”
Roughness 0.001”
Ambient Temperature 50°F
Overall Heat Transfer Coefficient 0.2 Btuw/hi/ft2/°F
Table £1: Pipeline Data
Data for Risers 1 & 2
Horizontal distance 0
Elevation difference (Riser 1) -400 fi
Elevation difference (Riser_2) +400 ft
Inner diameter 1"
Wall thickness 0.5"
Roughness 0.001"
Ambient temperature 50 °F
Overall heat transfer coefficient 0.2 Btu/hr/ft2/°F

Table 12: Data for Risers 1 & 2

Pipe thermal conductivity = 50 Btu/ht/ft/°F

Insulation thermal conductivity = 0.15 Btu/ht/ft/°F

Insulation thickness = 17

Ambient fluid = water

Ambient fluid velocity = 1.64 ft/sec
Burial depth = 0 (half buried)

Ground conductivity = 1.5 Btuw/hr/ft/°F
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FYP H: Two Phase Gas-Liquid Pipeline Design
1.D.(") Wall thickness (") | Roughness (™)
6 0.5 0.001
8 0.5 0.001
10 0.5 0.001
12 0.5 0.001

Table 13: Available pipeline sizes
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SELECTION OF OPTIMUM PIPELINE ID

By using the wizard feature in the Pipesim, this pipeline model is constructed. The
fluid inlet pressure at satellite platform will be 1500 psia and the fluid inlet
temperature at satellite platform is 176°F. Design liquid flowrate is 10000 STB/D
with minimum arrival pressure at processing platform of 1000 psia. The pipeline ID,
wall thickness, roughness, overall heat transfer coefficient and elevation data and

was entered for detailed pipeline description.

Src_
B

S1

Riser 1

e o []

Figure 8: Consiructed pipeline model CASE STUDY 2
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Pipsiine diameter sensfivity aneiysis
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Figure 9: Pipeline diameter sensitivity analysis

Minimum arrival pressure = 1000 psia

PIPELINE ID 6" 8" 10" 12"
FLAASES <1000 psi < 1000 psi 1000 psi 1000 psi
ia ia > ia > sia

PRESSURE I &= - "

Table 14: Pipeline diameter & outlet pressure case study 2

Figure 8 is the graph plot for sensitivity analysis on 4 available pipeline size which
are 6", 8", 10" or 12" ID. Note that the calculated outlet pressure for 6" and 8"

pipeline will become less than minimum arrival pressure for the operation before

fluid reach the destination. 10" and 12" ID pipeline will be the suitable pipeline. It

can be seen that a 10" is the smallest pipeline size that will satisfy the arrival pressure

condition of at least 1000 psia. The optimum pipeline size selected is 10".

A4

Cose 1 IDIANETER=6 ins
Dist Elev. Boriz. Vert. Pres Teap. Mean Pressure Drop Liquid Free Densities Slug Flow
Angle Devn. Vel (pei) F. Gas (WHJL Nusber Patters
(feet) (feet) (deg) (deg) (psia) (F) (ftss) Elev. Fricts (bblsd) (mascfd) Liquid (P1-585)
RISER Riser_ 1
Topsides
1 0.0000 0.0000 -30.0 0,000 1500.0 176.00 16.491 0.0000 0.0000 18609. &4 3446 32,083 5.3674 /R SLUG
2 0.0000 -200.0 -50.0 0.000 15i4.0 176.52 16.353 =-14.30 .26595 18638, 64.2940 32.006 5. 4254 DR SLUG
] O.Ggllﬂuljlio.o -50.0 0.000 1528.2 177.04 16.216 -14.40 .26399 18667 64.2446 31.929 5.4843 D/R SLOG
4 0.0000 0.0000 .$729 89.43 1527.5 177.04 45.065 0.0000 0.0000 18664, 64.2493 31.932 5.4814 B/B INTERMITTENT 1.4
§ 1320.0 13.200 5729 B9.43 1416.2 172.71 48.260 1. 0814 110 02 18412. 64.6707 32.586 5.0240 43.77 B/B INTERMITIENT 1.4
6 2640.0 0.0000 -.573 B9.43 1285.1 168.13 52.895 -. 4363 131 .42 17959, 65,3956 33.510 4.4991 21.37 B/B DISTRIBUTED 1.5
7 3960.0 13.200 .5729 89.43 1147.8 163.13 60.921 91351 136.05 17519. 66.0756 34.403 3.9708 14.46 B/B DISTRIBUTED 1.6
8 5200.0 -.573 972.20 156.90 69.304 -.3338 175.50 17102. 66.8004 35.210 3.3172 10.80 BB DISTRIBUTED 1.7
9 6600.0 13.200 5729 89.43 778.75 150.14 06.705 71827 191.99 16363 66.1169 36,429 2.6218 9.11 B/B DISTRIBUTED 1.9
10 7920.0 0.0800 - 573 B9.43 459.06 137.01 147.58 -.1901 317 26 15142. 69.7822 38.145 1.537%9 ©.19 B/B DISTRIBUTED 2.§
wawe Case no 1. Calculated pressure is too lov { 0 psia) in wection 10 ewesss
Table 15: Output table for 6" pipeline
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Cass 2. IDIAKETER=§ ins
Dist. Elev, Horiz. Vert. Pres. Temp. Kean Pressure Drop lLiquid Frea Dapsities Slug Flow
Angls Deon. Tol. (p=i} Fiow Gas {1b/£t3) HKumber Pattern
(fomt) (fest) (deg) (deg} (psia) (F} (ft/=} Elev. Frictn. (bbi/d} (mmscfd) ILiguid Gas (PI-5S)
RISER Riser 1
Topaides
1 0.0000 ©.0000 -90.0 9.000 1500.8 176.00 16.491 G.00OC 0. 0000 12609 &4.3446 32,083 5.3674 DR SLUG
2 0.0000 -200.0 -90.0 0.0D00 1514.9 176.52 16,353 ~14.30 .26595 19630, 64.2940 32,006 S.4254 O/R SLUG
3 0.0000 -400.G -90.0 0.000 1528.2 177.04 16.216 -14.40 .26399 18667. 64.2446 31.929 $.£843 bR SLUG
FLOVLINE Flowl_1
Riser Baze
4 C.0000 p.000% .5729 A9.43 1528.1 177.04 25.339 0.000C 0.0000 18667. 64.2452 31.929 5.4839 E-B INTERMITTERT
€ 1320.0 13.200 .572% 89.43 1503.0 173.66 25.555 1.1172 23 9h4 16725 64,1127 32,135 5.3849 43.43 E-B INTERMITTENT
6 2640.0 0.0060 -.573 89.43 1476.8 170.38 725.809 - 4883 26.652 16766. 64.0165 32 345 5.2814 ?20.51 B/B INTERMITTENT
7 3960.0 13.200 .572% 09.43 1451.2 167.14 26.070 1.1076 24.438 1B798. 63.9404 32.553 §.1867 13.71 B/B INTERMITTENT
8 5280.0 0.0030 -.573 B3.43 1424.5 163.99 26.375 -.4701 27.228 1Be@13. 63,9010 32.769 5.07%2 10.04 B/B INTERMITTENT
9 6600.0 13,200 5729 G9.43 1399.4 160.89 26.687 1.0957 25.007 1B620. 63.8807 32.986 4.9727 0.02 B/B INTERMITTENT
10 7920.0 0.0000 -.573 89.43 1370.9 157.86 27.851 -.4509 27,915 18807. 62.6986 33.214 4.8650 6.53 B/B INTERMWITTENT
11 9240.0 13.200 5729 83.43 1344.1 154.88 27 422 1.0815 25.684 18786 63 9351 33 444 4.7606 5.63 B/B INTERNLTTENT
12 10560. ©.0000 -.573 89.43 1315.8 151.98 27.853 - 4314 26.733 18743, 64.0126 33.489 4.6505 4.87 B/B INTEREITTENT
13 11880. 13,200 5729 89.43 1i286.2 149.08 20.279 1.0640 26.487 18691, 64.084% 33.940 4.5467 4.33 BsB INTERKITTENT
14 18200, ©.0000 -.573 89.43 1259.0 146,18 20.745 - 4120 29.666 18613, 64.1535 34,716 4 4419 3.8¢ B/E INTERMITTENT
15 14520, 13.200 .5729 B9.43 1230.5 143.33 29.224 1.047@ 27.366 18524, 64.2474 34.498 43408 3.5¢ B/B 1]
16 15840, ©.0000 -.573 B9.43 1200.2 140.50 29.784 -.3930 20,720 18437. 64.3460 34,768 4.2321 3.20 B/D INTERKITTENT
17 17460, 13,200 .5729 89.43 1170.8 137.58 30.336 1.0273 28.390 18440. 64.3037 34,910 4.1264 2.93 B/B INTERMITTENT
18 18480, 0.0000 -.573 89.43 1139.%1 134.71 30.992 -.3730 31.963 19428. 64.2965 35.0563 4.0117 2.6% B/B INTERKITTENT
19 19800, 13.205 5729 BY9.43 1108.% 131.90 31.669 1.0023 29.615 19409. 64.308F 35.217 3.9006 2.50 B/BE INTERMITTENT
20 21120, 0.000¢ -.573 A9 43 1075.4 129.12 32.478 -~.3520 33.450 19373. 64.36G1 35,386 3.7795 2.33 B/’B INTERMITTENT
21 22440, 13,200 .5729 09.43 1043.3 126.39 33.318 .97314 31.121 18329. 64. 4324 35.558 3.6624 2.19 BE/B INTERMITTENT
22 23760. 0.0000 -.573 09.43 1008.3 123.69 34.331 -.3298 35.321 18262. 64.5545 35.751 3.5340 2.06 B/B INTERMITTENT
23 25080, 13.200 .5729 89.43 974.29 121.03 }5.394 .9395% 33 004 18185, 64.7612 35 952 3.4096 1.96 E/B INTERMITTENT
24 20400. 0.000D -.573 09.43 936.89 118.36 36.660 -.3083 37.576 18060. 64.0702 35,184 3.2758 1.86 BB INTERMITTENT
RISER Ris=r_2?
Riser Base
25 0.0000 0.0080 90.00 0.00@ 936.77 118.36 23.467 0.0000 O.GDO0 18079, 64.8715 35.185 3.27s5L DR SLOG
26 0.0000 200.60 90.00 G.00O0 925.84 117.70 23.722 10.535 .40077 16042, 64.9296 36.254 3.2362 1.85 Dv® SLOG
27 0.0000 4D0.B0 90.00 0.000 315,01 137.04 23.983 10.425 .409388 18004, 64.9913 36.325 3.1975 1.B4 VR SLIG
Tapsides
Table 16: Output table for 8" pipeline
Case 3 :IDIAMETER=10 ins
Dist. Elev. Horiz. Vert. Fres. Temp. Hean Drop Liguid Fres Densities Slug ETFlow
Angle Dewvn, Yal. psi) Flow Gas {1b/£t3)  Humber ji Pattarn
{fest) (fest) (deg) (deg) (psia) ({F) (ft’s] FElev. Fricth. {bblsd) (amscfd} Liguid Gas (PI-55
RISER Riser_1 :
Tepsides
1 '0.p0g0 0,000 -30.0 0. 008 1%00.0 176.00 16.4%1 0O.0000 0.0090 18609. &4.3446 32 083 5.3674  D/R SLUG 3
2 0.0000 -200.0 -90.0 0.000 1S14.0 176.52 16.353 -14.30 .26595 18638, 64.2940 J2.006 5.4254 D-R SLUG I
3 0.0000 -400.0 -90.0 0.000 1528.2 177.04 16.216 -14.40 .26399 18867. 64.2446 31.929 5. 4843 1 DR SIUG ®
FLOJLINE Flawl_1 1
Riser Bage ! q
4 0.0000 0.0000 .5729 89.43 1528.2 177.04 16,215 0.0000 0.GO00 1B667. 64.2444 31.929 5. 4944 EB/B INTERKT
§ 1320.0 13.200 5729 B9.43 1519.% 173.46 16.158 1.1337 7.5095 18796. 6€3.9770 32.067 5.4587 43.5F B/B INTERKI !
6 2640.0 £.0000 -.573 B89.43 1511 ¢ 170.02 16.098 -.498% B.2481 18919, 63.7301 32.193 5.4304 20 37 B/B INTERMITIENT,
7 396D.0 13.200 .5729 B9.43 1503.2 166.63 16.053 1.1431 7.4602 19032. 63.5059 32.320 5.4013 13.56 B/B INTERMITTERT)
¢ 5280.0 ©£.0000 -.573 B9.43 1495.5 163.38 16.005 -_4939 8.1985 19139, 63.2990 32.437 &£.3757 ¢.0% B/B INTERNI i
9 6600.0 13.200 .5729 B9 .43 1486.9 160.16 £5.970 1.15i2 7 4214 79238 63.1131 32,556 5.3462 7.8% B/B INTERNMI 3
10 7520,0 ©£.0000 -.573 89.43 1479.2 157.08 15.933 —.4889 B.1602 19332, 62.3416 32.664 5.3202 6.37 B/B INTERMI
11 9240.0 13.200 .5729 09.43 1470.7 154.04 15.908 1.1579 7.3922 19419. 62.7897 32.77% 5.2904 6.4
12 18560, D 0000 - 573 89.43 1463.0 151.12 15.800 - 4837 8.1323 19499 62.E495 32 878 5 2641 4.6%
13 11880. 13.200 .572% 8%9.43 14545 148.17 15.848 1.1637 7.3701 19674, 62.4749 32.984 5. 2400 4.1
14 13200. 0.0000 -.573 89.43 1446.9 145.32 15.803 -.4795 8.0989 19646, 62.2817 33.082 5.2228 3.6
15 14520, 13.200 5729 89.43 1428.4 142.49 15,777 1.1708 7.3348 19709. 62.1091 33.183 5.2016 3.2
16 15840. 0.0000 -.573 £9.43 1430.8 I39.79 15.737 -.4760 &.0644 19770, 61.9489 33.276 5.1035 2.9 ;
17 17160, 13.200 .5729 B9 43 1422.3 137.12 15.787 1.1766 7.3090 19822. 61.80B2 33.373 5.1614 2.6 i
18 184B0. 0.0000 -.573 89.43 1434.7 134.57 15.692 -.4723 8.0406 19872 61.6774 33.462 5.1424 2.4
19 19800. 13.200 .5729 B9.43 1406.3 132.03 15.681 1.1814 7.2923 19915 61.5650 33.565 §.1193 2.2
20 21120, 0.00D0D -.573 89.43 1396.7 129.62 15.665 - 4684 80265 19956. 61.4606 33 641 S5.0995 2.1
21 22440, 13.200 .5729 89.43 1390.2 127.22 15.663 1.1850 7.2841 19989, 61.3739 33.732 £.07656 1.9 NTERNT
22 23760, 0.0000 -.573 09.43 13B2.7 124.94 15.656 -.4643 0.0217 20021, §1.292% 33.615 S.0549 1.& 9
23 25000, 13.200 .5729 8943 1374.2 122.67 15.663 1.1877 7.2040 20046. £1.2291 33.904 5.0302 1.73 E/B INTERNITTENT:
24 26400 0.0000 - 579 89.43 1366.6 12051 15.664 ~ 4601 6.0256 20870. 61.1696 33,985 5.0087 1.63B/B INTERMITTENT]
RISER Riser_2 ; ]
Riser Base
25 £.0000 0.0080 90.00 8,000 1366.6 120.51 15.665 0.000C 0.0000 20070, €1.16%9 33 985 5.008%
26 0.0000 200.90 90.00 0.000 1351.3 119.82 15.826 15.951 32323 20004. 61.2877 34.089 4.9470 1.6
27 £.0000 400.20 90.20 0.080 1336.0 119.17 15.987 14.923 32546 19936. 631.3951 34,194 4.8872 1.6%

Topsides

Table 17: Output table for 10" pipeline
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Case 4 :IDIAEETER=12 ins
Dist. Elev. Horiz. Vert. Pres. Teap. Mearn  Pressure Drop Liquid Free Densities Slug Flov
Angle Davn. Vol. (psi} Flow Gas {lb/ft3) Huaber Pattern
{feet} (feet) (deg) (deg) ({psia) (F) ({ftrs} Elev. Friztn, (bbl/d) (wmacid} Liquid  Gas (FI-85)
RIGER Rissr_1
Topsides
1 0.0000 8. 0000 -%0.0 2.000 1500.8 176.00 36 491 0.0880 0.0008 186089. 6&4.3446 32.083 5.3674 D/R SLUG
¢ 0.0000 -200.0 -90.@¢ D.000C 1514.0 176.52 16.353 -14.30 .2659% 18638. €4.2940 3Z.006 5.4254 /R SLUG
3 0.0000 —400.0 -90.0 .00 1528.2 177.04 16.216 -14 40 .2633% 18667. &4 2446 31.929 5.4842 /R SIUG
FLOVLIKE Flowl_t
Riser Base
4 0.0000 0.000C .572% B9.43 1528.1 177.04 11.261 0 G000 0.0009 18667. 64.2445 321.929 5. 4843 B/B INTERKITTENT
5 1320.0 13.200 .5723 89.43 1824.1 173.09 11.174 1.1453 2.9294 18831. 63.9108 32.057 5.4759 43.6: B/B INTERMITTENT
6 2640.0 0.0000 -.573 69.43 152i.4 169.29 11.0B4 -.5016 3.2049 18987. 63.5379 32.170 5.4730 20.32 B/B INTERMITTENT
7 3360.0 13.200 .5729 89.43 1537.3 165.57 11.007 1.1618 2.8859 19133. 63.3133 32.284 5.4641 13 49 B/B INTERWITIENT
8 5280.0 0.0080 -.573 B9.43 1514.7 162.02 10.927 - 5007 3.1591 1%273. 63.0454 32.385 5.4608 9.76 B/B INTERMITTEWT
9 6600.0 13.200 .5729 §9.43 1%10.6 158.51 10.869 1.1766 2.8474 19403. 62.8034 32,487 5.4515 7.75 B/E INTERMITTENT
10 7920.0 D0.0000 -.573 95.43 1508.0 155.17 10.707 -.4995 3.1185 19528 62.5743 32.577 5. 4478 6.2 HTERNI
11 9240.0 13,200 6729 99 43 1504.0 151.87 10.728 1.1908 2.8134 19%644. 62 3692 32.569 5.4391 5.33 B/B INTERMITIENT
12 10560. 0.6000 -.573 89.43 1501.4 148.70 1C.656 -.4983 3.0825 19758. 62.1350 32.751 5 .4386 4.5 B/B INTERWETTENT
13 11880. 13.200 .5729 9%.43 1497.5 145.50 10.565 1.2035 2.7787 19863, 61.8687 32.826 5.4395 4.0 INTERMETTENT
14 137208, 0.0000 -.573 §9.43 1494.9 142 46 10.509 -.49§% 3 0406 19966. &1.6154 32 910 5.4457 3.52 B/B INTERMITTENT
15 14520, 13.200 .5729 89.43 1491.0 139.46 10.447 1.2173 2.7429 2005%. &1.3866 J2.388 5.4456 3.17 B/B INTERMITTENT
16 15840. 0.06000 -.573 B9.43 1489.5 136.61 10.380 -.493¢ 3.0030 20151. §1.1673 33.885 5. 4509 2.85 B/B INTERNITTENT
17 17160, 13.200 .5729 89.43 14084.5 133.79 10.325 1.2297 2.7112 20233. 6@.970%9 33.127 5.44%7 2.60 B-B INTERKITTENT
18 18480. 4.0000 -.573 BY.43 1482.0 131.12 10.265 - 4586 2,9698 20315. 60.7809 33.188 5.4541 2.37 B/B INTERHKITENRT
19 19800, 13.200 .5729 B9.43 1478 1 128.47 10.217 1.2489 2.6834 20387. £D.6127 33.254 5.4519 2.20 B/B INTERMITTENT
20 21120, B.0000 -.573% B9.43 14757 125.96 10, 164 - 4999 2 9405 20460. ©0.4484 33.310 5. 4554 2.03 B/B INTERNITTENT
21 22440, 13,200 (5729 B9.43 1471.8 123.47 10.123 1.2510 2.6588 20524, 60,3049 33.371 5.4523 1.99 B-/B INTERKITTENT
22 23760. B.0000 -.573 89.43 1463.4 121.13 10.075 -.4999 2.9148 20589. 60.1628 33.422 5.4550 1.76 B/B INTERMITTENT
23 250B0. 13.200 .572% 09.43 1465.5 118.79 10.031 1.2601 2.6372 20653. 59.9%57 33.476 5.4550 1.65 BB INTERNITTENT
24 26400 [ 0000 - 573 B9 43 1463.1 116.60 9.9741 - 5005 2.§879 20723 59.7921 33.517 5 4643 1.55 B/B INTERMITTENT
RISER Riser 2
iser Base
25 0.0000 0.0000 90 .40 0.000 1463.0 116.60 14.363 0.8000 0.6800 20723, 59.7926 33.517 5. 4640 /R SLUG
26 ©.0000 200.00 90.60 0.000 1446.5 115.89 14.506 1%.246 31423 20666. 59.8874 33.6409 5.3965 1.54 D/R SLUG
27 0.0000 400.00 90.00 0.BB0 1430.0 115.13 14,652 16.109 31644 20606. 59.9069 33.703 ©5.3294 1.5 IvR 5LUG
opsi

Table 18: Cutput table for 12" pipeline

From the output summary in Table 17, it can be seen that the flow regime for the

fluid flow in 10" pipeline is intermittent flow. The intermittent flow regimes are slug

flow and plug (also called elongated bubble) flow. Slug flow consists of large liquid

slugs alternating with high-velocity bubbles of gas that fill almost the entire pipe. In

plug flow, large gas bubbles flow along the top of the pipe. Because the pipeline

system consist of vertical riser, severe slugging could occur in the pipeline tiser.
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SCREENING THE PIPELINE FOR SEVERE RISER SLUGGING

The screening of the pipeline for severe riser slugging. As claimed in the literature
review, the elements leading to severe riser slugging are:
o The presence a long slightly downward inclined pipeline prior to the riser.
o Fluid flowing in the "stratified" or "segregated” flow regime (as opposed to
the usual "stug” or "intermittent" flow regime).

» A slug number (PI-SS) of lower than 1.0.

To screen the pipeline for severe riser slugging, the PI-SS number at the riser base
for both flowrate cases are checked. It can be seen that the PI-SS number is higher
than 1.0 at the riser base in both cases as shown in Table 19 and Table 20. The PI-
SS number at the riser base for 5000 sbbl/day is 1.33 and for 10000 sbbl/day is 1.63.
In the turndown flowrate case the PI-SS number is 1.33 at the riser base as shown in
Table 19.

Case 1 -LIQs500D sbbl-day

Dist. Elev. Horiz. Vart. Pres. Temp. Hean Pressure Drop Liguid Fres Densities Slug Flow
Angla Davn, Vel . {psi) Flow Gas (1bs£t3)  Humber Pattern
RISER J(EE'BH)}. {test) (deg) (deg) (psia) {F) (ftre) Elev. Frictn. {bbisd} (amscfd) Liquid Gas {PI-S5)
iser_

Topsides
1 0.000C 0.00G0 -90.0 6.000 1500.0 176.00 8.2455 ©.0000 0.0000 $304.4 32.1723 32.083 5. 3674 D/R SLUG
2 0.0000 -200.9 -30.0 0.000 1517.6 176.51 8.1560 -17.60 .06998 9326.0 32.1342 31.990 5.440S D/R SLUG
3 0.R0GC -400.0 -90.¢ 0.000 1535.4 177.02 #6.0675 -17.83 .06936 9346.9 32.0970 31.899 5 5149 D-R SLUG

FLOULINE Fiowl 1

Riser Base
4 0.0000 0.0000 5729 B89.43 1535.4 177.02 B.0672 D.CRO0 0.0000 934Y.0 320968 31.898 & 5151 B/B INTERMITTENT
§ 1320.0 13.200 .5729 99.43 1532.3 170.24 7.9397 1.16B3 1.8B92 9493.5 31.8008 32.098 &.5177 43.00 B/E INTERMITTENT
& 2640.0 0.0000 -.573 89.43 1530.8 163.86 7.8170 -.5062 2.0513 9628 4 31.5377 32 269 5§ 5258 19,71 B/E INTERMITVENT
7 3960.0 13,200 5729 9%.43 1527.9 157.79 7.7i16 1.1B94 1.B351 3750.2 31.308Y 32.429 %5.5269 12.94 B/B INTERMITTENT
§ 5280.0 0.0000 -.573 89.43 1526.3 152.08 ?7.6088 - 5069 1.9961 9863.2 31.i0d3 32.567 5.5338 5.25 B/B INTERMITIENT
9 g600.0 13,200 .5729 B9.43 1523.3 146,51 7.5061 1.2164 1.7893 9966.4 30.6760 32.701 5.5460 7.25 B/B INTERMITTERT
10 7920.0 0.8000 -.573 §9.43 152t @ 141.24 7.3974 -_5095 1.9434 10063 30.6407 3z 815 5.5707 5.81 B/B INTERMITTENT
11 9240.0 13.200 .5729 B9.43 1518.8 136.20 7.3048 1.2444 1.7418 10149. 30.4346 32.926 6.5873  4.88 B/B INTERMITTENT
12 10560. 0.0000 - 573 89.43 151%.5 131,49 7.2137 -.5132 1.8949 10236, 30 2471 33.020 5.6092 4.13 BB INTERHITIENT
13 11880. 13,200 5729 B9.43 1514.5 126.97 7. 136% 3.2686 1.7022 10302. 30.0839 33 113 5.6238 3.61 H/B INTERHITTENT
14 13200. 0.0000 -.573 89.43 1513.1 122.77 7.0601 -.5163 1.6544 10370. 29 %337 33.192 5.6422 3.1%6 B-B INTERNITTENT
15 14520, 13,200 5729 09.43 151¢.2 118.73 £€.9304 1.2895 1.669% 10434 29.7799 33.268 5.6577 2.83 P/B INTERNITIENT
16 1SB40., §.0000 -.573 89.43 1506.9 114.99 §.9083 -.5200 1.816% 10583, 29 5885 33.322 5.687% 2.52 BB INTERNIZIENT
17 17160, 13.200 5729 09.43 1585.9 111.39 £.8395 1.3113 1.6342 10563. 29 4198 33.300 5.7092 2 29 B/B INTERWITIENT
18 18480. ©£.0000 -.573 89.43 1504.7 10B.05 6.7700 - 5246 1.7865 10621. 29.2623 33 426 5.7350 2.06 BE/B INTERWITTENT
19 13600. 13.200 .5729 9%.43 1501.8 104.82 6.7127 1.330S 1.5043 10672. 29.1246 33.477 5.753% 1.31 B-B INTERNLTTENT
20 2112C. 0.0000 -.573 8%.43 1500.5 101.84 6.6537 -.5205 1 7499 10721 28.9%44 33 516 5 7776 1.75 B/B INTERMITTENT
21 22440, 13,200 .5729 99.43 1497.6 90.942 6.6059 1.3471 1.5792 10763. 28.0818 33,562 5.7923 1.63 B/B INTERMITTENT
22 237€9. 0.6000 -.573 £9.43 1496.4 96,275 6.5566 .- 531% 1.7242 10804. 2B.7738 33.596 §.6132 1.51 BB INTERMITTENT
23 26080, 13.200 .5729 09.43 1493.5 93 681 6.5159 1.0615 1.5580 10840, 28.6817 33.637 5.8250 1.42 B/H INTERMITTENT
24 26400. 0.90006 -.573 B9.43 14923 91.290 6.4728 -.534B 1.7025 10875, 28.5%17 33 667 5.8432 1.33 B/B INTERMITTENT

RISER Riser_2

Rizer Base
25 0.0000 0,0000 90.00 0.000 1452.3 91.298 £.4730 0.0000 0.0000 108875 28 5913 33 667 5. 8429 . - D/R SLUC
26 0.5000 280.00 90.00 0.Q00 1470.6 99.406 £.5589 21.608 .0B50: 10631, 28,6788 33,781 5 7474 .1.9% D/R SLTG
27 0.0000 400.00 SC.00 0.600 1449.1 93.529 ¢ 6448 21.408 08571 10786. 29,7575 33.896 5.6547 {1 SS}D/R SLTG

Topsides

Table 19: Ouiput table for 5000 sbbl/day (Turndown flowrate)
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Case 2 :1I0=-10000 shbisday
Dist. Elev. Horiz. Vert. Pres. .Tenp. Hean Pressure Drap Liquid Fres Densities Slug Flow
Angle Dewvn. Vel. {psi) Flow Gas (1bsft3) Hunbsr Pattern

. lfest) (fest) (deg) {deg) (peia) (F} (ftss) Elev. Frictn. (bbl-d) (mmscfd) Liquid  Gas (PI-59)

RISER Riser 1

Topsides
1 0.0000 9.0000 -%0.0 0.000 1500.9 176,00 16.4%1 0.8000 0.0080 185609, 64 3446 32.883 5.3674 D/R SEUG
2 0.90080 -206.0 ~80.0 0.nOb6 1514.0 176.52 16.353 -14.30 26595 18639, 64.2940 32,006 G5.4254 D/R SLUG
3 0.000¢4 —400.0 -90.0 ©.000 31528.2 177 04 16.216 -14.40 26399 18667. 64 2446 31.929 5.4543 D/R S1UG

FLOVLIKE Flowl_1

Riger Base
4 0.0080 D,0000 .5729 09.43 1528.2 177.04 16.215 0.0000 0.0000 18667. 64.2444 31.929 5.4044 BB INTERMITTENT
§ 1326.0 13.200 .5729 09.43 1819.5 173 .46 16.159 1.1337 7.5095 18796. 63.9770 232.067 5.4557 43.581 B/B THTERMITIENT
6 2643.0 0.0000 - 573 89 43 1511.8 170,02 16.098 -.4989 8 2481 18919. 63.7301 J32.193 5.4304 20.37 B“B INTERMITTENT
7 3968.0 13.200 .5729 99.43 1503.2 166.63 16.053 1.1431 7.4602 19032, 6£3.5059 32.320 5.4013 13.56 B/B IHTERMITTERT
B 5280.0 90,0000 ~.573 89,43 1495.5 163.39 16.005 -.4939 0.1985 19139. 63.2990 32.437 5.3757 9.85 BB INTERMITTENT
9 6GED0.0 13,200 .5729 89.43 1486.9 160.1f 15.970 1.1512 7 4214 19230, €3.1i31 32.556 5.3462 7.8 B/B INTERMITTENT
10 7920.8 0.0000 -.573 89 43 1479.2 157,08 15.933 -.4889 8.1802 19332, 52 9414 32 664 5.3202 6.37 B/B INTERMITTEHT
11 9240.0 13.200 .5729 69.43 1470.7 154.04 135.908 1.1579 7.3322 1S418. 62.78%7 32.775 5. 2904 5.42 B/B INTERNTTTENT
12 10568. D.0000 -.573 89.43 1463.0 151.12 15.880 - 4837 B.1323 19499. 62.64%5 32 878 5.2641 4.65 B/B INTERMITTENT
13 11898, 13 200 ,5729 89.43 1454.5 14B. 17 15,840 1.1637 7.3701 13574, €2.4749 22 984 5.2400 4.10 B/B INTERMITIENT
14 13200. 0.000C -.573 B85.43 1446.9 145.32 15.803 -.4795 B.G989 19646. 62.2817 33.082 5.2229 3.67 B/D INTERMITTEN!
15 14520 13.200 .5729 B9.43 1436.4 142.49 15.772 1.1700 7.3348 19709. 62.1091 33.183 5.20016 3.26 B/D INTERMITTENT
16 15840, 9.0000 - 573 89.43 1430.8 139.79 15.737 -.4750 8.0644 19770 61.9489 33.276 ©5.1B3% 2.94 B/B INIERMITTENT
17 17160 13,200 .5729 69,43 1422.3 137.12 16.717 1.1¥66 7.3090 19422. 61.8082 33.373 G.1614 2.569 B/B INTERMITTEKT
18 18480, 10,0000 -.573 99 .43 1414 7 134 57 15,692 -.4723 9.D406 19872, 61.6774 33.462 5. 1424 2 46 B/D INTERMITIENT
19 19800. 13.200 .5729 69,43 1406.3 132,03 1%5.681 1.1814 7.2923 19915, 61.5650 33.555 5.1193 2.28 B/B INTERMITTENT
20 21120, 0.0000 -.573 89.43 1398.7 123 62 15.665 ~.46B4 A8.0265 19956, 61.4666 33.641 5.0995 2.11 B/B INTERNITTEMT
21 22440, 13.200 .5729 89.43 1398.2 127.22 15.663 1.1850 7.2841 15989, 61.3738 33.732 5.0756 1.97 B/B INTERHITTENMT
22 23760, 0.6000 -.573 89.43 1392.7 124.94 15.656 -.4643 B.0Z17 20021, 51.2929 33.815 5.0549 1.94 D/B INTERKITTEHT
23 25080. 13,200 5729 BY. 43 1374.2 122,67 15663 1.1077 7.2848 20046. 61.22%1 33.904 5.0302 1.73 B/D INTERMITIENT
24 2640C. 0.0000 - 573 B9 43 1386.6 120 51 15664 -.4601 B 8256 20070, 61.1696 33.985 5.0087  1.63 BB INTERHITTENT

RISER Riser 2

Riswer Base
25 0.0000 D.DCOD 90.09 0.000 1366.6 120 51 15.665 ©.0000 0,0000 20070, €1.169% 33,985 5.0085 ~———D/K SLUG
26 0.0000 200.00 90.00 0.0090 135L1.3 113.62 15.826 15.051 .32323 20004. €1.2877 34.989 4 2470 % 1.63;D/R SLUG
27 dg!.sﬂﬂﬂﬁ 400.00 90.00 0.000 1336.0 11%.17 15,987 14,923 32546 15936, 61.3951 34.194 4. 8072 ‘I.EZEDIR SLUG

Topsi M. i

Table 20: Qutput table for 10000 sbbl/day

Check the riser base flow regime maps in the output file to see if the flow is in the
"stratified" or segregated region. It can be seen that tlow is in the intermittent
(normal slugging) flow regime. The turndown case flow map is shown in Figure 9. It
can be seen that the segregated region has been avoided and the likelihood of severe

riser slugging is reduced.
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Casze 1 :1IN=5080 sbbi/day

BEGGS & BRILL Flow Regime Map at or entering node 24, **, 14923 psia & 91.3 F :

24+4LLLL DDDDDBDDDDRDDODDBDDDDRDDDD I DD! XEY
(LLL DOLDDDBDDDDDDDEDDDD II DD

10,41 DDDDDDEBDDDDDDDD IIIII DD! 8g = Segregated
{ DDDLDDDDDDDDD ITITIIIIII DDI T = Transition
iDDDDEDDD ITIIIIITIIIIII DD I = Interkittent
1 ITIITIIIIIIIIIIIIIIYI DD D = Distributed
ITTETIITITIINEITIEITIIRITIEIIILII DD L = Liguid
1 ITIITIHIIIIIIIIII DD 4++ = Ue're here {(vsg= §5.18 vsl~ 1.30)
14TTTTTTTTTT ITITIIIII DO
ITTTTTTTTTITTTTTTTT IT DDD!

V1 ITTYTTTTITTTTTYTITTTITTTTTT DDE I
ITTTTTTITTTTITTTT SgSg%g DD D |
|T T SgSg5g5g5gSg595g505ySgEg D D D |

595955595959 59598959 595959595959595959595953%9 DD D D !

0. 1+5959595‘3595959_§9_§9_§9_§g59555555595955 5953595959595 DD DD |

g595959595359555959 50595959595959595959595gSg DD D D |
!59999959595999’595959595959595959599959‘5959‘595959‘39 DDDDI
gSg5g5gS95g5g59SgSg 555999595955 D P D D}
9‘39 395695959545y SgSgSgSg DDDDD I
0. 01+595959’5959995Q595§5559‘395959595959595‘!595§595959 bppDD }
01 10 1 106.
vsg (Superficial Gas Velocity) [ Ft/5 ]

Figure 10: Case flow map for 5000 shbliday (Turndown flowrate)

Cass 2 :LI0=10000 sbbl/day

BEGGS & ERILL Flow Regime Map at or entering node 24, ", 1366.6 pxia & 1205 F .

%54 L1LL DDDDDDDDDBDDDDDDDDDD I DD KEY
ILLL DpDEDDDDDDDBDDDDDODD II DD!

18 .+1 DDDDDDDHDDDDDDD IIIII DD! S5 = Segregated
! DDDDDODDDDEDDD ITIITIIIIII DD T = Transition
DDPDREDDD D IITITEITIIIIII DD I = Interaittent
! ITIIIIIITIIIIHITIIIII DD D = Distributed
ITIXITIIIIIIIIIIIIEIIIIIIINII DD L = Liquid
| ITIIIIIIITIIIIILET DD! ++ = Ve're here (veg= 13.27 ysl= 2.39)
I4TTTTTTTTTT IITITIIII DDI
ITTTTTTTITTITYTTTTTTTT IT DDGEB!

VS ITTTTTTITITITTTTTTITTTTITTTT DD@i
TTTTTTTTTTTYTTTT S5g5g5g DD D!

YT T 8g89595g595959598959555y DD D |

t 959595959595g59595a5a50598955595959545y D DD D |
0 .1+8559595953595959595959595g S55953505e5uSgS05g5g DDDBE
5q595959505055595953545659555a5e59%eSs P DD D |
‘5959595959595959595‘35959595952159595999‘3399595‘35959 LDDD !
I 85545559 05595359595a5e59595 P DD D |
593959‘5999999‘399 S959595959595955595999595¢595¢ DD DD D !

0. ﬂ1+5999995959595959595g595999595§5959‘59595999‘59‘3959 DDDD D :
01 1I] '1IJ 100,

vsg (Superficial Gas Veleeity) { Ft/8 ]

Figure 11: Case flow map for 10000 sbbl/day

SIZING OF SLUG CATCHER

In this case study, normal slug flow is expected to be occured. it is necessary to size a

slug catcher. The size will be determined by the largest of three design criteria:

o The requirement to handle the largest slugs envisaged (chosen to be

statistically the 1/1000 population slug size).

e The requirement to handle liquid swept in front of a pig.

» Transient effects, i.e. the requirement to handle the liquid slug generated

when the production flow is ramped vp from 5,000 to 10,000 S1B8/D.

Review the output file as shown in Table 21 and Table 22. As shown in Table 21,
the 1/1000 slug length for turndown case is 1749.5 ft. As shown in Table 22, the
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1/1000 slug length for turndown case is 1583.9 fi. It can be seen that the turndown

case generates larger slugs.

Case 1 :LIQ=5000 sbbl-day
Dist. Elev. Pipe Mean Slug 1 in thousand 1 in hupdeed 1 in ten Slug Flow
I.D.  length Freq Length Freg Length Freg [sngik  Freq  Nusbor  Pattera
(f=et) (femt) (ins.) (feat) (min-1) (feet) (min-1) (feet) (ain-1) {feet) {win-1) (PI-S5)
RISER Riser_1
Topsides
1 0. 0.0 10.600 - - - - - - - - -
2 0. -200.0 10.000 0.0 0.600 0.0 0.000000 8.0 0.00000 0.0 0.0000 DR SLUG
3 0. ~400.0 10.000 0.0 C.000 0.0 0.000000 .0 0.00900 0.0 0.0000 D/R SLUG
FLOVLINE Flowl 1
Riser Base
4 0. 0.0 10.000 - - -k - - - - - -
g 1320 13.2 10.000 73.5 0.923% 342.9; 0.000923 235.7  £.00923 139.4 0.0923 43.00 BB INTERNITTENT
& 2640, 0.0 10,900 157.6 0.438% 732.3% D.000438 503.3 0.00438 297.7 0.0430 19.71 B/D INTERNITTERT
7 396G 13.2 10.800 195.9 0.356 f 913.84 0.0003%6 628.0 0.00356 391.5 0.6356 12.94 B/F INTERNITTERT
8 S28G. 0.0 10,000 223.3 9.316 1041 6} 0 000316 715.9  0.08316 423.5 0.0316 9.2§ B/E INTERMITTERT
9 &600. 13.2 10.000 244.4 0.292 } 1146.13% 0.0002%1 83.6  D.00292 463.5 0.0292 7.2% B-E INTERHITTENT
18 7926. 0.0 10.000 261.%5 0,275% 1219.8% 0.000275 838.4  0.00275 495.9 0.0275 5.81 BsB INTERKITTENT
11 9248, 13.2 10,000 275.9 0.263 }1287.1) 0.000263 084.6  10.00263 523.3 0.6283 ¢.88 B-B INTERMITTENT
12 10568. 0.0 10.000 288.4 0.254 } 1345.1% 0.000254 924.5  0.00254 S46.9 0.0254 4.13 BB INTERKITTERT
13 118R0. 13.2 10,000 399.3 0.246 F 1396.35 0.000246 $59.6 0.09246 567.7 0.0246 3.61 B/B INTERMITTEHT
14 13204 6.0 10,000 309.1 0.240% 1441.8} 0.000240 990.9  0.00240 SBs.2 0.0240 3.1% B/B INTERMITTENT
15 14520, 13.2 10,000 217.9 0.235)1482.9)50.000235 1019.2 0.0923% 602.9 0.0235 2.83 I
16 15B40. 0.0 10.006 325.8 0.230f1519.95 0.000230 1044.6  0.00230 618.0 0.0230 2.52 B/B INTERMITTENT
17 17160. 13.2 10,0060 333.2 0.2271554.1% 0.000227 1068.2 0.00227 631.9 0.0227 2.29 B/B INTERMITTENT
18 18480 0.0 16.008 339.9 0.223%1585.6F 0.000223 1069.8  0.00222 644.7 0.0223 2.08 B/B JNTERKITTERT
19 19800, 13.2 1¢.000 346.3 0.220 y1615.1%0.000220 13110.} 0.Q0229 656.7 0.0220 1.91 BB INTERHITTERT
20 21120. 0.0 1¢.000 352,1 0.218f1682.6F 0.000218 1128.9 0.00218 667.8 0.0218 1.75 BB INTERMITTENT
21 22440. 13.2 10.009 357,7 0.215 L 1e6B.6) 0.000215 1145.8 0.00215 678.4 0.0215 1.63 B-B INTERMITTENT
22 23740, 0.6 19.000 362.9 0.2133%1692.94 0.000213 1163.5 0.00213 680.3 0.0213 1.%51 B/B INTERMITTENT
23 25080 13.2 10.000 367.9 0.211§%1716.1% 0.006211 1179.5 0.00211 6%7.7 0.0211 1.42 B/B INTERMITTENT
24 26400. 0.0 10.000 372.6 D.209£1736.07%0.000209 1194.5  0.00209 6.6 G.0209 1.33 8/B INTERMITTENT
RISER Risex 2
Riser Base
25 0. 6.0 10.000 - - - - - - -
26 0. 200.p 10.000 373.8 0. 000207  1198.4  0.00207 708.9 0.0207 1.33 DR SLEG
27 0 400.0 10.000 375.% 0. 000206 1202.4 0.00206 711.3 0.0206 1.33 /R SLUG
Topsides
Table 21: Ouiput file for 5000 sbbl/day (Turndown flowrate)
Case 2 :LIQ=10000 sbbl-/day
Dist. FElev. Pipe Hean Siug 1 in thousand 1 in hundred 1in ten Slug Flow
I.D. Length F Tangth Freg Length Freq langtk F Hunber Pattern
{femt) {fme%) (ins.) (fast) (min-l) (fest} (min-1) {faet) (min-1) (fom=t) (min-1) {PI-S5}
RISER Risezr_t
Topsides
1 0. §.0 19.000 - - - - - - - - -
2 0. -200.0 19.0G0 .o o.000 5.0 0.000000 0.0 0.00000 0.0 0.0000 IvR SLUG
3 0. -400.9 10.000 0.0 0.000 £.0 0.co00BD 0.0 0.00G00 §.¢ 0.0000 D/R SLUG
FLOYLINE Flowl 1
Riser Base
4 0. 0.0 10.000 - - - - - - -
1320. 13.2 10.000 .7 T .006B0 0.0 G.00000 0.0 0.0000 43.51 BB INTERMITTENT
6 2640, 0.0 10.000 109.3 1. 01237 350.5  0.01237 207.3 $.1237 20.37 BB INTERMITTENT
7 3960. 13,2 10.000 162.5 0. .g0083? 521.6  0.00837 308.2 §.0837 13.56 BsB INTERMITTENT
8 5280. 0.0 10.006 13%.0 0. 000724 605.8 0.00724 3684 8.0720  9.85 B/B INTERMITTEWT
9 6600 13.2 10.600 20%.5 0. 200657 §71.6  0.00657 397.3 0.0857 V.83 BB INTERNI
10 7%20. ¢.0 10.800 '225.2 0. 900611 725.1  0.09611 428.9 0.0611 6.37 BB INTERMITIENT
il 9242, 13.2 10.000 240.3 0. 000578 770.4  0.00578 A55.7 0.0878 5.42 BB INTERMITTENT
12 10560. 9.0 10.000 282.5 0. 000552 809.4  0.00552 478.8 0.0552 4.65 BB INTERMITTENT
13 11880. 13.2 10,000 263.2 0. 000632 843.7 0.00532 4931 0.0532 4.10 B/B INTERMITTENT
i4 13200 9.0 10.080 2726 G. 006515 §74.0  0.0D515 517.0 0.0515 3.62 B/B INTERMITTENT
15 14520 13.2 10060 281.2 O. 600561 1.6 G.00501 533.4 0.0501 3.26 BB INTERMWITTENT
16 156840 0.0 10,000 289.0 0. 400489 926.7 C.00489 548.2 ¢.0489 2.94 BB INTERMITTENT
17 17160 13.2 10000 296.3 0.4 000478 949.9 0.00478 561.9 0.0478 2.69 B/E INTERNITTENT
18 18480 0.0 10.G06 303.0 0. 900469 971.3  D.00469 574.6 0.0489 2.46 B/E INTERMITTENT
15 19800 13.2 10,000 30%.3 0. 000460 991.5  D.00460 586.5 0.0460 2.28 BB
20 21126. 0.0 10.g00 3151 0. 000453 1010.3  0.00453 £97.7 0.p453 2.11 BB LNTERRITTENT
21 22440, 13.2 10.e00  3z0.7 0. 000446 1028.2 0.00446 600.3 0.0446 1.97 BsB INTERMI
22 23766 ¢.0 10.600 326.0 0. 000439 1045.8  0.08439 619.2 0.043%9 1.64 BB INTERMITTERT
23 25088 13.2 10.800 331.0 0. 000433 1061.2  0.08433 627.8 0.0433 1.73 B/B INTERHITTENT
24 26460, 0.0 10.000 335.8 G. 000427 1076.4  0.00427 636.8 0.0427 1.63 Bs/B INTERMITTENT
RISER Riser 2
Riser Basm
25 0. 0.0 10.000 - - - - - - -
26 6. 200.0 10.000 337.7 4. .00G423  1082.5  0.00424 6404 0.0d24  1.63 DR S1UG
27 0 400.0 10,000 339.6 O .000420 1088.6  0.00420 644.0 0.0420 1.62 D-R 5LUG
Topsides

Table 22:

Output file for 10000 sbbl/day
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The liquid swept in front of a pig ("liquid by sphere") was checked as shown in
Table 23. It can be seen that the turndown case (5000 STB/d) gives the larger
volume of 288.772 bbl or 1621.3345 f’. The calculated liquid generated when the
flow is ramped up from 5000 STB/d to 10000 STB/d is 78 bbl or 437.9375 ft’. This

is the difference in total holdup between the two cases. Therefore the pigging volume

of 1621.3345 ft’ is the determining design case.

Vater Liquid Fros
Cat  Flow Gag
{%) (bblsd) (mmscid)

1 LIQ=500f sbbl-day
g.0 00.

Topsides . S 32.17230
Risar Bass 4.0  5009.-32.09700
Riser Bass 10 5000 32.09690
4.0 5000. 28.59170
Riser Dass 8.0 5000. 29.59270
Topsides 0.0 S000. 2075750
CASE HO. 2 LIQ~10000 sbbl/day
Topsides 6.0 10000, 64.34460
Risar Base 0.0 10000, 64.24460
Riser Bass 0.0 19000. 64.24450
.0 100Q00. 61.16960
Riser Base 0.0 10060, &1.16960
Topsides 0.0 10000. 61.39510

Pressure Lossas Hixt.

{psi) Vel.
Elev. Fra. Total (fts/s)

156.

w
Do

_oroRo

a.
-35.
0.
43,
0.
43.
51.
0.
~26.
6.
162.
0.
31,

164.

Liquid Liquid Slug

Flow

Holdup Holdup Kusber Pattern

frn,

2736
2785
L2788

coooooo

(bbl) (PI-53)

0. /R SLUG
i1, D/R SLUG
0. D-R SLUG
665. 1.33 B/B INTERMITTENT

0. 1.3 B/B IHTERHITTENT
13, 1.33 DR SLUG

699, ‘iiiqﬁid by spheve:  2988.772 (zbl}j

611, :I.iquid by sphar=: 262.120 (hblf.
ey : - OB

Table 23: Summary file for 5000 sbbl/day & 10000 sbbi/day
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CHAPTER 5: CONCLUSION AND RECOMMENDATIONS

In the case study 1, the task is to find the optimum pipeline size that will
allow the design flowrate of gas to be transported from the source to destination
whilst maintaining an arrival pressure of not lower than required arrival pressure at
the destination. The pipeline sizes available are 16", 18", 20" or 24" ID. PIPEsim
allow engineer to select the optimum pipeline ID while minimize the cost and
installation time of pipeline. The computation of the pressure drop for each of
pipeline size done by PIPEsim to generate important graphs and output results. The
pressure temperature profile plot generated by PIPEsim was analyzed to select the
most suitable pipeline size that can deliver the fluid at required arrival pressure.
From the operation, the 20" or 24" 1D can be used to deliver the gas but the 20"
pipeline would be the most appropiate size because of the lower cost and installation
time. PIPEsim software also can be used to predict the flow pattern in the pipeline.
For case study 1, fluid flow pattern falls within segregated flow regime so it is
unnecessary o size a slug catcher and cost for installing the slug catcher can be

avoid.

In case study two, the pipeline sizes available are 6", 8", 10" or 12" ID. From
the operation, the 10" or 12" ID can be used to deliver the gas but the 10" pipeline
would be the most appropiate size. The pipeline system in case study two followed
by a riser. Prior to the riser, the presence of a long slightly downward inclined
pipeline can lead to severe riser slugging. Pipesim predicts the two phase gas-liquid
flow along pipeline is in intermittent flow regime. Therefore, the sizing of slug
catcher is necessary. Large slug arrived at first receiving facility can overload the
liquid handling capacity and may leads to tripping of receiving facilities. Increase
liquid handling capacity to handing intermittent large liquid flow may not be cost
effective. Thus the slug catcher was designed to temporary store the intermittent slug
and it will be treated after the slugging period. The model output in this case study
contains the slug information and flow regime maps which is essential for the slug
catcher sizing. The pigging volume of 1621.3345 ft* is the determining design case
for case study 2. The calculated liquid generated when the flow is ramped up is 78
bbl or 437.9375 ft’.
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To improve performance of pipeline and reduce the total cost of the pipeline,

other than selecting the optimum pipeline diameter and sizing a slug catcher, the
design criteria that can be taken into consideration are:

¢ Pipe roughness: The flow efficiency vary with the pipe roughness

e Pipeline grade: High grade/low grade, strength & corrosion resistance

e Pipeline length

o Wall thickness of pipeline
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