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ABSTRACT

Natural gas has long become an indispensable source of energy throughout most of
the world thaunks to its friendliness to the environment. Worldwide natural gas
consumption is rapidly increasing. However natural gas is a non-renewable energy
source, the extensive utilization will lead to a new kind of energy crisis, the natural
gas crisis. This fact has resulted in the need to improve the performance of natural
gas processing, maximize the outputs while mimimizing the inputs. With the end
uses as fuel or industrial feedstock, Natural Gas Liquids (NGLs) are among the
valuable by-products from natural gas processing operations. It is therefore essential
to study, validate and apply new technology to enhance the performance of the NGL

TCCOVETY Proccess.

With this background, my final year simulation-based project is developed with the
aim at assessing the theoretical viability of Twister™, a new technology for
recovery of NGLs from natural gas, and comparing it with a traditional turbo-

expander system. The project’s objectives are:

1. To study the viability of applying the supersonic gas separation technology
for deep Natural Gas Liquids recovery

2. To evaluate and compare the performance of Twister™ against a
conventional turbo-expander system.

3. To identify Twister’s range of applicability for NGL recovery

The project scope involves evaluating the performance of a Twister™ against a
conventional turbo-expander for NGL recovery by simulating the processes by

HYSIS model of both systems.

Variety of feed compositions, temperatures and pressures which represent the
possible ranges of feed conditions in the actual gas plants are employed in the study
to produce comprehensive results. In overall, it 1s found out that Twister is more
efficient than turbo-expander, especially in the cases of feed which 1s rich m heavy
hydrocarbons. Further analyses should be conducted to get more comprehensive

conclusions.
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CHAPTER 1
INTRODUCTION

1.1. Project Background

Since its discovery, natural gas has become an indispensable source of fuel
throughout most of the world. The use of natural gas offers a number of
environmental benefits over other sources of energy, particularly over other types of
fossil fuels. Although the value of natural gas is pnimarily derived from methane
which constitutes approximately 70% to 90% its composition (depending on the gas
reservoir), the recovery of other by-products such as Natural Gas Liquids (NGLs) or
Sulfur (typically abundant in sour gas reservoir) will bring significant additional

value to the whole natural gas extraction process.

Natural Gas Liquids (NGLs) refers to the mixture of ethane, propane, butane and
natural gasoline extracted from natural gas. The economic values of the separated
NGL corﬁponents when sold as chemical feedstock are usually much higher than
their value as fuel. There are two principle techmiques typically utilized for removing
NGLs from natural gas stream: the absorption method and the cryogenic expander
process. According to the Gas Processors Association, these two processes account

for around 90% of total natural gas liquids production ',

In addition to the above-mentioned traditional methods, an emerging technique
which has recently been applied in the gas processing industry is the Twister™
supersonié gas separation system. The first commercial Twister™ application was
introduced in December 2003, on the PETRONAS/Shell-cooperated platform B-11
offshore East Malaysia.

Geénesis Oil and Gas Consultants Ltd has performed a third party simulation study to
compare the condensate recovery performance of Twister™ and a conventional
Joule-Thomson system *. However this paper had focused only on mederate NGL
recovery. When deep NGL recovery is required, a turbo-expander in tandem with
demethanizer column is recommended. My simulation-based final year project is
being carried out to evaluate the performance and benefits of a Twister™ NGL

recovery system compared to a turbo-expander.



1.2. Problem Statement

1.2.1. Problem Identification

Worldwide natural gas consumption is rapidly increasing. According to EIA,
Department of Energy, U.S Government, global consumption of natural gas
is projected to increase by nearly 64% between 2004 and 2030 (96.2 to 158
trillion cubic feet). However natural gas is a non-renewable energy source,
the extensive utilization will eventually lead to a global natural gas crisis.
This fact has resulted in the necessity as a pre-emptive action to improve the
efficiency of the natural gas processing as well as to optimize the process
output. With the end uses as fuel or industnal feedstock, NGLs are among
the valuable by-products from Natural Gas Processing Operations. It is
therefore essential to study, validate and apply new technology to enhance

the performance of the NGL recovery process.

1.2.2. Significance of the Project

This simulation-based project focuses on evaluating and comparing the NGL
recovery performance of a conventional turbo-expander system with
Twister™, a newly developed supersonic gas separation technology. A study
by Genesis Oil and Gas Consultants Ltd has proven that Twister™ performs
more efficiently than a Joule Thomson - Low Temperature Separator system
with moderate NGLs recovery requirement 2. However Twister™ efficiency
has not yet been studied and validated when deep NGL recovery is required.
If it could be proven that Twister™ may outperforms the turbo-expander
system, the newly invented supersonic gas separation technology would gain

more acceptance and be more widely apphied in the industry.



1.3. Objectives of the project

1.3.1. To study the viability of applying the supersonic gas separation
technology for decp Natural Gas Liquids recovery

1.3.2. To evaluate and compare the performance of Twister™, a supersonic
gas conditioning technology, against a conventional turbo-expander
system.

1.3.3. To identify Twister’s range of applicability for NGL recovery

1.4. Scope of study

This stimulation-based project aims at assessing the theoretical viability of Twister™
for deep recovery of NGLs from natural gas. Specifically, the project scope involves
evaluating the performance of a Twister™ against a conventional turbo-expander for
NGL recovery by simulating the processes by HYSIS model of both systems. The
project will be carried out in three (3) phases and completed within the time frame of

20 weeks (refer to Chapter 3, Methodology for details).



CHAPTER 2
LITERATURE REVIEW

2.1. Natural Gas Liquids

According to Abdel-Aal, Aggour & Fahim (2003):
Natural gas obtained from natural underground reservoirs either as free gas or
gas associated with crude oil generally contains large amounts of methane
(CH,) along with decreasing amount of other hydrocarbons. The term NGL
(natural gas liquids) is a general term which applies to liquids recovered from
natural gas and as such refers to ethane and heavier products (Cit). It is
generally desirable to recover NGL present in the gas in appreciable quantities.
In some cases, ethane C; could be separated and sold as a petrochemical feed
stock. NGI. recovery is the first operation in stage II of Gas Processing, refer to
Figure 1 below. To recover and separate NGL from a bulk of a gas stream
would require a change in phase; that is, 2 new phase has to be developed for

separation to take place by using one of the following:

e An energy-separating agent (ESA); examples are refrigeration for partial

or total liquefaction and fractionation.
e A nmass-separating agent (MSA); examples are adsorption and

absorption (using selective hydrocarbons, 100-180 molecular weight).
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Figure 1: Operations involved in the treatment and processing of natural gas



2.2. Recovery and Separation of Natural Gas Liquids

2.2.1. Absorption process

The absorption unit consists of two sections: the absorption and regeneration
as illustrated in Figure 2. An upflow natural gas stream is brought in direct
contact, countercurrently with the solvent (light oil in the kerosene boiling
range) in the absorber. The column—a tray or packed one—operates at about
400-1000psia and ambient or moderately sub-ambient temperatures. The
rich oil (absorbed NGL plus solvent) is directed to a distillation unit to
separate and recover the NGL, whereas the lean oil is recycled back 1o the
absorber. In addition to natural gasoline, C3/C4 could be recovered as well in
this process. Provision is made to separate ethane from rich oil using a
deethanizer column. Ethane recovery, however, is quite small. This process

is being phased out.
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Figure 2: Separation of NGL by absorption




2.2.2. Turbo-expander system

Turbo expander process uses the feed gas pressure to produce needed
refrigeration by expanding the high pressure gas across a turbine (turbo-
expander) to abruptly drop high pressure gas to lower pressure thus dropping
its temperature (PV/T effects). The turbo-expander can recover useful work
from this expansion. Typically the expander is linked to a centrifugal
compressor to recompress the residue gas from the process which saves
compression energy of other processes. Due to the nature of the expansion is
near isentropic, the turbo-expander lowers the gas temperature significantly

more than expansion across a typical J-T valve.

A simplified schematic diagram of a turbo-expander system is shown in
Figure 3 P!, The inlet gas to the demethanizer is first cooled to about ~51°C
against the residue gas in a heat exchanger (referred to as a cold box) which
partially condenses the inlet gas. The resultant gas-liquid mixture is then

separated into a gas stream and a liquid stream.

The liquid stream from the gas-liquid separator flows through a valve and
undergoes a throttling expansion from an absolute pressure of 62bar to 21bar,
which is a constant enthalpy process which results in lowering the
temperature of the stream approximately from about —51°C to —81°C at the

inlet of the demethanizer.

The gas stream from the gas-liquid separator enters the turbo-expander
where it undergoes an isentropic expansion from an absolute pressure of
62bar to 21bar which further lowers the gas stream temperature from about
—51°C to about —91°C as it enters the demethanizer to serve as distillation

reflux.
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Figure 3: A schematic diagram of a demethanizer extracting hydrocarbon liguids
from natural gas
Liquid from the top tray of the demethanizer (at about —90°C) is routed
through the cold box where it 1s heated to about 0°C as it cools the inlet gas,
and is then returned to the lower section of the demethanizer. Another liquid
stream from the lower section of the demethanizer (at about 2°C) is routed
through the cold box and returned to the demethanizer at about 12°C. In
effect, the inlet gas provides the heat required to re-boil the bottom of the
demethanizer and the turbo-expander removes the heat required to provide

reflux in the top of the demethanizer.

The overhead gas stream from the demethanizer at about —90°C 1s processed
natural gas that is of suitable quality for distribution to end-user for
consumption. It is routed through the cold box where it is warmed as it cools
the inlet gas. It is then compressed in the gas compressor which is driven by
the turbo expander and further compressed in a second-stage gas compressor
driven by an elecirical motor or gas turbines before entering the distribution

pipeline.

The bottom product from the demethanizer is also warmed in the cold box,

as it cools the inlet gas, before it leaves the system as NGLs.




2.2.3. Thermodynamic description of Turbo Expander Process

An isentropic process 1S a constant entropy process. If a control mass
undergoes a process which is both reversible and adiabatic, then the second
law specifies the entropy changes to be zero. A steady state reversible flow
through an adiabatic controlled volume also has no entropy change from inlet
to outlet. Both are isentropic processes. Although an isentropic process might
be an idealization of an actual process, it serves as a limiting case, for

particular applications. The entropy change for an ideal gas can be presented

as:

The final form used depends on the approximation made for the temperature
dependence of the specific heats. Assuming that the specific heats are
accurately approximated by constant values eliminates the integrals in the

above equations. The constant specific equations are:

T v 2_:‘ ™, & v ™y p . fz‘ ¥ ™ _
o=cnlrmntt o2 (2 e [n] 0
2} Y ‘T j: 7 Y2 j:

s PERRY S
O=c; Eﬁ&—iﬂnﬁ:} [ £ } :{\}{ }
1, E L,
Where, the subscript s indicates that the process occurs at constant entropy.
The power on each expression is rewritten:
k= Cp/Cy and Cp-C, =R, so R/C, = (k-1)/k.
Thus we get:
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These equations are specified relations that are used for an ideal gas
undergoing ideal process if the specific heats are considered to be constant. If
the specific heat cannot be assumed as constants then the temperature
dependence of the specific heats must be included. The variable specific heat

solution for an ideal gas undergoing an isentropic process is obtained as:

P
5y 8y =0=5(Ty) —55(T}) —Rin?z . (Holman J.P., 1988)

2.3. Twister™ Supersonic Gas Separation

Twister™ is a gas conditioning technology imtroduced by Twister BV, a Shell-
affiiated company. Currently this gas conditioning technology can be utilized to
simultaneously condense and separate water and various hydrocarbons from natural

gas. Refer Figure 4 below for a cross-sectional view of a Twister tube.

Static Guide Laval Cyclonic Separator Diffuser
Vanes Nozzle (500,000g)

Saturated
Feed Gas Dry Gas '
100 bar 20C & 75 bar, 3C
(1450 psf, 68F)

£1083psi 48F)

;:::;inr :;Elered Inner L ide +
y Shipgas 75
bar, 3C

Figure 4: Twister™ - cross-sectional view of a Twister tube



The wet gas stream enters the separator at around 100bar and 20°C. In the first stage
of Twister, the gas passes through a Laval nozzle, a converging/diverging tube with
precise geometry which raises velocity to supersonic levels which causes a sharp fall
in temperature. Passing through the nozzle, the gas is expanded adiabatically — with
no loss or gain of heat - and near isentropically - almost at constant entropy, about
90% efficient. In thermodynamic terms, the overall effect is classed as a reversible
flow process. Therefore the thermodynamic description of Twister™ is similar to

that of turbo-expander system.

At the throat of the Laval nozzle, stream velocity is raised above Mach 1, typically
to around 350-400m/s, although velocity up to Mach 3 is possible, Simultaneously,
the temperature of the gas stream plummets. Although beyond the throat the gas is
now gradually expanding in the nozzle, the thermodynamics of supersonic flow
work 'in reverse', continuing to accelerate the flow and drop the temperature, such
that by the time the gas stream reaches the entry to the next stage of the process, its

temperature would have fallen by 50°-80°C compared with inlet conditions.

Falling temperatures create a fog of condensing liquids, 2 mixture of very fine water
and heavier hydrocarbon droplets, microns in diameter. In most process plants these
conditions would be ripe for unwelcome hydrate formation requiring chemical
suppression, but not so in Twister. The residence time in the equipment is so short,
less than one hundredth of a second, that hydrate crystals do not have sufficient time

to form.

The gas and liquid droplets next enter the wing section of the tube. This is a delta-
shaped projection - similar to the wing of a fighter aircraft - which creates lift and
imparts a swirling motion to the flow. Liquid droplets are thrown to the inner wall of
the tube, forming a thin film only millimeters thick, which is removed through either
a co-axial tube or circumferential slits in the tube wall. Once drained from the main
gas flow, water and hydrocarbons can be routed to a conventional liquid/liquid

separation.

The dry gas stream continues through the tube, entering a diffuser section. Flow

velocity is now returned to subsonic levels - a weak shock wave occurs naturally as

10



the flow begins to slow down, with 70-80% of the initial gas pressure being

recovered.

In short, Twister™ Supersonic Separator has similar thermodynamic characteristics
to a turbo-expander, combining expansion, cyclonic gas/liquid separation and re-
compression in a compact, static, tubular device however at a different efficiency. A
turbo-expander transforms pressure to shaft power; whereby Twister™ achieves a
similar temperature drop by transforming gas pressure to kinetic energy. Twister™

system could be simplified and represented by using three basic systems — an

expander, a normal separator and a compressor (Figure 5) combined into one.

Figure 5: Simplified Twister™ operating principles

Figure 6 shows a typical process flow diagram of the system. The technology is a
low-temperature separation process; inlet cooling can optimize performance. This
can be achieved by heat integration using the cold exit gas, supplemented with air or
seawater for cooling if required (with no moving parts and chemical utilization,
Twister™ has possibilities for subsea application where the deep seawater could be
used as cooling medium). The inlet separator upstream of the supersonic tubes is

designed to remove produced liquids and prevent carryover of slugs and solids.

Figure 6: Twister™ - Typical process flow

11



CHAPTER 3
METHODOLOGY

3.1. Project procedure

As illustrated in the figure below (Figure 7), the project will be implemented in three

phases.

Figure 7: Research methodology

At the initial phase of the project, the theories, data and published papers related to
the working conditions of the turbo-expander and Twister™ gystems are collected
and studied. A wide range of commercialized data, operation principles and
conditions, benefits and applications of the systems are expected to be obtained to

aid the simulations in the HYSY'S environment in the next phase.

Based on the knowledge acquired and the data collected in the previous phase, the
project will then be carried on with the computation of inlet flow rate, inlet pressure
{based on the inlet temperature), mass fractions of the inlet components. A range of
feed conditions which represent the likely spread of operating parameters in

different NGL recovery systems in gas plants worldwide will be studied.

The HYSYS meodels simulating and analyzing the turbo-expander and Twister™
systems are then developed. Based on these models, the amount of NGLs recovered
from natural gas can be easily determined, which leads to the conclusion about the

feasibility of applying Twister™ in deep NGL recovery through simulation.

The project is estimated for completion in 20 weeks. Refer to the timeline below.

12



Praoject Phases
Phase 1

Literature Review E

Data collection Phase 2

Data analysis Phase 3

Process Simulation

Weeks

Figure 8: Research schedule and timeline

3.2. HYSYS — Major tool of simulation and analysis

Aspén HYSYS 3.2 is a process modeling tool for steady state simulation, design,
performance monitoring, optimization and business planning for oil and gas
production, gas processing and petroleum refining industries. The program is built
upon proven technologies, with more than 25 years experience supplying process
simulation tools to the oil, gas and refining industries. It proves an interactive
process modeling solution that enables engineers to create steady state models of
plant design, performance monitoring, troubleshooting, operational improvement,
business planning, and asset management. HYSY'S helps process industries improve
productivity and profitability throughout the plant lifecycle. The powerful
simulation and analysis tools, real-time applications and the integrated approach to
the engineering solutions enable the user to improve desigus, optimize production
and enhance decision-making (Aspen Tech, 2004). HYSYS offers a high degree of
flexibility because there are multiple ways to accomplish specific tasks. This
flexibility combined with consistent and logical approach to how these capabilities
are delivered makes HYSYS a versatile process simulation tool (Aspen Tech, 2004).
Another HYSYS feature is that modular operations are combined with non-
sequential solution algorithm, so not only 1s information processed as it is supplied,

but the results of any calculation are automatically produced throughout the flow

13



sheet, both forwards and backwards. The modular structure of the operation means
they can be calculated in either direction, using information in an outlet stream to

calculate inlet conditions (Aspen Tech, 2004).

3.3. Simulation parameters

A range of feed temperatures and pressures will be taken into consideration in the
study to represent the probable range of the operating conditions in different NGL
recovery systems in gas plants worldwide. The varnations of these parameters are as

follows:

®

Feed pressure: 100bar and 70bar, representing the normal range of feed

pressures for NGL recovery systems

b. Feed temperature: 25°C, 35°C and 40°C, representing the likely range of

cooler outlet temperatures in the gas plants

¢. Pressure loss: 20% of the feed pressure (minimum of Twister range) and

30% (maximum of Twister range)

d. Feed compositions: Three feed gas compositions are selected for study,
pamely ‘rich’, ‘normal’ and “lean’ Bl. These are presented in Table 1.

Table 1: Feed Compositions

C1 {mol %)
C2

C3

1c4

NC4
IC5

NC5
Co+

Peng-Robinson Equation Propety Package is used for the simulation in HYSYS
environment. Physical properties are predicted by HYSYS using the following

thermodynamic based equations:

* Source: Kidnay, A.J & Parrish, W. (2006), Fundamentals of Natural Gas Processing, CRC
Press, Taylor & Francis Group and Genesis Oil & Gas Consultants Lid (Nov 2007). Twister
NGL Recovery Study

14



H-H? 17
T —Z-1+— [
RT RT !
_ gD 4
N B
RT P° s R\3T), V
Where the Ideal Gas Enthalpy basis (H”) used by HYSYS is equal to the ideal gas
Enthalpy of Formation at 25°C and 1 atm. The Ideal Gas Enthalpy basis (H”) used

o0

by HYSYS changes with temperature according to the coefficients on the Tdep tab

for each individual component.

3.4. Simulation assumptions

a. It is assumed that the design presented here is not a stand-alone NGL
recovery plant; which indicates that the feed stream prior to entering into
NGL recovery plant has been dehydrated and pre-treated beforehand.
Therefore there are no drying and solid particle removal units being

inciuded.

b. In this project, the feed pressure of 100bar and 70bar which are the normal
range of feed pressures for NGL recovery systems are taken into
consideration; so it is assumed that these pressure are high enough for
achieving optimal recovery, therefore neither refrigeration system nor pre-

compressor is incorporated in the process flow.

¢. A pressure loss of 0.5bar is assumed across the heat exchanger (for both tube

side and shell side of the heat exchanger).
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CHAPTER 4
RESULTS AND DISCUSSION

In summary, there are 36 operating cases being defined and simulated. They are comprised

of three different feed sources, each source having twelve distinct operating conditions

which include three sets of feed temperature, two different feed pressures and two different

values of pressure drop.

4.1. Simulation works

4.1.1. Turbo-expander system

The inlet gas enters the plant after being dehydrated to prevent hydrate formation
under cryogenic conditions. The feed is first cooled in gas-gas heat exchanger with
exiting cold gas S10 from the top of the demethanizer column; then it is sent to a

separator where the vapor stream S6 is separated from the condensed liquid S7.

The vapor stream S6 enters the turbo-expander in which it expands the vapor
isentropically from very high pressure to a pressure of 30bar, with the work
expansion cooling the expanded stream S8 to a temperature of approximately -60°C.

The work recovered is used to drive the cenirtfugal expander compressor.

The expanded and partially condensed stream S8 is fed to the demethanizer tower at

upper mid-column point.

The condensed liquid S7 from the separator S7 is passed to a valve prior to feeding

to the distillation column as reflux.

The demethanizer distills the cold liquid and gas fed to the tower. The overhead gas
S10 is highly concentrated in methane with an insignificant portion of ethane. It is
considered as processed natural gas that is of suitable quality for distribution to end-
users for consumption. Before entering the distribution pipeline, it is routed through
a gas-gas heat exchanger to cool the inlet gas and then compressed in a compressor
which is driven by the turbo expander. The column bottom is the NGL product

stream with primarily ethane and propane.
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Figure 9: Process flow diagram of T urbo—exp&nder system

4.1.2. Twister system

Based on the operating principles explained in Chapter 2, a simplified process flow
diagram for Twister system was developed and shown in Figure, this flow diagram

will be the basis for the simulation analysis.
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Figure 10: Process flow diagram of Twister system
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The feed gas stream is first split into two streams S1 and S2 with the ratio of 7:3. S1
then passes through the gas-gas heat exchanger against the cold gas from Twister,
resulting in partial condensation of the gas stream. The remainder of the gas S2 flows
through the liquid-gas heat exchanger and is cooled against the liquids being dropped

out from Twister.

These two split streams are recombined and the combined stream, S35, is further
cooled down before being sent to the separator where liquids are removed prior to
entering Twister to maximize the efficiency of Twister. As the gas stream S7 from
the separator enters Twister, it expands to supersonic velocity in Twister tube

causing liquids drop out (§12) from the gas stream.

The dry gas stream S11 continues through the tube, entering a compressor with 70-
80% of the initial gas pressure being recovered. Flow velocity is now returned to
subsonic levels. After compressed, the gas stream S13 is routed to a gas-gas heat

exchanger to cool down the feed stream prior to entering the pipeline.

4.2. Teed gas composition

The gas composition has a major impact on the economics of NGL recovery and the process
selection. In general, gas with a greater quantity of liquefiable hydrocarbons produces a
greater quantity of NGL products and hence greater revenues for the gas processing facility.
However richer gas also entails larger refrigeration duties, larger heat exchange surfaces and
higher capital cost for a given recovery efficiency. Whereas leaner gases generally require
more severe processing conditions (lower temperatures) to achieve high recovery
efficiencies. In this study, three different feed gas compositions are employed to perform the
process simulation, namely the Rich, the Normal and the Lean feed. Figure 11 and Figure 12
below present the comparative results for the amount of NGL Recovery (Ca+) versus three

different feed streams at 25°C and 100bar and at 40°C and 70bar, respectively.
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NGL Recovery (C,+} vs Feed Gas Composition
Feed Temperature 25°C, Feed Pressure 100bar
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Figure 11: NGL Recovery versus Feed Gas Composition at 25°C and 100bar

NGL Recovery (C,+)vs Feed Gas Composition
Feed Temperature 40°C, Feed Pressure 70bar
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Figure 12: NGL Recovery versus Feed Gas Composition at 40°C and 70bar

As being observed from the graphs, Twister system gives better NGL recovery for all cases,
regardless of the feed composition and the pressure drop across the system. Whereas the
difference in the recovery rate between two systems is insignificant for the lean feed stream,
Twister’s technology proves to be superior to turbo-expander system for the richer streams.
Besides, the graphs show that when the pressure drop across the system is higher, the

amount of NGL recovered 1s also greater. However when taking into account the distribution
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and transportation of the product streams, large amount of pressure drop is undesirable as it
increases the size and cost of the piping system. Typically, the range of 20% to 30% pressure

drop 1is tolerable and usually employed.

Figure 13 and 14 demonstrate the amount of LPG (the propane and butane mixture)
recovered at 25°C and 100bar and 40°C and 70bar, respectively. The same conclusion is
drawn from the graph; Twister’s performance is better that of Turbo-expander system for

recovery of C; and C, from the natural gas stream.

LPG Recovery {C; & C,}vs Feed Gas Composiﬁnn
Feed Temperature 25°C, Feed Pressure 100bar

30

kgmol/hr

20

LPG Molar Flowrata

10

iean Normal Rich

et o TurboExpander 2006DP ~ -8 - Twister 20909
g TurboExpander 30DP —i— Twister 30%DP

Figure 13: LPG Recovery versus Feed Gas Composition at 25°C and 100bar

LPG Recovery {C; 8 C,}vs Feed Gas Composition
Feed Temperature 40°C, Feed Pressure 70 bar
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Figure 14: LPG Recovery versus Feed Gas Composition at 40°C and 70bar
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4.3. Feed Pressure

Theoretically, as both turbo-expander system and Twister system have similar
thermodynamic characteristics, both expand the gas isentropically, the quality of the product
gas stream and liquid stream will be similar, too. However, as it is illustrated in the
simulation, Twister still recovers higher rate of NGL as compared to turbo-expander. The
difference is not remarkable in the case of the lean feed but it becomes clearer for the richer

feeds.

In addition, for the lean feed, the amount of NGL’s recovery does not considerably change
as the feed pressure varies. However, for the nonmal feed and rich feed, it is observed that at
constant pressure drop and constant temperature, the higher the feed pressure is, the higher

the NGL’s recovery rate is.

NGL Recovery {C,+) vs Feed Gas Pressure
Feed Temperature 25°C, 20% Pressure Drop

150.0

100.0

kgmolfhr

50.0
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Figure 15: NGL Recovery versus Feed Gas Pressure

LPG Recovery {C; & C;)vs Feed Gas Pressure
Feed Temperature 25°C, 20% Pressure Drop
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LPG Molar Flowrate
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Figure 16: LPG Recovery versus Feed Gas Pressure
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4.4. Feed Temperature

Figure 17 and 18 show the NGL and LPG production achieved for both systems at different

feed temperatures. As obviously shown in the graph, at constant pressure the variation in

feed temperature does not greatly influence the recovery rate of liquids. Indeed, feed

temperature only has significant effect on the heat integration of the process. However the

operation of Twister is not sensitive to temperature change as deeply as that of turbo-

expander system, as to yield the optimal liquid recovery rate, the demethanizer tower has to

be operated at extremely critical temperature (cryogenic condition).

NGL Recovery {C,+) vs Feed Gas Temperature
Feed Pressure 70bar, 20% Pressure Drop
2000
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- = = Rich-TurboExpander e |0y - ToisEEY = it - | 2an - TurbaExpander
Figure 17: NGL Recovery versus Feed Gas Temperature
LPG Recovery {C; & ;) vs Feed Gas Temperature
Feed Pressure 100bar, 20% Pressure Drop
190.0 : : : -
ot
bt
gk
-
= 2 500
P \
s 5
E -
—d
5]
=
a0 :
25 35 45
Temperafure, ' C
e Blormnal - Twister - #- - Normal-TurboExpanter s Rich ~ Twister
- = - Rich-TurhoExpander  -—g— {ean - Twister w =~ Loan - TurboExpander

Figure 18: LPG Recovery versus Feed Gas Temperature
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

Natural gas often contains, in addition to methane and ethane, a substantial quantity
of hydrocarbons of higher molecular weight, as for example, propane, butane, and
pentane. When processed into finished by-products, these heavier hydrocarbons are
collectively referred to as NGLs (natural gas liquids). Recovery of natural gas
Liguids (NGLs) is desirable because their great value as a chemical feedstock or as

fuel.

In most of present processes, propane and the heavier hydrocarbon components of
natural gas are separated and recovered by a turbo-expander which performs
liquefaction and cryogenic distillation at temperatures below -50°F. In addition to
the traditional methods, a newly invented technology which has recently been

applied in the industry is the Twister supersonic gas separation system.

This report presents an overview and comparison of the operating principles of a
typical turbo-expander and a supersonic gas separation Twister™ system as well as
the analysis’s results and simulation’s outcomes. A range of feed compositions,
temperatures and pressures which represent the possible ranges of feed conditions in
the actual gas plants are empioyed in the study to produce comprehensive results. As
the results of the analysis, it is figured out that in overall, Twister is more efficient
than turbo-expander; however, there is indistinguishable difference between the
performance of Twister and turbo-expander with the lean feed cases. In addition,
whereas the feed temperature does not cause much change in the rate of NGL’s
recovery, the feed pressure and feed composition play more important roles. They
all follow the same pattern, the higher the feed pressure is, the higher the recovery

rate is; and the richer the feed is, the higher the amount of NGL recovered is.

Further simulations and analyses should be conducted to draw more comprehensive

and accurate conclusions.
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APPENDIX A

FULL TABULATION OF SIMULATION RESULTS FOR TURBO
EXPANDER SYSTEM ~ RICH FEED STREAM

20% PRESSURE DROP
Name . Feed S1 52 $3 4 55 $é
Gas
Vapor Fraction 0.99 0.99 0.99 0.82 0.82 0.82 1.00
T[C] 25.00 25.00 25.00 - - -30.00 -30.00
30.00 30.00
P [bar] 100.00 100.0 100.0 $9.50 99.50 $9.50 99.50
MoleFlow [kgmole/h] 1000.0 700.0 300.0 700.0 300.0 1000.0 816.3
StdGasVolumeFlow 20.08 14.06 6.02 14.06 6.02 20.08 16.39
[MMSCEFD]

METHANE [kgmole/h] 820.00 57400 24600 57400  246.00 820.00 678.64
ETHANE [kgmole/h] 97.00 67 .90 29.10 67.90 22.10 ?7.00 76.64
PROPANE [kgmole/h] 45,00 31.50 13.50 31.50 13.50 45.00 34.30
n-BUTANE [kgmole/h] 5.00 3.50 1.50 3.50 1.50 5.00 3.66
n-PENTANE [kgmole/h] 18.00 12.60 540 12.60 5.40 18.00 12.61
ISOBUTANE [kgmole/hl] 5.00 3.50 1.50 3.50 1.50 5.00 3.70
ISOPENTANE [kgmole/h] 4,90 3.43 1.47 3.43 1.47 490 3.44
Cé+ [kgmole/h] 5.10 3.57 1.53 3.57 1.53 5.10 3.28

S? S10 S

chor Fraction 0.00 0.81 0.65 1.00 0.00 1.00 1.00 0.00
T[C] -30.00 -60.00 -66.40 -90.00 - /.40 30.00 45.40
20.00
P [bar] 99.50 3000 30.00 29.00 29.00 2850 79.60 29.50
MoleFlow [kgmole/h] 183.71 816.29 183.71 83577 000 83577 835.77 164.23
StdGasVolumeFlow 3.69 1639  3.6% 16.78 000 16.78 16.78 3.30
[MMSCFD]
METHANE [kgmole/hj 14136 678.64 14136 812.69 0.00 819.69 B819.69 0.31
ETHANE [kgmole/h] 20.36 76.64 2036 1608 000 1608 1608 80.92
PRCPANE [kgmole/h} 10.70 3430 1070 0.00 0.00 0.00 0.00 45.00
n-BUTANE [kgmole/h] 1.34 3.66 1.34 0.00 0.00 0.00 0.00 5.00
n-PENTANE [kgmole/h] 5.39 12.61 5.39 0.00 0.00 0.00 0.00 18.00
ISCBUTANE [kgmole/h] 1.30 3.70 1.30 0.00 0.00 0.00 0.00 5.00
ISOPENTANE [kgmole/hl] 1.44 3.46 1.44 0.00 0.00 0.00 0.00 4.90

Cé+ [kgmole/h] 1.82 3.28 1.82 0.00 0.00 0.00 0.00 5.10




Name Feed S1 52 S$3 s4 $5 Sé

Gas
Vapeor Fraction 1.00 1.00 1.00 0.83 083 0.83 1.00
TI[C] 35.00 35.00 35.00 -20.00 -20.00 ~20.00 -20.00
P [bar] 100.00 100.00 100.00 99.50 99.50 99.50 99.50
MoleFlow [kgmole/h] 1000.00 700.00  300.00 700,00 300.00 1000.00 832.13
StdGasVolumeFiow
[MMSCED] 20.08 14.06 6.02 14.06 6.02 20,08 16.71
METHANE [kgmole/h] 820.00 574,00 2446.00 574.00 246.00 820.00 709.45
ETHANE [kgmele/h] 97.00 67.90 29.10 67.90 29.10 97.00 74.27
PROPANE [kgmole/h] 45.00 31.50 13.50 31.50 13.50 45.00 30.42
n-BUTANE [kgmole/h] 5.00 3.50 1.50 3.50 1.50 5.00 2.84
n-PENTANE [kgmole/h] 18.00 12.60 5.40 12.60 5.40 18.00 8.31
ISOBUTANE [lkkgmole/h] 5.00 3.50 1.50 3.50 1.50 5.00 2.98
ISOPENTANE [kgmole/h] 4.90 3.43 1.47 3.43 1.47 4,90 2.36
Cé+ [kgmole/h] 5.10 3.57 1.53 3.57 1.53 5.10 1.50
Name s7 S8 S9 S10 S11 S12 Sales NGL
Gas Product
Vapor Fraction 0.00 0.78 0.56 1.00 Q.00 1.00 1.00 0.00
TIc 2000 7090 -50.80 -90.00 o oo 200 3250 45.40
P [bar] 99.50 30,00 3000 29.00 2900 2850 79.40 29.50
MoleFlow [kgmole/h] 167.87 832.13 167.87 83577 000 83577 83577 164,23
StdGasVolumeFlow
[MMSCFD] 3.37 16.71 3.37 16.78 0.00 16.78 16.78 3.30
METHANE [kgmale/h] 11055 70945 11055 81971 000 81971 819.71 0.2862
ETHANE [kgmole/h] 2273 7427 2273 16.05 0.00 16.05 16.05 80.95
PROPANE [kgmole/h] 14.58 30.42 1458 0.00 0.00 0.00 0.00 45.00
n-BUTANE [kgmole/h] 2.16 2.84 2.16 0.00 0.00 0.00 0.00 5.00
n-PENTANE [kgmole/h] 9.69 8.31 9.69 0.00 0.00 0.00 0.00 18.00
ISOBUTANE [kgmole/h] 2.02 298 202 0.00 0.00 0.00 0.00 5.00
ISOPENTANE [kgmole/h] 2.54 2.36 2.54 0.00 0.00 0.00 0.00 490
Cé+ [kgmole/h] 3.60 1.50 3.60 0.00 0.00 0.00 0.00 5.10
Name Feed §1 352 s3 54 S5 Sé
Gas
Vapor Fraction 1.00 1.00 1.00 0.86 0.86 0.86 1.00
TI[C] 40.00 40.00 40.00 -15.00 -15.00 -15.00 -15.00
P [bar] 100.00 100.00 100.00 99.50 99.50 99.50 99.50
MoleFlow [kgmole/h] 1000.00 700.00  300.00 700,00  300.00 1000.00 863.40
StdGasVolumeFlow
[MMSCFD] 20.08 14.06 6.02 14.06 6.02 20.08 17.34
METHANE [kgmole/h] 820.00 574.00 24600 57400 246.00 820.00 735.32




ETHANE [kgmote/h] 9700 6790 2900 6790 2910  97.00 7779 |
PROPANE [kgmole/h] 4500 3150 1350 3150 1350 4500 31.91
n-BUTANE [kgmole/h] 5.00 3.50 1.50 3.50 1.50 5.00 295
n-PENTANE [kgmole/h] 18.00 12.60 5.40 1260  5.40 18.00 8.47
ISOBUTANE [kgmole/h] 5.00 3.50 1.50 3.50 1.50 5,00 3.10
ISOPENTANE [kgmole/h] 4.90 3.43 1.47 3.43 1.47 4.90 2.42
Cé+ [kgmole/h] 5.10 3.57 1.53 3.57 1.53 5.10 1.44

S12

Sales

Vapor Fraction

0.00

0.81

Gas

054 100 000 100 100  0.00
Ticl 11500 6710 4370 9000 o o 590 2890 4550
P Ibar] 9950 3000 3000 2900 29.00 2850 79.60 __ 29.50
MoleFlow [kgmole/h] 136.60__863.40_136.60 83577 000 83577 83577 _ 164.23
StdGasVolumeFlow

S CrD] 274 1734 274 1678 000 1678 1678 330
METHANE [kgmole/h] 8445 73532 B84.68_819.73__000 81973 81973 0.274]
ETHANE [kgmole/h] 1921 7779 19211604 000 1604 1604 8096
PROPANE [kgmole/h] 130931911309 000 000 000 _ 000 4500
n-BUTANE [kgmole/h] 205 295 205 000 000 000 000 500
n-PENTANE [kgmole/h] 953 847 953 000 000 000 000 1800
ISOBUTANE [kgmole/h] 150 310 190 000 000 000 000 500
[SOPENTANE [kgmole/h] 248 242 248 000 000 000 000 __ 450
Cé+ [kgmole/h] 366 144 366000 000 000 000 510

Name

Vapor Fraction

0.98

0.98

0.98 0.79 0.79 0.79 1.00
T[C] 25.00 25.00 25.00 -30.00 -30.00 -30.00 -30.00
P [bar] 70.00 70.00 70.00 69.50 69.50 69.50 69.50
MoleFlow [kgmole/h] 1000.00 700.00 300.00 700.00 300.00 1000.00 793.20
StdGasVolumeFlow
[MMSCED] 20.08 14.06 6.02 14.04 6.02 20.08 15.94
METHANE [kgmole/h] 820.00 57400 24600 57400 244.00 820.00 709.95
ETHANE [kgmole/h] 97.00 67.90 29.10 67.90 29.10 97.00 60.91
PROPANE [kgmole/h] 4500 31.50 13.50 31.50 13.50 45.00 18.20
n-BUTANE [kgmole/h] 5.00 3.50 1.50 3.50 1.50 5.00 1.06
n-PENTANE [kgmole/h] 18.00 12.60 5.40 12.60 5.40 18.00 1.84
ISOBUTANE [kgmole/h] 5.00 3.50 1.50 3.50 1.50 5.00 1.25
ISOPENTANE [kgmole/h] 4.90 3.43 1.47 3.43 1.47 490 0.57
. Cé+ [kgmole/h] 5.10 3.57 1.53 3.57 1.53 5.10 0.13
Gas Procuct
Vapor Fraction 0.00 0.90 0.36 1.00 0.00 1.00 1.00 0.00
TIC] -30.00 -68.20 -49.70 -%90.00 - -5.90  28.90 45.40
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20.00

P [bar] 69.50 3000 30.00 29.00 29.00 2850 79.40 29.50
MoleFlow [kgmole/h} 206.10 79390 206.10 83577 0.00 83577 83577 164.23
StdGasVolumeFlow
[MMSCFD] 4,14 1594 4,14 16.78  0.00 16.78 16.78 3.30
METHANE [kgmole/h] 110.05 709.95 110,05 819.71 0.00 819.71 819.71 0.2899
ETHANE [kgmole/h] 36.09 60.91 36.09 1606 0.00 16.06 16.06 80.94
PROPANE [kgmole/h] 26.80 18.20 26.80 0.00 0.00 0.00 0.00 45.00
n-BUTANE [kgmole/h] 3.94 1.06 3.94 0.00 0.00 0.00 0.00 5.00
n-PENTANE [kgmole/h] 16.16 1.84 1616 0.00 0.00 0.00 0.0C 18.00
ISOBUTANE [kgmole/h] 3.75 - 1.25 3.75 0.00 0.00 0.00 0.0C 5.00
ISOPENTANE [kgmole/h] 4.33 0.57 4.33 0.00 0.00 0.00 0.00 4.90
Cé+ [kgmole/h] 4,97 0.13 497 0.00 0.00 0.00 0.00 3.10
Name Feed $1 52 53 $4 S5 Sé
Gas
Vapor Fraction 0.9 0.99 0.99 0.85 0.85 0.85 1.00
TIC] 35.00 35.00 35.00 -20.00 -20.00 -20.00 -20.00
P [bar] 70.00 70.00 70.00 69.50 69.50 69.50 69.50
MoleFlow [kgmole/h] 1000.00 700.00 300.00 700.00 300.00 1000.60 854.66
StdGasVolumeFlow
[MMSCED] 20.08 14.06 6.02 14.06 6.02 20.08 17.16
METHANE Jkgmole/h] 820.00 574.00 246,00 57400 246.00 820.00 751.82
ETHANE [kgmole/h] 97.00 67.90 29.10 67.90 29.10 97.00 71.76
PROPANE [kgmole/h] 45.00 31.50 13.50 31.50 13.50 45.00 23.92
n-BUTANE [kgmole/h] 5.00 3.50 1.50 3.50 1.50 5.00 1.53
n-PENTANE [kgmole/h] 18.00 12.60 5.40 12.60 5.40 18.00 2.79
ISOBUTANE [kgmole/h] 5.00 3.50 1.50 3.50 1.50 3.00 1.77
ISOPENTANE [kgmole/h] 4.90 3.43 1.47 3.43 V.47 4.90 0.87
Cé+ [kgmole/h] 510 3.57 1.53 3.57 1.53 5.10 0.20
Name s7 s8 s9 s10 $11 812 Sales NGL
Gas Product
Vapor Fraction 0.00 0.92 0.34 1.00 0.00 1.00 1.00 0.00
T[Cl 2000 5930 -37.10 9000 o -1090 2450 4550
P [bar] 69.50 3000 30.00 29.00 29.00 2850 79.60 29.50
MoleFlow [kgmole/h] 14534 854.66 14534 835.77 000 83577 83577 164.23
StdGasVeolumeFlow ‘
[MMSCED] 292 17.16 292 1678 0.00 1678 1678 3.30
METHANE [kgmole/h] 68.18 75182 48.18 819.73 000 81273 819.73 0.2704
ETHANE [kgmole/h] 25.24 7V.76 2524 16.04 0.00 16.04 16.04 80.96
PROPANE [kgmole/h] 21.08 2392 21.08 0.00 0.00 0.00 0.00 45.00
n-BUTANE [kgmole/h] 3.47 1.53 3.47 0.00 0.00 0.00 0.00 5.00
n-PENTANE [kgmole/h] 15.21 2.79 15.21 0.00 0.00 0.00 0.00 18.00
ISOBUTANE [kgmole/h] 3.23 1.77 3.23 0.00 0.00 0.00 0.00 5.00
ISOPENTANE [kgmole/h] 403 0.87 4.03 0.00 0.00 0.00 0.00 4.90
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Cé+ [kgmole/h] 4.90 0.20 490 0.00 0.00 0.00 0.00 5.10

Name Feed S 52 83 54 S5 Sé
Gas
Vapor Fraction 1.00 1.00 1.00 0.88 0.88 0.88 1.00
TIC] 40.00 40.00 40.00 -15.00 -15.00 -15.00 -15.00
P jbar] 70.00 70.00 70.00 69.50 69.50 6%9.50 6%9.50
MoleFlow [kgmole/h] 1000.00 700.00 300.00 700.00 300.00 1000.00 877.22
StdGasVolumeFlow
[MMSCED] 20.08 14.06 6.02 14.046 6.02 20.08 17.61
METHANE [kgmole/h] 820.00 57400 24600 57400 246.00 820.00 765.71
ETHANE [kgmole/h] 297.00 47 .90 2%2.10 67.90 22.10 97.00 76.14
PROPANE [kgmole/h] 45.00 31.50 13.50 31.50 13.50 45,00 26.73
n-BUTANE [kgmole/h] 5.00 3.50 1.50 3.50 1.50 5.00 1.81
n-PENTANE [kgmole/h] 18.00 12.60 5.40 12.60 5.40 18.00 3.44
ISOBUTANE [kgmole/h] 5.00 3.50 1.50 3.50 1.50 5.00 2.07
ISOPENTANE [kgmole/h] 490 3.43 1.47 3.43 1.47 4.90 1.06
Cé+ [kgmole/h] 5.0 3.57 1.53 3.57 1.53 5.10 0.26
Name 57 S8 59 S10 S11 S12 Sales NGL
Gas Product
Vapor Fraction 0.00 0.92 0.32 1.00 0.00 1.00 1.00 0.00
Tic] -15.00  -5490 -30.90 -20.00 90jOO -12.76 2280 45.50
P [bar] 69.50 3000 30.00 22.00 2900 2850 79.60 29.50
MoleFlow [kgmole/h] 12278 877.22 12278 83577 000 83577 835.77 164.23
StdGasVolumeFlow
[MMSCFD] 247 17.61 2.47 16.78  0.00 16.78 16.78 3.30
METHANE [kgmole/h] 5429 76571 5429 81974 0.00 81974 819.74 0.2643
ETHANE [kgmole/h] 20.86 7614 2086 1603 0.00 16.03 16.03 80.97
PROPANE [kgmole/h] 18.27 2673 18.27 0.00 0.00 0.00 0.00 45.00
n-BUTANE [kgmole/h] 3.19 1.81 3.19 0.00 0.00 0.00 0.00 5.00
n-PENTANE [kgmole/h] 14.56 3.44 14.56 0.00 0.00 0.00 0.00 18.00
ISOBUTANE [kgmole/h] 2.93 2.07 2.93 0.00 0.00 0.00 0.00 5.00
ISOPENTANE [kgmole/h] 3.84 1.06 3.84 0.00 0.00 0.00 0.00 4.20
Cé+ [kgmole/h] 4.84 0.26 4.84 0.00 0.00 0.00 0.00 3.0
30% PRESSURE DROP
Name Feed S1 S2 s3 sS4 85 Sé
Gas
Vapor Fraction 0.99 0.99 0.99 0.82 0.82 0.82 1.00
T[C] 25.00 25.00 25.00 -30.00 -30.00 -30.00 -30.00
P [bar] 100.00 100.00 100.00 99.50 29.50 99.50 99.50
MoleFlow [kgmole/h] 1000.00  /00.00 300.00 700.00 30000 1000.00 816.29




StdGasVolumeFlow

[MMSCED] 20.08 14.06 6.02 14.06 6.02 20.08 16.39
METHANE [kgmole/h] 820.00 57400 24600 57400 24600  820.00 678.64
ETHANE [kgmole/h] 97.00 67.90 29.10 67.90 29.10 97.00 76.64
PROPANE [kgmole/h] 45.00 31.50 13.50 31.50 13.50 4500 34.30
n-BUTANE [kgmole/h] 5.00 3.50 1.50 3.50 1.50 5.00 3.66
n-PENTANE [kgmole/h] 18.00 12.60 5.40 12.60 5.40 18.00 12.61
ISOBUTANE [kgmole/h] 5.00 3.50 1.50 3.50 1.50 5.00 3.70
ISOPENTANE [kgmole/h] 4.90 3.43 1.47 3.43 1.47 4.90 3.46
Cé+ [kgmole/h] 5.10 3.57 1.53 3.57 1.53 5.10 3.28

Name S7 sé ¢ S10 S11 S12 Sales NGL

Gas Product
Vapor Fraction 0.00 0.66  0.65 1.00  0.00 1.00 1.00 0.00
TICl 3000 7680 6640 9000 o 740 3590 4540
P [bar] 9950 3000 30.00 29.00 2900 2850 69.65 29.50
MoleFiow [kgmole/h] 183.71 81629 183.71 83577 000 83577 835.77 164.23
StdGasVolumeFiow
[MMSCFD] 3.69 1632 349 1678 000 1678 1678 3.30
METHANE [kgmole/h] 14136 678.64 14136 819.70 000 81970 819.70 0.30
ETHANE [kgmole/h] 20.36  76.64 2036 1606 000 1606 16.06 80.94
PROPANE [kgmole/h] 1070 3430 1070 000 0.00 0.00 0.00 4500
n-BUTANE [kgmole/h] 1.34 3.66 1.34 000 000 000 0.00 5.00
n-PENTANE [kgmole/h] 5.39 12.61 539 000 000 0.00 0.00 18.00
ISOBUTANE [kgmole/h] 1.30 3.70 1.30 000 000 0.0 0.00 5.00
ISOPENTANE [kgmole/h] 1.44 3.46 1.44 000 000  0.00 0.00 4.90
Cé6+ [kgmole/h] 1.82 3.28 1.82 0.00 000 0.00 0.00 5.10
Name Feed S1 $2 $3 sS4 S5 $é
Gas

Vapor Fraction 1.00 1.00 1.00 0.83 0.83 0.83 1.00
TIC] 35.00 35.00 35.00 -20.00 -20.00 -20.00 -20.00
P [bar] 100.00 100.00 100.00  99.50 99.50 99.50 99.50
MoleFlow [kgmole/h] 1000.00 70000 300.00 700.00 300.00 1000.00  832.13
StdGasVolumeFlow

[MMSCED] 20.08 14.06 6.02 14.06 6.02 20.08 16.71
METHANE [kgmole/h] 820.00 57400 24600 57400 24600  820.00 709.45
ETHANE [kgmole/h] 97.00 67.90 29.10 67.90 29.10 97.00 74.27
PROPANE [kgmole/hj] 4500 31.50 13.50 31.50 13.50 45,00 30.42
n-BUTANE [kgmole/h] 5.00 3.50 1.50 3.50 1.50 5.00 2.84
n-PENTANE [kgmole/h] 18.00 12.60 5.40 12.60 5.40 18.00 8.31
ISOBUTANE [kgmole/h] 5.00 3.50 1.50 3.50 1.50 5.00 2.98
ISOPENTANE [kgmole/h] 490 3.43 1.47 3.43 1.47 4.90 2.36
Cé+ [kgmole/h] 5.10 3.57 1.53 3.57 1.53 5.10 1.50
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Name s7 $8 5? $10 $11 §12 Sales NGL

Gas Product
Vapor Fraction : 0.00 0.78 0.56 1.00 0.00 1.00 1.00 0.00
Tcl 2000 7090 5080 9000 o .o 200 2720 4540
P [bar] 99.50 30.00 30.00 292.00 2900 2850 469.65 29.50
MoleFlow [kgmole/h] 167.87 83213 16787 83577 000 83577 835.77 164,23
StdGasVolumeFlow
IMMSCED] 3.37 16.71 3.37 1678 0.00 1678 16.78 3.30
METHANE [kgmole/h] 11055 70945 11055 81971 000 81971 819.71 0.29
ETHANE [kgmole/h] 2273 7427 2273 1605 000 1605 1605 80.95
PROPANE [kgmole/h] 14.58 3042 1458 0.00 0.00 0.00 0.00 45.00
n-BUTANE [kgmole/h] 214 2.84 2.16 0.00 0.00 0.00 0.00 5.00
n-PENTANE [kgmole/h] 9.69 8.31 9.69 0.00 0.00 0.00 0.00 18.00
ISOBUTANE [kgmole/h] 2.02 2.98 2.02 0.00 0.00 0.00 0.00 5.00
ISOPENTANE [kgmole/h] 2.54 2.36 2.54 0.00 0.00 0.00 0.00 490
Cé+ [kgmole/h] 3.60 1.50 3.60 0.00 0.00 0.00 0.00 5.10
Name Feed S §2 53 $4 $5 _ Sé
Gas . .
Vapor Fraction 1.00 1.00 1.00 086 0.86 0.86 1.00
TICI 40.00 40.00 40.00 -15.00 -15.00 -15.00 -15.00
P [bar] 100.00 100.00 100.00 99.50 99.50 92.50 9%2.50
MoleFlow [kgmole/h] 1000.00 700.00  300.00 700.00 300.00 1000.00 863.40
StdGasVolumeFlow
[MMSCFD] 20.08 14.06 6.02 14.04 6.02 20.08 17.34
METHANE [kgmole/h] 820.00 57400 2446.00 574.00 246.00 820.00 735.32
ETHANE [kgmole/h] @7.00 67.90 29.10 67.90 29.10 97.00 7779
PROPANE [kgmole/h] 45.00 31.50 13.50 31.50 13.50 45.00 31.91
n-BUTANE [kgmole/h} 5.00 3.50 1.50 3.50 1.50 5.00 2.95
n-PENTANE [kgmole/h] 18.00 12.60 5.40 12.60 5.40 18.00 8.47
ISOBUTANE [kgmole/h] 5.00 3.50 1.50 3.50 1.50 5.00 3.10
ISOPENTANE [kgmole/hj 490 3.43 1.47 3.43 1.47 4,90 2.42
Cé+ [kgmole/h] 5.10 3.57 1.53 3.57 1.53 5.10 1.44
Name s7 S8 S9 sS10 SN $12 Sales NGL
Gas Product
Vapor Fraction 0.00 0.81 0.54 1.00 0.00 1.00 1.00 0.00
T[C -

[c] 11500 -67.10 -4370 -90.00 o . 590 2360 4550
P [bar] 99.50 30,00 3000 29200 29.00 2850 4£9.65 29.50
MoleFlow [kgmole/h] 136.60 8463.40 136.60 83577 000 83577 83577 164.23
StdGasVelumeFlow 2.74 17.34 2.74 16.78 .00 16.78 16.78 3.30




[MMSCFD]

METHANE [kgmole/h] 8468 73532 84468 81973 000 81973 819.73 0.27
ETHANE [kgmale/h] 19.21 7779 19.27 16.04 0.00 16.04 16.04 80.96
PROPANE [kgmole/h] 13.09 31.91 13.09 0.00 0.00 0.00 0.00 45.00
n-BUTANE [kgmole/h] 2.05 2.95 2.05 0.00 0.00 0.00 0.00 5.00
n-PENTANE [kgmole/h] 9.53 8.47 2.53 0.00 0.00 0.00 0.00 18.00
ISOBUTANE [kgmole/h] 1.90 3.10 1.20 0.00 0.00 0.00 0.00 5.00
ISOPENTANE [kgmole/h] 2.48 2.42 2.48 0.00 0.00 0.00 0.00 490
Cé+ kgmole/h] 3.66 1.44 3.66 0.00 0.00 0.00 0.00 5.10
Name Feed S1 $2 $3 s4 $5 56
Gas
Vapor Fraction 0.98 0.98 0.98 0.79 0.79 0.79 1.00
T[C] 25.00 25.00 25.00 -30.00 -30.00 -30.00 -30.00
P [bar] 70.00 70.00 70.00 69.50 69.50 69.50 6%.50
MoleFlow [kgmole/h] 1000.00  700.00  300.00 700.00 300.00 1000.00 793.90
StdGasVolumeFlow
[MMSCED] 20.08 14.06 6.02 14.06 6.02 20.08 15.94
METHANE [kgmoie/h] 820.00 574.00  246.00 57400  246.00 820.00 709.95
ETHANE [kgmole/h] 97.00 67.90 29.10 67.90 29.10 97.00 60.91
PROPANE [kgmole/h] 45.00 31.50 13.50 31.50 13.50 45.00 18.20
n-BUTANE [kgmole/h] 5.00 3.50 .50 3.50 1.50 5.00 1.06
n-PENTANE [kgmoie/h] 18.00 12.60 5.40 12.60 5.40 18.00 1.84
ISOBUTANE [kgmole/h} 5.00 3.50 1.50 3.50 1.50 5.00 1.25
ISOPENTANE [kgmole/h] 4,90 3.43 1.47 3.43 1.47 4.0 0.57
Cé+ [kgmole/h] 5.10 3.57 1.53 3.57 1.53 510 0.13
Name 57 S8 s9 s$10 S11 s12 Sales NGL
Gas Product
Vapeor Fraction 0.00 0.90 0.36 1.00 0.00 1.00 1.00 0.00
Ticl -30.00 -48.20 -4%2.70 -90.00 9DjOO 590 23.60 45.40
P [bar] 69.50 3000 3000 29.00 2900 2850 69.45 29.50
MoleFlow [kgmole/h] 206.10 79390 206.10 83577 000 83577 83577 164.23
StdGasVolumefFlow
[MMSCFD] 414 1594 414 16.78 0.00 16.78 16.78 3.30
METHANE [kgmole/h] 110.05 709925 110.05 819271 000 819.71 819.71 0.29
ETHANE [kgmeole/h] 36.09 6091 3609 1606 0.00 16.06 16.06 80.94
PROPANE [kgmole/h] 26.80 18.20 26.80 0.00 0.00 0.00 0.00 45.00
n-BUTANE [kgmole/h] 3.94 1.06 3.94 0.00 0.00 0.00 0.00 5.00
n-PENTANE [kgmole/h] 16.16 1.84 16.16 0.00 0.00 0.00 0.00 18.00
ISOBUTANE [kgmole/h] 3.75 1.25 3.75 0.00 0.00 0.00 0.00 5.00
ISOPENTANE [kgmole/h] 4.33 0.57 4,33 0.00 0.00 0.00 0.00 4.90
Cé+ [kgmole/h] 4.97 0.13 497 0.00 0.00 0.00 0.00 5.10




Name Feed s1 s2 s3 $4 $5 Y

Gas

- Vapor Fraction - 0.99 0.99 0.99 0.85 0.85 0.85 1.00
T[C] 35.00 35.00 3500 -20.00 -20.00 -20.00 -20.00
P [bar] 70.00 70.00 70.00 69.50 69.50 69.50 69.50
MoleFlow [kgmole/h] 1000.00 700.00  300.00 700.00  300.00 1000.00 854.66
StdGasVolumeFlow

[MMSCFD] 20.08 14.06 6.02 14.06 6.02 20.08 17.16
METHANE [kgmole/h] 820.00 57400  246.00 57400  246.00 820.00 751.82
ETHANE [kgmole/h] 97.00 67.90 29.10 67.90 29.10 97.00 7176
PROPANE [kgmole/h] 45.00 31.50 13.50 31.50 13.50 45.00 23.92
n-BUTANE jkgmole/h] 5.00 3.50 1.50 3.50 1.50 5.00 1.53
n-PENTANE [kgmole/h] 18.00 12.60 5.40 12.60 5.40 18.00 2.79
ISOBUTANE [kgmole/h] 5.00 3.50 1.50 3.50 1.50 5.00 1.77
ISOPENTANE [kgmole/h] 490 3.43 1.47 3.43 1.47 4.90 0.87
Cé6+ [kgmoie/h] 5.10 3.57 1.53 3.57 1.53 510 0.20

$9 sio s11 NGL
Product
Vapor Fraction 0.00 0.92 0.34 1.00 0.00 1.00 1.00 0.00
T[C -
€] 2000 -5930 -37.10 9000 oo -1090 1900 4550
P [bar] 69.50 3000 3000 29.00 29.00 28.50 69.65 2%9.50
MoleFlow [kgmole/h] 14534 85466 14534 83577 0.00 83577 83577 164.23
StdGasVolumeFlow
[MMSCFD] 2.92 1716 292 16.78 0.00 16.78 16.78 3.30
METHANE [kgmole/h] 468.18 751.82 68.18 81973 0.00 819.73 819.73 0.27
ETHANE [kgmole/h] 25.24 7176 2524 16.04 0.00 16.04 16.04 80.96
PROPANE [kgmole/h] 21.08 2392 2108 0.00 0.00 0.00 0.00 45.00
n-BUTANE [kgmole/h] 3.47 1.53 3.47 0.00 0.00 0.00 0.00 5.00
n-PENTANE [kgmole/h] 15.21 2.79 15.21 0.00 0.00 0.00 0.00 18.00
ISOBUTANE [kgmole/h] 3.23 1.77 3.23 0.00 0.00 0.00 0.00 5.00
ISOPENTANE [kgmole/h] 4.03 c.87 4.03 0.00 0.00 0.00 0.00 4.90
Cé+ [kgmele/h] 490 0.20 490 0.00 0.00 0.00 0.00 5.10
Name Feed S $2 S$3 S4 S5 56
etel
Vapor Fraction 1.00 1.00 1.00 0.88 0.88 0.88 1.00
T[C] 40.00 40.00 40.00 -15.00 -1500 -15.00 -15.00
P [bar] 70.00 70.00 70.00 69.50 69.50 69.50 69.50
MoleFlow [kgmole/h] 1000.00 700.00 300.00 700.00 300.00 1000.00 877.22
StdGasVolumeFlow
[MMSCED] 20.08 14.06 6.02 14.06 6.02 20.08 17.61
METHANE [kgmole/h] 820.00 574.00 24600 574.00 246.00 820.00 /6571
ETHANE [kgmole/h] 97.00 67 .90 29.10 67.90 29.10 97.00 76.14
PROPANE [kgmole/h] 45.00 31.50 13.50 31.50 13.50 45.00 26.73




n-BUTANE [kgmole/h] 5.00 3.50 1.50 3.50 1.50 5.00 1.81

n-PENTANE [kgmole/h] 1800 1260 540 1240 540 18.00 3.44
TISOBUTANE [kgmole/h] 5.0 3.50 1.50 3.50 1.50 500 207
ISOPENTANE [kgmole/h] 490 3.43 1.47 3.43 147 490 1.06
Cé+ [kgmole/h] 510 357 153 357 1.53 510 0.26
Name s7 $8 $9  Si0  SI11  S12  Sales NGL
Gas Product
Vapor Fraction 0.00 0.92 0.32 1.00 0.00 1.00 1.00 0.00
TIC] 1500 5490 3090 9000 . 0 -1270 1740 4550
P [bar] 6950 3000 3000 2900 2900 2850 6965 2950
MoleFlow [kgmole/h] 12278 87722 12278 83577 000 83577 83577 16423
StdGasVolumeFlow
MSCrD] 247 1761 247 1678 000 1678 1678 3.30
METHANE [kgmole/h] 5429 76571 5429 81974 000 81974 81974 028
ETHANE [kgmole/h] 2086 7614 2086 1603 000 1603 1603 8097
PROPANE [kgmole/h] 1827 2673 1827 000 000 000 000 45.00
n-BUTANE [kgmole/h] 319 181 319 000 000 000 000 5.00
n-PENTANE [kgmole/h] 1456 344 1456 000 000 000 000 18.00
ISOBUTANE [kgmole/h] 293 207 293 000 000 000 000 500
ISOPENTANE [kgmole/h] 384 106 384 000 000 000 000 490
Cé+ [kgmole/h] 484 026 484 000 000 000 000 510
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APPENDIX B

FULL TABULATION OF SIMULATION RESULTS FOR TURBO
EXPANDER SYSTEM — NORMAL FEED STREAM

20% PRESSURE DROP

Name

Feed

S1 $2

s3

sS4

S5

$é

Gas

Vaper Fraction 1.00 1.00 1.00 1.00 1.00 1.00 1.00
T[C] 25.00 25.00 25.00 -30.00 -30.00 -30.00 -30.00
P [bar] 100.00 100.00 100.00 99.50 99.50 99.50 29.50
MoleFlow [kgmole/h] 1000.00 700.00 30000 700.00 300.00 1000.00 1000.00
StdGasVolumeFlow

[MMSCED] 20.08 14.06 6.02 14.06 6.02 20.08 20.08
METHANE [kgmole/h] 870.00 60%.00 261.00 609.00 261.00 870.00 870.00
ETHANE [kgmole/h] 72.00 55.30 23.70 5530 23.70 79.00 79.00
PROPANE [kgmole/h] 33.00 23.10 2.90 23.10 9.90 33.00 33.00
n-BUTANE [kgmole/h} 4.60 3.22 1.38 3.22 1.38 4.60 4,60
n-PENTANE fkgmole/h] 11.30 7.9 3.39 791 3.39 11.30 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 210 2.10
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Name s7 s8 ?  s$10  S11 S12  Sales NGL

Product

Vapor Fraction 0.00 0.72 0.82 1.00 0.00 1.00 1.00 0.00
T[C - -

€] 3000 7870 oa 9700 oo 1810 1760 2640
P [bar] 22.50 30.00 30,00 29.00 2900 2850 79.60C 2950
MoleFlow [kgmole/h}] 0.00 1000.00 0.00 835.77 000 835.77 83577 164.23
StdGasVolumeFlow
[MMSCED] 0.00 20.08 0.00 16.78 0.00 16.78 16,78 3.30
METHANE [kgmole/h] 0.00 870.00 0.00 83572 000 83572 83572 34.28
ETHANE [kgmole/h] 0.00 79.00 0.00 0.05 0.00 0.05 0.05 78.95
PROPANE [kgmole/h] 0.00 33.00 0.00 0.00 (.00 0.00 0.00 33.00
n-BUTANE [kgmole/h] 0.00 4,60 0.00 0.00 0.00 0.00 0.00 4.60
n-PENTANE [kgmole/h} 0.00 11.30 0.00 0.00 0.00 0.00 0.00 11.30
ISOBUTANE [kgmole/h] 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 0.00 2.10 0.00 0.00 0.00 0.00 0.00 210
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Name Feed $1 s2 $3 sS4 S5 Sé

Gas

Vapor Fraction 1.00 1.00 1.00 1.00 1.00 1.00 1.00
T[C] 35.00 35.00 35.00 -20.00 -20.00 -20.00 -20.00
P [bar] 100.00 100.00 100.00 99.50 99.50 99.50 99.50
MoleFlow [kgmole/h] 1000.00 700.00 30000 700.00  300.00 1000.00 1000.00
StdGasVolumeFlow

[MMSCED] 20.08 14.06 6.02 14.06 6.02 20.08 20.08
METHANE [kkgmole/h] 870.00 60%.00 2561.00 409.00 261.00 870.00 870.00
ETHANE [kgmole/h] 72.00 55.30 23.70 5530 23.70 79.00 79.00
PROPANE [kgmole/h] 33.00 23.10 2.90 23.10 7.90 33.00 33.00
n-BUTANE [kgmole/h] 4.60 3.22 1.38 3.22 1.38 4.60 4.60
n-PENTANE [kgmole/h] 11.30 7.91 3.39 7.21 3.39 11.30 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 2.10 2.10
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Vapor Fraction 0.00 080 088 100 000 100  1.00 0.00
TIC - -

IC] 2000 7220 e 9700 oo 2690 970 -26.50
P [barl 9950 3000 3000 29.00 29.00 2850 79.40 29.50
MoleFlow [kgmole/h] 0.00 100000 0.00 8357/ 000 83577 83577 16423
StdGasVolumeFlow
IMMSCFD] 000 2008 0.00 1678 000 1678 1678 3.30
METHANE [kgmole/h] 0.00 87000 000 83571 000 83571 835.7] 34.29
ETHANE [kgmole/h] 000 7900 000 006 000 006 006 78.94
PROPANE [kgmole/h] 000 3300 000 000 000 000 000 33.00
n-BUTANE [kgmole/h] 0.00 460 000 000 000 000 000 4.60
n-PENTANE [kgmole/h] 0.00 1130 000 000 000 000 000 11.30
ISOBUTANE [kgmole/h] 0.00 000 000 000 000 000 0.00 0.00
ISOPENTANE [kgmole/h] 0.00 210 000 000 000 000 0.0 2.10
Cé+ [kgmole/h] 0.00 000 000 000 000 000 000 0.00

~ Vapor Fraction 1.00 1.00 1.00 1.00 1.00 1.00 1.00
TIC] 40.00 4000 4000  -1500 -1500  -1500  -15.00
P [bar] 10000 10000 10000 9950 9950  99.50 99 50
MoleFlow [kgmole/h] 100000 70000 30000 70000 300.00 100000  1000.00
StdGasVolumeFlow

IMMSCFD] 20.08 14.06 6.02 14.06 6.02 20.08 20.08
METHANE [kgmole/h] 870.00  609.00 261.00 609.00 261.00 87000  870.00
ETHANE [kgmole/h] 79.00 5530 2370 5530 2370  79.00 79.00
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PROPANE [kgmole/h} 33.00 23.10 $.90 23.10 9.90 33.00 33.00
n-BUTANE [kgmole/h] 4.60 3.22 1.38 3.22 1.38 4.60 4.60
'n-PENTANE [kgmole/h] 11.30 7.91 3.39 7.9 3.39 11.30 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 210 2.10
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NGL
Product
Vapor Fraction 0.00 0.83 0.91 1.00 0.00 1.00 1.00 Q.00
T[C - -

[€] 1500 6870 i 9700 o o 8050 650 2650
P [bar] 99.50 30.00 3000 2900 29.00 2850 79.60 29.50
MoleFlow [kgmole/h] 0.00 1000.00 0.00 83577 0.00 83577 835.77 164.23
StdGasVolumeFlow
[MMSCFD] 0.00 20.08 000 1678 000 1678 1678 3.30
METHANE [kgmole/h] 0.00 87000 0.00 83571 0.00 83571 83571 34,29
ETHANE [kgmole/h] 0.00 79.00 0.00 0.06 0.00 0.06 0.06 7/8.94
PROPANE [kgmole/h] 0.00 33.00 0.00 0.00 0.00 0.00 0.00 33.00
n-BUTANE [kgmole/h] 0.00 4,60 0.00 0.00 0.00 0.00 0.00 4.60
n-PENTANE [kgmole/h] 0.00 11.30 0.00 0.00 0.00 0.00 0.00 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 0.00 2.10 0.00 0.00 0.00 0.00 0.00 2.10
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Name Feed $1 S2 $3 sS4 35 $é
Gas

Vapor Fraction 1.00 1.00 1.00 092 0.92 0.92 1.00

TIC] 25,00 25.00 25.00 -30.00 -30.00 -30.00 -30.00

P [bas] 70.00 70.00 70.00 69.50 69.50 69.50 69.50

MoleFlow [kgmole/h] 1000.00 700.00 30000 700.00 300.00 1000.00 921.16

StdGasVolumeFlow
[MMSCFD] 20.08 14.06 6.02 14.06 6.02 20.08 18.50

METHANE [kgmole/h] 870.00 609.00 261.00 60%2.00 241.00 870.00 827.06

ETHANE [kgmole/h] 7%.00 55.30 23.70 55.30 23.70 79.00 66.10
PROPANE [kgmole/h] 33.00 23.10 %.20 23.10 9.90 33.00 22.37

n-BUTANE [kgmole/h] 4.60 3.22 1.38 3.22 1.38 4.60 2.09

n-PENTANE [kgmole/h] 11.30 7.91 3.39 7.91 339 11.30 295

ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

ISOPENTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 2.10 0.60

Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

NGL
_ Gas Product
Vapor Fraction 0.00 0.20 0.37 1.00 0.00 1.00 1.00 0.00
T[C - -
[C] 3000 6830 o, 9700 o0 3080 620 2650
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P [bar] 69.50 30,00 3000 2900 2900 2850 79.60 29.50

MoleFlow [kgmole/h] 7884 92116 7884 83577 000 83577 83577 164.23
StdGasVolumeFlow
[MMSCFD] 1.58 18.50 1.58 16.78  0.00 1678 16.78 3.30
METHANE [kgmole/h] 4294 82706 4294 83571 000 83571 83571 3429
ETHANE [kgmoie/h] 12.90 46610 1290 0.06 0.00 0.06 0.06 7894
PROPANE [kgmeole/h] 10.63 2237 10,63 0.00 0.00 0.00 0.00 33.00
n-BUTANE [kgmeale/h} 2.51 2.09 2.51 0.00 0.00 0.00 0.00 4.60
n-PENTANE [kgmole/h] 8.35 295 8.35 0.00 0.00 0.00 0.00 11.30
ISOBUTANE tkgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 1.50 0.60 1.50 0.00 0.00 0.00 0.00 2.10
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Name Feed s1 s2 s3 $4 S5 Sé
Gas
Vapor Fraction 1.00 1.00 1.00 0.96 0.96 0.96 1.00
T[C] 35.00 35.00 3500 -20.00 -20.00 -20.00 -20.00
P [bar] 70.00 70.00 70.00 69.50 69.50 62.50 6%9.50
MoleFlow [kgmole/h] 1000.00 70000 300.00 700.00 30000 1000.00 956.45
StdGasVolumeFlow
[MMSCFD] 20.08 14.06 6.02 14.06 6.02 20.08 19.20
METHANE [kgmole/h] 870.00 60900 261.00 &0%9.00 261.00 870.00 84920
ETHANE [kgmole/h] 79.00 55.30 23.70 55.30 23.70 79.00 7216
PROPANE [kgmole/h] 33.00 23.10 2.90 23.10 9.90 33.00 2676
n-BUTANE {kgmole/h] 4.60 3.22 1.38 3.22 1.38 4.40 2.86
n-PENTANE [kgmole/h] 11.30 7.91 3.39 7.21 3.3%9 11.30 4.55
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 2.10 1.47 0.63 V.47 0.63 2.10 0.92
Cé+ Jkgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Name s7 S8 59 s10 S11 §$12 Sales NGL
Gas Product
Vapor Fraction 0.00 0.92 0.34 1.00 0.00 1.00 1.00 0.00
T[C - -

[€] 2000 5970 Lo 9700 7 3730 050 2650
P [bar] 69.50 30,00 30.00 292.00 29.00 2850 79.60 29.50
MoleFiow [kgmole/h] 4355 95645 4355 83577 000 83577 83577 164.23
StdGasVolumeFlow
[MMSCFD] 0.87 19.20 087 16.78  0.00 16.78 16.78 3.30
METHANE [kgmeole/h] 20.80 84920 2080 83570 0.00 83570 83570 34.30
ETHANE [kgmole/h] 684 72,14 6.84 0.07 0.00 0.07 0.07 78.93
PROPANE [kgmeole/h] 6.24 26.76 6.24 0.00 0.00 0.00 0.00 33.00
n-BUTANE [kgmole/h] 1.74 2.86 1.74 0.00 0.00 0.00 0.00 4.60
n-PENTANE [kgmole/h] 675 4.55 6.75 0.00 0.00 0.00 0.00 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISCPENTANE [kgmole/h] 1.18 0.92 1.18 0.00 0.00 0.00 0.00 2.10
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Cé+ [kgmole/h] 000 000 000 000 000 000  0.00 000 |
Name Feed 31 s52 3 sS4 S5 S$é
Gas
Vapor Fraction 1.00 1.00 1.00 0.97 0.97 0.97 1.00
T [C] 40.00 40.00 40.00 -15.00 -15.00 -15.00 -15.00
P [bar] 70.00 70.00 70.00 69.50 69.50 69.50 69.50
MoleFlow [kgmole/h] 1000.00 700.00 300.00 700.00 300.00 1000.00 $68.99

StdGasVolumeFlow
[MMSCEFD] 20.08 14.06 6.02 14.06 6.02 20.08 19.44

METHANE [kgmole/h] 870.00 60%.00 261.00 60%.00 261.00 870.00 856.03

ETHANE [kgmole/h] 79.00 55.30 23.70 55.30 23.70 72.00 74.31
PROPANE [kgmole/h} 33.00 23.10 9.90 23.10 %.20 33.00 28.58

n-BUTANE [kgmeole/h] 4.60 3.22 1.38 3.22 1.38 4.60 3.28

n-PENTANE [kgmole/h] 11.30 7.91 3.37 7.91 3.39 11.30 5.66

ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 .00 0.00

ISOPENTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 210 1.13

Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Name §7 $8 SY $10 $11 $12 Sales NGL

Gas Product
Vapor Fraction 0.00 0.93 0.33 1.00 0.00 1.00 1.00 0.00
T[C - -

[€] 1500 5540 o0 97.00 o7 4000 <180 26.50
P [bar] 69.50 30.00 3000 2900 29.00 2850 79.60 29.50
MoleFlow [kgmole/h] 31.01 968,99 31.01 83577 0.00 83577 83577 164.23
StdGasVolumeFlow
[MMSCFD] 0.62 1946 042 1678 000 1678 1678 3.30
METHANE [kgmole/h] 13.97 856.03 1397 83570 0.00 83570 83570 34.30
ETHANE [kgmole/h] 4.69 74.31 4.6% 0.07 0.00 0.07 0.07 78.93
PROPANE [kgmole/h] 4.42 28.58 4.42 0.00 0.00 0.00 0.00 33.00
n-BUTANE [kgmole/h}] 1.32 3.28 1.32 0.00 0.00 0.00 0.00 4.60
n-PENTANE [kgmole/h] 5.64 5.66 5.64 0.00 0.00 0.00 0.00 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 0.97 1.13 0.97 0.00 0.00 0.00 0.00 2.10
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

30% PRESSURE DROP

Name

Vapor Fraction 1.000 1.000 1.000 1.000 1.000 1.000 1.000
T[C] 25.000 25.000 25.000 -30.000 -30.000 -30.000 -30.000
P [bar] 100.000  100.000 100.000 99.500 99.500 29.500 99.500
MoleFlow [kgmole/h] i000.000 700.000 300.000 700.000 300.000 1000.000 1000.000
StdGasVolumeFlow 20.079 14.055 6.024 14.055 6.024 20.079 20.079
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[MMSCFD]
METHANE [kgmole/h] 870.000 409.000 241.000 409.000 241.000 870.000 870.000
ETHANE [kgmole/h] 79.000 55300 23700 55300 23.700 79.000 79.000
PROPANE [kgmole/h] 33.000 23.100 2.900 23.100 9.900 33.000 33.000
n-BUTANE [kgmole/h] 4,600 3.220 1.380 3.220 1.380 4,600 4,600
n-PENTANE [kgmole/h] 11.300 7.210 3.390 7.910 3.390 11.300 11.300
ISOBUTANE [kgmole/h] 0.000 0.000 0.000 0.000 0.000 0.000 0.000
ISOPENTANE [kgmole/h] 2.100 1.470 0.630 1.470 0.630 2100 2.100
Cé+ [kgmole/h] 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Name S7 $8 59 $10 s 512 Sales NGL

Gas Product

Vapor Fraction 0.00 0.72 0.82 1.00 0.00 1.00 1.00 0.00

T - -
[€] 3000 7870 L. 97.00 o o <1810 1210 2640

P [bar] 99.50 3000 3000 2900 29.00 28.50 69.65 29.50

MoleFlow [kgmole/h] 0.00 1000.00 Q.00 835.77 0.00 835.77 83577 164.23

StdGasVolumeFlow

[MMSCFD] 0.00 20.08 000 1678 000 1678 1678 3.30

METHANE [kgmole/h] 0.00 87000 000 83572 000 83572 83572 34.28

ETHANE [kgmole/h] 0.00 79.00 0.00 0.05 0.00 0.05 0.05 78.95

PROPANE [kgmole/h] 0.00 33.00 0.00 0.00 0.00 0.00 0.00 33.00

n-BUTANE [kgmoie/h] 0.00 4.60 0.00 0.00 0.00 0.00 0.00 4.60

n-PENTANE [kgmole/h] 0.00 11.30 0.00 0.00 0.00 0.00 0.00 11.30

ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

ISOPENTANE [kgmole/h] 0.00 2.10 0.00 0.00 0.00 0.00 0.00 2.10

Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Name Feed $1 52 S3 sS4 S5 84

Gas

Vapor Fraction 1.000 1.000 1.000 1.000 1.000 1.000 1.000
T[C] 35.000 35.000 35000 -20.000 -20.000 -20.6G00 -20.000
P [bar] 100.000  100.000 100.000 99.500 99.500 99.500 99.500
MoleFlow [kgmole/h] 1000.000  700.000  300.000 700,000 300.000 1000.000 1000.00C
StdGasVolumeFlow

[MMSCED] 20.079 14.055 6.024 14.055 6.024 20.079 20.079
METHANE [kgmole/h] 870.000  409.000 241.000 409.000 241.000  870.000 870.000
ETHANE [kgmole/h] 79.000 55.300 23.700 55.300 23.700 79.000 79.000
PROPANE [kgmole/h] 33.000 23.100 2.200 23.100 2.200 33.000 33.000
n-BUTANE [kgmole/h] 4.600 3.220 1.380 3.220 1.380 4.600 4.600
n-PENTANE [kgmole/h] 11.300 7210 3.390 7910 3.390 11.300 11.300
ISOBUTANE [kgmole/h] 0.000 0.000 0.000 0.000 0.000 0.000 0.000
ISOPENTANE [kgmole/hj] 2.100 1.470 0.630 1.470 0.630 2100 2.100
Cé+ [kgmole/h] 0.000 0.000 0.000 0.000 0.000 0.000 0.000

-16 -



812 Sales NGL
Gas Product
Vapor Fraction 0.00 0.80 0.88 1.00 0.00 1.00 1.00 0.00
T[C - -

[€] 2000 7220 . 9700 T 2650 410 -20.00
P [bar] 99.50 30.00 30.00 2900 2900 2850 @ 69.45 99.50
MoleFlow [kgmole/h] 0.00 1000.00 ©.00 83577 000 83577 83577 0.00
StdGasVolumeFlow
[MMSCED] 0.00 2008 000 1678 000 16.78 16.78 0.00
METHANE [kgmole/h] 0.000 870.000 0.000 835710 0.000 835.710 835.710 0.000
ETHANE [kgmole/h] 0.000 79000 0.000 0056 0.000 0.056 0.056 0.000
PROPANE [kgmole/h] 0.000 33000 0.000 0000 0.000 0000  0.000 0.000
n-BUTANE [kgmole/h] 0000 4600 0000 ©0.000 0.000 0.000  0.000 0.000
n-PENTANE [kgmole/h] 0.000 11.300 0000 0000 0.000 0000  0.000 0.000
ISOBUTANE [kgmole/h] 0000  0.000 0.000 0000 0.000 0.000  0.000 0.000
ISOPENTANE [kgmole/h] 0.000 2100 0000 0000 0000 0000  0.000 0.000
Cé+ [kgmole/h] 0.000 0.000 0000 0.000 0000 0000  0.000 0.000

Vapor Fraction 1.000 1.000 1.000  1.000  1.000 1.000 1.000
TIC] 40000 40000 40000 -15000 -15000 -15000  -15.000
P [bar] 100.000 100000  100.000 99.500  99.500  99.500  99.500 |
MoleFlow [kgmole/h] 1000000 700.000 300.000 700.000 300.000 1000.000 1000.000
StdGasVolumeFlow
(MMSCFD] 20079 14055 6024 14055 6024 20079  20.079
METHANE [kgmole/h] 87000  609.00 261.00 609.00 261.00 87000  870.00
ETHANE [kgmole/h] 79.00 5530 2370 5530  23.70 79.00 79.00 |
PROPANE [kgmole/h] 33.00 23.10 9.90 23.10 9.90 33.00 33.00
n-BUTANE [kgmole/h] 4.60 3.22 1.38 3.22 1.38 4.60 4.60
n-PENTANE [kgmole/h] 11.30 7.91 3.39 7.91 3.39 11.30 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 2.10 1.47 063 147 063 210 210 |
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Name 57 s8 9 $10 S11 S12  Sales NGL
Gas Product
Vapor Fraction 0.00 083 091 100 000 100  1.00 0.00
TIC - -
[C] 1500 6870 0 9710 o -30.50  0.90 -26.50
P [bar] 9950 3000 3000 29.00 29.00 2850 69.65  29.50
MoleFlow [kgmole/h] __ 000 100000 0.00 83577 000 83577 83577 16423
stdGasVolumeFiow 000 2008 000 1678 000 1678 1678 330 |
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[MMSCFD]

METHANE [kgmole/h] 000 87000 000 83571 000 83571 83571 34.29
ETHANE [kgmole/h] 000 7900 000 006 000 006 006 78.94
PROPANE [kgmole/h] 000 3300 000 000 000 000  0.00 33.00
n-BUTANE [kgmole/h] 0.00 460 000 000 000 000  0.00 4.60
n-PENTANE [kgmole/h] 0.00 1130 000 000 000 000 000 11.30
ISOBUTANE [kgmole/h] 0.00 000 000 000 000 000 0.0 0.00
ISOPENTANE [kgmole/h] 0.00 210 000 000 000 000 - 0.00 2.10
Cé+ [kgmole/h] 0.00 000 000 000 000 000 0.0 0.00

Sé

Vapor Fraction 1.000 1.000 1.000 0.921 0.921 0.921 1.000

TIC] 25.000 25.000 25000 -30.000 -30.000 -30.000 -30.000
P [bar] 70.000 70.000 70000  49.500 69.500 62.500 69.500
MoleFlaw [kgmole/h] 1000.000 700.000 300000 700.000 300.000 1000.000 921.180
StdGasVolumeFlow
[MMSCFD] 20079 14.065 6.024 14.055 6.024 20.079 18.496
METHANE [kgmole/h] 870.00 60%.00 261.00 60%9.00 261.00 870.00 827.06
ETHANE [kgmole/h] 79.00 55.30 23.70 55.30 23.70 79.00 66.10
PROPANE [kgmole/h] 33.00 23.10 2.90 23.10 9.90 33.00 22.37
n-BUTANE [kgmele/h] 4.60 3.22 1.38 3.22 1.38 4.60 2.09
n-PENTANE [kgmole/h] 11.30 7.91 3.39 7.91 3.39 11.30 295
ISCBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 2.10 0.60
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Name 57 S8 s9 $10 SN $12 Sales NGL
Gas Product
Vapor Fraction 0.00 0.90 0.37 1.00 .00 1.00 1.00 0.00
T[C - -
i€l 3000 6830 ..o 9710 oo -3080 060  -26.50
P [bar] 69.50 30.00 30.00 29200 2900 28.50 69.65 29.50
MoleFlow [kgmole/h] /8.84 921.16 7884 83577 0.00 835.77 835.77 164.23
StdGasVolumeFlow
[MMSCFD] 1.58 18.50 1.58 16.78  0.00 16.78 16.78 3.30
METHANE [kgmole/h] 4294 82706 4294 83571 000 83571 83571 34.29
ETHANE [kgmoie/h] 12.90 6610 1290 0.06 0.00 0.06 0.06 78.94
PROPANE [kgmole/h] 10.63 2237 10.63 0.00 0.00 0.00 0.00 33.00
n-BUTANE [kgmole/h] 2.51 2.09 2.51 0.00 0.00 0.00 0.00 4.60
n-PENTANE [kgmole/h] 8.35 2.95 8.35 0.00 0.00 0.00 0.00 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 1.50 0.60 1.50 0.00 0.00 0.00 0.00 2.10
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Vapor Fraction 1.000 1.000 1.000 0.956 0.956 0.956 1.000
T[C] 35.000 35000 35000 -20.000 -20.000 -20.000 -20.000
P [bar] 70.000 70000 70000 69.500 49.500 69.500 69.500
MoleFlow [kgmole/h] 1000.000 700.000 300.000 /00.00C 300.000 1000.000 956.450
StdGasVolumeFlow
[MMSCFD] 20.079 14.055 6.024 14.055 6.024 20.079 19.204
METHANE [kgmole/h] 870.000 602.000 261.000 60%2.000 261.000 870.000 849.200
ETHANE [kgmole/h} 79.000 55.300 23700 55300 23.700 79.000 72.160
PROPANE [kgmole/h] 33.000 23.100 9.900 23.100 9.200 33.000 26.760
n-BUTANE [kgmole/h] 4.600 3.220 1.380 3.220 1.380 4.600 2.860
n-PENTANE [kgmole/h] 11.300 7.910 3.390 7.910 3.390 11.300 4,550
ISOBUTANE [kgmole/h] 0.000 0.000 0.000 0.000 0.000 0.000 0.000
ISOPENTANE [kgmole/h] 2.100 1.470 0.630 1.470 0.630 2.100 0.922
Cé+ [kgmole/h] 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Vapor Fraction 0.00 0.92 0.34 1.00 0.00 1.00 1.00 0.00
T[C - -
€] -20.00  -59.70 37.20 -97.10 97 10 -37.30 -5.20 -26.50
P [bar] 69.50 30.00 3000 29.00 2900 2850 49565 29.50
MoleFlow [kgmoie/h] 4355  956.45 4355 83577 0.00 83577 83577 164.23
StdGasVolumeFiow
[MMSCED] 0.87 19.20 087 16.78  0.00 16.78 16.78 3.30
METHANE [kgmole/h] 2080 84920 2080 83570 000 83570 83570 34.30
ETHANE [kgmole/h] 6.84 7216 684 0.07 0.00 0.07 0.07 78.93
PROPANE [kgmole/h] 6.24 2676  6.24 0.00 0.00 0.00 0.00 33.00
n-BUTANE [kgmole/h] 1.74 2.86 1.74 0.00 0.00 0.00 0.00 4.60
n-PENTANE [kgmole/h] 6.75 4.55 6.75 0.00 0.00 0.00 0.00 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 1.18 0.92 1.18 0.00 0.00 0.00 0.00 2.10
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Name Feed 31 $2 $3 54 S5 Sé
_ Gas
Vapor Fraction 1.000 1.000 1.000 0.969 0.96%9 0.96%9 1.000
T[C] 40.000 40.000 40000 -15.000 -15.000 -15.000 -15.000
P [bar] 70.000 70.000 70.000 69.500  49.500 69.500 6%9.500
MoleFlow [kgmole/h] 1000.000 700.000 300.000 700.00C 300.000 1000.000 968.990
StdGasVolumeFlow 870.00 609.00 26100 609.00 261.00 870.00 856.03
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[MMSCFD]
METHANE [kgmole/h] 7900 5530 2370 5530 2370  79.00 7431
ETHANE [kgmole/h] 3300 2310 990 2310 9.90 33.00 28.58
PROPANE [kgmole/h] 4.60 3.22 1.38 3.22 1.38 4.60 3.28
n-BUTANE [kgmole/h] 11.30 7.91 3.39 7.91 3.39 11.30 5.66
n-PENTANE [kgmole/h] 000 0.00 0.00 0.00 0.00 0.00 0.00
ISOBUTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 2.10 1.13
ISOPENTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cé+ [kgmole/h] 870.00  609.00 261.00 609.00 26100 87000  856.03
9 s10 S11 S12 NGL
I . Product
Vapor Fraction 000 093 033 100 000 1.00 1.00 0.00
TIC - -
€l 1500 5540 oo 9710 o7 o 4000 750 -26.50
P [bar] 6950  30.00 3000 2900 29.00 2850 69.65 29.50
MoleFlow [kgmole/h] 31.01 94899 3101 83577 000 83577 83577  164.23
StdGasVolumeFow
[MMSCED) 062  19.46 042 1678 000 1678 1678 3.30
METHANE [kgmole/h] 1397 85603 1397 83570 0.00 83570 83570 3430
ETHANE [kgmole/h] 449 7431 449 007 000 007 007 78.93
PROPANE [kgmole/h] 442 2858 442 000 000 000  0.00 33.00
n-BUTANE [kgmole/h] 132 328 132 000 000 000 000 4.60
n-PENTANE [kgmole/h] 564 566 564 000 000 000 000 11.30
ISOBUTANE [kgmole/h] 000 000 000 000 000 000  0.00 0.00
ISOPENTANE [kgmole/h] 0.97 113 097 000 000 000 000 2.10
Cé+ [kgmole/h] 000 000 000 000 000 000  0.00 0.00
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APPENDIX C

FULL TABULATION OF SIMULATION RESULTS FOR TURBO
EXPANDER SYSTEM -LEAN FEED STREAM

20% PRESSURE DROP

Name Feed S1 52 $3 $4 S5 $é
Gas

Vapor Fraction 1.00 1.00 1.00 1.00 1.00 1.00 1.00
T[C] 25.00 25.00 25.00 -30.00 -30.00 -30.00 -30.00
P [bar] 100.00 100.00 100.00 99.50 99.50 99.50 99 .50
MoleFlow [kgmole/h] 1000.00 700.00 30000 700.00 300.00 1000.00 1000.00
StdGasVolumeFlow ;

[MMSCFD] 20.08 14.06 6.02 14.06 6.02 20.08 20,08
METHANE [kgmole/h] 870.00 609.00 261.00 609.00 261.00 870.00 870.00
ETHANE [kgmole/h] 72.00 55.30 23.70 55.30 23.70 72.00 79.00
PROPANE [kgmole/h] 33.00 23.10 2.90 23.10 2.90 33.00 33.00
n-BUTANE [kgmole/h] 4.60 3.22 1.38 3.22 1.38 4,60 4.60
n-PENTANE [kgmole/h] 11.30 7.91 3.39 7.91 3.39 11.30 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 2.10 2.10
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

NGL
_ _ CGas Product

Vapor Fraction 0.00 0.72 0.82 1.00 0.00 1.00 1.00 0.00

T[C - -

[C] 3000 7870 i 9710 o 0 (1810 1760 2640
P [bar] 99.50 30,00 3000 2900 2900 2850 7940 29.50
MoleFlow [kgmole/h}] 0.00 1000.00 0.00 83577 0.00 83577 83577 164,23
StdGasVolumeFlow
[MMSCFD] 0.00 20.08 0.00 1678  0.00 16.78 16.78 3.30
METHANE [kgmole/h] 0.00 87000 0.00 83572 0.00 83572 83572 34,28
ETHANE [kgmole/h] 0.00 79.00 0.00 0.05 0.00 0.05 0.05 78.95
PROPANE [kgmole/h] 0.00 33.00 0.00 0.00 0.00 0.00 0.00 33.00

 n-BUTANE [kgmole/h] .00 4,60 0.00 0.00 0.00 0.00 0.00 4.60

n-PENTANE [kgmole/h] 0.00 11.30 0.00 0.00 0.00 0.00 0.00 11.30

ISOBUTANE [kgmele/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00

ISOPENTANE [kgmole/h] 0.00 2.10 0.00 0.00 0.00 0.00 0.00 2.10

Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Vapor Fraction 1.00 1.00 1.00 1.00 1.00
TIC] 35.00 35.00 35.00 -20.00 -20.00 -20.00 -20.00
P [bar] 100.00 100.00 100.00 99.50 29.50 99.50 99.50
MoleFlow [kgmole/h] 1000.00 700.00 300.00 700.00 300.00 1000.00 1000.00
StdGasVolumeFlow

[MMSCED] 20.08 14.06 6.02 1406  6.02 20.08 20.08
METHANE [kgmole/h] 870.00 609.00 261.00 6072.00 261.00 870.00 870.00
ETHANE [kgmeole/h] 7%9.00 55.30 23.70 5530 23.70 72.00 79.00
PROPANE [kgmole/h] 33.00 23.10 7.90 23.10 %.90 33.00 33.00
n-BUTANE [kgmole/h] 4.60 3.22 1.38 3.22 1.38 4.60 4,60
n-PENTANE [kgmole/h] 11.30 7.91 3.3% 7.91 3.39 11.30 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 2.10 2.10
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

NGL

Product

Vapor Fraction 0.00 0.80 0.88 1.00 0.00 1.00 1.00 0.00
T[C - -

[C] -20.00 -72.20 59 30 -97.10 97 10 2690 970 -26.50
P [bar] 99.50 30.00 3000 2200 29.00 2850 7940 29.50
MoleFlow [kgmole/h] 0.00 1000.00 0.00 83577 0.00 83577 83577 164.23
StdGasVolumeFlow
[MMSCED] 0.00 20.08 0.00 1678 0.00 1678 1 6j78 | .3.3.0 B
METHANE [kgmole/h] 0.00 87000 000 83571 000 83571 83571 34.29
ETHANE [kgmole/h] 0.00 77.00 0.00 0.06 0.00 0.06 0.06 78.24
PROPANE [kgmole/h] 0.00 33.00 0.00 .00 0.00 0.00 0.00 33.00 |
n-BUTANE [kgmole/h} 0.00 4.60 0.00 0.00 0.00 0.00 0.00 4.60
n-PENTANE [kgmole/h} 0.00 11.30 0.00 0.00 0.00 0.00 0.00 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [lkkgmole/h] 0.00 2.10 0.00 0.00 0.00 0.00 0.00 2.10
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 J

Name

Vapor Fraction 1.00 1.00 1.00 1.00 1.00 1.00 1.00
TICl 40.00 4000 4000  -1500 -1500  -15.00 -15.00
P [bar] 100.00  100.00 10000 9950 9950  99.50 99.50
MoleFlow [kgmole/h] 100000 70000 300.00 70000 300.00 1000.00  1000.00
StdGasVolumeFlow

IMMSCED] 20.08 14.06 6.02 14.06 6.02 2(1087ﬁ2008_ﬂ
METHANE [kgmole/h] 87000  609.00  261.00 609.00 261.00 87000  870.00 |
ETHANE [kgmole/h] 79.00 55.30 2370 5530 2370 79.00 79.00 |
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PROPANE [kgmole/h] 33.00 23.10 2.90 23.10 9.90 33.00 33.00
n-BUTANE [kgmole/h] 4.60 3.22 1.38 3.22 1.38 4.60 4.60
n-PENTANE [kgmoie/h] 11.30 7.91 3.39 7.91 3.39 11.30 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 2.10 2.10
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Name s7 S8 59 10 S11 $12 Sales NGL
Gas Product
Vapor Fraction 0.00 0.83 0.91 1.00 0.00 1.00 1.00 0.00
T[C - -
€] 1500 6870 oo 9700 o 3050 650 2650
P [bar] 99.50 30.00 30.00 2900 29.00 2850 79.60 29.50
MoleFlow [kgmole/h] 0.00 1000.00 0.00 83577 000 83577 83577 164.23
StdGasVolumeFlow
MMSCFD] 0.00 20.08 0.00 1678 (.00 1678  16.78 3.30
METHANE [kgmole/h] 0.00 870.00 0.00 83571 000 83571 83571 34.29
ETHANE [kgmole/h] 0.00 79.00 0.00 0.06 0.00 0.06 0.046 78.94
PROPANE [kgmole/h] 0.00 33.00 0.00 0.00 0.00 0.00 0.00 33.00
n-BUTANE [kgmole/h] 0.00 4.60 0.00 0.00 0.00 0.00 0.00 4.60
n-PENTANE [kgmole/h] 0.00 11.30 0.00 0.00 0.00 0.00 0.00 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 0.00 2.10 0.00 0.00 0.00 0.00 0.00 2.0
Cé+ [kgmole/h] 0.00 000 000 000 000 000  0.00 0.00
Name Feed §1 52 33 54 S5 Sé
Gas ' '
Vapor Fraction 1.00 1.00 1.00 0.92 0.92 0.92 1.00
T[C] 25.00 25.00 25.00 -30.00 -30.00 -30.00 -30.00
P [bar] 70.00 70.00 70.00 469.50 469.50 49.50 49.50
MoleFlow [kgmole/h] 1000.00 700.00 300.00 700.00 300.00 1000.00 221.16
StdGasVolumeFlow
[MMSCFD] 20.08 14.06 6.02 14.06 6.02 20.08 18.50
‘METHANE [kgmole/h] 870.00 609.00 261.00 609.00 261.00 870.00 827.06
ETHANE [kgmolie/h] 72.00 55.30 23.70 55.30 23.70 79.00 66.10
PROPANE [kgmole/h] 33.00 23.10 9.90 23.10 .20 33.00 22.37
n-BUTANE [kgmole/h] 4.60 3.22 1.38 3.22 1.38 4.60 2.09
n-PENTANE [kgmole/h] 11.30 7.91 3.39 7.91 3.39 11.30 2.95
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 2.10 0.60
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Name S§7 58 s9 310 N 512 Sales NGL
Gas Product
Vapor Fraction 0.00 0.0 0.37 1.00 0.00 1.00 1.00 0.00
T[C - -
[€] -30.00 -68.30 50.10 -97.10 97 10 -30.80 6.20 -26.50
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P [bar] 69.50 30.00 30,00 2900 2900 2850 79.60 29.50

MoleFlow [kgmole/h] 7884 92116 7884 83577 0.00 83577 83577 164,23
StdGasVolumeFlow
[MMSCFD] 1.58 18.50 1.58 1678 0.00 1678 16.78 3.30
METHANE [kgmole/h] 4294 82706 42%4 83571 0.00 83571 83571 34.29
ETHANE [kgmole/h} 12.90 6610 1290 Q.06 0.00 0.06 0.06 78.94
PROPANE [kgmole/h] 10.63 22.37 10.63 0.00 0.00 0.00 0.00 33.00
n-BUTANE [kgmole/h] 2.51 2.09 2.51 0.00 G.00 0.00 0.00 4.60
n-PENTANE jkgmole/h] 8.35 2.95 8.35 0.00 0.00 0.00 0.00 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 1.50 0.60 1.50 0.00 0.00 0.00 0.00 2.10
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00
Name Feed 51 §2 53 54 S5 54
Gas
Vapor Fraction 1.00 1.00 1.00 0.96 0.96 0.96 1.00
T[C] 35.00 35.00 35.00 -20.00 -20.00 -20.00 -20.00
P [bar] 70.00 70.00 70.00 6%9.50 6%.50 69.50 69.50
MoleFlow [kgmole/h] 1000.00 700.00 300.00 70000 300.00 1000.00 956.45
SidGasVolumeFiow
MMSCED] 20.08 14.06 6.02 14.06 6.02 20.08 19.20
METHANE [kgmole/h] 870.00 609.00 261.00 60%.00 261.00 870.00 849 .20
ETHANE [kgmole/h] 7%.00 55.30 23.70 55.30 23.70 79.00 72.16
PROPANE [kgmole/h] 33.00 23.10 9.90 23.10 2.90 33.00 26.76
n-BUTANE [kgmole/h] 4.60 3.22 1.38 3.22 1.38 4.60 2.86
n-PENTANE [kgmole/h] 11.30 7.91 3.39 7.21 3.39 11.30 4.55
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h} 2.10 1.47 0.63 1.47 0.63 210 0.92
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Name §7 s8 59 s10 SN s12 Sales NGL
Gas Product
Vapor Fraction 0.00 0.92 0.34 1.00 0.00 1.00 1.00 0.00
T[C - -
€] 2000 5970 o0 9710 o7 3730 050 2650
P [bar] 69.50 30.00 30.00 22.00 2900 2850 79.60 29.50
MoleFlow [kgmole/h] 4355 95645 4355 83577 000 83577 83577 164.23
StdGasVolumeFlow
[MMSCFD] 0.87 1920 087 1678 0.00 16.78 16.78 3.30
METHANE [kgmole/h] 20.80 84920 2080 83570 0.00 83570 83570 34.30
ETHANE [kgmole/h] 6.84 7216  6.84 0.07 0.00 0.07 0.07 7893
PROPANE [kgmole/h] 6.24 2676 624 0.00 0.00 0.00 0.00 33.00
n-BUTANE [kgmole/h] 1.74 2.86 1.74 0.00 0.00 0.00 0.00 4.60
n-PENTANE [kgmole/h] 6.75 4.55 6.75 0.00 0.00 0.00 0.00 11.30
[SOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 1.18 0.92 1.18 0.00 0.00 0.00 0.00 2.10
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Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ]
Name Feed $1 S2 83 S4 S5 Sé
Gas
Vapor Fraction 1.00 1.00 1.00 0.97 0.97 0.97 1.00
TIC] 40,00 40.00 40.00 -15.00 -15.00 -15.00 -15.00
P [bar] 70.00 70.00 70.00 69.50 69.50 6%9.50 69.50
MoleFlow [kgmole/h] 1000.00 700,00 300.00 700.00 300.00 1000.00 968.99
StdGasVolumeFlow
[MMSCFD] 20.08 14.06 6.02 14.06 6.02 20.08 19.44
METHANE [kgmole/h} 870.00 609.00  261.00  409.00 261.00 870.00 856.03
ETHANE [kgmole/h] 79.00 55.30 23.70 55.30 23.70 79.00 74.31
PROPANE [kgmole/h] 33.00 23.10 2.90 23.10 9.90 33.00 28.58
n-BUTANE [kgmole/h] 4,60 3.22 1.38 3.22 1.38 4,60 3.28
n-PENTANE [kgmole/h] 11.30 7.91 3.39 7.91 3.39 11.30 5.66
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 210 1.13
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Name 57 S8 s9 S10 S11 S12 Sales NGL
Gas Product
Vapor Fraction 0.00 0.93 0.33 1.00 000 " 1.00 1.00 0.00
T[C - -
€] -15.00 -55.40 30.90 -97.10 9710 -4000 -1.80 -26.50
P [bar] 69.50 30.00 3000 2900 2900 2850 7940 29.50
MoleFlow [kgmole/h] 31.01 268.99 31.01 83577 000 83577 83577 164.23
StdGasVolumeFlow
[MMSCFD] 0.62 19.46  0.62 1678  0.00 1678 1678 3.30
METHANE [kgmole/h] 13.97  856.03 1397 83570 (.00 83570 835.70 34.30
ETHANE [kgmole/h] 4.6% 74.31 4.69 0.07 0.00 0.07 0.07 78.93
PROPANE [kgmole/h] 4.42 28.58  4.42 0.00 0.00 0.00 0.00 33.00
n-BUTANE [kgmole/h] 1.32 3.28 1.32 0.00 0.00 0.00 0.00 4.60
n-PENTANE [kgmole/h] 5.64 5.66 5.64 0.00 0.00 0.00 0.00 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h} 0.97 1.13 0.97 0.00 0.00 0.00 0.00 2.10
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
30% PRESSURE DROP

Vapor Fraction 1.000 1.000 1.000 1.000 1.000 1.000 1.0C0
T[C] 25.000 25.000 25.000 -30.000 -30.000 -30.000 -30.000
P [bar] 100.000 100.000 100.000 99.50C  92.500 929.500 9%.500
MoleFlow [kgmole/h] 1000.000 700.000 300.000 70C.000 300.000 1000.000 1000.000
StdGasvolumeFlow 20.079 14.055 6.024 14.055 6.024 20.079 20.079
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[MMSCFD]
METHANE [kgmole/h] 870.000 609.000 261.000 609.000 261.000 870.000 870.000
ETHANE [kgmole/h] 79.000 55300 23700 55300 23700 79.000  79.000
PROPANE {kgmole/h] 33.000 23100 9900 23.100 9900 33000  33.000
n-BUTANE [kgmole/h] 4.600 3220  1.380 3220 1380 4400 4,600
n-PENTANE [kgmole/h] 11300 7910 3390 7910 3390 11300  11.300
ISOBUTANE [kgmole/h] 0.000 0000 0000 0000 0000  0.000 0.000
ISOPENTANE [kgmole/h] 2.100 1470 0.630 1470 0430  2.100 2.100
Cé+ [kgmole/h] 0.000 0000  0.000 0000 0000  0.000 0.000

Name s7 S8

Vapor Fraction 0.00 072 082 1.00  0.00 1.00 1.00 0.00
T[C - -
€] 3000 7870 .0 97.00 0 <1810 1200 -26.40
P [bar] 99.50 30,00 3000 29200 29.00 2850 69.65 29.50
MoleFlow [kgmole/h] 0.00 1000.00 0.00 83577 000 83577 835.77 164.23
StdGasVolumeFlow
[MMSCFD] 0.00 20.08 000 1678 0.00 1678 16.78 3.30
METHANE [kgmole/h] .00 87000 000 83572 000 83572 83572 34.28
ETHANE [kgmole/h] 0.00 79.00 0.00 0.05 0.00 0.05 0.05 78.95
PROPANE [kgmole/h] 0.00 33.00 0.00 0.00 0.00 0.00 0.00 33.00
n-BUTANE [kgmole/h] 0.00 4.60 0.00 0.00 0.00 0.00 0.00 4.60
n-PENTANE [kgmole/h] 0.00 11.30 0.00 0.00 0.00 0.00 0.00 11.30
JSOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h} 0.00 2.10 0.00 0.00 0.00 0.00 0.00 2.10
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
_ Gas
Vapor Fraction 1.000 1.000 1.000 1.000 1.000 1.000 1.000
T[C] 35.000 35.000 35000 -20.000 -20.000 -20.000 -20.000
P [bar] ' 100.000 100.000 100.000  929.500 29.500 29.500 99.500
MoleFlow [kgmole/h] 1000.000 700000 300.000 700000 300.000 1000.000 1000.00¢
StdGasVolumeFlow
[MMSCFD] 20.079 14.055 6.024 14.055 6.024 20.079 20.079
METHANE [kgmole/h] 870.000 40%2.000 261.000 602.000 261.000 870.000 870.000
ETHANE [kgmole/h] 79.000 55.300 23.700 55.300 23.700 79.000 7%.000
PROPANE [kgmole/h] 33.000 23.100 9.200 23.100 9.900 33.000 33.000
n-BUTANE [kgmole/h] 4.600 3.220 1.380 3.220 1.380 4,600 4.600
n-PENTANE [kgmole/h] 11.300 7.910 3.390 7.9210 3.390 11.300 11.300
ISOBUTANE [kgmole/h] 0.000 0.000 0.000 0.000 0.000 0.000 0.000
ISOPENTANE [kgmole/h] 2.100 1.470 0.630 1.470 0.630 2.100 2.100
Cé+ [kgmole/h] ' 0.000 0.0c00 0.000 0.000 0.000 0.000 0.000
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s7

Nome

s8

S?

$11

s$12 Sales

Gas

NGL
Product

Vapor Fraction 000 080 088 100 000 100  1.00 0.00
TIC . -

I€] 2000 7220 .0 9710 7 2690 410 -20.00
P [bar] 9950 3000 3000 2900 2900 2850  69.65  99.50
MoleFlow [kgmole/h] 000 100000 000 83577 000 83577 83577 000
StdGasVolumeFlow
MMSOrD] 000 2008 000 1678 000 1678 1678 0.00
METHANE [kgmole/h] 0000 870000 0000 835710 0000 835710 835710  0.000
ETHANE [kgmole/h] 0000 79000 0000 0056 0000 0056 0056 0000
PROPANE [kgmole/h] 0000 33000 0000 0000 0000 0000 0000 0000
n-BUTANE [kgmole/h] 0.000 4600 0000 0000 0000 0000 0000 0000
n-PENTANE [kgmole/h] 0000 11300 0000 0000 0000 0000 0000 0000
ISOBUTANE [kgmole/h] 0000 0000 0000 0000 0000 0000 0000 0000
ISOPENTANE [kgmole/h] 0000 2100 0000 0000 0000 0000 0000 0000
Cé+ [kgmole/h] 0000 0000 0000 0000 0000 0000 0000 0000

Name

$1

33

-S4

Sé

1.000

Vapor Fraction 1.000 1.000 1.000 1.000 1.000 1.000
T[C] 40000  40.000  40.000 -15000 -15000 -15000  -15.000
P [bar] 100.000 100.000 100.000 99.500 99.500  99.500 99.500
MoleFlow [kgmole/h] 1000.000 700000 300.000 700.000 300.000 1000.000 1000.000
StdGasVolumeFlow

[MMSCFD] 20.079 14.055 6024 14055  6.024 20.079 2({1079
METHANE [kgmole/h] 87000  609.00 26100 609.00 261.00  870.00 870.00
ETHANE [kgmole/h] 79.00 55.30 23.70 55.30 23.70 79.00 79.00
PROPANE [kgmole/h] 33.00 23.10 9.90 23.10 990 33.00 33.00
n-BUTANE [kgmole/h] 4.60 3.22 1.38 3.22 1.38 4.60 4.60
n-PENTANE [kgmole/h] 11.30 7.91 339 7.91 3.39 11.30 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE {kgmole/h] 2.10 1.47 0.63 1.47 0.63 2.10 2.10
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

s8

Vapor Fraction 000 083 09 100 000 1.00  1.00 0.00
TIC] ] - - ]
1500 6870 oo 9710 .o -3050  0.90 26.50
P [bar] 9950 3000 3000 2900 2900 2850 69.65 29.50
MoleFlow [kgmole/h] 000 100000 000 83577 000 83577 83577 16423
stdGasVolumeFlow 000 2008 000 1678 000 1678 1678 3.30
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[MMSCFD]

METHANE [kgmole/h] 0.00 87000 0.00 83571 000 83571 8357] 34.29
ETHANE [kgmole/h] 0.00 79.00 0.00 0.06 0.00 0.06 0.06 78.94
PROPANE [kgmole/h] 0.00 33.00 0.00 0.00 0.00 0.00 0.00 33.00
n-BUTANE [kgmole/h] 0.00 4.60 0.00 0.00 0.00 0.00 0.00 4.60
n-PENTANE [kgmole/h] 0.00 11.30 0.00 0.00 0.00 0.00 0.00 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 0.00 2.10 0.00 0.00 0.00 0.00 0.00 2.10
Cé+ fkgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Feed S1 52

_Gas

Vaperfracion 1,000

000

1.000 0.921 0.921 0.921 1.000

TIC] 25.000 25000 25.000 -30.000 -30.000 -30.000 -30.000
P [bar] 70.000 70.000  70.000 69.500  69.500 69.500 6%9.500
MoleFlow [kgmole/h} 1000.000 700.000 300.000 700.000 300.000 1000.000 921.140
StdGasVolumeFlow

[MMSCFD] 20.079 14.055 6.024 14.055 6.024 20.079 18.496
METHANE [kgmole/h] 870.00 &09.00 261.00 609.00  261.00 870.00 827 .06
ETHANE [kgmole/h] 79.00 55.30 23.70 55.30 23.70 79.00 66.10
PROPANE [kgmole/h] 33.00 23.10 2.90 23.10 ?.20 33.00 22.37
n-BUTANE [kgmole/h] 4.60 3.22 1.38 3.22 1.38 4.60 2.09
n-PENTANE [kgmole/h] 11.30 7.91 3.39 7.21 3.39 11.30 2.95
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 2.10 0.60
Cé+ [kgmele/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

812 Sales NGL
Gas Product

Vapor Fraction 0.00 090 037 100 000 100 100 0.00
T[C - -

[€] 3000 -6830 o 9710 .0 -30.80 0.0 -26.50
P [bar] 69.50 3000 3000 29.00 2900 2850 69.65 29.50
MoleFlow {kgmole/h] 7884 921.16 7884 83577 000 83577 83577  164.23
StdGasVolumeFlow
(MMSCFD] 158 1850 158 1678 000 1678 1678 3.30
METHANE [kgmole/h] 4294 82706 4294 83571 000 83571 83571 34.29
ETHANE [kgmole/h] 1290 6610 1290 006 000 006  0.06 78.94
PROPANE [kgmole/h] 1043 2237 1063 000 000 000 000 33.00
n-BUTANE [kgmole/h] 2.51 209 251 000 000 000 000 4.60
n-PENTANE [kgmole/h] 8.35 295 835 000 000 000 000 11.30
ISOBUTANE [kgmole/h] 0.00 000 000 000 000 000 000 0.00
ISOPENTANE [kgmole/h] 1.50 060 150 000 000 000 000 2.10
Cé+ [kgmole/h] 0.00 000 000 000 000 000 000 0.00
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Name Feed S1 52 53 34 S5 Y]
Gas

Vapor Fraction 1.000 1.000 1.000 0.956 0.956 0.956 1.000
TIC] 35.000 35000 35000 -20.000 -20.000 -20.000 -20.000
P [bar] 70.000 70000 70000  &9.500  42.500 69.500 69.500
MoleFlow [kgmole/h] 1000.000 700.000 300.000 700.000 300.000 1000.000 956.450
StdGasVolumeFlow

[MMSCED] 20.079 14.055 6.024 14.055 6.024 20.079 19.204
METHANE [kgmole/h] 870.000 60%9.000 261.000 602.000 261.000 870.000 84%.200
ETHANE [kgmole/h] 79.000 55300 23700 55300  23.700 72.000 72.160
PROPANE [kgmole/h] 33.000 23.100 9.200 23.100 2.200 33.000 26.760
n-BUTANE [kgmole/h] 4,600 3.220 1.380 3.220 1.380 4.600 2.860
n-PENTANE [kgmole/h] 11.300 7.910 3.3%0 79210 3.3%0 11.300 4,550
ISOBUTANE [kgmole/h] 0.000 0.000 0.000 0.000 0.000 0.000 - 0.000
ISOPENTANE [kgmole/h] 2.100 1.470 0.630 1.470 0.630 2.100 0.922
Cé+ [kgmole/h] 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Name

S8

s9

Vapor Fraction 000 092 034 100 000 100  1.00 0.00
TIC - -

I€] 2000 5970 T, 9710 o 0 3730 520 2650
P [bar] 5950 3000 3000 2900 2900 2850 6965  29.50
MoleFlow [kgmole/h] 4355 95645 4355 8357/ 000 83577 83577  164.23
StdGasVolumeFlow
IMMSCFD] 087 1920 087 1678 000 1678 1678 3.30
METHANE [kgmole/h] 2080 84920 2080 83570 000 83570 83570 3430
ETHANE [kgmole/h] 684 7216 684 007 000 007 007 78.93
PROPANE [kgmole/h] 624 2676 624 000 000 000 000 33.00
n-BUTANE [kgmole/h] 174 286 174 000 000 000 000 4.60
n-PENTANE [kgmole/h] 675 455 675 000 000 000 000 1130
ISOBUTANE [kgmole/h] 000 000 000 000 000 000 000 0.00
ISOPENTANE [kgmole/h] 118 092 118 000 000 000 000 2.10
Cé+ [kgmole/h] 000 000 000 000 000 000 000 0.00

" 1.000

Vapor Fraction 1.000 1000  1.000 0.969 0.969 0.969

T[C] 40.000 40.000 40.000 -15.000 -15.000 -15.000 ~-15.000
P [bar] 70.000 70,000 70.000 69.500  69.500 69.500 69.500

MoleFlow [kgmole/h] 1000.000 700.000 300.000 700.000 300.000 1000.000 968.990
StdGasVolumeFlow 870.00 602.00  261.00 609.00 261.00 870.00 856.03
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[MMSCFD]

METHANE [kgmole/h] 79.00 55.30 23.70 55.30 23.70 79.00 74.31
ETHANE [kgmole/h] 33.00 23.10 ?.20 23.10 2.90 33.00 28.58
PROPANE [kgmole/h] 4.60 3.22 1.38 3.22 1.38 4.60 3.28
n-BUTANE [kgmole/h] 11.30 7.91 3.39 7.91 3.39 11.30 5.66
n-PENTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOBUTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 210 1.13
ISOPENTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cé+ [kgmole/h] 870.00 40900 26100 40900  261.00 870.00 856.03
Name ' T s7  s8 s9  $10 S11  S12  Sales  NGL

Gas Product
Vapor Fraction 0.00 0.93 0.33 1.00 0.00 1.00 1.00 0.00
I[c - -

[cl -15.00  -55.40 30.90 -97.10 97.10 -40.00 -7.50 -26.50
P [bar] 69.50 30.00 30.00 29.00 29.00 2850 49.65 29.50
MoleFlow [kgmole/h] 31.01 96899 31.01 83577 0.00 83577 83577 164,23
StdGasVolumeFlow
IMMSCFD] 0.62 19.46 | 0.62 1678 0.00 16.78 14.78 3.30
METHANE [kgmole/h] 13.97 85403 13.97 83570 0.00 83570 83570 34.30
ETHANE [kgmole/h] 4.69 74.31 4.69 0.07 0.00 0.07 0.07 78.93
PROPANE [kgmole/h] 4.42 28.58  4.42 0.00 0.00 0.00 0.00 33.00
n-BUTANE [kgmole/h] 1.32 3.28 1.32 0.00 0.00 0.00 0.00 4.60
n-PENTANE [kgmole/h] 5.64 5.66 5.64 0.00 0.00 0.00 0.00 11.30
'SOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 0.97 113 0.97 0.00 0.00 0.00 0.00 2.10
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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APPENDIX D

FULL TABULATION OF SIMULATION RESULTS FOR TWISTER
SYSTEM - RICH FEED STREAM

20% PRESSURE DROP
s3
0.9 0.99 0.93 0.97 0.96

TIC] 25.00 25.00 25.00 0.00 15.00 11.75 11.75
P [bar] 100.00  100.00  100.00 99.50 99.50 99.50 99.50
MoleFlow [kgmole/h] 1000.00 790.12  209.88 20988  790.12  1000.00  964.17
StdGasVolumeFlow

[MMSCFD] 60.38 47.71 12.67 12.67 47.71 60.38 57.53
METHANE fkgmole/h] 820.00 64790 17210 17210 64790  820.00 802.85
ETHANE [kgmole/h] 97.00 76.64 20.36 20.36 76.64 $7.00 92.07
PROPANE [kgmole/h] 45.00 35.56 Q.44 9.44 35.56 45.00 40.95
n-BUTANE [kgmole/h] 5.00 3.95 1.05 1.05 3.95 5.00 421
n-PENTANE [kgmole/h] 18.00 14.22 3.78 378 14.22 18.00 13.38
ISOBUTANE [kgmole/h] 5.00 3.95 1.05 1.05 3.95 5.00 4.30
ISOPENTANE [kgmole/h] 4.90 3.87 1.03 1.03 3.87 4.90 376
Cé+ [kgmole/h] 5.10 4.03 1.07 1.07 4.03 5.10 2.65

58 _ NGL

e _ Product
Vapor Fraction 0.00 0.88 0.46 1.00 0.00 0.13 1.00 0.31
TI[C] 11.75 -44.61 -853 4461 -4441 -36.85 0.73 -4.51

P [bar] 99.50 30,00 3000 30.00 30.00 30.00 79.50 2%.50
MoleFlow [kgmole/h] 3583 96417 3583 852462 111.54 147.38 85262 147.38
StdGasVolumeFlow

[MMSCFD] 2.85 57.53 2.85 48.27 .26 12.11 48.27 | 12.11 B
METHANE [kgmole/h] 1715 80285 1715 7469%5 3289 5005 76995 50.05
ETHANE [kgmole/h] 4,93 9207 493 6633 2574  30.67 66.33 30.67
PROPANE [kgmole/h] 405 40.95 4.05 14.75 26.20 30.25 14,75 30.25
n-BUTANE [kgmole/h] 0.79 4.2 079  0.45 3.76 4.55 0.45 4.55
n-PENTANE [kgmole/h] 4.62 13.38  4.42 0.38 13.01 17.62 0.38 17.62
ISOBUTANE [kgmole/h] 0.70 430 0.70 0.63 3.67 4.37 0.63 4.37
ISOPENTANE [kgmole/h] 1.14 3.76 1.14 0.13 3.62 477 0.13 4.77
Cé+ [kgmole/h] 2.45 2,65 245 001 2.64 5.09 0.01 5.09

Name

Vapor Fraction ) 100 1.00 1.00 096 099 099  1.00
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T[C] 35.00 35.00 35.00 10.00 25.00 21.77 21.77

P [bar] 100.00 100.00 160.00 22.50 $9.50 99.50 99.50
MoleFlow [kgmole/h] 1000.00 790.12 209.88 209.88 790.12 1000.00 986.76
StdGasVolumeFlow

[MMSCFD] 40.38 47 .71 12.67 12.67 47 .71 460.38 59.29
METHANE [kgmole/h] 820.00 647.90 172.10 172.10 647.90 820.00 81413
ETHANE [kgmole/h] 97.00 76.64 20.36 20.36 76.64 97.00 95.27
PROPANE [kgmole/h] 45.00 35.56 2.44 9.44 35.56 45.00 43.53
n-BUTANE [kgmole/h] 5.00 3.95 1.05 1.05 3.95 5.00 4.70
n-PENTANE [kgmole/h] 18.00 14.22 3.78 3.78 14.22 18.00 16.08
ISOBUTANE [kgmole/h] 5.00 3.95 1.05 1.05 3.95 5.00 4.74
ISOPENTANE [kgmole/h] 4,90 3.87 1.03 1.03 3.87 4.90 4.44

Cé+ [kgmole/h]

510 403 107 107 403 5.10 3.87
Name

Product

Vapor Fraction 0.00 0.90 0.44 1.00 0.00 0.06 1.00 0.24
Ticl 2177 3569 381 3569 ., 3149 789 5.88
P [bar] 9950 3000 3000 3000 3000 3000 7950  29.50
MoleFlow [kgmole/h] 1324 98676 1324 88714 9962 11286 86714 11286
StdGasVolumeFlow

MSCFD) 109 5929 109 5065 864 973  50.65 973
METHANE [kgmole/h] 587 81413 587 78876 0538 3124 78876  31.24
ETHANE [kgmole/h] 173 9527 173  75.19 2008 2181 7519 2181
PROPANE [kgmole/h] 147 4353 147 2035 23.18 2465 2035  24.65
n-BUTANE [kgmole/h] 030 470 030 077 392 423 077 423
n-PENTANE [kgmole/h] 192 1608 192 076 1532 1724 076 17.24
ISOBUTANE [kgmole/h] 026 474 026 103 371 397 103 397
ISOPENTANE [kgmole/h] 046 444  0.46 026 417 464 026 4.64
Cé+ [kgmole/h] 123 387 123 002 385 508 002 508

Vapor Fraction 1.00 1.00 1.00 0.97 1.00 1.00 1.00
T[C] 40.00 40.00 40.00 15.00 30.00 26.70 26.70
P [bar] 100.00 100.00 100.00 99.50 99.50 99.50 92.50
MoleFlow [kgmole/h] 1000.00  790.12  209.88 209.88 79012 1000.00 996.25
StdGasVolumeFlow

[MMSCFD] 60.38 47.71 12.67 12.67 47.71 60.38 £0.06
METHANE [kgmole/h] 820.00 647.90 172.10 17210 647.90 820.00 818.40
ETHANE [kgmole/h] 97.00 76.64 20.36 20.36 76.64 97.00 96.52
PROPANE [kgmole/h] 45.00 35.56 9.44 9.44 35.56 45.00 44.59
n-BUTANE [kgmole/h] 5.00 3.95 1.05 1.05 3.95 5.00 4.91
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n-PENTANE [kgmole/h} 18.00 14.22 3.78 3.78 14.22 18.00 17.44
ISOBUTANE [kgmole/h] 5.00 3.95 1.05 1.05 3.95 5.00 4.93
ISOPENTANE [kgmole/h] 4.90 3.87 1.03 1.03 3.87 4.90 4.77
Cé+ [kgmole/h] 5.10 4.03 1.07 1.07 4.03 5.10 4.70

Name

Vaor Fraction

§7

0.00

NGL
Produci

0.90 0.43 1.00 0.00 0.02 1.00 0.19
TIC] 2670 -3122 975 3122 31'22 2979  11.39 10.00
P [bar] 99.50 30.00 30.00 3000 30.00 30.00 79.50 29.50
MoleFiow [kgmole/h] 3.75 99625 375 901.49 9477 9851 901.49 98.51
StidGasvVolumeFlow
[MMSCED] 0.32 60.06 032 51.67 8.40 8.71 51.67 8.71
METHANE [kgmole/h] 1.60 818.40 1.60 79585 2255 2415 79585 24.15
ETHANE [kgmole/h] 0.48 9652 0.48 7881 1772 18.1%9 78.8] 18.19
PROPANE [kgmole/h] 0.41 4459  0.41 23.14 2145 2186 23.14 21.86
n-BUTANE [kgmole/h] 0.09 491 0.09 0.98 3.93 402 0.98 4.02
n-PENTANE [kgmole/h] 0.56 17.44  0.56 105 1639 1695 1.05 16.95
ISOBUTANE [kgmole/h} 0.07 493  0.07 1.27 3.66 3.73 1.27 3.73
ISOPENTANE [kgmole/h] 0.13 4.77 0.13 0.36 4.40 4.54 0.36 4.54
Cé+ [kgmole/h] 0.40 4.70 0.40 0.03 4.67 5.07 0.03 5.07

Name

- r Fraction

0.98 0.98 0.98 0.93 0.96 0.95 1.00
T[C] 25.00 25.00 25.00 0.00 15.00 11.78 11.78
P [bar] 70.00 70.00 70.00 69.50 6%.50 62.50 69.50
MoleFiow [kgmole/h] 1000.00  790.12 209.88 209.88 79012 1000.00 954,68
StdGasVolumeFlow
[MMSCFD] 60.38 47 .71 12.67 12.67 47.71 60.38 56.41
METHANE [kgmoie/h] 820.00 647 90 172.10 172.10 647.90 820.00 804.60
ETHANE [kgmole/h] 97.00 76.64 20.36 20.36 76.64 97.00 20.80
PROPANE [kgmole/h] 45.00 35.56 9.44 ?.44 35.54 45.00 38.77
n-BUTANE [kgmole/h] 5.00 3.95 1.05 1.05 3.95 5.00 3.58
n-PENTANE [kgmole/h] 18.00 14.22 3.78 3.78 14.22 18.00 2.32
ISOBUTANE [kgmole/h] 5.00 3.95 1.05 .05 3.95 5.00 3.78
ISOPENTANE [kgmole/h] 4,90 3.87 1.03 1.03 3.87 4.90 2.75
Cé+ [kgmole/h] 510 4,03 1.07 1.07 4.03 5.10 1.08

Name

S8

0.95

s9

NGL
Product

Fraction 0.00 028 100 000 0.14 100 0.32
TIC] _ ] -

1178 3035 075 -3035 L .. -1588 1247 27.01
P [bar] 69.50 3000 3000 30.00 3000 3000 79.50 29.50
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MoleFlow [kgmole/h] 4532 95468 4532 904.16 5052 9584 90416 95.84
StdGasVolumeFlow

[MMSCFD] 3.97 56.41 3.97 5202 439 8.36 52.02 8.34
METHANE [kgmole/h] 1540  804.40 1540 79254 1206 27446 79254 27.46
ETHANE [kgmole/h] 6.20 90.80 620 8124 9.57 1576 81.24 15.76
PROPANE [kgmole/h] 6.23 3877 623 2621 1256 1879 26.2] 18.79
n-BUTANE [kgmole/h] 1.42 3.58 1.42 1.18 2.40 3.82 1.18 3.82
n-PENTANE [kgmole/h] 8.68 9.32 8.68 1.07 8.25 16.93 1.07 16.93
ISOBUTANE [kgmole/h] 1.22 3.78 1.22 1.52 2.25 3.48 1.52 3.48
ISOPENTANE [kgmole/h] 2.15 2.75 2.15 0.39 2.36 4,51 0.39 4.51
Cé+ [kgmole/h] 4,02 1.08 4.02 0.01 1.07 5.09 0.01 5.09

Name

§1

52

Vapor Fraction 0.99 0.99 0.99 0.95 0.98 0.97 1.00
T[C] 35.00 35.00 35.00 10.00 25.00 21.80 21.80
P [bar] 70.00 70.00 70.00 69.50 6%.50 69.50 69.50
MoleFlow [kgmole/h} 1000.00 790.12 20%9.88 209.88 790.12 1000.00 973.36
StdGasVolumeFlow

[MMSCFD] 60.38 47.71 12.67 12.67 47.71 460.38 57.96
METHANE [kgmole/h] 8§20.00 647 90 172.10 172.10 647 .90 820.00 811.64
ETHANE fkgmole/h] 97.00 76.64 20.36 20.36 76.64 97.00 93.70
PROPANE [kgmole/h] 45.00 35.56 9.44 .44 35.56 45,00 41 .64
n-BUTANE fkgmole/h] 5.00 3.95 1.05 1.05 3.95 5.00 4.19
'n-PENTANE [kgmole/h] 18.00 14.22 3.78 3.78 14.22 18.00 12.44
ISOBUTANE [kgmole/h] 5.00 3.95 1.05 1.05 3.95 5.00 4.31
ISOPENTANE [kgmole/h] 4.90 3.87 1.03 1.03 3.87 4.90 3.56
Cé+ [kgmole/h] 5.10 4.03 1.07 1.07 4.03 5.10 1.89

Name

S8

59

$10

$1

NGL
Product

Vapor Fraction 000 026 100 000 0.0  1.00 0.30
TIC 2180 2073 1213 2073 . . 890 2046 435
P [bar] 6950  30.00 30.00 3000 3000 3000 79.50 2950
MoleFlow [kgmole/h] 26.64 97336 26.64 92642 4694 7358 92642  73.58
StdGasVolumeFlow

TMSCED] 042 5796 242 5349 427  6.49  53.49 6.69
METHANE [kgmole/h] 836 81164 836 80184 980 1816 80184  18.16
ETHANE [kgmole/h] 330 9370 330 8626 744 1074 8626 10.74
PROPANE [kgmole/h] 336  41.64 336 3141 1023 1359 31.4] 13.59
n-BUTANE [kgmole/h] 0.81 419 081 181 238 319 18 3.19
n-PENTANE [kgmole/h] 556 1244 556 213 1030 1587 213 15.87
ISOBUTANE [kgmole/h] 0.69 431 049 219 212 281 219 2.81

ISOPENTANE [kgmole/h] 134 356 134 074 282 416 074 416
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6+ [kgmole/h] 3.21 1.89 3.21 0.04 1.85 5.06 0.04 5.06

Name

Vapor Fraction 1.00 1.00 100 096 0.99 1.00

TiC] 40.00 40.00 40.00 15.00 30.00 26.80 26.80
P [bar] 70.00 70.00 70.00 69.50 69.50 69.50 69.50
MoleFlow [kgmole/h] 1000.00 790.12 209.88 209.88 790.12 100000  981.46
StdGasVolumeflow

AMSGED] 60.38 47.71 12.67 12.67 47.71 60.38 58.67
METHANE [kgmole/h] 820.00 64790 17210 17210  647.90  820.00 814.39
ETHANE [kgmole/h] 97.00 76.64 20.36 20.36 76.64 97.00 94.81
PROPANE [kgmole/h] 45.00 35.56 9.44 9.44 35.56 45.00 4277
n-BUTANE {kgmole/h] 5.00 3.95 1.05 1.05 3.95 5.00 4.45
n-PENTANE [kgmole/h] 18.00 14.22 3.78 3.78 14.22 18.00 14.04
ISOBUTANE [kgmole/h] 5.00 3.95 1.05 1.05 3.95 5.00 4.54
ISOPENTANE [kgmole/h] 4.90 3.87 1.03 1.03 3.87 4.90 3.96
Cé+ [kgmole/h] 5.10 4.03 1.07 1.07 4.03 5.10 2.50

S8 59 510 $11 s12 NGL
. L Product
0.26 1.00 0.00 0.08 1.00 0.28

fapor Fraction 0.00 | 95 -

€l 2680 1584 17.75 <1584 | o 614 2457 5160
[bar] 59.50 3000 3000 3000 3000 3000 7950  29.50
AoleFlow [kgmole/h] 1854 98146 1854 93590 4556 6410 93590  64.10
tdGasVolumeFlow
MSorD] 171 5867 171 5443 424 595 5443 595
AETHANE [kgmole/h] 561 B1439 561 80546 893 1454 80546 1454
THANE [kgmole/h] 219 9481 219 8821 640 879 8821 879
'ROPANE [kgmoie/h] 223 4277 223 3381 916 1139 3341 11.39
1-BUTANE [kgmole/h] 055 445 055 245 230 285 215 285
I-PENTANE [kgmole/h] 396 1404 396 288 1116 1512 288 15.12
SOBUTANE [kgmole/h] 046 454 046 253 201 247 253 247
SOPENTANE [kgmole/h] 094 396 094 098 298 392 098 392
>6+ [kgmole/h] 560 250 240 007 243 503 007 503

30% PRESSURE DROP
o S — o

o Gas L R e e
Vapor Fraction 0.9937 0.9937 0.9937 0.9294 0.9721 0.9642 1

T[C] 25 25 25 0 15 11.7477  11.7477
P [bar] 100 100 100 99.5 99.5 99.5 995
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MoleFlow [kgmole/h] 1000 790.12 209.88  209.88  790.12 1000 964.17
StdGasVolumeFiow 60379 47707  12.672  12.672 47707 60379 57531

[MMSCFD]
METHANE [kgmole/h] 820.0 647.9 172.1 172.1 647.9 820.0 802.9
ETHANE [kgmole/h] 97.0 76.6 20.4 20.4 76.6 97.0 92.1
PROPANE [kgmole/h] 450 35.6 9.4 9.4 35.6 45.0 41.0
n-BUTANE [kgmole/h] 5.0 4.0 1.1 1.1 40 50 42
n-PENTANE [kgmole/h] 18.0 14.2 3.8 3.8 14.2 18.0 13.4
ISOBUTANE [kgmole/h] 50 40 1.1 1.1 40 50 43
ISOPENTANE [kgmole/h] 49 3.9 1.0 1.0 39 4.9 3.8
Cé+ [kgmole/h] 5.1 40 1.1 1.1 40 5.1 2.7

59 NGL

_ _ R _ Product
Vapor Fraction 0.00 0.88 0.46 1.00 0.00 013 1 0.3075
TIC _ _

i< 1175 4461 853 4481 4461 3685 oo 45142
P [bar] 99.50 30.00 30.00 3000 30.00 30.00 6%9.5 29.5
MoleFlow [kgmole/h] 3583 94417 3583 852.62 111.54 147.38 852.62 147.38
StdGasVolumeFlow
IMMSCFD] 2.85 57.53 2.85 48.27 2.26 12.11 48.269 12.11
METHANE [kgmole/h] 17.15 80285 17.15 76995 3289 5005 769.95 50.05
ETHANE [kgmole/h] 493 92.07 4.93 66.33 2574 30.67 66.33 30.67
PROPANE [kgmole/h] 4.05 40.95 4.05 14.75 26.2 30.25 14.75 30.25
n-BUTANE [kgmole/h] 07912 421  0.7912 0.4505 3.76 4.55 0.4505 4.55
n-PENTANE [kgmole/h} 4,62 13.38 4.62 0.378  13.01 1762 0378 17.62
ISOBUTANE [kgmole/h] - 0.6996 4.3 0.6996 0.6264  3.67 437  0.6264 4.37
ISOPENTANE [kgmole/h] 1.14 3.74 1.14  0.13386  3.62 477  0.1334 4.77
Cé+ [kgmole/h] 2.45 2.65 245  0.0062 2.64 509  0.0062 5.09

Vapor Fraction T } 0.9597 05931  0.9868 1
T[C] 35 35 35 10 25 217737  21.7737
P [bar] 100 100 100 99.5 99.5 99.5 99.5
MoleFlow [kgmole/h] 1000 79012  209.88  209.88  790.12 1000 986.76
StdGasVolumeFlow

[MMSCFD] 60379 47707 12,672 12672 47707 60379 59.286
METHANE [kgmole/h] 820.00 647590 172.10 17210 64790  820.00 814.13
ETHANE [kgmole/h] 97.00 76.64 20.36 20.36 76.64 97.00 95.27
PROPANE [kgmole/h] 4500 35.564 9.44 .44 35.56 45.00 43.53
n-BUTANE {kgmole/h} 5.00 . 395 1.05 1.05 3.95 5.00 4.70
n-PENTANE [kgmole/h} 18.00 14.22 3.78 3.78 14.22 18.00 16.08
ISOBUTANE [kgmole/h] 5.00 3.95 1.05 1.05 395 5.00 474
ISOPENTANE [kgmole/h] 4.90 3.87 1.03 1.03 3.87 490 4.44
Cé+ [kgmole/h] 5.10 4.03 1.07 1.07 4,03 5.10 387
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NGL

Product
Vapor Fraction 0.00 0.90 0.44 1.600 0.00 0.06 1 0.2376
TICl 2177 3569 381 3569 . 3149 24604 58755
P [bar] 9950 3000 3000 3000 3000 3000 9.5 29.5
MoleFlow [kgmole/h] 1324 98676 1304 88714 9962 11286 887.14  112.86
SidGasVolumeFlow
NSOl 109 5929 109 5045 864 973 50648 9731
METHANE [kgmole/h] 587 81413 587 78876 2538 3124 78876 3124
ETHANE [kgmole/h] 173 9527 173 7519 2008 2181 7519 2181
PROPANE [kgmole/h] 147 4353 147 2035 2318 2465 2035  24.65
n-BUTANE [kgmole/h] 03023 47 03023 07749 392 423 07749 423
n-PENTANE [kgmole/h] 192 1608 192 07624 1532 1724 07624 1724
ISOBUTANE [kgmole/h] 002634 474 02634 103 371 397 103 397
[SOPENTANE [kgmole/h] 04631 444 04631 02647 417 464 02647 464
Cé+ [kgmole/h] 123 387 123 00173 385 508 00173 508

“Vapor Fraction 1 1 ] 0.9721 1 0.9963 1
TIC] 40 40 40 15 30 26.6999  26.6999
P [bar] 100 100 100 995 99.5 99.5 99.5
MoleFlow [kgmole/h] 1000 790.12 20988 20988 790.12 1000 996.25
StdGasVolumeFlow

IMMSCED] . 60.379 47707 12672 12672  47.707 60379  60.064
METHANE [kgmole/h] 82000 64790 17210 172,10 64790 82000 81840
ETHANE [kgmole/h] 97.00 76.64 2036 2036 7664  97.00 9652
PROPANE [kgmoie/h} 45.00 3556 9.44 9.44 3556 45.00 4459 |
n-BUTANE [kgmole/h] 5.00 3.95 1.05 1.05 395 5.00 491
n-PENTANE [kgmoie/h] 18.00 14.22 3.78 3.78 14.22 18.00 17.44
ISOBUTANE [kgmole/h] 5.00 3.95 1.05 1.05 395 5.00 493
ISOPENTANE [kgmole/h] 490 3.87 1.03 1.03 3.87 4.90 4.77
Cé+ [kgmole/h] 5.10 403 1.07 1.07 403 5.10 4.70

s8 NGL

_. S - ___ S __ _ L L e PrOdUC1
Vapor Fraction 0.00 0.90 0.43 1.00 0.00 0.02 1 0.1944
TIC] 2670 3122 975 3122 .. 2979 60104 100019
P [bar] 99.50 3000 3000 3000 30,00 30.00 49.5 29.5
MoleFlow [kgmole/h] 3.75 996.25 3.75 Q01.49 9477 98.5]1 901.49 B 98.51
StdGasVolumeFlow

[MMSCED] 0.32 60.04 0.32 51.67 8.40 8.71 51.66%9 871
METHANE [kgmole/h] 1.6 818.4 }.6 79585 2255 2415 79585 2415
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ETHANE [kgmole/h] 0.4751 ?26.52 04751 7881 1772 18.192 7838I 18.19
PROPANE [kgmole/h] 0.4075 4459 04075 2314 2145 2186 2314 21.86
n-BUTANE [kgmole/h] 0.0857 491 00857 0.9817 3.93 402 0.9817 402
n-PENTANE [kgmole/h] 05632 17.44 05632 1.05 1639 1695 1.05 16.95
ISOBUTANE [kgmole/h] 0.0742 493 00742 1.27 3.66 3.73 1.27 3.73
ISOPENTANE [kgmole/h] 0.1347 4.77 0.1347 03605 4.4 4.54  0.3605 4.54
Cé+ [kgmole/h] 0.4046 4.7 0.4046 0.0286 4.67 5.07 0.0286 507

Name

Vapor Frdction 0.9786 0.9786 0.978% 0.9271 0.9611 0.9547 1
T[C] 25 25 25 0 15 11.7818 11.7818
P [bar] 70 70 70 69.5 69.5 69.5 62.5
MoleFlow [kgmole/h] 1000 790.12  209.88 209.88 790.12 1000 954.68
StdGasVolumeFlow :

[MMSCFD] 60.379 47.707 12.672 12.672 A47.707 60.379 56.406
METHANE [kgmole/h] 820.00 647 90 172.10 17210 647.90 820.00 804.60
ETHANE [kgmole/h] 97.00 76.64 20.36 20.36 76.64 97.00 20.80
PROPANE [kgmole/h] 45,00 35.56 9.44 9.44 35.56 45.00 38.77
n-BUTANE [kgmole/h] 5.00 3.95 1.05 1.05 3.95 5.00 3.58
n-PENTANE [kgmole/h] 18.00 14.22 3.78 3.78 14.22 18.00 ?.32
ISOBUTANE [kgmole/h] 5.00 3.95 1.05 1.05 3.95 5.00 3.78
ISOPENTANE [kgmole/h] 4.20 3.87 1.03 1.03 3.87 4,90 2.75
Cé+ [kgmole/h] 5.10 4.03 1.07 1.07 4,03 5.10 1.08

0.28

1.00  0.00

i [e]]

Product

Vapor Fraction 0.00 0.95 0.14 1 0.3241
Ticl 11.78  -3035 0.75 -30.35 30_35 -15.88 7.0809 27.0141
P [bar] 69.50 3000 3000 30.00 30.00 30.00 69.5 292.5
MoleFlow [kgmole/h] 4532 95468 4532 90416 5052 9584 904.16 95.84
StdGasVolumeFlow

[MMSCFD] 3.97 56.41 3.97 5202 439 8.36 52015 8.364
METHANE [kgmole/h] 154 804.6 154 79254 1206 27.46 79254 27.46
ETHANE [kgmole/h] 6.2 20.8 6.2 81.24 957 15.76  81.24 15.76
PROPANE [kgmole/h] 6.23 3877 623 2621 1256 1879 2621 18.79
n-BUTANE [kgmole/h] 1.42 3.58 1.42 1.18 2.4 3.82 1.18 3.82
n-PENTANE [kgmole/h} 8.68 9.32 8.68 1.07 8.25 16.93 1.07 16.93
ISOBUTANE [kgmole/h] 1.22 3.78 1.22 1.52 2.25 3.48 1.52 3.48
ISOPENTANE [kgmole/h] 2.15 275 2.15 03855 236 4.51 0.3855 4.51
Cé+ [kgmole/h] 402 1.08 4.02 509 00134 5.09

0.0134 1.07
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" Vapor Fraction 09934 09934 09934 0951 095786  0.9734 1
TIC] 35 35 35 10 25 21798  21.798
P [bar] 70 70 70 69.5 69.5 69.5 69.5
MoleFiow [kgmole/h] 1000 790.12 209.88 20988  790.12 1000 973.36
StdGasVolumeFlow

[MAMSGFD] 60379 47707 12672 12672 47707  60.379 57.959
METHANE [kgmole/h] 82000 64790 17210 172,10 647.90 82000  811.64
ETHANE [kgmole/h] 97.00 7664 2036 2036  76.64 97.00 93.70
PROPANE [kgmole/h] 4500  35.56 9.44 9.44 35.56 45.00 41.64
n-BUTANE [kgmole/h] 5.00 395 1.05 1.05 3.95 5.00 419
n-PENTANE [kgmole/h] 18.00 14.22 3.78 3.78 14.22 18.00 12.44
ISOBUTANE [kgmole/h] 5.00 3.95 1.05 1.05 3.95 5.00 431
ISOPENTANE [kgmole/h] 450 3.87 1.03 1.03 3.87 490 3.56
Cé+ [kgmole/h] 5.10 403 1.07 1.07 403 5.10 1.89

Gas

NGL

Product

Vapor Fraction 0.00 095 026 100 000  0.10 ] 0.2975
TICl 2180 -2073 1213 2073 . 890 152085 43153
P [bar] 6950 3000 3000 3000 3000 3000 6495 29.5
MoleFlow [kgmole/h] 26.64 97336 2664 92642 4694 7358 92642 73.58
StdGasVolumeFlow

MMSCFD] 242 5796 242  53.49 427 669  53.489 6.69
METHANE [kgmole/h] 836 811.64 836 801.84 98 1816 801.84 18.16
ETHANE [kgmole/h] 3.3 937 33 8626 7.44 1074 8626 10.74
PROPANE [kgmole/h] 336 4144 336 3141 1023 1359  31.41 13.59
n-BUTANE [kgmole/h] 08115 419 08115 181 238  3.19 1.8 3.19
n-PENTANE [kgmole/h] 556 1244 556 213 103 1587 213 15.87
ISOBUTANE [kgmole/h] 0.6885 - 431 04885 219 212 28] 2.19 281
ISOPENTANE [kgmole/h] 1.34 356 1.34 07402 282 416 07402 4.16
Cé+ [kgmole/h] 3.21 189 321 0042 185 506 0042 5.06

0.9999 0.9999 0.9999 0.9611 0.9863 0.9815 1

T[C] 40 40 A0 15 30 26.8037 26.8037
P [bar] 70 70 70 69.5 6%.5 69.5 69.5
MoleFlow [kgmole/h} 1000 790.12 209.88 209.88 790.12 1000 981.46
StdGasVolumeFiow

[MMSCED] 60.379 47.707 12.672 12.672 47..7707 60.379 | 58665—
METHANE [kgmole/h] 82000  647.90 172.10 17210 647 .90 820.00 814.39
ETHANE [kgmole/h] 27.00 76.64 20.36 20.36 76.64 97.00 94 .81
PROPANE [kgmole/h] 45.00 35.56 9.44 9.44 3556  45.00 4277
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n-BUTANE [kgmole /h] 5.00 3.95 1.05 1.056 3.95 5.00 4.45

n-PENTANE [kgmole/h] 18.00 14.22 3.78 3.78 14.22 18.00 14.04
ISOBUTANE [kgmeole/h] 5.00 3.95 1.05 1.05 3.95 5.00 4.54
ISOPENTANE [kgmole/h] 490 3.87 1.03 1.03 3.87 4.90 3.96
Cé+ [kgmole/h] 5.10 4.03 1.07 1.07 4.03 5.10 2.50

apor Fraction 0.00 095 026 100 000 008 1 02823

[C] 2680 -1584 1775 -1584 | .. 614 193842 516016
[bar] 6950 3000 3000 3000 3000 3000 9.5 295
loleFlow [kgmole/h] 1854 981.46 1854 93590 4556 6410 9359 641
dGasVolumeFlow

AMSOrD] 171 5867 171 5443 424 595 54427 5952
\ETHANE [kgmole/h] 561 B1439 561 80546 893 1454 80546  14.54
[HANE [kgmole/h] 219 9481 219 8821 66 879 882 8.79
ROPANE [kgmole/h] 223 4277 223 3361 916 1139 3361 11.39
“BUTANE [kgmole/h] 05496 445 05495 215 23 285 215 2.85
“PENTANE [kgmole/h] 396 1404 396 288 1116 1512 288 15.12
‘OBUTANE [kgmole/h] 04628 454 04628 253 201 247  2.53 247
;OPENTANE [kgmole/h] 09403 396 09403 09799 298 392 09799 3.92
‘6+ [kgmole/h] 2.6 25 264 00734 243 503 00734 503
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APPENDIX E

FULL TABULATION OF SIMULATION RESULTS FOR TWISTER
SYSTEM — NORMAL FEED STREAM

20% PRESSURE DROP

Name

Vapor Fraction 0.8159  0.8159 0.8159 07199 07199  0.7199 1
TIC] 25 25 25 0 0 0 -25
P [bar] 100 100 100 99.5 99.5 99.5 99
MoleFlow [kgmole/h] 1000 790.12  209.88  209.88  790.12 1000 540.08
StdGasVolumeFlow

[MMSCFD] 63325 50035  13.291 13.291  50.035 63.325 30.668
METHANE [kgmole/h} 789.69 62395 16574 16574 62395  789.69 493.49
ETHANE [kgmole/h] 71.71 56.66 15.05 15.05 56.66 71.71 28.32
PROPANE [kgmole/h] 29.95 23.67 6.29 6.29 23.67 29.95 8.09
n-BUTANE [kgmole/h] 418 3.30 0.88 0.88 3.30 418 0.68
n-PENTANE [kgmole/h} 102.57 81.04 21.53 21.53 81.04 102.57 9.31
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 1.91 1.51 0.40 0.40 1.51 1.91 0.20
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

$9

VaporFracon 000 083 100 000  1.00 047 | 0.6144

TIC] 2500 7999 -79.99 -7999 -19.48 5935 -1.145  -28.6971
P [bar] 9900 3000 3000 3000 8000 3000 79.5 295
MoleFlow [kgmole/h} 45992 54008 450.81 8927 450.81 549.19 45081  549.19
StdGasVolumeFlow

[MMSCFD] 32.66  30.67 2449 617 2449 38.83 24.494  38.831
METHANE [kgmole/h] 29620 49349 43905 5444 43905 350.64 43905  350.64
ETHANE [kgmole/h] 4339 2832 1090 1742 1090 6081 1090 60.81
PROPANE [kgmole/h] 2187 809 08I 727 081 29.14 08I 29.14
n-BUTANE [kgmole/h] 3.50 048 0.1 066 001 416  00] 4.16
n-PENTANE [kgmole/h] 9326 931 003 928 003 10254 003 102.54
ISOBUTANE [kgmole/h] 0.00 000 000 000 000 000 000 0.00
ISOPENTANE [kgmole/h] 1.71 020 000 020 000 191 0.00 1.91
Cé+ [kgmole/h] 0.00 000 000 000 000 000 000 0.00

Name

“Vaporfraction 085 085 085 076 0.76 0.76 1.00
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T[C] 35.00 35.00 35.00 10.00 10.00 10.00 -15.00

P [bar] 100.00 100.00 100.00 99.50 99.50 99.50 2.00
MoleFlow [kgmole/h] 1000.00 790.12 209.88 209.88 790.12 1000.00 634.83
StdGasVoivmeFlow

AMSCFD] 63.33 50.04 13.29 13.29 50.04 63.33 36.18
METHANE [kgmole/h] 789.69 623.95 165.74 165.74 623.95 789.69 576.40
ETHANE [kgmole/h] 71.71 56.66 15.05 15.05 56,66 71.71 35.49
PROPANE [kgmeole/h] 29.95 23.67 6.29 6.29 23.67 29.95 10.35
n-BUTANE [kgmole/h] 418 3.30 0.88 0.88 3.30 4.18 0.84
n-PENTANE [kgmole/h] 102.57 81.04 21.53 21.53 81.04 102.57 i1.48
ISOBUTANE [kgmole/h] 0.00 "0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 1.91 1.51 0.40 0.40 1.51 1.91 0.24
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

s9 Sales NGL

- . Gas  Product
‘apor Fraction 0.00 0.88 1.00 0.00 1.00 0.43 1.00 0.58
[€] -15.00 -72.81 -72.81 -7281 -10.94 -46.62 411 976
[bar] 92.00 30.00 30.00 3000 8000 3000 7950 29.50
\oleFlow [kgmole/h] 365.17 63483 558.48 7635 558.48 44152 558.48 4471 52
tdGasVolumeFlow
WMSCFD] 0.00 0.88 1.00 0.00 1.00 0.43 1.00 0.58
AETHANE [kgmole/h] © 21329 57640 537.98 3842 53798 25171 53798 251.71
THANE [kgmole/h] 36.22 3549 18465 1684 18.65 53.04 18.65 53.06
ROPANE [kgmole/h] 19.60 10.35 1.75 8.60 1.75 28.20 1.75 28.20
~BUTANE [kgmole/h] 3.31 0.86 0.03 0.83 0.03 415 0.03 4.15
i-PENTANE [kgmole/h] 21.09 11.48 0.07 11.41 0.07 10250 007 102.50
SOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SOPENTANE [kgmole/h] 1.64 0.24 0.00 0.24 0.00 1.90 0.00 190
-6+ J[kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Vapor Fraction 0.87 0.87 0.87 0.78 0.78 0.78 1.00
TiC] 40.00 4000  40.00 15.00 15.00 15.00 -10.00
P [bar] 100.00 100.00 100.00 9950  99.50 99.50 99.00
MoleFlow [kgmole/h] 100000 790.12  209.88  209.88  790.12  1000.00  668.31
StdGasVolumeFlow

MMSCED] 63.33 50.04 13.29 13.29 50.04 63.33 38.20
METHANE [kgmole/h] 78949 62395 16574 16574 62395  789.69  &04.16
ETHANE [kgmole/h} 71.71 56.66 15.05 15.05 56.66 71.71 38.55
PROPANE [kgmole/h] 29.95 23.47 6.29 6.29 23.67 29.95 11.46
n-BUTANE [kgmole/h] 418 3.30 0.88 0.88 3.30 418 0.97
n-PENTANE [kgmole/h} 10257 8104  21.53 21.53 81.04 102,57 12.89
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ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 191 151 0.40 0.40 1.51 1.91 0.27
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

apor Fraction 0.00 0.8% 1.00 0.00 1.00 0.42 1.00 0.56
[C] -10.00 -68.72 -68.72 -68.72 -6.16 -40.42 8.16 -0.89
[bar] 99.00 3000 30,00 3000 8000 30.00 79.50 29.50
loleFlow [kgmole/h] 331.49 44831 59687 7143 594687 403.13 59487 403.13
idGasVolumeFlow

AMSCFD] 25.13 38.20 3274 5.46 3274 3059 3274 30.59
\ETHANE [kgmole/h] 18552 604.16 571.63 3254 571.463 21806 571.43 218.06
[HANE [kgmole/h}] 33.16 38.55 2266 1588 22466 4904 22466 49.04
ROPANE [kgmole/h] 18.49 11.46 2.43 9.03 2.43 27.52 2.43 27.52
-BUTANE [kgmole/h] 3.21 0.97 0.04 0.93 0.04 4.13 0.04 413
-PENTANE [kgmole/h] 89.68 12.89 0.11 12.78 0.11 102.46 Q.11 102.46
‘OBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
‘OPENTANE [kgmole/h} 1.63 0.27 0.00 0.27 0.00 1.920 0.00 1.90
6+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Name

s

079 079

Vapor Fraction 0.85 0.85 0.85 0.79 1.00
T[C] 25.00 25.00 25.00 0.00 0.00 (.00 -25.00
P {bar] 70.00 70.00 70.00 6%.50 69.50 69.50 469.00
MoleFlow [kgmole/h] 1000.00 790.12 209.88 209.88 79012 1000.00 696.61
StdGasVolumeFlow
WMSCFD] 63.33 50.04 13.29 13.29 50.04 63.33 M3898

METHANE [kgmole/h] 789.69 62395 165.74 165.74 623.95 789.69 647.26
ETHANE [kgmole/h] 71.71 56.66 15.05 15.05 56.66 7171 35.87
PROPANE [kgmole/h] 292.95 23.67 629 6.29 23.67 29,95 8.42
n-BUTANE [kgmole/h] 4.18 3.30 0.88 0.88 3.30 4.18 0.50
n-PENTANE {kgmole/h] 102.57 81.04 21.53 21.53 81.04 102.57 4.464
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmoie/h] 1.91 1.51 0.40 0.40 1.51 1.921 0.10
Cé+ [kgmole/h] 0.00 .00 0.00 0.00 0.00 0.00 0.00

s7

S8

s$12 NGL

Product

59 s10 s1

fapor Fraction 000 095 100 000 100 030 100 0.46

c] 2500 6855 -68.55 -6855 598 4320 6.09 21

‘Ibar] 500 3000 3000 3000 8000 3000 7950 2950
AoleFlow [kgmole/h] 30339  696.61 66228 3432 66208 33772 66228  337.72
tdGasVolumeFlow

aMeorD] 2434 3898 3642 256 3642 2691 3642 2691
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ETHANE [kgmole/h] 14243 64726 63131 1595 631.31 15837 63131 158.37

'HANE [kgmole/h] 35.84 35.87 27.59 8.28 27.59 4412  27.59 4412
YOPANE [kgmole/h] ' 21.54 8.42 3.24 5.18 3.24 26.72 3.24 2672
‘BUTANE [kgmoie/h} 3.68 0.50 0.05 0.45 0.05 4.13 0.05 413
‘PENTANE [kgmole/h] 28.11 4.46 0.09 4,37 0.02 10248 009 102.48
OBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OPENTANE [kgmole/h] 1.80 0.10 0.00 0.10 0.00 1.90 0.00 1.90
6+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Name S1 $5

Vapor Fraction 0.87 0.87 0.87 0.81 0.81 0.81 1.00
TI[C] 35.00 35.00 35.00 10.00 10.00 10.00 -15.00
P [bar] 70.00 70.00 70.00 67.50 62.50 69.50 62.00
MoleFlow [kgmole/h] 1000.00 790.12 209.88 209.88 790.12 1000.00 738.98
StdGasVolumeFlow

AMSCFD] 63.33 50.04 13.29 13.29 50.04 63.33 41.65
METHANE [kgmole/h] 789.69 623.95 165.74 165.74 623.95 789.69 679.04
ETHANE [kgmole/h] 71.71 56.66 15.05 15.05 56.66 /1.71 41.86
PROPANE [kgmolie/h] 29.95 23.67 6.29 6.29 23.67 29.95 10.76
n-BUTANE [kgmole/h] 4,18 3.30 0.88 .88 3.30 4,18 0.69
n-PENTANE [kgmole/h] 102.57 81.04 2153 21.53 81.04 102.57 6.50
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 1.91 1.51 0.40 0.40 1.51 1.21 0.15
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

S7 S8 NGL

O . R 1 Product
'apor Fraction 0.00 0.26 1.00 0.00 1.00 0.27 1.00 0.43
€] -15.00 -59.36 -59.36 -5%.36 462 -31.32 1638 15.78
[bar] 69.00 30.00 3000 3000 80.00 3000 79.50 29.50
AoleFlow [kgmole/h] 261.02 73898 708.61 3037 70841 291.39 708.61 291.39
tdGasVolumeFlow '
MMSCED] 21.68 41.65 3922 2.43 39.22 2411 39.22 24.11
AETHANE [kgmole/h] 110.65 67904 6467.57 11.46 667.57 12211 667.57 12211
THANE [kgmole/h] 29.85 41.86 3515 6.71 35,15 34.56 3515 36.56
'ROPANE [kgmole/h] 19.20 10.76 5.53 523 5.53 24.43 5.53 24.43
1-BUTANE [kgmole/h] 3.49 0.69 0.11 0.58 0.1 4.06 0.11 4.06
i-PENTANE [kgmole/h] 946.07 6.50 0.24 6.26 024 10233 024 102.33
SOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SOPENTANE [kgmole/h] 176 0.15 0.01 0.14 0.01 1.20 0.01 1.90
26+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

- 44 -



sS4

Vapor Fraction 0.89 0.89 0.89 0.82 0.82 0.82 1.00
T[C] 40.00 40.00 40.00 15.00 15.00 15.00 -10.00
P [bar] 70.00 70.00 70.00 69.50 69.50 69.50 69.00
MoleFlow [kgmole/h] 100000  790.12 209.88 209.88 790.12 1000.00 756.30
stdGasVolumeFlow

AMSCFD] 63.33 50.04 13.29 13.29 50.04 63.33 4279
METHANE [kgmole/h] 789.69 623.95 165.74 165.74 623.95 789.69 691.03
ETHANE [kgmole/h] 71.71 56.66 15.05 15.05 56.66 71.71 44,53
PROPANE [kgmole/h] 29.95 23.67 6.29 6.29 23.67 29.95 11.96
n-BUTANE [kgmole/h] 4,18 3.30 0.88 0.88 3.30 418 0.80
n-PENTANE [kgmole/h] 102.57 81.04 21.53 21.53 81.04 102.57 7.80
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 1.91 1.51 0.40 0.40 1.51 1.91 0.18
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

s§7

S8

59

510

s

NGL

o o Gas Product
'apor Fraction 0.00 0.96 1.00 0.00 1.00 0.26 1.00 0.42
[C] -10.00  -54.51 -54.51 -545] 10.14 -2563 2188 23.88
' [barl 69.00 30.00 30.00 30.00 80.00 30.00 79.50 29.50
AcleFlow [kgmole/h] 243,70 75630 72678 2953 72678 27322 72678 273.22
tdGasvVolumeFlow
MMSCFD] 20.54 4279 40.35 2.44 40.35 22.97 40.35 22.97
AETHANE [kgmole/h] 98.66 691.03 680.92 1010 68092 108.76 680.92 108.76
THANE [kgmole/h] 2717 44.53  38.47 86.07 38.47 33.24 38.47 33.24
'ROPANE [kgmole/h] 1799 1196 684 512 684 2311 684 2311 |
1-BUTANE [kgmole/h] 337 080 016 064 016 401 0.16 401
1-PENTANE [kgmole/h] QA76 7.80 0.37 7.43 0.37 10219 0.37 102.19
SOBUTANE [kgmole/h] 000 000 000 000 000 000 000 0.00
SOPENTANE [kgmole/h} 1.73 0.18 0.01 017 0.01 1.90 0.01 1.90
-6+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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APPENDIX F

FULL TABULATION OF SIMULATION RESULTS FOR TWISTER
SYSTEM - LEAN FEED STREAM

20% PRESSURE DROP

Name Feed $1 $2 3 54 S5 Sé
Gas
Vapor Fraction 1.00 1.00 1.00 1.00 1.00 1.00 1.00
T[C] 25.00 25.00 25.00 -30.00 -30.00 -30.00 -30.00
P [bar] 100.00 100.00 100.00 99.50 99.50 99.50 99.50
MoleFlow [kgmole/h] 1000.00 700.00 30000 700.00 300,00 1000.00  1000.00
StdGasVolumeFlow
AMSCFD] 20.08 14.06 6.02 14.06 6.02 20.08 20.08
METHANE [kgmole/h] 870.00 609.00 26100  609.00 261.00 870.00 870.00
ETHANE [kgmole/h] 72.00 55.30 23.70 55.30 23.70 79.00 79.00
PROPANE [kgmole/h] 33.00 23.10 9.90 23.10 9.90 33.00 33.00
n-BUTANE [kgmole/h] 4.60 3.22 1.38 3.22 1.38 4.60 4.60
n-PENTANE [kgmole/h] 11.30 7.91 3.39 7.91 3.39 11.30 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 2.10 2.10
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
* = - 7 [ Qle
'apor Fraction 0.00 0.72 0.82 1.00 0.00 1.00 1.00 0.00
C - ~
[€] 8000 7870 L o 9700 oo 1810 1760 2640
'[bar] 99.50 3000 3000 29.00 2900 2850 79.40 29.50
AoleFlow [kgmole/h] 0.00 1000.00 0.00 83577 000 83577 835.77 164.23
tdGasVolumeFlow
MMSCED] 0.00 20.08 0.00 14.78 000 1678 1678 3.30
AETHANE [kgmole/h] 0.00 87000 0.00 83572 000 83572 83572 34.28
THANE [kgmole/h] 0.00 79.00 0.00 0.05 Q.00 0.05 0.05 78.95
'‘ROPANE [kgmole/h] 0.00 33.00 0.00 0.00 0.00 0.00 0.00 33.00
1-BUTANE [kgmole/h] 0.00 4.60 0.00 0.00 0.00 0.00 0.00 4.60
1-PENTANE [kgmole/h] 0.00 11.30 0.00 0.00 0.00 0.00 0.00 11.30
SOBUTANE [kgmole/h} 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SOPENTANE [kgmole/h] 0.00 2.10 0.00 0.00 0.00 0.00 0.00 2.10
-6+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Name Feed S1 S2 $3 4 S5 Sé
Gas
Vapor Fraction 1.00 1.00 1.00 1.00 1.00 1.00 1.00
T[C] 35.00 35.00 35.00 -20.00 -20.00 -20.00 -20.00
P [bar] 100.00 100.00 100.00 29.50 99.50 99.50 99.50
MoleFlow [kgmole/h] 1000.00 700.00 30000 700.00 300.00 1000.00 1000.00
StdGasVolumeFlow
AMSCFD] 20.08 14.06 6.02 14.06 6.02 20.08 20.08
METHANE [kgmole/h] 870.00 609.00 26100 60900 261.00 870.00 870.00
ETHANE [kgmole/h] 79.00 55.30 23.70 55.30 23.70 79.00 79.00
PROPANE [kgmole/h] 33.00 23.10 .20 23.10 9.90 33.00 33.00
n-BUTANE [kgmole/h] 4.60 322 1.38 3.22 1.38 4.60 4.60
n-PENTANE [kgmole/h] 11.30 7.91 3.39 7.21 3.39 11.30 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 .00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 230 2.10
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

- Guas

Sales

NGL
Product

apor Fraction 000 08 088 100 000 100 100 0.00
C - -
[€] 2000 7220 a0 9710 o 2690 970 2650
[bat] 9950 3000 3000 29.00 29.00 2850 7960  29.50
\oleFlow [kgmole/h] 000 1000.00 000 83577 000 83577 83577 16423
IdGasVolumeFlow
scro) 000 2008 000 1678 000 1678 1678 3.30
\ETHANE [kgmole/h] 000 8/000 000 83571 000 83571 83571 3429
THANE [kgmole/h] 000 7900 000 006 000 006 006 78.94
ROPANE [kgmole/h] 000 3300 000 000 000 000 000 33.00
_BUTANE [kgmole/h] 000 460 000 000 000 000 000 4.60
“PENTANE [kgmole/h] 000 1130 000 000 000 000 000 1130
SOBUTANE [kgmole/h] 000 000 000 000 000 000 000 0.00
SOPENTANE [kgmole/h] 000 210 000 000 000 000 000 2.10
“6+ [kgmole/h] 000 000 000 000 000 000 000 000

Name

$1

Vapoar Fraction 1.00 1.00 1.00 1.00 1.00 1.00 1.00
T[C] 40.00 40.00 40.00 -15.00 -15.00 -15.00 -15.00
P [bar] 100.00 100.00 100.00 99.50 99.50 99.50 99.50
MoleFlow [kgmole/h] 1000.00 700.00 300.00 700.00 30000 1000.00 1000.00
StdGasVolumeFlow

MMSCFD] 20.08 14.06 6.02 14.06 6.07 20.08 20.08
METHANE [kgmoie/h] 870.00 609.00 261.00  609.00  241.00 870.00 870.00
ETHANE [kgmole/h] 79.00 55.30 23.70 55.30 23.70 79.00 7%.00
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PROPANE [kgmole/h] 33.00 23.10 2.90 23.10 ?.90 33.00 33.00
n-BUTANE [kgmole/h] 4.60 3.22 1.38 3.22 1.38 4.60 4,60
n-PENTANE [kgmole/h] 11.30 7.91 3.39 7.91 3.39 11.30 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 G.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 2.10 V.47 0.63 1.47 0.63 2.10 2.10
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ame N $7 s8 s s10 812 sales NGL
Gas Product
vapor Fraction 0.00 0.83 0.91 1.00 0.00 1.00 1.00 0.00
re - -

[cl 1500 6870 o0 97.0 0 3050 650  -26.50
> [bar] 99.50 30,00 3000 29.00 29.00 2850 79.60 29.50
VioleFlow [kgmole/h] 0.00 1000.00 0.00 835.77 0.00 83577 83577 164.23
#dGasVolumeFlow
MMSCED] 0.00 20.08 0.00 1678 0.00 16.78 16.78 3.30
WETHANE [kgmole/h} 0.00 870.00 000 83571 0.00 83571 83571 34.29
STHANE [kgmole/h] 0.00 79.00 0.00 0.06 0.00 0.06 0.06 78.94
*ROPANE [kgmole/h] 0.00 33.00 0.00 0.00 0.00 0.00 0.00 33.00
1-BUTANE [kgmole/h] 0.00 4.60 0.00 0.00 0.00 0.00 0.00 4.60
3-PENTANE [kgmole/h] 0.00 11.30 0.00 0.00 0.00 0.00 0.00 11.30
SOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SQOPENTANE [kgmole/h] 0.00 2.10 0.00 0.00 0.00 0.00 0.00 2.10
4+ [kgmole/h] 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Name Feed S1 s2 53 sS4 $5 Sé

Gas

Vapor Fraction 1.00 1.00 1.00 0.92 0.92 0.92 1.00

T[C] 25.00 25.00 25.00 -30.00 -30.00 -30.00 -30.00

P [bar] 70.00 70.00 70.00 69.50 69.50 69.50 69.50

MoleFlow [kgmole/h}] 1000.00 700.00 300.00 700.00 300.00 1000.00 921.16

StdGasVolumeFlow
MMSCFD] 20.08 14.06 6.02 14.06 6.02 20.08 18.50

METHANE [kgmole/h] 870.00 60900  261.00 609.00 26100 870.00 82706

ETHANE [kgmole/h] 79.00 55.30 23.70 55.30 23.70 79.00 66.10

PROPANE jkgmole/h] 33.00 23.10 ¢.90 23.10 92.90 33.00 22.37

n-BUTANE [kgmole/h] 4.60 3.22 1.38 3.22 1.38 4,60 2.09

n-PENTANE [kgmole/h] 11.30 7.91 3.39 7.21 3.39 11.30 2.95

ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

ISOPENTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 2.10 0.40

Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

NGL
Product
{apor Fraction 0.00 0.90 0.37 1.00 0.00 1.00 1.00 0.00
TC : -
icl 3000 6830 .o, 9700 o 0 3080 620 2650
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? [bar] 69.50 30.00 3000 2900 29.00 2850 79.40 29.50

VoleFlow [kgmole/h] 78.84 92116 7884 83577 000 83577 83577 164.23
stdGasVolumeFlow
;‘\AMSCFD] 1.58 18.50 1.58 16.78 0.00 16.78 16.78 3.30
WMETHANE [kgmole/h] 4294 82706 4294 83571 000 83571 83571 34,29
STHANE [kgmole/h] 12.90 66.10 1290 0.06 0.00 0.04 0.06 78.94
*ROPANE [kgmole/h] 10.63 2237 10,63 0.00 0.00 0.00 0.00 33.00
1-BUTANE [kgmole/h] 2.51 2.09 2.51 0.00 0.00 0.00 0.00 4.60
1-PENTANE [kgmole/h] 8.35 295 835 000 000 000 000 11.30
SOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SOPENTANE [kgmole/h] 1.50 0.60 1.50 0.00 0.00 0.00 0.00 2.10
4+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Name Feed 51 52 s3 sS4 S5 54
Gas
Vapor Fraction 1.00 1.00 1.00 0.96 0.96 0.96 1.00
TIC] 35.00 35.00 35.00 -20.00 -20.00 -20.00 -20.00
P [bar] 70.00 70.00 70.00 469.50 69.50 69.50 69.50
MoleFlow [kgmole/h] f000.00 700.00 300.00 700.00 300,00 1000.00 956.45
StdGasVolumeFlow
MMSCED] 20.08 14.06 6.02 14.06 6.02 20.08 12.20
METHANE [kgmole/h] 870.00 609.00 261.00 609.00 261.00 870.00 849 .20
ETHANE [kgmeole/h] 79.00 55.30 23.70 5530 23.70 7%.00 72.16
PROPANE [kgmole/h] 33.00 23.10 9.90 23.10 9.20 33.00 26.76
n-BUTANE [kgmole/h} 4.60 3.22 1.38 3.22 1.38 4.60 2.86
n-PENTANE [kgmole/h] 11.30 7.91 3.39 7.21 3.39 11.30 455
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 2.10 0.92
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ame ' 7 $8 $9 $10 §11 $12  Sales NGL
Gas Product
vapor Fraction 0.00 092 0.34 1.00 0.00 1.00 1.00 0.00
P[C - -

[Cl] 2000 5970 o 9700 o0 -3730 050 2650
? [bar] 69.50 3000 30.00 29.00 29.00 2850 79.60 29.50
WoleFlow [kgmole/h] 4355 956.45 4355 83577 000 83577 83577 164.23
itdGasVolumeFlow
MMSCFD] 0.87 1220 087 1678 000 1678 16.78 3.30
WETHANE [kgmole/h] 2080 84920 2080 83570 000 83570 83570 34.30
STHANE [kgmole/h] 6.84 72.16 6.84 0.07 0.00 0.07 0.07 78.93
ROPANE [kgmole/h} 6.24 26.76 6.24 0.00 0.00 0.00 0.00 33.00
1-BUTANE [kgmole/h] 1.74 286 1.74 0.00 0.00 0.00 0.00 4.60
1-PENTANE [kgmole/h] 6.75 4.55 6.75 0.00 0.00 .00 0.00 11.30
SOBUTANE [kgmole/h} 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SOPENTANE [kgmole/h] 1.18 0.92 i.18 0.00 0.00 0.00 0.00 2.10
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C6+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vapor Fraction 1.00 1.00 1.00 0.97 0.97 0.9/ 1.00
T[C] 40.00 40.00 40.00 -15.00 -15.00 -15.00 -15.00
P [bar] 70.00 70.00 70.00 69.50 69.50 69.50 69.50
MoleFlow [kgmole/h] 1000.00 700.00 300.00 700.00 300.00 1000.00 968.99
StdGasVolumeFlow

MMSCFD] 20.08 14.06 6.02 14.06 6.02 20.08 19.46
METHANE [kgmeoele/h] 870.00 609.00 261.00 609.00 261.00 870.00 856.03
ETHANE [kgmole/h] 79.00 55.30 23.70 5530 23.70 79.00 74.31
PROPANE [kgmole/h] 33.00 23.10 2.90 23.10 9.90 33.00 28.58
n-BUTANE [kgmeole/h] 4.60 3.22 1.38 3.22 1.38 4.60 3.28
n-PENTANE [kgmole/h] 11.30 7.91 3.39 7.91 3.3% 11.30 5.66
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 2.10 1.13
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

ame

57

58

59 $10

$11

512

Sales

NGL

Gas

Product

Vapor Fraction 0.00 0.93 0.33 1.00 0.00 1.00 1.00 0.00
'[C - -

€] 1500 5540 oo 9710 7.0 4000 180  -26.50
? [bar] 69.50 30,00 3000 2900 29.00 2850 79.60 29.50
VoleFlow [kgmole/h] 31.01 968.99 31.01 83577 000 83577 835.77 164.23
stdGasVolumeFlow
MMSCED] 0.62 19.46  0.62 1678 000 1678 16.78 3.30
WETHANE [kgmole/h] 13.97 85603 13.97 83570 0.00 83570 835.70 34.30
:THANE [kgmole/h] 4.69 74.31 4.6%9 0.07 0.00 0.07 0.07 78.93
>ROPANE [kgmole/h] 4,42 28.58  4.42 0.00 0.00 0.00 0.00 33.00
1-BUTANE [kgmole/h] 1.32 3.28 1.32 0.00 0.00 0.00 0.00 4.60
1-PENTANE [kgmole/h] 5.64 5.66 5.64 0.00 0.00 0.00 0.00 11.30
SOBUTANE [kgmole/h] 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00
SOPENTANE [kgmole/h] 0.97 1.13 0.97 G.00 0.00 0.00 0.00 2.10
Z6+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

30% PRESSURE DROP
Name Feed S1 $2 s$3 sS4 S5 $é
Gas

Vapor Fraction 1.000 1.000 1.000 1.000 1.000 1.000 1.000

T[C] 25.000 25.000 25.000 -30.000 -30.000 -30.000 -30.000

P [bar] 100.000 100.000 100.000 99.500 99.500 99.500 99.500

MoleFlow [kgmole/h] 1000.000  700.000 300.000 700.000 300.000 1000.000 1000.000

StdGasVolumeFlow 20.079 14,055 6.024 14.055 6.024 20.079 20.079
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AMSCFD]
METHANE [kgmole/h] 870.000 609.000 261.000 609.000 261.000 870000  870.000
ETHANE [kgmole/h] 79.000 55.300 23700 55300 23.700 7%.000 72.000
PROPANE [kgmole/h] 33.000 23.100 9.900 23.100 2.200 33.000 33.000
n-BUTANE [kgmole/h] 4.600 3.220 1.380 3.220 1.380 4.600 4.600
n-PENTANE [kgmole/h] 11.300 7.910 3.3%90 7.210 3.3%20 11.300 11.300
ISOBUTANE [kgmole/h] 0.000 0.000 0.000 0.000 0.000 0.000 0.000
ISOPENTANE [kgmole/h] 2.100 1.470 0.630 1.470 0.630 2.100 2,100
Cé+ [kgmole/h] 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C = . 9 0 ale
apor Fraction 0.00 0.72 0.82 1.00 0.00 1.00 1.00 0.00
C - -
€] 3000 7870 L .0 9700 0 <1810 1210 -26.40
[bar] 99.50 30,00 3000 2%.00 29.00 2850 £9.65 29.50
loleFlow [kgmole/h] 0.00 1000.00 000 83577 0.00 83577 83577 164.23
ldGasVolumeFlow
AMSCFD] 0.00 20.08 0.00 1678 000 1678 1678 3.30
\ETHANE [kgmole/h] 0.00 87000 0.00 83572 0.00 83572 83572 34.28
THANE [kgmole/h] 0.00 79.00 0.00 0.05 0.00 0.05 0.05 78.95
ROPANE [kgmole/h] 0.00 33.00 0.00 0.00 0.00 0.00 0.00 33.00
-BUTANE [kgmole/h] 0.00 4.60 0.00 0.00 0.00 0.00 0.00 4,60
-PENTANE [kgmole/h] 0.00 11.30 0.00 0.00 0.00 0.00 0.00 11.30
yOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
yOPENTANE [kgmole/h] 0.00 2.10 0.00 0.00 0.00 0.00 (.00 2.10
16+ [kgmole/h] 0.00 000 000 000 000 000  0.00 0.00

Name Feed T 82 s3 S5

. I €70 13 e

Vapor Fraction 1.000 1.000 1.000 1.000 1.000 1.000 1.000
TICl 35.000 35.000 35000 -20.000 -20.000 -20.000 -20.00¢
P [bar] 100,000 100000 100.000 99.500 $9.500 29.500 99.500
MoleFlow [kgmeole/h] 1000.000 700.00¢ 300.000 700.000 300.000 1000.000 1000.00
StdGasVolumeFlow

MMSCFD] 20.079 14.055 6.024 14.055 6.024 20.079 20.079
METHANE [kgmole/h] 870.000 409.000 261.000 60%2.000 261.000  870.000 870.00¢
ETHANE [kgmole/h] 79.000 55.300 23.700 55.300 23.700 7%9.000 79.000
PROPANE [kgmole/h] 33.000 23.100 2.900 23.100 9.900 33.000 33.000
n-BUTANE [kgmole/h] 4.600 3.220 1.380 3.220 1.380 4.600 4.600
n-PENTANE [kgmole/h] 11.300 7910 3.390 7210 3.390 11.300 11.30C
ISOBUTANE [kgmole/h] 0.000 0.000 0.000 0.000 0.000 $.000 0.000
ISOPENTANE [kgmole/h] 2.100 1.470 0.630 1.470 0.630 2.100 2.100
Cé+ [kgmole/h] 0.0a0 .000 0.000 0.000 0.000 0.000 0.0C0
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s8

§12 Sales

Gas

NGL
Product

apor Fraction 0.00 080 088 1.00 000  1.00 1.00 0.00

C - -

€] 2000 7220 0 9710 o 2690 410 -20.00
[bai] 99.50 30.00 30.00 2900 2900 2850 @ 69.65 99.50
loleFlow [kgmole/h] 000 100000 0.00 83577 000 83577 83577 0.00

dGasVolumeFlow

AMSCED] 0.00 20.08 0.00 1678 000 1678 1678 0.00

\ETHANE [kgmole/h] 0.000 870.000 0.000 835710 0.000 835.710 835.710 0.000
THANE [kgmole/h] 0.000 79.000 0.000 0.056 0.000 0056 0.056 0.000
ROPANE [kgmole/h] 0.000 33000 0000 0000 0000 0000  0.000 0.000
-BUTANE [kgmole/h] 0.000 4600 0.000 0000 0000 0000  0.000 0.000
-PENTANE [kgmole/h] 0.000  11.300 0.000 0.000 0.000 0.000  0.000 0.000
;OBUTANE [kgmole/h] 0.000  0.000 0.000 0000 0000 0000  0.000 0.000
,OPENTANE [kgmole/h] 0.000 2100 0.000 0.000 0.000 0.000  0.000 0.000
6+ [kgmole/h] 0.000 0.000 0.000 0.000 0.000 0.000  ©0.000 0.000

Name

Vapor Fraction

$1

1.000

1.000

1.000 1.000 1.000 1.000

T[C] 40.000 40.000 40,000 -15.000 -15.000 -15.000 ~15.000
P [bar] 100.00G  100.000 100.000 92500  99.500 79.500 99.500
MoleFlow [kgmole/h] 1000.000 700.000 300.000 700.000 300.000 1000.000 1000.000
StdGasVelumeFlow

WMSCFD] 20.079 14.055 56.024 14.055 6.024 20.079 20.079
METHANE [kgmole/h] 870.00 609.00 261.00 609.00  261.00 870.00 870.00
ETHANE [kgmole/h] 79.00 55.30 23.70 55.30 23.70 72.00 792.00
PROPANE [kgmole/h] 33.00 23.10 9.90 23.10 7.90 33.00 33.00
n-BUTANE [kgmole/h] 4.60 3.22 1.38 3.22 1.38 4.60 4.60
n-PENTANE [kgmole/h] 11.30 7.91 3.39 7.91 3.39 11.30 11.30
ISOBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 2.10 2.10
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

s8
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NGL

S R ~ Gas Product
'apor Fracfion 0.00 0.83 0.91 1.00 0.00 1.00 1.00 0.00
[C] } } - ) - ; -

15.00 68.70 53 40 97.10 97.10 30.50 0.90 26.50

'[bar] 22.50 3000 3000 2900 2900 2850 69.65 29.50
AcleFlow [kgmole/h] 0.00 1000.00 0.00 83577 000 83577 83577 164.23
tdGasVolumeFlow
MMSCED] 0.00 20.08 0.00 16.78 0.00 16.78 16.78 3.30
AETHANE [kgmole/h] 0.00 870.00 000 83571 000 83571 835.71 34.29
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HANE [kgmole/h] 0.00 79.00 0.00 0.06 0.00 0.06 0.06 78.94

tOPANE [kgmole/h] 0.00 33.00 0.00 0.00 0.00 0.00 0.00 33.00
‘BUTANE {kgmole/h] 0.00 4.60 0.00 0.00 0.00 0.00 0.00 4.60
‘PENTANE [kgmole/h] 0.00 11.30 0.00 0.00 0.00 0.00 0.00 11.30
OBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OPENTANE [kgmole/h] 0.00 2.10 0.00 0.60 0.00 0.00 0.00 2.10
&+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Name Feed §1 S2 3 sS4 S5 Sé
Gas
Vapor Fraction 1.000 1.000 1.000 0.921 0.921 0.921 1.000
TIC] 25.000 25000 25000 -30.000 -30.000 -30.000 -30.000
P [bar] 70.000 70.000  70.000  6%.500 69.500 69.500 6%.500
MoleFlow [kgmole/h] 1000.000 700.000 300.000 700.000 300.000 1000.000 921.160
StdGasVolumeFlow :
AMSCED] 20.079 14.055 6.024 14.055 6.024 20.079 18.496
METHANE [kgmole/h] 870.00 609.00 26100 409.00  261.00 870.00 827.06
ETHANE [kgmole/h] 79.00 55.30 23.70 55.30 23.70 79.00 66.10
PROPANE [kgmole/h] 33.00 23.10 2.90 23.10 9.90 33.00 22.37
n-BUTANE fkgmole/h] 4.60 3.22 1.38 3.22 1.38 4.60 2.09
n-PENTANE [kgmole/h] 11.30 7.91 3.39 7.91 3.39 11.30 295
ISOBUTANE [kgmole/h} 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOPENTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 2.10 0.60
Cé+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

$8 S9 - §81 [e13

_ . Product

‘apor Fraction 0.00 090 037 100 000 1.00 1.00 0.00

c - -

[€] 3000 6830 o 9710 oo 3080 060 2650

[bar] 6950  30.00 3000 2900 29.00 2850 @ 69.65 29.50
\oleFlow [kgmole/h] 7884 921.16 78.84 83577 000 83577 83577  164.23
tdGasVolumeFlow
WMSCFD] 1.58 1850 158 1678 0.00 1678 1678 3.30
AETHANE [kgmole/h] 4294 827.06 4294 83571 000 83571 83571 34.29
THANE [kgmole/h] 1290 6610 1290 006 0.00 0.06 0.06 78.94
ROPANE [kgmole/h] 1063 2237 1063 000 000  0.00 0.00 33.00
-BUTANE [kgmole/h] 2.51 209 251 000 000 0.0 0.00 4,60
i-PENTANE [kgmole/h] 8.35 295 835 000 0.00 0.00 0.00 11.30
SOBUTANE [kgmole/h] 0.00 000 000 000 0.00 000 0.00 000 |
SOPENTANE {kgmole/h] 1.50 0.60 150 000 000  0.00 0.00 2.10
>6+ [kgmole/h] 0.00 0.00 000 000 000 0.00 0.00 0.00




Vapor Fraction 1.000 1.000 1.000 0.956 0.956 0.956 1.000
TIC] 35.000 35,000 35.000 -20.000 -20000 -20.000 -20.000
P [bar] 70.000 70.000 70.000 6%9.500 69.500 69.500 469 500
MoleFlow [kgmole/h] 1000.000 700.000 300.000 700.000 300.000 1000.000 956.450
StdGasVolumeFlow
\MSCFD] 20.079 14.055 6.024 14.055 6.024 20.079 19.204
METHANE [kgmole/h] 870.000 609.000 2561.000 6409.000 261.000 870.000  849.200
ETHANE [kgmole/h] 72.000 55300 23700  55.300 23.700 79.000 72160
PROPANE [kgmole/h] 33.000 23.100 2.200 23.100 9.900 33.000 26760
n-BUTANE [kgmole/h] 4.600 3.220 1.380 3.220 1.380 4.600 2.860
n-PENTANE {kgmole/h] 11.300 7.910 3.390 7910 3.390 11.300 4,550
ISOBUTANE [kgmole/h] 0.000 0.000 0.000 0.000 0.000 0.000 0.000
ISOPENTANE [kgmole/h] 2.100 1.470 0.630 1.470 0.630 2.100 0.922
Cé+ [kgmole/h] 0.000 0.000 0.000 0.000 0.000 0.000 0.000
ame §7 58 s9 510 SN S12 Sales NGL
Gas Product
apor Fraction 0.00 0.92 0.34 1.00 0.00 1.00 1.00 0.00
C - -~
€] 2000 5970 oo 97.00 7 3730 520 2650
[bar] 69.50 30.00 3000 2900 2900 28,50 69.65 2950
oleFlow [kgmole/h] 43.55  956.45 43,55 83577 000 83577 83577 164,23
‘dGasVolumeFlow
AMSCFD] : 0.87 1920  0.87 1678  0.00 16.78 16.78 3.30
\ETHANE [kgmole/h] 20.80 84%20 2080 83570 0.00 83570 83570 34,30
[HANE [kgmole/h] 6.84 7216 6.84 0.07 0.00 0.07 .07 78.93
ROPANE [kgmole/h] 6.24 26.76 6.24 0.00 0.00 0.00 0.00 33.00
-BUTANE [kgmole/h] 1.74 2.86 1.74 0.00 0.00 0.00 0.00 4.60
-PENTANE [kgmole/h] 675 4.55 6.75 0.00 0.00 0.00 .00 11.30
‘OBUTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OPENTANE [kgmole/h] 1.18 092 1.18 0.00 0.00 0.00 0.00 2.10
6+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vapor Fraction 1.000 1.000 1.000 0.96% 0.969 0.969 1.000
TIC] 40.000 40.000 40,000 -15.000 -15000 -15.000 -15.000
P [bar] 70.000 70.000  70.000 69.500 69.500 69.500 62.500
MoleFlow [kgmole/h] 1000.000 700.000 300.000 700.000 300.000 1000.000 268.990
StdGasVolumeFlow
WMSCED] 870.00 607.00 261.00 409.00  261.00 870.00 856.03
METHANE [kgmole/h] 79.00 55.30 23.70 55.30 23.70 79.00 74.31
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ETHANE [kgmole/h] 33.00 23.10 2.90 23.10 2.90 33.00 28.58

PROPANE [kgmole/h} 4.60 3.22 1.38 3.22 1.38 4,60 3.28
n-BUTANE [kgmole/h] 11.30 7.91 3.39 7.91 3.39 11.30 5.66
n-PENTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ISOBUTANE [kgmole/h] 2.10 1.47 0.63 1.47 0.63 2.10 1.13
ISOPENTANE [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cé+ [kgmole/h] 870.00 60900  261.00 609.00  261.00 870.00 856.03
ame 7 S8 59 s10 SN s12 Sales NGL
7 Gas Product
apor Fraction 0.00 0.93 0.33 1.00 0.00 1.00 1.00 0.00
[€] (1500 5540 oo 97.00 o\ 4000 750 2650
[bar] 69.50 30.00 3000 2900 2900 28.50 69.65 29.50
loleFlow [kgmole/h] 31.01 ?68.99 31.0Y 83577 0.00 83577 83577 164.23
tdGasVolumeFlow
AMSCFD] 0.62 19.46 0,62 1678  0.00 16.78 16.78 3.30
\ETHANE [kgmole/h] 13.97 85603 13.97 83570 000 83570 83570 34.30
THANE [kgmole/h] 4.69 74.31 4.69 0.07 0.00 0.07 0.07 78.93
ROPANE [kgmole/h] 4,42 28.58 442 0.00 0.00 0.00 0.00 33.00
-BUTANE [kgmole/h] 1.32 3.28 1.32 0.00 0.00 0.00 0.00 4,60
-PENTANE [kgmole/h] 5.64 5.66 5.64 0.00 0.00 0.00 0.00 11.30
yOBUTANE [kgmole/h] 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00
yOPENTANE [kgmole/h] 0.97 1.13 0.97 0.00 0.00 0.00 0.00 2.10
.6+ [kgmole/h] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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