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Abstract

A composition stream from reservoir to the market has been obtained as a result of upstream,
midstream and downstream retrograde gas-condensate models integration. Applications are
composition, Peng-Robinson EOS has been chosen as a fluid package.

Different production scenarios were observed to define development strategy for rich gas
condensate production. VGD and C/V gas drive mechanisms have been applied by dry gas
cycling to enhance condensate production. Condensate production is constrained by TFGR.
There are 6 producers and 4 injectors presently active in the field. Production is centered on the
main process LNG plant.

IAM has been designed for accurate gas-condensate assets prediction, long term forecasting,
filed development planning and modeling - optimization studies. IAM provides flexibility in
global problem solving.

This master thesis will evaluate the optimal development strategy for the gas-condensate
production problem. IAM provides the long term composition production forecast for gas,
condensate, NGL and LNG products.
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Introduction

This master thesis provides wide description of the integrated applications, modeling and
optimization of the gas-condensate field development.

Simulation and optimization of the gas-condensate production assets are important and
fundamental aspects of the petroleum engineers duties requires fast problem shooting and
decision making in Upstream, Midstream and Downstream applications. Obviously, modeling
consists of the many independent, standalone models such as reservoir, well, pipeline, separator
etc. The challenge is to obtain the whole integrated chain of the gas-condensate production.

The complexity of the “production” decision making process occurs in several cycles and
requires the time is needed a whole field production observation. Integrated Assets Model is
reasonable and an important aspect in order to predict an accurate field assets production, to
determine the project NPV.

There are many SPE publications covered the topic were researched and studied. Douglas E. et al
(1987) “SPE-12278”presented an artificial, composition modeling of gas cycling in a rich
retrograde gas condensate reservoir. Zick A. (1986) “SPE-15493” presented the experimental
observation of the combined condensing/vaporizing gas drive mechanism. Hgier L and Whitson
C.( 2001) presented the MMP and MME conditions in compositionally garding reservoirs.
Eikeland M. and Hansen H. (2009) discussed the production aspects of dry gas reinjection in a
strong water drive “Sleipner Ost Ty” gas-condensate reservoir.

Solomon F. et al,( 2008) is discussed the liquid loading phenomena occurs in gas well. Arne
Fredheim, Even Solbaa (2012) — presented Natural Gas Technology.

Juell.A et al,( 2009) presented an Integration and Optimization Model — Gas Cycling Benchmark
contains two gas condensate reservoirs producing from a common process facility. Rahmawati S.
et all.,( 2010) is presented the Multi-Field Integrated Optimization Benchmark. The paper is an
extension of “SPE-121252”. Two gas condensate and one oil field were observed. The I-OPT
model conteins the upstream, midstream (THP-table), downstream and NPV evaluation
applications integrated using PIPE-IT platform. Gonzalez.F et all,( 2010) presented a
Composition Integrated Asset Model for the grading, giant, near critical gas condensate field.
The integrated model has upstream (Eclipse300), midstream (PIPESIM) and downstream
(HYSYS) applications. The integration was done using the mass rate composition stream.



Problem Formulation

Object of this master thesis is a development of the rich gas-condensate field in 15 years with
high efficiency. Efficiency of the field production strongly depended on the interaction of the
upstream, midstream and downstream development strategies.

Traditionally, the field development strategy required a wide engineering to model the upstream,
midstream and downstream applications. Obviously, those applications are modeled and
optimized independently.

Integrated Assets Model (IAM) has been developed in order to define development strategy of
the rich gas-condensate field. The model consists of the upstream (SENSOR), midstream
(PIPESIM) and downstream (HYSYS) integrated in a PIPE-IT platform.

Motivation

Today, the word energy demand is extremely high. Currently, it is covered by conventional oil
and gas reservoir. The future word energy demand will be increased, at the same time the
percentage of the conventional resources will declined. The only one way to cover the “energy
gap” is to produce technology for the unconventional (shale gas, shale oil, tight gas, HTHP
reservoirs, deepwater reservoir etc) resources production.

The literature listed above pointed on the improving assets production from the rich gas-
condensate, unconventional, reservoirs.

There is a good opportunity to demonstrate the fundamental understanding of the whole
production chain of the rich gas condensate field development. Different types of problems were
solved by integrating, modeling and optimizing the upstream, midstream and downstream
applications.



Software Overview

SENSOR (System for Efficient Numerical Simulation of Oil Recovery) is a dynamic reservoir
simulator, developed by Coats Engineering, Inc. The simulator is suitable for the composition
and black oil fluids. (Coats Engineering)

PIPESIM is a steady-state, multiphase flow simulator used for the design and diagnostic analysis
of oil and gas production system. PIPESIM 2011.1 was developed by Schlumberger - leading of
the Production Engineer software company. (Schlumberger, 2011)

HYSYS is a thermodynamic, steady-state and dynamic, multiphase simulator used for design and
diagnostic analysis of the oil and gas surface process system. HYSYS 7.3 was developed by
Aspen Technology, Inc, considered to be one of the leading software packages of downstream
process. (Aspen Technology)

Petrostreamz PIPE-IT this is software specially designed for integrated asset optimization,
modeling and exploitation in the petroleum industry. PIPE-IT was developed by the Norwegian
company Petrostreamz AS owned by Curtis H.-Whitson. The PIPE-IT GUI enables the user to
pipe his project in different layers vertically and horizontally. (Petrostreamz)



Upstream, Midstream and Downstream Models

Upstream

Introduction

Reservoir simulation is an important method in the Petroleum Industry, particularly for the field
development and asset-management evaluation. Development strategy, forecasting, history
matching and asset evaluation are an important application in reservoir simulation techniques.

The object of reservoir modeling is to evaluate the optimal production strategy for the gas-
condensate reservoir. Define and apply the mechanisms to enhance the condensate production is
primary target in field development strategy. Picture below shows upstream engineering
applications.

Field Development Stratemes

Acraol Production Erom Field

R High Reaa]u.lim1
S — Geo-Cellular Model Up-Scaled Engineering Model
Geology
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Model

The three major parts to a composition modeling of the rich gas-condensate reservoir study are
PVT data, Reservoir Grid and Gas Cycling. The PVT data was scaled up from Douglas E.

Kenyon et al SPE-3 “Gas Cycling of Retrograde Condensate Reservoir”.

The reservoir model contains 27x27x4 each grid block has a dimensions dx=293.3 ft and
dy=293.3 ft. The model is shown on Figure 1. The layers are homogenous with a constant
porosity and permeability. The thicknesses are varying among the layers from the 30 to 50 ft.

The specification of the rich gas-condensate reservoir is presented in Table 1.

The grid size represents the most reasonable grid for offshore fields and sets the value of

numerical dispersion in IMPES model. (Kenyon, 1987)

W

0.00 0.05 0.10 0.15 0.20

4751.480

8335.280

7919100519 101

SPE3_GASCOND\Solution\19 JLY 20215011

Figure 1 Reservoir Model “Rich Gas-Condensate Reservoir”

There are six identical producers and four identical injectors are in the reservoir. The locations of
the producers are in the middle of the reservoir. The injectors are around in the reservoir. The

wells locations and specifications are presented in Table 1.
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Development Cases
Sw krw Krow krg Powo 1. Depletion i
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016 o 0B 0.74 30 e GasRate 15000Mscfday
0.2 0002 065 68 32 2. Gas Cycling
0.24 0.01 0.513 62 21 s 2 INJECTORS
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Gas Injection Rate 20000Mscf
0.32 0033 0315 0.505 12 Gas Injection Rate 30000Mscf
0.36 0045 0325 0.45 9.2 s 4 INJECTORS
0.4 0.066 0.196 4 0. 7 Gas ].'l'l_'iECﬁOﬂ Rate 30000Mscf
0.44 0.09 015 0.345 <3 . Gas Injection Rate 10000Mscf
3. Combined
0.48 0115 0112 3 4.2 e Depletion first 3Year, Gas
052 015 0082 0.26 34 Cvcling and blowdown
056 0186  0.06 0223 27 v leferent I.n_]@ctlclnn(}as Rate
v Different Injection Start-up
0.6 0.227 0.04 187 2.1 =
064 0.277 0024 0.156 1.7 e —mmee s —mimes
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+ .
072 0.39  0.005 0.1 1 Z
3 e
076 0.462 0 0.078 0.7 E
£
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0.84 0.62 0 0.04 0.4 T e
0.88 0.71 0 0.026 0.3 B .
092 0.8 0 0.013 0.2
0.96 0.8 0 0.005 0.1 = == v =
1 1 0 0 0

Table 1 Specification of the Gas-condensate Field

The initial conditions for the location of the GWC and the capillary pressure generate the gas
zone. The aquifer plays insignificant role due to small water compressibility. Therefore the
trapping of injected dry-gas is insignificant. (Kenyon, 1987)

Production is controlled by three stage separators conditions (P, T) and the produced gas rate.
The area around the producers undergoes pressure depletion due to production of the gas thus, in
this area, retrograde condensation occurs.
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PVT Data

Composition was scaled up from SPE3 “Gas Cycling of Retrograde Condensate Reservoirs”.
The composition for the gas-condensate reservoir consists of 9 components. The initial fluid
composition of the gas-condensate reservoir is shown in Table 2 and Table 3.

NO. NAME P_C Lis MW PCHOR AC SHIFT
psia R

1| CO2 1070.7 | 547.58 44.01 0 0.225 | -0.00089

2 | N2 491.68 | 227.29 28.02 0 0.04 | -0.16453

3|C1 670.1 335.9 16.04 0 0.013 | -0.17817

4| C2 707.79 | 549.59 30.07 0 0.098 | -0.06456

5|C3 616.41 | 665.73 44.1 0 0.152 | -0.06439

6 | C4-6 498.2 713.2 67.28 0 0.234 | -0.18129

7| C7P1 376.2 | 1030.5 110.9 0 0.332 0.1208

8 | C7P2 2454 | 11344 170.9 0 0.495 0.23442

9| C7P3 1249 | 1552.7 282.1 0 0.833 0.54479
Table 2 “Equation of Sate (EOS) properties”

COo2 N2 C1 C2 C3 C4-6 C7P1 C7P2 C7P3

CO2 0 -0.02 0.1 0.13 0.135| 0.1277 0.1 0.1 0.1
N2 -0.02 0 0.036 0.05 0.08 | 0.1002 0.1 0.1 0.1
C1 0.1 0.036 0 0 0| 0.09281 0 0| 0.1392
C2 0.13 0.05 0 0 0 0 | 0.00385 | 0.0063 0.006
C3 0.135 0.08 0 0 0 0 | 0.00385 | 0.0063 0.006
C4-6 0.1277 | 0.1002 | 0.09281 0 0 0 0 0 0
C7P1 0.1 0.1 0 | 0.00385 | 0.00385 0 0 0 0
C7P2 0.1 0.1 0| 0.0063 | 0.0063 0 0 0 0
C7P3 0.1 0.1 0.1392 0.006 0.006 0 0 0 0

Table 3 “Binary Iteration Parameters (BIP)”

13




Result
Composition model has been run using Eclipse 300 and SENSOR reservoir simulators. Different
development cases were studied such as Depletion, Gas Cycling and Mixing Case in order to
define the development strategy presented in Table 1.

Depletion Case:

During the depletion scenario, gas-condensate reservoir is depleted very fast. The retrograde
condensate occurs in lower layers around the producers due to reservoir depletion. Condensate is
immobile phase therefore production is sharply goes down. Increasing gas production rate, the
field is depleted much faster due to mass balance. Results are presented on Figure 2, Figure 4
and Figure 4.

Figure 2 shows how fast reservoir is depleted using different gas production rate. Gas/Oil ratio
presented on Figure 4 is continually raised in production time. Production assets presented on
Figure 4 shows gas recovery factor is riched 84% during depletion case. The condensate
recovery factor is riches 32%. Such insignificant condensate recovery is the consequence of the
drainage strategy applied for the production.

Increasing gas production, the ultimate recovery factors for the gas and condensate are same in
both cases. The difference is only production time.

Summary for the Depletion case presented on Figure 2 and Figure 4:

Reservoir pressure dramatically decreases

Production rate has an impact for production time

Recovery Factors are same in both cases. RF = 32% condensate and 84% for gas.
Significant amount of intermediate components (condensate) are not recoverable.
GOR is constantly raised.

MY e
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Reservoir Pressure "Depletion Case"
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Figure 2 Pore Volume Average Pressure “Depletion” case

Gas-0il Ratio "Depletion case”
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Figure 3 Gas/Oil Ration “Depletion”
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Condensate Production
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Figure 4 Recovery Factor and fluids Production “Depletion” case
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Gas cycling case:

During the gas cycling case, produced gas is injected back in order to maintain the reservoir
pressure and enhance the condensate production and ultimate condensate recovery. Produced and
separated “lean” gas is mainly consist of light components C1-C3 is vaporized the intermediate
components C3-C7++ from the retrograde immobile condensate therefore the ultimate
condensate recovery increased.

The mechanisms to enhance condensate reservoir are called Vaporizing Gas Drive (VGD) and
Condensing/Vaporizing Gas Drive (C/V).

Gas cycling can be first-contact and multi-contact miscible. Minimum miscibility pressure
(MMP) and minimum miscibility enrichment (MME) determines the miscibility conditions for
the gas —gas displacement. First contact MMP for the gas-condensate fluid is equals to the
dewpoint pressure. For the multi contacts case the MMP less than dewpoint pressure. There are
several methods to determine the MMP: “Slim tube test” (RF>90%)” and “Multi Contact
Miscibility Test”.

There are several “gas cycling” cases were studied using two and four injection wells with
various gas injection rate. Gas injection is maintained the reservoir pressure at a level would
sustain the production rate. Thus, the reservoir pressure is slightly decreased in compare with
depletion case. For the different injection rate, the drainage strategy has a different efficiency.
The reservoir pressure decreased slightly for the high injection rate. Result is shown on Figure 5.

Oil (condensate) production is sharply decreased due to reservoir depletion in first 600 days. The
oil production, presented on Figure 7, decreased slightly at the period when drainage strategy
“gas cycling” has been applied to maintain reservoir pressure and enhance the ultimate
condensate production. Condensate production goes up slightly before the blowdown that
happens because of “retrograde phase behavior” and then significantly drops down due to
depletion.

Condensate recovery factor, presented on Figure 7, for those scenarios is lying in range 42%-
58%. Recovery for the “gas cyclic “drainage strategy is significantly increased in compare with
“depletion” case. The condensate recovery enhanced from 10% to 26%.That is happing because
of the most retrograde area is swept by injection “lean” gas and C/V mechanism is taking place.

Gas production, presented on Figure 7, riched the planned filed rate 90000 Mscf/day in short
time, 105 days. The length of the plateau is significantly sensitive on the drainage strategy
applied to enhance condensate production. Plateau is extending with increasing the injection rate.
Gas recovery factor for the “gas cycling” and “depletion” scenarios is 84%. Thus, the drainage
strategy does not enhance the gas ultimate recovery.
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Reservoir Pressure "Gas Cycling" case
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Figure 5 Reservoir Pressure “Gas Cycling” case

Gas-O0il Ratio "Gas Cycling” case
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Condensate Production"Gas Cycling" case
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Figure 7 Oil&Gas Production '"Gas Cycling"




Reservoir composition model has been run with four injection wells. Same as in previous cases,
nature depletion take place during the first 600 days. Gas cycling takes place in period of 600 -
4250 days. In period of “gas cycling” the reservoir pressure maintained by injection “lean” gas.
From the Figure 8, the reservoir is sharply depleted in first 600 days then reservoir pressure
maintained by gas injection therefore the reservoir depletion occurs slightly.

In case of massive (4wellx3000Mscf/day) gas injection, reservoir pressure increased in period of
600 days to 2700 days and then holds constant equal to dewpoint pressure. That is happening
because of vaporizing gas drive mechanism is taking place. The lean gas is “first contact”
miscible with reservoir fluid. Thus, fluid displacement by the “first contact” lean gas injection is
much efficient in compare with “multi contact” C/V (condensing/vaporizing gas drive) due to
IFT=0 (interfacial tension).

Total condensate production, presented on Figure 10 “massive gas injection”, is increased due to
VGD mechanism (IFT=0) then slightly decline at the period of 600 to 5480 days. For the same
period, condensate production for another case is constantly decline up to 4250 days then
production significantly falls due to reservoir blowdown. Condensate ultimate recovery factor
for the “massive gas injection” is sharply increased in compare with other gas cyclic strategies
and riched 90% due to IFT=0 VGD gas displacement.

From the Figure 10 gas cycling strategy is constrained by the filed gas production capacity. The
consequence of that is drainage strategy does not influence for ultimate gas recovery factor.

Field GOR is constantly raised is presented on Figure 9. Comparing with depletion case GOR is
raised slowly.

Summary for the Gas Cycling case:

Reservoir pressure maintained by injection “lean” gas

Condensate production enhanced due to VGD and C/V drive mechanisms.
VGD (IFT=0), the Ultimate Condensate recovery riches 90%

Condensate composition determine the MMP and MME.

Gas Cycling does not enhanced the gas production.

Gas cycling is constrained by the field gas production performance.

GOR raised slowly then in Depletion case

NNk W =
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Reservoir Pressure
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Oil Production
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Figure 10 Condensate and Gas production “Gas Cycling” case
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Development Strategy Scenario:

Development strategy for gas-condensate production has been chosen the “mixed” one based on
“Depletion” and “Gas Cycling” summaries. Development drainage strategy is based on the
depletion during the first 600 days, gas cycling (2 injectors - 30000Mscf/d) — from 600-2750
days, massive gas cycling (4 injectors — 20000Mscf/d) — from 2750-4250 days and the blow
down — from 4250-5480 days.

Figure 11 is representing reservoir pressure for the observed scenarios. During whole production
time reservoir pressure for the chosen development strategy is slightly decreased. For the
blowdown period (4250 — 5480 days), reservoir pressure significantly falls down.

Figure 13 is representing the efficiency of the chosen drainage strategy. High ultimate recovery
for the condensate 60% is riches because of the most retrograde area is swept by the injection
“lean” gas. The condensate production mechanism is condensing/vaporizing (C/V).

Figure 14 is showing gas production performance. Gas production is riches the planned field rate
(FGPR=90000Mscf/d) in first 100 days. The plateau takes the most of the production time. The
ultimate gas recovery is 84%.

Field GOR is constantly raised is presented on Figure 12 Error! Reference source not found.
Comparing with depletion case GOR is raised slowly. Cumulative asset productions are
presented in Upstream Appendix on Figure 40, Figure 41and Figure 42.

Summary for development strategy scenario:

Reservoir pressure maintained by injection “lean” gas, depletion occurs slightly.
Condensate production enhanced by C/V drive mechanisms.

Ultimate Condensate recovery riches 60%

Condensate composition determine the MMP and MME.

Gas Cycling does not enhanced the gas production.

Gas cycling is constrained by the field gas production performance.

GOR constantly and slowly increased.

Nk L =
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OILREC, QOIL
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Midstream

Introduction

Midstream simulation is one an important application in the Petroleum Industry, particularly for
the field development and asset-management evaluation. Production strategy, forecasting, wells
performance analyzing, multiphase flow assurance and assets evaluation are valuable application
in production simulation techniques. Picture below shows the midstream applications.

The object for midstream modeling is to evaluate the optimal production strategy for the gas-
condensate reservoir. Well and pipelines designing used to take into consideration the common
problems occurring in gas production. Define and apply the production strategy to deliver the gas
production assets from the reservoir to the surface process facility.
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Model

Figure 15 is presenting the steady state midstream model. The model has been developed for the
gas-condensate natural production. Model is composition and consists of six identical production
and four injection wells. All the wells are vertical. The model specification for the initial steady
state case is presented in Table 4.

Producers interacts with the upstream “gas condensate reservoir” using the PI inflow production
performance. Production wells are choke equipped. The wellheads connected with manifold
through the flowlines, further to sink. “Olga S-2000 V6 2.7-3-phase” flow correlation has been
chosen for the vertical and horizontal flow. (Schlumberger, 2011)

Midstream model has been designed symmetrically in order to increase flexibility of simulation
and optimization process.

PVT

Fluid composition and PVT characteristics were taken from the upstream (reservoir) study. The
initial composition is presented in Table 2 and Table 3. Peng-Robinson equation of state has
been chosen as fluid package in the midstream model. (Schlumberger, 2011)
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Pres | Tres | Tubing ID | Casin Choke . ID Tamb | Length
Wells IPR - - g - g - Flow line g
psia | F inch inch inch inch F ft
Prod.Welll | PI 3550 | 200 | 7.125 9.282 0.6 Flowlinel | 4 50 984.25
Prod.Well2 | PI 3550 | 200 | 7.125 9.282 0.6 Flowline2 | 4 50 984.25
Prod.Well3 | PI 3550 | 200 | 7.125 9.282 0.6 Flowline3 | 4 50 1640.4
Prod.Well4 | PI 3550 | 200 | 7.125 9.282 0.6 Flowline4 | 4 50 1968.5
Prod.Well5 | PI 3550 | 200 | 7.125 9.282 0.6 Flowline5 | 4 50 1968.5
Prod.Well6 | P1 3550 | 200 | 7.125 9.282 0.6 Flowline6 | 4 50 1640.4

Table 4 Wells and Flow lines Specification
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Liquid Loading “Critical Gas Rate”

Liquid loading is a common problem during the gas production. The water and condensate
(heavy components) develops from gas-condensate in reservoir, well and pipelines due to
pressure — temperature reduction. The liquid could not be produced to the surface falls back and
accumulates at the well’s bottom due to gravity. Thus, the consequence of the liquid loading
could restrict the gas production and in some cases even kill it. (Schlumberger, 2011)

Liquid loading phenomena creates a significant back pressure therefore rich gas-condensate
production rate restricted. One of the ways to predict liquid loading onset is determining the
“Critical Gas Rate”. This criterion is a valuable production parameter to avoid the liquid loading
onset during the gas-condensate production strategy. (Schlumberger, 2011)

“Critical Gas Rate” has been determined using the convectional approach (Nodal analyze) to
combine the steady state or pseudo steady state reservoir performance (IPR) with the steady state
or pseudo steady state well performance (TPR). “Critical Gas Rate” is defined as a minimum or
critical gas rate that would sustain the liquid production. (Schlumberger, 2011)

During the production time reduction of wellbore conditions (P, T) and various fluid
compositions were taken into account to determine the “Critical Gas Rate”. Figure 16 presenting
the critical gas rate for the whole production period. Gas production rate = 11.4 MMscf/d is a
critical rate that could sustain the liquid unloading.

P _PUPESIN Project: Liguid Loading “Crivcal Gas Rate~

Figure 16 “ Critical Gas Rate”
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Optimization (Choke)

The field model has been designed to develop the gas-condensate reservoir in 15 years as a
midstream application. Development strategy, defined in upstream part, has been used as a feed
to define the production strategy.

Production wells are choke equipped. Optimization has been done to define the gas-condensate
production strategy, determine wellhead, bottom whole pressure and composition.

Optimization variable parameter is Choke ID. Boundary conditions for the model are reservoir
pressure and sink pressure. Local and global constraints are presented in Table 5 Model
Optimization Constraints. Optimization process has been done manually due to model
requirements.

Node . Local/Global Constraint .
Pressure, psia Gas Rate, Mscf/d Choke, inch
Wells Reservoir Pressure Production Rate Choke ID
Flow lines Estimate Pressure Estimate Rate
Manifold Estimate Pressure Estimate Rate
Sink Pressure Total Rate

Table 5 Model Optimization Constraints
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Result

Figure 18 presenting the production strategy for the midstream. Result of optimization is a series
of steady state solutions for the whole period of gas-condensate production.

Well head pressure and choke positions have been defined for the production wells. Result of
optimized THP pressure and choke positions are depicted on Figure 17.

Total field gas production (FGPR) presented on Figure 18, riches the planned production rate of
90 MMscf/d in first 100 days. The plateau production is more and less the same for both
simulators (SENSOR and PIPESIM) in period of 0 — 3750 days. Then FGPR starts rapidly
decline in compare with SENSOR’s result. That is happening because of the reservoir pressure
will not able to sustain the planned field gas production rate. Thus, the reasons are “liquid
loading” and the pipeline’s specification (P, T). The pipeline network specification and
configuration plays an important role in production strategy. Development model defined in
upstream controlled by the separator (P, T) conditions in order to define cycling gas composition.
Upstream model does not observe the midstream therefore booster station has been introduced to
sustain planned assets production. Difference in reservoir and wellhead pressure sustain
multiphase deliverability are shown on Figure 18 and Figure 19. Production stream is shown in
Table 6, represent production strategy from reservoir to process facility.

Typical PIPESIM output file is presented in Table 10. (Schlumberger, 2011)

Component mol %

Time, days 120 480 840 | 1200 | 1800 | 2640 | 3840 | 4680 | 4920 | 5480
C02 1.21 1.23 1.11 1.13 1.20 1.26 1.20 1.31 1.31 1.20
N2 1.95 2.07 2.17 2.21 2.08 1.96 1.66 1.95 1.95 1.77
C1 66.06 68.93 67.69 69.04 68.64 67.89 60.67 68.42 68.42 62.46
C2 8.67 8.63 7.19 7.26 8.08 8.98 9.04 9.80 9.80 9.06
C3 5.88 5.65 4.45 4.36 4,99 5.85 6.46 6.85 6.85 6.42
C4-6 9.60 8.93 8.38 8.06 8.45 9.22 | 10.96 | 10.31 | 10.31 9.79
C7+1 4.63 3.45 7.02 6.26 5.25 3.76 7.45 0.91 0.91 0.88
C7+2 1.49 0.94 1.63 1.32 0.97 0.72 1.59 0.11 0.11 0.10
C7+3 0.30 0.05 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00
H20 0.23 0.12 0.33 0.34 0.35 0.35 0.98 0.34 0.34 8.33

Table 6 "' PIPESIM COMPOSITION"
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Downstream

Introduction

Downstream model is a pre-market treatment stage. Process simulation is one an important and
fundamental application in the Petroleum Industry for asset-management evaluation. Separation,
dehydration, CO2 absorption, NGL and Cascade LNG extraction are sensible and valuable
application in process simulation techniques. Picture below characterized the complexity of the
process simulation applications.

The object of downstream modeling is fluid assets evaluation. Complexity of the treatment
processes and facility required separate process observation and specification. (Aspen
Technology)
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Model

Downstream thermodynamic, steady state model has been developed for the gas-condensate
production. Downstream application is an extension of the gas-condensate field development.
Model is composition consists of 11 components, Peng-Robinson equation of state (EOS) has
been chosen as a fluid package. Upstream and midstream composition stream fed in downstream
model. Figure 20 presenting processed valuable production assets.

Thermodynamic, steady state model consists of Separation Unit, Dehydration Unit, CO2
Extraction Unit and simplified NGL&LNG Unit. Process units are presented on Figure 21 and
explained below.
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Separation Unit

Separation unit is shown in black quad shown on Figure 21 “HYSYS UNITS”. The unit consists
of the rotating and static-mechanic equipment. Rotating equipments are pumps and compressors.
Separators, scrubbers, mixers and coolers are static-mechanic equipment. (Aspen Technology)

Obviously, separation process is a first stage of the gas treatment process and plays an important
role in gas-condensate assets production. Gas treatment unit consists of three stage separation
process. The type and specification of the static equipment is shown in Table 7.

Separator P, psia T,F
3-phaze, horizontal-1 805 80
3-phaze, horizontal-2 60 34.23
3-phaze, horizontal-3 14.7 17.4164

Table 7 "'Separator specification"

Upstream gas-condensate stream is fed to the first stage of separation process. Gas, condensate
and water are separated at the first stage. Separated gas assigned to dehydration unit. Separated
water directed to water disposal station. Condensate is fed to the second stage and so on.
Condensation process normally starts in the well and flowlines due to pressure and temperature
reduction. Bulk water separated on each stage of separation process. Separated water is directed
to the water disposal station.

Condensate, separated at first stage, is fed to the second stage of separation process and further to
the third one. At each separation stage the light components (C1-C4) are separated from the
condensate, due to pressure and temperature reduction. Phase envelope for the steady state
condensate separation process is shown on Figure 22 “Phase Envelop Condensate Separation
Process”.

Separated gas, from the last stage of separation process, is cooled and fed to the Scrubber where
liquid phase 3-5% separated to protect compressor station. Liquid phase directed to the third
separator where the liquid phase mixed with condensate stream to enhance condensate recovery.
Only one way to get the dewpoint specification for mixing separated gases is compressing and
cooling. Gas from the scrubber is compressed and cooled in order to obtain same dewpoint
condition as gas separated from the second separator. Those gases are mixed and direct to the
scrubber to avoid the liquid phase. Liquid phase occurred when gas was cooled, is separated and
directed to the second separator. Further gas is compressed and cooled to get the same dewpoint
condition as gas separated from the first separator. Processed gas is mixed with gas from the first
separator and directed to dehydration unit. Dewpoint specification for the steady state gas
separation process is shown on Figure 23 "Phase Envelope Gas treatment process".
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The liquid (heavy hydrocarbons + H20) separated from the Scrubbers are fed back to the
separators in order to enhance condensate extraction.

Dehydration Unit (TEG)

Dehydration Unit is shown in red quad on Figure 21 “HYSYS UNITS”As it mentioned above
the water removal process starts in the wells, flowlines and further in separation unit. Separated
natural gas contains the water. To avoid hydrate and corrosion problems that would occur in
further process, the water fraction should be removed from the feed. The process called
“Dehydration”. (Aspen Technology)

Strict dewpoint specification for gas used as a feed to LNG and NGL extraction unit required to
remove bulk water.

In principle there are three main processes are used to remove bulk water from natural gas:
e Expansion and Separation
e Absorption (MEG, DEG and TEG)
e Adsorption (solid material)

The “Expansion and Separation” and “Absorption” were used in the model. The typical Peng-
Robinson (PR) equation of state was used for it.

Note!!! Normally PR will give a bad result especially at high pressure due to water is a polar
substance and creates hydrogen bounding. ( Arne Fredheim, Even Solbaa, 2012)

In order to obtain dry gas dewpoint specification, separated “wet” gas is fed into the bottom of
absorber. Lean TEG (“three ethylene glycol”) is feed at the top of the absorber contractor.
Specification of the absorber is shown in Table 8. Wet natural gas is flowing upwards in
absorber column at the same time as lean TEG run down. The mass transfer process is taking
place due to affinity glycol to water properties. Water content is reduced from the top of the
absorber. Dryness efficiency of the gas is depended on TEG concentration on the upper tray. (
Arne Fredheim, Even Solbaa, 2012)

As the TEG flows down in the absorber, the water fraction is increased. The rich TEG is sent to
the distillation column where the rich TEG is re-boiled at low pressure and high temperature.
High temperature used in order to increase the process efficiency. Hot, re-boiled TEG pumped
back to absorber through heat exchanger, where hot TEG is cooled down by cold rich TEG feed
in order to obtain operation condition. TEG circulation rate is depended on operational
parameters, water content in the feed gas and the dryness specification. Distillation column
specifications are shown in Table 8. Dewpoint specification for dehydration process is presented
on Figure 24"Phase Envelop Dehydration Process".
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CO2 Extraction Unit

CO2 Extraction Unit is shown in green quad on Figure 21 “HYSYS UNITS” The quality of the
natural gas stream is very strict especially for the CO2 fraction 50ppmv. The CO2 extraction
process is similar to the one described above. The process is absorption by circulated MEA
(monoethanolamine) or MDEA (methyl-diethanoamine). (Aspen Technology)

The CO2 Extraction unit has been designed using the “SPLITTER” to avoid the model
complexity. Dewpoint specification for CO2 extraction is shown on Figure 24"Phase Envelop
Dehydration Process".

NGL&LNG Production Unit

NGL and LNG production unit is shown in blue quad on Figure 21 “HYSYS UNITS” Simple
model of “Cascade liquefaction Process” has been designed. The process required pre-cooling

“Propane Cooler”, liquefaction and the sub-cooling stages. ( Arne Fredheim, Even Solbaa,
2012)

Natural gas represents a mix of the pure fluids. Liquefaction temperature of these pure fluids is
lie on the range from 10 C to -160 C. ( Arne Fredheim, Even Solbaa, 2012)

It is very important to note that small pressure drop was detected during the LNG&NGL process.

Obviously, propane C3 is used as a refrigerant for the pre-cooling stage, due to normal boiling
point (NBP) is -42 C. Propane can cover the temperature gap from the ambient temperature to -
42 C as a refrigerant. Compression train section has been designed in order to modeling
liquefaction stage. This section contains from compressors, coolers and scrubbers. Small
pressure drop along the train is applied in order to minimize work for liquefaction. Last cooler
has been designed to represent sub-cooling stage. ( Arne Fredheim, Even Solbaa, 2012)

Pre-cooled natural gas is fed to the scrubber to avoid two phase on the stream. Further gas is fed
to the compression train in order to obtain the dewpoint specification of the final product. Liquid
(NGL) are separated from the gas feed before and during compression. Further liquids (NGL) are
pumped and mixed. To get the stable condition the liquid is cooled. Last cooler represents sub-
cooling stage. Feed is cooled up to -160 C. Traditionally Methane, Ethylene and Propane are
used to cooled the feed up to -160 C due to NBP of ethylene is -103C, NBP of methane is -161C
and NBP of propane is -42C. Thus feed gas can be cooled and liquefied in range from the
ambient temperature to the -161C. The final product is LNG and NGL. Dewpoint control for
NGL and LNG production is shown on Figure 25 "Phase Envelope LNG&NGL Process".
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Contractors Ne trays Pressure kPa Temperature C
5519 21.94
Absorber 14
5519 21.78
101.4 101.7
Distillation column 10
103.4 204.4
Table 8 ""Contractors Specifications'
LNG&NGL Process
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Tepe 2800 \
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"l: LNG ,
2
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Figure 25 '"Phase Envelope LNG&NGL Process'
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Optimization

Model has been designed with automatically adjusted “dewpoint control temperature (Tdpc)”
presented on Figure 20 HYSYS Model. Adjustable parameter during optimization process is
Cooler capacity. In order to enhance LNG and NGL recovery, cooler capacity “Tdpc” has been
optimized using the HYSYS optimizer. Variable parameters have been chosen the “Tee fraction”
and “Tdpc”. The objective function has been chosen maximization of “Actual Liquid Flow” of
LNG stream. Result of optimization is shown in Table 9.

Result

Model has been designed in order to deliver the valuable gas-condensate streams on the market.
Those streams are “Condensate”, “NGL” and “LNG”. Steady state compositions of main process
streams are presented on Figure 26 "Process SS Result".

Dynamic composition flow of those streams will be explained and presented in Integrated Asset
Model “IAM” part.
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Figure 26 '""Process SS Result"

Optimization (LNG flow - maximization )
Variables Low Bound Current High Bound
Tdpc -54.73283 -27.4301902 -13.683208
Tee_frac 0 1.00E-06 1

Table 9 "Optimization Result"
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Integrated Asset Model “IAM”

Introduction

Integrated simulation and optimization is an important application in petroleum industry
especially for the field development strategy evaluation and assets management controlling.
Traditionally model consists of upstream, midstream and downstream applications. The effort of
such model is whole production chain observation and opportunity for optimization in order to
obtain the global maximum or minimum.

Model

Integrated Asset Model “IAM” for the gas-condensate production has been designed on PIPE-IT
commercial software. The IAM consists of the Upstream, Midstream and Downstream
applications and presented on Figure 27 PIPE-IT Project.”

Y,

- MIDSTREAM+DOWNSTREAM

| R
Upstream 0 Midstream 0 Downstream@
SENSOR PIPESIM HYSYS

L o !

Figure 27”PIPE-IT Project.”

IAM is run by integrating the upstream, midstream and downstream models described above.
Integration of those models was done using the VBA, VBS and Ruby programming scripts. The
VBA and VBS for midstream model integration have been developed by Stein Orjan Solrud.
The Ruby script, for downstream model integration, has been developed by Silvya Dewi
Rahmawati.
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Upstream

Upstream, reservoir development model has been studied in “Upstream” part. The gas-
condensate reservoir has been integrated using the PIPE-IT platform. Figure 28 is presenting
upstream integration process. Integration was done using a “Resource”, which has blue color,
and “Process”, green color. Resource is initial SENSOR data file and the process — scrip to run
SENSOR reservoir simulator.

Running the upstream model, output files create field production-stream file using the “Sen2Str”
process. Further the streams file will be sorted by wells and averaged. Composition of producers
and injectors are fed to midstream application in order to define production strategy and generate
wellheads pressure.

Average field mole production stream is fed to the downstream application. Stream contains of
average production time and average mole production of the 9 components fluid.
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Figure 28 “Upstream integration”
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Midstream

Midstream model has been studied in the Midstream part. Integration has been done using the
VBA and VBS script. VBA script was used for the model initialization. The VBS script was used
as process to run the model. Figure 29 “Midstream integration” is presenting midstream model
integration process.

Initializing the model, VBA and VBS scripts are created the ‘“variable” data file. Data file
contains of default composition, tubing specification and boundary conditions. Composition,
choke ID and boundary pressures has been linking to PIPE-IT optimizer as variable parameters
for optimization purpose. Further VBS script was used as a process to read the “output.pns” file.
In order to get feed for downstream application, output stream has been sorted by wells, pipeline
and nodes.

NOTE!!! The Midstream link is not transferred the field /well composition. The production
strategy has been defined manually!!!

Wells composition as a feed for

Run Model PIPESIM in case - LOCAL composition
are used for WELLS STREAM

Pipesim o del M  Wells Comp osition <~~~ -~ M

Run "PIPESIM
MODEL”

.

Read PNS and
create str

[

f { } ¥
[ Wellsinn.str Wellsout.str ’ Manifold &flowlines.str

} [ ‘ [ Sink.str ]
T T T T Feedt: SYS

Figure 29 “Midstream integration”




Downstream

Downstream model has been studied in the “Downstream” part. Integration was done using the
Ruby script as a process driver to run the model insight from PIPE-IT. Figure 30 “Downstream
integration” is presenting the HYSYS integration process.

Average filed mole production stream, obtained from the “upstream”, was used as a feed to run
the model. The output products are composition molar flow of “Condensate”, “Dry Gas”,
“Cycling Gas”, ”’NGL” and “LNG”. Specification of the downstream model is explained above
in downstream “Model” part.

IAM characterized by one main composition stream from the reservoir to market. Figure 31 is
presented the IAM composition stream. Wells molar compositions are fed to midstream model,
which has been designed using PIPESIM. Midstream has been integrated in downstream model
using UPSTREAM link. Thus, midstream and downstream was integrated in one model and
mounted on PIPE-IT integration platform. PIPE-IT has used the PIPESIM’s ENGINE and
HYSYS’s ENGINE to handle production and thyrmodynamical — process performances via
Ruby script.

NOTE!!! Actually, “Cycling Gas” stream is not matched with stream that is used as injection
fluid. That is because of the downstream model has been designed for gas-condensate
production. The “Cycling Gas” stream represents the “virtual” volume of gas assigned for the
cyclic gas injection. Also, the HYSYS model has been simplified, by using splitter to represent
dehydration process.
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Figure 30 “Downstream integration”

Figure 31 Midstream and Downstream integration
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Optimization

In order to produce the gas-condensate field in 15 years with high efficiency the IAM has been
developed. The result of upstream is a development strategy of the gas-condensate production.
Midstream and downstream models gives a steady state solution. In order to obtain midstream
production strategy and generate wellheads pressure, optimization has been done manually.
Results are listed on Figure 18 “Production Strategy.”

Downstream model has been linked with upstream to improve gas-condensate development
strategy. Result is a series of steady state solutions presented bellow. Downstream optimization
has been described in downstream Optimization section.
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Result

One of the important criteria of field development is assets composition flow. So, Figure 32-
Figure 38 shows gas-condensate assets production, actually composition molar flow of the
“Condensate”, “Dry Gas”, “Cycling Gas”, "NGL” and “LNG”. Summarizing the outcome,
different strategies has been applied for the gas-condensate production. The figures bellow
shows integrated process efficiency and sweep efficiency of VGD and C/V gas drive
mechanisms applied to enhance condensate production.

Planned FGPR =90 MMscf/d has been riched in 105 days. Plateau is taking place up to
4000days.Condensate mole production is depicted on Figure 32. Dehydration efficiency of the
produced gas is shown on Figure 33 “Dry Gas Prodcution”. Composition of the dry gas is 76%
of methane. Mole production and composition for NGL is presented on Figure 36” NGL
Production”. LNG mole production and composition is listed on Figure 37 “LNG Production”.
The assets standard actual volumetric flow is shown on Figure 38 “Std Actual Flow”.

During the depletion, production time from 0 -600 days, condensate production is rapidly decline
for the all range of intermediate components. That is happening because of the most retrograde
area are not swept in reservoir. Composition of produced gas is became leaner therefore the
processed assets production decline.

During the cycling gas strategy, production time from 600 days — 2750 days, condensate
production has been improved by the lean injection gas. Field condensate production slightly and
continually decline. Vaporizing gas drive mechanism (VGD) is taking place. Condensate
production of the intermediate components rapidly increased especially for C4-6. The mole
production of the processed dry gas therefore NGL and LNG are increased. That is happening
because of the well stream became richer due to VGD gas drive mechanism.

During cyclic gas strategy, production time from the 2750-4250 days, cyclic injection volume of
lean gas has been increased up to 89% of total field produced. At this period four injectors are
involved in gas injection process and cycling lean gas was reallocated. Decline condensate
production was record due to drive mechanism has been changed from VGD on C/V therefore
the sweep efficiency for condensate production was decline. Assets production rapidly decline
due to 89% of the FGPR is injected back to enhance the condensate production.

Blowdown period, from the 4250 - 5480 days, reservoir is almost depleted, the C/V sweep
efficiency is not reasonable therefore all produced gas is fed to the process. Field condensate
production is rapidly decline. The FGPR is significantly raised during the blowdown. The assets
mole production significantly increased and then rapidly falls. Increased mole production is
happening because of significantly raised processing FGPR. When the sustainable volume of gas
for C/V mechanism has been produced the mole production rapidly falls.
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Condensate Molar Production
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Figure 32 “Condensate Molar Production”
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Cwycling Gas Wiolar Production
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Result

Result of the IAM is main stream from the reservoir to the market of the gas-condensate assets.
IAM has been developed using PIPE-IT platform. Integration of the upstream, midstream and
downstream applications is a challenge to use the reservoir, production and process engineering
skills. Upstream, midstream and downstream applications have been designed as simple models
represented real case. In order to enhance gas-condensate production, different cases have been
studied. Development strategy for the gas-condensate field has been defined based on real case
“Sleipner Os Ty gas-condensate filed”. To define “midstream” production strategy and to
simulate the production problems such as liquid loading and flow insurance wells and pipelines
performance have been simulated. Thermodynamic aspects such as three stage separation,
dehydration (absorption -TEG), simplified CO2 extraction and simplified NGL and LNG
Extraction processes were included in downstream steady state model.

The result of IAM is presented on Figure 38 “Std Actual Flow”. The ultimate recovery has been
riched 60% for the condensate and 84% for the produced gas.
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Figure 38 “Std Actual Flow”
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Conclusions and Discussion

The fundamental understanding of the whole production chain of gas-condensate field has been
demonstrated. Complexity of composition applications has been modeled and described for gas-
condensate field development. VGD and C/V gas drive mechanism have been studied and
applied in development strategy. The common problem such as liquid loading phenomena occurs
during the gas production has been studied and modeled. Thermodynamic, steady state model
has been designed in order to study separation, dehydration, CO2 extraction, NGL and LNG
production processes. Long term production forecast has been obtained for gas-condensate field
development. Assets prediction has been obtained based on the integration of the basic
composition applications such as Upstream, Midstream and Downstream on [AM.

The main conclusions are:
1. The IAM has shown the valuable engineering aspects for the field development process.

2. The IAM shows whole production strategy chain, thus identifying the global constraints
and optimizing it. IJAM gives much accurate field assets prediction and long term
forecasting.

3. The IAM gives a modeling flexibility to solve the global problems and save the valuable
time for the decision making process.

4. The IAM gives an advantage in project NPV determination.

5. The standalone Upstream, downstream and Midstream simulators gives a modeling
flexibility to solve local problems.
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Recommendation

IAM has been designed and optimized based on integration of the Upstream, Midstream and
Downstream standalone applications. The main aspects and specifications of those applications
have been described in this thesis in correspondent chapters.

There are some recommendations to improve the IAM are:
1. Designing and integrating the “Gas Cycling” model improved by MMP and MME tests.
2. Designing and integrating the composition gas injection model
3. Programming the” VBA and VBS” scripts for the whole midstream integration.

4. Improving the process model, adding the absorption process of CO2 extraction and
“Cascade” LNG production.

5. NPV evaluation.
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Appendix A “Upstream”
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Figure 39 “Gas-condensate field”
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Cumultive Oil Production
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Figure 41 ”Total condensate production”
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Appendix B “Midstream”
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r.42

0
25250.7

Etable

21,1656
0
0
0

1.210
1348
BE.160
&.6T
5858
4610
4635
1431
0302
0.077

flawline2 Flowlined flowlined

10
Link

wH2
J4

1
Link

wH 3
g4

12
Link

wH 4
L4

Forward Forward Forward

14811
anar
-56.33
4.3
151656
151636
.43
234663
2346.63
10.47
14.54

iLYRL
350,10
-51.48
4.3
151636
151656
.43
233567
233567
10.43
.43

0
25255

Etable

21765
0
0
0

1210
1348
BE160
G673
5558
4610
45355
1431
0302
0.077

jLERES
55,50
-56.93
1.3
151656
151636
M43
23035.54
2303554
10,46
2.4

146,61
a52.41
-51.81
4.3
151636
151656
M43
2340.60
2340.60
10,45
16,31

a
42035

Etable

Fh.6E3
a
a
a

1210
1348
G160
G.6TI
5658
4610
45355
1431
0302
0.077

143,32
33315
-56.33
4.3
151656
151636
43
2355.26
2305.26
10,46
1213

146.24
350,16
-51.97
4.3
151636
151656
43
234006
234006
10,45
iz

a0
S0451

Etable

42,931
a0
a0
a0

1210
1345
BE.160
G.6T3
5588
4610
4535
1451
0302
0.077

Flawline

13
Link

‘WHE
J4
Farward

143,18
355,50
-56.33
.3
516,56
1516.56
.43
235354
230354
1046
12,74

146.61
a4
-5T.81
.3
1516.56
516,56
.43
234060
234060
10,45
16,31

o
42035

Etable

35653
o
o
o

1210
1345
BE.160
G673
5855
4610
4635
1451
0302
0.0

Ilainfald

Hink
Pressure

Jd
Sink_2
Farward

146.66
345,80
-5T.65
§5.67
0535.14
1053514
653
14023.82
14023.62
62,35
TOT.40

14152
&05.00
-58.10
G067
1053514
0535.14
653
13668.65
1366E.65
B3.6T
Ga2.67

a
123647

Etable

140,737
a
a
a

1210
1348
G160
G.6TI
5658
4610
45355
1431
0302
0.077

T2EEFDA, T2EEFDA T2EEFD3 T2EEFDA T2EEFDA T2EEFDA, T2EEFDE T2EEFDAS T2EEFDE T2EEFDE T2EEFDE T2EEFDE T2EEBFDAy

Table 10 Pipesim Output file
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Appendix C “Downstream”

Process Separation Dehydration Ex-n"C02" Extraction
Stream mix.stream |Gasl Gas2 Gas3 Condensate|Gas"H20"|Dry Gas  |RichTEG |Sour Gas [cycling  |process  |Ext"CO2" |NGL LNG
Mole Frac | €02 1.26E-02| 1.36E-02| 1.85E-02| 142E-02( 3.72E-04| 142E-02| 142E-02) 3.26E-03| 8.68E-03| 142E-02| 1.42E-02) L144E-07| 1.3BE-07| 143E-07
Mole Frac N2 196E-02| 2.40E-02| 7.03E-03| 6.00E-04| 1.32E-06| 2.21E-02| 2.21E-02) 1.91E-03| 5.08E-03| 2.21E-02| 2.21E-02) 2.24E-02| 2.00E-03| 2.62E-02
Mole Frac C1 0.68103176| 0.794073| 0.5747898| 1.66E-01) 1.27E-03| 7.66E-01| 0.766205| 7.72E-03| 2.06E-02| 7.66E-01| 7.66E-01) 0.7772213| 2.57E-01| 0.872931
Mole Frac c2 9.01E-02(8.79E-02| 1.81F-01| 2.47E-01] 1.49E-02| 9.95E-02| 9.95E-02| 2.36E-03| 6.29E-03| 9.95€-02| 9.95E-02| 0.1009707| 2.02E-01| 8.23E-02
Mole Frac 3 5.87E-02| 4.24E-02| 0.1300016| 3.26E-01|  9.19E-02| 5.46E-02| 5.46E-02| 1.71E-03| 4.55E-03| 5.46E-02| 5.46E-02) 5.54E-02( 0.258517| 1.B0E-02
Mole Frac | 4-6 9.25E-02| 3.00E-02| 7.39E-02| 2.10E-01| 5.51E-01| 3.52E-02| 3.52E-02| 3.30E-04| 3.79E-04| 3.52E-02| 3.52E-02) 3.57E-02| 0.226621| 5.87E-04
Mole Frac | C7+1 377802 7.52E-03| 1.31E-02| 3.46E-02|  2.76E-01| B.00E-03| B.01E-03| 2.95E-05| 7.86E-05| B.01E-03| &.01E-03) &.12E-03| 5.21E-02| 2.13E-05
Mole Frac | C7+2 7.22E-03| 5.55E-05| 1.26B-05| 2.14E-05|  6.46E-02| 4.95E-05| 4.95E-05| 3.22E-09| B.57E-09| 4.95E-05| 4.95E-05| 5.02E-05| 3.23E-04| 3.25E-12
Mole Frac | (743 9.44E-06| 2.82E-10| 2.06E-12| 1.67E-12|  B.50E-05( 2.51E-10 2.51E-10) 2.16E-17| 5.75E-17| 2.51E-10{ 2.51E-10) 2.55E-10| 1.64E-09| 5.45E-25
Mole Frac H20 3.62E-04| 3.89E-04| 5.46E-04| 4.10E-04|  1.02E-05| 4.06E-04| 9.29E-05| 4.78E-01| 0.951975| 9.29E-05| 9.29e-05| 9.43E-05| 5.90E-04| 2.93E-06
Mole Frac | TEG 0.00E+00 0 0 0 0 0 1.24E-07| 0.504761| 1.90E-03| 1.24E-07| 1.24E-07| 1.26E-07| 8.11E-07| 1.69E-16
Table 11 ''SS Stream Composition''
T Tz coz Mz c1 cz [msc] Cd-6 CT7+1 CT+2 CT+3 Hzo | Pecover
Mechanis
d d kgmoleth| kgmalelh| kgmoleld kgmolelh | kgmalelh |kgmaleth  |kgmalelh  |kgmeolelh | kgmolelh | kgmaolelh m
a 120 10323 00045 364965 37.7253 237.846 145514 §52.798 323946 652736 1E-05 o 3T
120 240 175582 00075 6.2442 B5.5355 413,155 2536.55 1412.52 523364 TO.531  11E-05 g Ehﬂ
240 360 08667 0003656 30532 32,834 207.76 1254.03 ET0.203  239.007 204522 9.9E-05 T £ %
360 450 0.7565 0.0031 26575 23,1561 154. 325 1155.95 S56.207 187.9539 3.90452 3E-06 & E%
450 00 04135 00016 1455 16,4173 104,413 EE61.437 230,371 92013 314673 8.3E-06 & -
E00 720 20202 00118 85872 E5553¢ 352668 2366.02 242111 EE87.54d4 131357 14E-0S
720 40 21282 00124 3.06d3  EI.0267 369611 25132 2547.35 696905 976655 13E-05 5 %
Za0 960 20133 00116 S5457 E5.5033 350726 2404.6d 23866 635666 754557 13E-05 2 F e
360 1080 2.0353 0.016 86024 664361 356.025 245753 2359172 620.213 6.26634 12E-05 § & 2
1020 1200 19345 00111 583171 652333 349538 24203 230086 551332 514127 12E-05 § o £
1200 1320 19223 00104 7.9435 639572 394413 Z3T0.YS 216731 538127 424624 1E-05 ET 3
1320 1440 15443 00035 7.47¢ 624363 338935 23042 204653 490343 346804 1E-05 2 Z E
1440 1560 20228 001 &017 63851 384468 256613 2177.33 S05463 321204 11E-05 w = O
1560 1680 2175 00102 84316 TE.7352 4239.362 250994 226225 515275 zE2742 11E-05 § i E £
1680 1300 21297 00096 5.0856 76.7604 435065 250333 213626 475971 219697 11E-05 B8 55
1500 1920 22037 00035 82283 &11637 463122 296245 213128 466.861 177183 10E-05 £ 15 X
1320 2040 23483 00037 55963 SY.TIVS 513,255 3205.92 21779 473042 145325 1.0E-0S E'?S' s
2040 2160 21763 00037 T.8353 S82.6775 489476 302317 133551 420842 103113 1.0E-05 gg E_
2160 2280 23203 0,003 5.2353 594449 535656 32758.23 1376.8 434.506 0355253 1.0E-0S ﬂ =3
2280 2400 23341 0003 &8.3315 335055 S66.155 3435.02 1349.89 436423 0.81095 9.3E-06 &5 % E
2400 2520 2424 00035 853513 958524 556.433 3537.89 1555.25 431434 067565 9.T7E-0O6 E %
2520 2640 25753 000352 5.813 103153 E3T.5 352d.06 1311.57 4d5. 116 0.55545 3.6E-06 T 3
2640 2760 24322 00037 54555 100, 304 EZ2 613 371045 1510.84 432436 045011 5. TE-05
2760 ZEE0 11834 00052 44273 dlEeN 22371 132383 132872 305.791 030525 18E-05 + F &
2880 3000 11472 00051 4.7334 402827 214375 128547 128217 299.203 0.28208 17E-05 RS
3000 3120 11151 00043 41572 395313 213.492 126537 123193 290433 026563 17E-0OS :;—’% T L
3120 3240 10937 00047 40575 394622 216346 126622 119281 282134 0.28855 17E-05 3L £ 5 &
3240 3360 10503 00044 3836 352742 212385 122688 120.07 264.069 0.24853 17E-05 5 & B 4
3360 3480 11861 00043 42747 43874 246434 140178 124003 290723 023176 1.7E-0S % g e
3480 3600 11071 00044 53413 415323 236.786 152537 133.98 266.003 025912 17E-05 S < = =
3600 3720 1M7S 000494 33332 425355 245673 1356.41 MZ0.58 265.753 0.25534 16E-05 £ 8 3 %
3720 3840 11843 00046 913583 456038 267.233 2 1945352 153,96 280527 026077 16E-0S c;% S=
3340 3360 12567 0.0048 4.3605 485493 289.353 157243 120207 257.293 027107 1BE-05 £5 & 2
3360 4080 12214 00046 92126 47.6663 257.335 155176 14054 258.3¢4 0.26103 1BE-05 S % 55
4080 4200 11836 0.0044 4.0754 46,3031 254.368 15357 1084.84 279956 0.25366 16E-05 B0 S
4200 4320 08735 00025 258753 372216 243,521 1405.62 509.552 136,503 012319 9.7E-06 L T
0l 45650 21313 00053 6529 100,437 653.305 4155.51 504105 107157 0.03327 G.4E-06 -33 3
45650 4530 29314 00075 9.2436 135.471 945 766G S6T4.61 E55.241 122,272 002545 G.8E-06 = Em
4530 4500 26035 00057 7.9336 121.462 533.215 4334.03 551.207 331117 001453 7. .Z2E-06 % s
4500 4320 06733 00017 20552 3155 21714 127415 140,412 22,3363 0002537 7.6E-06 zﬁ "
4320 S040 01325 00003 0.4068 G.23036 423375 251.287 27. 765  4¢.30555 0.00051 T.5E-06 S m
5040 5160 00408 00001 01245 131738 132134 77.006 @53732 123375 000015 7.9E-O6 §T§
5160 5250 00182 SE-05 00553 0854144 585796 342501 379455 057345 H4E-05 SOE-06 3z 2
5280 5400 00031 2E-05 0.0277 0426638 294412 17.1133 18367 0.285162 31E-05 BOE-0B m 2
5400 5480 0.0043 E-05 00131 0201478 133036 808064 0.89558 0134253 15E-05 S.1E-06

Table 12 “Condensate stream’’
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T T2 Coz Mz 1 Cz C3 Cd-6 CT+1 CT+2 CT+3 Hz20  |Recouer
d kgmaleH kgmoledH komole!H kgmale!H kgmole!l kamolek kgmaledH kgmolel kamaleth | kgmolelhy u
1] 120 26373 42647 14dVT 0 18611 1050 64342 15326 13455 000035 1] w , 2
120 240 47383 TEEAT 26503 33592 18858 MYAET 28322 24406 000008 0 g E a
240 360 25434 424837 W26 TFFTS 33302 636458 0 MEE 1268 000037 0E 3 £
360 450 24338 41132 13673 BESS 33VEE B19.23 13363 1YY 000022 0§ g%
450 BO0 47 EE 25233 83454 06T SE3SE 38396 77033  064d 81BE-05 p= e
GO0 20 42351 83126 26077 278 W1AZ2 3722 41354 24176 0.00074 0
720 840 47383 92578 258953 30057 15361 10V24 45562 2618 0.0001 1] % §
ad0 360 4B815 32055 286E1 23568 15013 0814 44518 25347 8.38E-05 0o gz
360 080 43262 36583 30173 31016 15658 183 4625 26108 7.95E-05 0s % 2
1050 12000 43535 97386 3044 F36 15755 1331 4607 25737 6.34E-05 DEE%
1200 13200 438,31 35302 30228 31826 18806 11345 45036 2431 BO3IE-O5 DS % g
1320 1940 43034 32146 23377 33 1573 MR 42351 235258 5.26E-05 0z 2 £
1440 1Se0 54737 10015 32321 35373 1v323 12523 4621 25035 5.13E-05 1] E § g o
1560 B30 53712 0623 34714 33083 20015 153VEE 48353 26032 4.74E-05 0 § E E =
1650 /oo 5912 0275 33922 33164 20293 13VLY 45933 24573 3.55E-05 DEC =5
1&00 189200 B18.31 10538 35142 41833 ATS8 518 46134 2.d4B53 325E-05 oL ; T
1320 2040 BBE.E1 1LY 37401 45151 23864 15VEZ2 47531 25553 280E-05 D&% g
2040 2160 626.26 1026 34793 42771 22809 14945 42682 23235 Z213E-05 DEE E
2160 2280 BV¥T.dd 10331 37325 dBE3 8 25062 E321 44112 24E855 2 00E-05 Uﬂ =
2280 2400 70333 1238 358801 439153 26621 17253 44081 25403 177E-0S DE% E
2400 2520 V231 &2 33627 S085.5 2VT2E 1v821 43201 25VTS 154E-05 o F ﬁ
2520 2640 TEESE 12271 42525 S825Z 30308 13547 44415 2 T453 133E-05 a &8
2640 2TE0 T2 TV 1824 40452 53127 29275 18755 41603 26241 113E-05 0
2760 2830 13558 2841 10264 13658 V2145 42785 17441 07922 255E-06 0y ZE @
2880 3000 13284 28495 10205 1333 T04.4E 422358 17184 07ITZ Z42E-06 02 R ;; o
3000 3200 18956 23005 10013 13243 V0253 41511 16617 0785 2.533E-06 D:E% TE
20 J240 18833 27V6.29 91 =276 7225 41851 18137 07V23 2.32E-06 o= % 'g a
3240 33B0  W81TS 26353 24988 12327 EB99.26 4056 18203 07326 2 23E-0B D& E b
F360 JdE0 206873 296.24 10727 MWEES 8077 46313 B374 08174 2 6VE-O6 1] E E e g
3450 3600 13426 27526 10006 @14 YFEE 43718 1545 07562 252E-06 03 E &
3600 aT20 1E7E 2VTAT 002 446 80542 dd4EEZ 15278 07624 2 5ZE-06 DE i ﬁ é
3Tzl 3340 21033 23412 10735 1555 5VS.FT 48046 15852 05133 Z65E-06 D"-;% 8%
35840 38E0 2253 3W0Y 1dEs BT4T 35206 51833 IB515 0574 2 81E-06 EI% = ﬁ 2
3360 4080 22153 30856 11264 16558 34755 S51.FF 15504 0563 2 7TSE-06 DU"E 'E‘r.ﬂ
4030 4200 21352 304.36 o1 18355 34284 S5NE6 15133 0.8523 2. 73E-06 05 L3
4200 4320 27335 42465 WE23 20262 B33 TAdAZ 12328 09281 342E-06 pP ot
4320 4440  E55.03 1021 35235 47004 27325 2007 12838 03363 2G62E-06 1] -
440 4560 10235 15326 55062 74356 45476 31713 1914 13445 244E-06 1] g: E
4560 4630 13286 20281 TO430 SET4.Z2 STO03  40TF 23612 14634 1TIE-06 0=z
4530 4500 10536 16333 5V07 7AS65 47¥355 33532 18655 10463 5.30E-07 0 E =
G500 4320 26603 39701 13336 19647 17T.3 82571 45143 0.2335 156E-O7 1] 2"'—“" "
4320 040 51053 VESWE Z6YT.2 3TEA 22807 15804 S57Y0S3  0.0447 2 TOE-08 0 ¢
Sod0 560 15467 22743 80612 16T B3043 47347 2631 00133 T.64E-03 0 E -E
5160 5280 B.8333 33522 35532 SO066 30522 21151 116 00055 3.23E-09 1] e
5280 5400 33326 43834 17664 25132 15138 1052 0O5YY 00023 1E61E-09 0 o I:-L'E
Sd00 Sdig0 15355 23572 83162 ME62 TIBW 4.953% 0271V 00013 T.53E-10 1]

Table 13 “Dry Gas stream”
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T T2 coz M2 1 Cz C3 Cd-6 CT+1 CT+2 CT+3 Hz0 |Recouver
d kgmole!k kgmale!k kgmaledH kgmole!H kgmolell kamaoletk kgmale/H kgmoledH kamoleth | kgmaoleds y
1] 120 26373 42647 14477 18611 1050 64341 15926 13455 0.000852 1] w , 2
120 240 47883 T8RABT  ZB503 33532 18853 MVETY 28322 24406 000103 0g E a
240 360 25434 42487 €226 IFYT3 33302 63645 B2 12658 0000372 0% 3 E
360 480 24338 4132 136V3 EESES 33TSE E19.23 13363 114¥Y 216E-04 o& E%
450 GO0 W7EE 25233 83454  10BF SB356 35336 VY033 0644 SIGE-05 g™
GO0 T20 MW303 2¥681 86536 NS08 472583 323VS 137V 08051 4.51E-05 1] -
720 840 SF.TF3 30825 96415 0003 5151 35712 15172 0ETIE SE1E-05 0 "3
G40 350 15589 30654 35442 35461 43332 35345 14524 0844 2.33E-05 o ga
a60 1080 1E4.04 32262 10043 0325 5214 37258 18411 0.8654 2 BSE-O5 1 E E 2
1030 1200 16536 3243 W17 0dd 3 52464 37731 15341 0857 2.31E-05 1] E o E
1200 1320 166 31935 10066 10495 52635 3VRTI 14997 0.5295 Z2.03E-05 0=z 3
1320 1440 B3 48 30685 SV82E6  Wd2E 52424 3722 19303 0.7835  1.7SE-0S 0z = £
1440 1560 18247 3335 10V63 11781 59703 41702 153585 0.8353  1TIE-OS 1] E § 2.
1560 1880 13884 35385 11560 1301 EBEES1 45748 16102 0.8663 1.53E-05 1 § E E £
1630 1800 19687 354216 1236 13042 G7S V6 45673 15296 05185 1.23E-05 1] E 0 =
1500 1320 20643 35092 1702 13832 T24.5d 48346 15363 0.5203 1.03E-05 oL ; T
15920 2040 22205 3¥018 12455 18023 T34 E3 52488 15828 08509 9.32E-06 0g% 5
2040 2160 20854 34164 1986 W24.3 79955 49765 €213 O0.YVST T.28E-06 078 = E
2160 2280 22553 36402 12429 1853 83455 54343 14653 08212 E6E65E-06 Dﬂ =
2280 2400 23622 37623 12334 1635 88647 57474 WETI 08461 5.53E-06 0 % E
2400 2520 24273 35236 13136 1|36 92335 5366 W3 86 08552 SME-06 0 E ﬁ
2520 2640 2BZ2.02 40861 14161 18333 10093 E5031 WT3 09142 4.B4E-06 0o g8
2640 2760 25067 35T.0F  13dV4 17631 97485 B24.52 13854 0.87V35 3.VVE-O6 1]
27RO 2880 2347 34033 12317 B33 865YF 5135 2033 00951 3.0BE-O7 DuZ®w
25830 3000 23141 34135 12246 1B063 54535 50758 20621 00357 Z230E-O7 1] .E ] ;; i
3000 200 22747 33606 12023 15892 84.304 S01¥3 13341 0.0342  2.V3IE-OF D:E% T <
3120 3240 ZZEB0E 33154 11893 15432 8547 50222 19365 00327 Z27BE-O7 o= § 'E bl
3240 F360 2181 3631 M333 15513 8391 48672 15243 0.0373 2.75E-OF 054 E‘ n
3360 3480 24815 35548 12872 1TE3T 97233 SRGE1 20243 00931 3EZE-OT 1 E E 2 g
3430 3600 2331 33032 12008 16336 93312 52461 15533 00307 3.02E-07 03 - E &
3600 3720 236681 3326 12122 17352 96651 535595 18333 00915 3.02E-07 I:IDE_ i ﬁ é
aTz0 3840 25247 35234 12882 WEE 10503 S5YVESS 18022 00376 31VE-OT 1] ‘-;1% 8%
3540 J360 27037 3VE33  15VE2 20095 1425 B22VZ 19.5818 01043 3.35E-O7 D% =] ﬁ 2
3360 4080 28531 37028 13516 19846 T3T1 E1772 18965 0036 3.34E-07 og E & 5
4030 4200 26222 36523 13322 19626 1514 B1393 18231 01023 3.34E-07 05 o E
T
4320 4440 EE5.03 1021 35235 47004 27325 2007 12838 0.9363 2. E2E-OB 1] -
4440 4560 0235 15326 55062 T43S6 43YE 3T 19141 13445 2.44E-06 1] _5: E
4560 4680 13286 202581 70430 36742 5703 4077 23612 14634 1TIE-06 0 =z
4630 4500 0836 16333 SV07 TISES 47338 33532 18655 10463 8.30E-O7 1] § g
4500 4320 26603 39701 13336 19647 1VV.3 82571 45143 0.2385 1.56E-O7 1] Eﬁ "
4320 S040 510583 VB9 Z26VY.2 3¥8A3 22807 18804 87033 00447 2 TOE-0S 0 & m
S040 Se0 1S46Y 22743 80612 TdET 63043 475947 2631 00133 T.64E-03 1] _§ E
S1E0 5280 B.8333 33822 35532 S0OEBE 30522 21151 116 0.0058 3.23E-09 0 23
5280 o400 33326 43334 V664 25132 157138 052 0577 00023 1E61E-03 0 m DE_
SO0 5480 15955 23572 83162 1862 TOE1E 4.9538  0.2VIF 00003 V.SSE-10 1]

Table 14 “Gas To Process”
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T1 T2 Co:2 M 1 Cz2 C3 Cd-6 | C7+1 | CT+2 C7+3 HZ0  [Recaouver
d kgmale/H kamalek kamale! kgmale!k kamolelk kgmole!H kgmaleb kamoledk kgmaledh  [kgmaleld v
o 120 o o 1] o o 1] o o 1] o w , 2
120 240 0 0 1] 0 0 1] 0 0 1] 0c E o
240 360 o o 1] o o 1] o o 1] 0F 3 =
30 480 0 0 0 0 0 0 0 0 0 0§23
430 =] o o 1] o o 1] o 0 0.00E+00 g
GO0 T20 23645 55445 17333 18325 94657 Bd45d46 27583 16125 S9.03E-05 0 .
T20 840 31605 B85 18312 200458 0246 TIB3Z 3033 17VdEZ  V.Z3E-05 0 33
G40 360 31226 6.1 1907 13722 10014 YOT.3S 23633 16306 S.33E-05 0 gz
360 030 32858 6B46.21 2026 20687 10444 VA625 30863 17414 SFE-0S s E 3
030 1200 33242 64356 20304 20917 10509 VESTE 30V.23 176V 4.63E-05 o E o E
1200 1320 33277 63967 2062 21028 10543 VS6 T2 30039 16E1S 4.0BE-05 0=% e
1320 440 32746 EW4.E1 13535 20883 0501 TdS52 28648 15633 351E-05 0z £
1440 1560 3655 G663 21853 2359.8 11993 83523 30822 16732 3.4ZE-0S o E § 2
1560 1630 33823 V0896 23154 26053 1335 91633 32252 17363 316E-05 0 § E E =
1630 1500 334.33 B8535 22626 26122 13536 91495 30637 16334 257VE-0S 086 %3
1300 1920 41343 V023 23440 27706 MM513 96536 30771 16443 217E-0S oL ; T
13200 2040 44475 Tdidy 24347 3002 /518 10513 3V03 1Y04d  18TE-05 0gw g
2040 2180 41772 68431 23207 28529 15214 9365 28463 15533 14BE-0S 0% = E
2160 2230 45185 T2313 24836 3107 ®TIE 0856 23422 1Ed4d5  1.33E-05 e
2280 2400 d4¥316 79355 25841 32803 1VTS6 11512 254.02 16948  118E-0S 05 % E
2400 2520 48631 TESEBE 2431 335942 18435 1393 28815 1713 10ZE-05 0 I ﬁ
2520 2640 52483 81845 258364 36853 20216 13038 29625 1831 9.25E-06 0 g5
2640 27B0 5021 FYSE1 26988 35436 19526 12509 ZVeS 17503 T.SSE-06 o
ZTE0 2880 1721 25001 30326 12013 B343 3FES3 15348 06372 225E-0B 0y% &
2880 3000 |97 250076 83302 MYEd 61393 3F2Z2 15122 07015 213E-06 02 i ;; i
3000 3120 16651 2dBdd  S8BE 1654 B18.23 367534 WEZ3 06303 Z05E-06 D:E% TE
3120 3240 165.Y78 24343 87217 ME8.3 62678 36523 14201 0ETIE  2.04E-06 oz % '% i
3240 3380 19834 23196 83583 MSTE 61935 35693 13378 0.6447  Z.02E-08 0& & E m
3360 3480 18195 268069 34334 13081 V1348 4076 1485 07193 2.35E-06 o E E z g
3480 3800 17095 24223 83055 1242 63423 38472 13536 06655 Z2.22E-06 02« E K
3600 37200 17352 24351 83833 12¥25 TOSYY 33303 13dd4d 0GETO3 2 ZE-06 EIE W ﬁ é
3r20 3340 18514 25852 4463 13654 TVOEY 42281 1335 0TIST 2.33E-06 o ﬁ.% 8
3540 3360 13527 ZVE33 10032 WY3T 83782 45666 WE3d 0TEH Z4EE-06 EI% = ﬁ z
3960 4080 135 27154 9912 14554 83387 45233 133.08 07585 2.45E-06 oz E & a
L=
d200 4320 o o 1] o o 1] o o 1] o s
4320 4440 o o 1] o o 1] o o ] 0 o
dddn 4580 o o 1] o o 1] o o 1] o g E
4560 dE50 o o 1] o o 1] o o 1] 0=z
dGE0 4800 0 0 1] 0 0 1] 0 0 1] 0 g E
4300 4320 o o 1] o o 1] o o 1] o E‘rﬁ "
4320 5040 o o 1] o o 1] o o 1] 0 ¢ o
S040 5160 0 0 0 0 0 0 0 0 0 0 &%
5160 52380 o o 1] o o 1] o o 1] 0 =3
5280 5400 o o 1] o o 1] o o 1] 0 m |:|E.
5400 SdE0 o o 1] o o 1] o o 1] o

Table 15 “Cycling Gas stream”
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T1 Te COoz2 NZ C1 Cz C3 Cd-5 Cr+1 | CV+2 CT+3 HZ0
d kgmaledk| kgmale!H kgmaled- kgmalalk kgmaled kgmale!H kgmaledy kgmalelb kgmalelh | kgmaledk
1] 120 0 61333 76271 533717 V706 63503 15834 13453 0.000352 1]
120 240 0 M2 13672 W45 13755 TE3 28262 24406  0.00108 1]
240 360 0 58352 7T|Y6 5486 TRB4H B2F1 1R85 1268 0.00037: 1]
360 4a0 0 55043 67801 5113 6V5.06 6B10.52 13333 1W77 2 16E-04 1]
440 GO0 0 33673 40755 30631 403858 Svddl 763922 0644 SI6E-0S 1]
GO0 TN 0 28363 33232 22834 30855 31633 13725 08051 4.51E-05 1]
20 G40 0 31033 36027 24543 33046 34331 13113 08718 3.61E-05 1]
G40 360 0 30363 35244 23321 3214 34553 WrRT2 04644 2.33E-05 1]
360 1030 0 31687 3651 24337 331 536413 15356 05634 Z.B5E-0S 1]
1050 1200 0 3185 33 252N 33696 36382 15286 0857 2 FIE-0S 1]
1200 1320 0 318345 37387 25627 33923 36346 14344 05235 Z.03E-05 1]
1320 1440 o 3158 37421 260033 3183 36433 254 07835 1.7SE-0S 1]
1440 1560 0 3531 42815 30337 39581 4087 15333 05353 1TIE-0S 1]
1560 1630 0 353321 48013 34641 44322 44533 16054 05663 1.53E-0S 1]
1650 1300 0 40238 48531 35841 4627 44877 15255 08185 1.28E-05 1]
1800 1320 0 4301 52632 33148 50323 47545 15322 05203 1.08E-05 1]
13200 2040 0 47053 57341 43633 55885 51663 15785 05503 3.32E-06 1]
2040 2160 0 44574 55563 42321 54004 430713 WIS 0777 7.28E-06 1]
2160 2280 0 43213 EB124 47032 53302 53567 MWESE 08212 E.B5E-06 1]
2280 2400 0 52203 6522 50575 GB4164 SEEFT 14647 08451 5.83E-06 1]
2400 2520 0 54321 B8083 53185 67335 58377 1356 058532 5.1E-06 1]
2520 2640 0 53322 74556 58623 V406 B4247  WFE 03142 4.64E-0B 1]
2640 2760 0 57228 72133 57066 71373 6BIEE3 13826 05733 S5.77E-06 1]
2760 2580 0 04337 65015 5211 6351 50673 20857 00351 3.08E-07F 1]
2ag0 3000 0 04833 63231 50366 61553 50074 20577 00357 Z2.30E-07 1]
3000 3120 0 04881 6306 50363 61723 43513 133 00342 273E-07 1]
J1200 3240 0 04345 B33938 51416 63032 43536 13326 00327 2. 7T5E-O7 1]
3240 3360 0 04853 62887 51013 62463 45081 18.208 00573 2. 75E-O7F 1]
3360 3480 0 05627 7T3.087 53833 T3.085 54335 20213 00381 3.Z21E-07 1]
3480 3600 0 05338 70205 58036 TO.Y35 51873 1850V 00307 3.02E-07 1]
3600 3720 0 05531 Y2744 BOG3S 73852 53024 18303 00915 S.02E-07 1]
3720 3840 0 06078 73056 66262 80845 570683 18332 00376 317E-O7 1]
3540 3360 0 06606 85853 7221 85325 B16S 13785 01043 35.38E-07 1]
3360 4080 0 06575 85356 V134 85233 EB1167 18936 01036 35.34E-07 1]
4030 4200 0 06543 84.552 TI576 858012 60807 15.204 0023 5.34E-07 1]
4320 4440 0O BTS  20211 B|OZ3 20632 13848 12815 03363 Z.62E-06 1]
4440 4560 0 Z5E6 3213 25637 3314 31378 13108 15445 Z.44E-06 1]
4560 4650 0 33534 42265 34045 435771 406853 23574 14634 17IE-06 1]
4630 4800 0 27521 35036 28505 36605 33253 18626 10463 S5.30E-07 1]
4300 4320 0 B8363 BV285 TI302 352 51776 45031 02333 1.56E-07 1]
4320 5040 0 13462 16385 138713 17765 15752 86352 00447 2. TFOE-03 1]
5040 5160 0 045 5122 42034 53834 47436 26271 00133 7.B4E-03 1]
al60  5za0 0 01763 22653 19613 23845 20333 115583 00033 3.23E-03 1]
2280 5400 0 00334  M27T 32613 NETT 0422 05762 00023 161E-03 1]
2400 5480 0 00413 53085 43622 55974 49073 02713 00013 T.53E-10 1]

Gas Cycling, & Producers and 2 injectors.

as Cycling, B Producers and 4 injectors.
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Table 16 ’NGL stream”
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T1 T2 Coz Mz C1 Cz2 C3 Cd-5 CT+1 CT+2 CT+3 H20  |Recaover
d kamaledH kgmalel kgmale! kamaledH kamale!M kamole!H kgmale!W kgmoleth | kgmaleth [ kgmaleti y
1] 120 0 420027 1374 12673 2V83 53322 03247 6.53E-03 1.23E-13 0 w , 2
120 2400 o ¥rd7 25136 23048 51037 15.Y5T 0.5363 1.22E-0F 16TE-13 nc E o
240 360 o 41537 13507 12277 2Y36E1 87721 003182 6.5ZE-05 5.8TE-13 0% 2 2
360 450 0 40573 13001 Nvd 2625 87705 0.2334 6.06E-05 3.47E-13 (i E%
450 GO0 0 24302 73378 TO03.VY 15368 55435 01764 3.4FE-05 1.33E-13 p= ¥
GO0 F20 0 27335 83506 6B3613 16403 B.5127 04622 5.73E-053 7.53E-20 0
720 Sd0 0 30615 328312 T5547Y 15105 V.8085 05303 6.42E-05 6.13E-20 0 %é
340 350 0 30351 9137 7Fd45d4 17352 7865 0523 6.33E-053 S5.13E-20 0o gz
360 1050 0 31345 36¥3F V58545 158V.23 53535 0.5553 6.60E-05 4.64E-20 0s E 2
1050 1200 0 3211 37eS T T3IZ16 15545 S5.4351 05535 6.5ZE-05 4.03E-20 DEP_' E
1200 13z0 0 31|17 36321 TI555 1571 53354 05301 6.22E-05 3.58E-20 n=% g
1320 1440 0 30369 34084 7TE2.22 15253 7.8664 0.4534 S5.68E-05 3.07E-Z0 oz g g
1440 1560 0 32332 10335 &S7dv7 20142 8314 04335 5.78E-053 2.35E-20 0 E § 2.
1560 1650 0 34335 1080 95458 21728 559472 047583 5.63E-05 2.68E-20 0 § E E =
1650 1800 0 33514 10807 94574 213.06 S.0135 04264 S510E-05 214E-20 I:IE 0 =3
1500 13z0 0 54662 76 33176 22125 5005 04032 4.85E-05 1.7VSE-20 nL ; ks
1320 2040 0 36545 11875 0665 2358 82522 03335 4.85E-053 151E-20 0Dz
Z040 2160 o 33715 o3 1031 218351 74654 0337 4.26E-05 1.16E-Z20 DEE E
2160 2280 1] 3531 317 10821 23553 78133 03335 4.36E-05 1.0SE-z0 1] R=Rr"
Z280 2400 0o 37 12263 1522 24484 7.36355 0.321 4. 36E-08 3.22E-21 0% % E
2400 2520 0 37633 12515 TBET 250 T7.3537 03037 4.30E-03 V.33E-21 0 5 ﬁ
Z520 2640 0 40265 1345 12537 26821 .44 030235 4.47E-05 T.1HE-21 0 &85
2640 2760 0 33135 12793 M38.5 25512 T.85838 0.275V 4.18E-05 5.75E-21 0
2760 258380 0 33534 71667 M173 230686 06633 0.0427 450E-03 4 26E-22 0y E #
25380 3000 0 337065 71813 M03z2 22352 0.654 0.0435 4.66E-03 4.10E-22 0E & :; -
3000 320 0 3318 M332 10556 22531 06604 00471 4.50E-03 3.32E-22 D:E% T <
120 Sz2d0 o 3266 1254 1073 22378 06355 00353 4.23E-03 3.86E-22 oz § '% o
3240 3360 o 31145 077 W0d 1 21448 05317 00346 3.33E-03 3.7EE-22 ns o :-:%_" o
3360 340 0 34336 12141 1548 24.208 06461 00367 4.23E-03 4.52E-22 0 % % & g
3d30 3600 0 32432 M305 25 22577 05523 00321 3.77E-03 4.00E-22 02 - E 3
3600 3720 o 3271 13534 T288 22733 05Y06 00304 3.6VE-03 3.34E-22 I:IDE_ I ﬁ LEE
Jrzo 3540 0 34636 12092 12034 24.244 0532 0.0304 3.80E-03 4.03E-22 D‘-;% a5
3540 3360 0 37027 12303 12575 25313 06225 00305 4.00E-03 4.31E-22 D% =] ﬁ 2
3360 4030 0 3637 12663 12652 25477 0605 00283 3.88E-03 4.24E-22 DU"E ‘E.S
4030 4200 0 35863 12473 12463 25123 05325 00274 3.80E-03 4 22E-22 043 o E
T
4320 4440 0 10043 33214 30331 B63.33 22235 0.2246 4.537E-05 4.04E-21 0 -
4440 4560 0 15663 51843 48658 10361 34085 0.3245 5.74E-05 3.7IE-21 0 E: E
4560 4530 0 13345 EBE263 62637 13253 42333 03841 6.03E-053 255E-21 0=z
4550 4500 0 1Bo0E1 53561 51061 10¥5d4 33233 02311 4.16E-05 1.21E-21 0 ; s
4500 4320 0 33011 13063 12517 26213 7.9481 006583 3.25E-03 2 23E-22 0 zﬁ "
4320 S040 0 ¥5.57 25084 24071 50416 15131 0.015 1.7IE-03 3.853E-23 0 ¢ m
=040 5160 0 22347 743  T264 15156 045312 00033 5.03E-10 1.03E-23 0 EE
5160 5280 0 38054 35266 52045 BEVTZ 0135 00017 213E-10 4.63E-24 0 z3
=280 2400 1] 43 168337 19593 3321 0.0353 0.0008 1.03E-10 Z.2VE-zZ4 o @ |ig
5400 5430 0 2354 77853 74336 15645 00463 00004 S50VE-11 1.06E-24 0

Table 17 “LNG stream”
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Stream ProductioCondenszaty Ory Gas | ToFrocess Cucle Gad  MWGL LMG W50, Tl
T1 Tz Fate Fate Rate Rate Fate Fate Fate |Recaower
d d Smapd Sm3pd | Sm3pd Sm3ipd Smipd | Sm3pd | Sm3Spd u

n] 120 512555 42072 444542 4456455394 0 B3243 370373 oo, 2

120 240 4371113 333758 434622 43647513 0 EB5dB0 364330 £ E a

240 360 455340 283.76 4163930 415764.035 1] 61533 351112 § 2 =

S60 450 2803352 155.65 2553354 255061.05 0 37303 214266 & E%

450 EO0 280332 153,63 253334 255061.05 0 37303 214266 — -

00 Tz0 S10z53 S35.67 Trd5T0 255554.73 S15T4T Fdos 224137

Tz0 840 1000503 87416 857545 28652270 574507 34063 243023 ',%' A

gd0 360 3932764 820,95 848167 Z835583.48 SES013 3353044 248553 E_"g

360 1050 1027535 g2d.04 SIZ135 23830253 SIFS02 34537 ZSISET S E "g
1050 1200 1031773 TI5.03 3000535 30033365 GOZTS3 35113 261536 E = %
1200 15320 10215352 TEZ.51 835024 Z33250.23 533333 35257 260035 5 E ¢
1320 1440 333136 T2130 872342 23167268 584221 35165 252640 =2 g 2
1440 1560 1035050 TOO.52 963547 322176.64 645321 40046 ZYVTE16 E § o o
1560 16530 1173574 82747 1E+06 347553 75 B3G1E3 44632 235167 % = E
1650 1500 1156652 T39.23 1E+06  34105335.26 8 653131 45307 291223 E = 5’
1500 1320 1201550 815.05 1E+06 35473212 710850 48557 3013255 "__'; =
1320 2040 1252203 859.26 1E+06 373358205 753102 93312 320420 4 ?3. 'E
2040 2160 11950353 TEST. 36 IE+06  35373V.30 VOSS535  S035Z ZIVSESE = O
2160 2280 12837 831N E+06 38062110 TFE2385 S6044 3132435 § 2
2250 2400 133594 g43.31 1E+0E 39675691 7Id70S  S39558 3316145 % %
=400 2520 1365461 852533 E+06 d406ZZ162 S13663 EB20S58 338423 T 2
2520 2640 1466320 835.75 E+06 43695365 875231 67854 362910 5 a
2640 2760 1333706 S65.55 1E+06 41660351 834455 65572 545104
2760 25850 330301 ddd 37 316264 F817.9d 273532 539756 3584 v T w
2G50 Joaa 355322 43122 313616 Fr7aT.aT 27718s 5827.5 IMEI 2 R "__;. o
3000 F20 378246 413,24 305403 FFIT0.05 272581 57362 305336 :E% e
3120 Fz2d40 374733 411.30 305345 3687458 Z2V0414 58625 30475 % % '% o
Szd0 360 353873 3130 234126 S35d50.55 253373 5751 29154 = & E‘ a
3360 3450 407374 43965 333315 4017543 234620 EBBEE4.3 32324 % E a g
450 600 51034 405.530 312066 61490 2T55435 6385 306VI3 o E a
3600 3720 3585725 410.76 316067 38035.00 27¥33835  BEBO1T SDSS?DE_ o ﬁ é
3Frz0 Fgda 10657 434,23 336540 4060274 Z37753  TI62.S 325843 2 = O =
S5d40 J360 43535386 45554 S60555 43465 60 315745 TTVE3.T 3505?% § ﬁ 2
3350 4030 430322 44533 354531 d42755.50 313540 FVIT.4 34403 5 E = 3
4050 4200 424125 453237 5433354 4215241 5035355 TEES.2 35537 48 b E

rd

43520 4440  NM73537 d05, 59 1E+06 103300644 0 154361 S35555 e
4440 4560 1843034 ES5.88  ZE+06 172206210 0 234517 1E+06G 3: E
45650 4650 2377103 §85.74 ZE+06 221235315 0 386455 ZE+06 = =
4550 4500 1340551 TES. 533 ZE+06 1T3VET4. 31 0 320651 1E+06 E s
4500 4320 477131 13715 433035 440065 34 0 T3I70T7 354072 éiﬁ o
43z0 S040 S51367.3 5.5 54266 gd545. 35 ) 15425 63016 <& o
S040 5160 277507 32 253533 2550414 0 45742 20464 E _E
5150 5250 122457 5.30 M35 T246.02 0 ZOesE 3018 3 F
5250 S400 BO031.5 =.65 5567 553215 o 10255 44534 oo DE_
5400 54530 2563.13 125 26213 2E633.16 0 48447 2111

Table 18 “Std Volume Rate”
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