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This report describes techniques developed to optimize net present value by
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parameters including gas-lift configuration. The parameters that affect production rate
are tubing diameter, choke diameter, pipeline diameter, separator pressures, volume of
gas injected and number of wells. Some of these parameters may vary with time.
After the production profile is obtained, NPV is calculated in the economic model.

To find the maximum net present value, instead of calculating all sets of
production parameters, nonlinear optimization technique is used in order to reduce
computation time. Geneti¢ algorithm has been chosen for this project.

Three case studies with different reservoir and economic conditions were
performed to see the effectiveness of genetic algorithm in finding the solution and the
effect of each parameter an NPV.

Department of Mining and Petroleum Engineering  Student’s signnturej&ﬁgff‘. £

Field of study: Petroleum Engineering Advisor's signature}:ft‘f‘f‘:t'.’f':‘i:f‘"‘j”h

Academic year: 2006



vi

Acknowledgement

| would like to thank Asst. Prof. Dr. Suwat Atichanagorn for his guidance and

advice with full of patience.

Many of my friends have supported me with data and theory description,
thanks to Akarak Suwannarak and Suksombut for their help in Genetic Algorithm,
Chatwit Pochan for drilling and completion data, Suppanai and Rossawon for their
sincere help. Moreover, thanks to Schlumberger for providing ECLIPSE reservoir
simulation program to the department of Mining and Petroleum Engineering as the
software was used to run result. for reference.

I appreciate the understanding of my boss, David Kendall (Baker Atlas
Songkhla base operation manager) , and my colleagues in Baker Atlas Thailand.

Finally, I would like to express my thanks to my parents, Noppon, Pornteera

and Thitima Sudsatha for their encouragement and support.



Contents

Pages

Absivact (In TER) i s vicisivsanisaviniiviasasasssent ssaaisaspassinmaiva i iv
Abstract (in English).......ccvieacsconsesnrsssnssssnnssssnrnssssossrrsnnssranses v
Ackhowledgement......civiiiiuiinisisisrnssiissin i ssi e s ae vi
Lo | | L RPR— 1Y § P —————— vii
List of FIgures .coceouicics DRauERIRRRIR I AAF ol aath + oo 50 asnansssssssasssnasns viii
List of Tables -........co00mnea i #oee - -« oaze s+ 290 0naaaiilil: -2 s o ovssvesonsassensvss xi
Nomenclature. .o soossansiWoens s ufssss PO RAEESRAs 500500 8000000s80000 xii
Chapter
1. Introduction and literature review.....cocoumeiiniiniiinninsnnns
2. Theories and concept......... LN W R —
2.1 Mo degerifitifn. eoowrtgl. . SRR 0 T . cooccviiiiiin
2.2 Fluid property ........ o7 Tk N

A el Ll e

2.3 ResErvolm@RIBE ) i (- Lol 0o 5 .o« e vvvnennnasesanms 14
2.4 Wellbore model.............. R B 20
2.5 Choke mOtel s o N .« 7« oo voiveinsrasunarammsnss 30
2.6 Pipeline model- 7 b/ 2/ .. ... 35
R g7 TP A — 35
2.8 B OO s RIS & - - . . o oo e e 38
2.9 Integrated model................. W cneisel | PR 40
2.10 Optimization method: Genetic algoritm.............ceeenees 43

3. Model testing and case studies.........ocoemenesinnisencaiiniinin 50
3.1 Model Testing:.... ... LLJ.LL..0.1.1..1.d............ 50
3.2 Case studles. ... Fovssvuiisonrosia BDiinsesrsiriusiaovvins 54
R B L B e e (U P ey 78

3.3 Summary of model testing and case studies...........ovvnne 85

4. Conclusions and recommendations. ... ....cooviiiiemiiirieanns 86

4.1 ConclUSiONS. .couverrerrarrarsrsnsnnasssss A 86



AONUUINYUINNS )
ANRINITUNINEAE



List of Figures

Figure

2:1 A diagram illustrating fluid flow from the reservoir to the wellhead
and compressed gas injection for gas lift.........c..oooienieninannn..
2.2 A flow diagram of fluid from production wells flowing into
SEPArAtOrS. ... .cevsseeess kil 4. R R
2.3 Diagram of vapour phase calculation.. . ..c......cocoiviiiiiininnnnnn
2.4 Flow Chart of reservoir model caletlation..i.......oooevviiiennnnn

2.5  Flow chart of tubing model calculation.................ccoeennnnnn..
2.6  Picture of fluid characteristics inside tubing...........covvviiiiiiinnn
2.7 Flow chart of chokemodel calculation.........oc....cocoininnnennn.
2.8 Cross section of @ SParation. (. .. e e e inne . S
2.9  Four-stage separator (from Carrall, 1990}, ...... RO < i s
2.10 Flow chart of integrated model calculation................ccceeenee.

2.11 Picture of one pOINLETOSSOVET: uuuetbibhsuts cosbassersrsrsssinisnsssas
2.12  Picture of two point CrosSover. ., ws. -« i Wi

2.13  Sketch of a fitness landSCaAPE. ... viveveratenrrereeiriasennnns
3.1  Comparison of oil produetion rate obtained from the integrated

model andYECLIPSE .....cvensanssnsansnse Y
3.2 Comparison of gas production rate obtained from the integrated
model and ECLIPSE.......... R R

3.3 Comparison of reservoir pressure obtained from the integrated
modgland B A o o v e sy s g g

3.4  Net present value as a function of generation............ivvennenen.
3.5  Net present value as a function of generation (keep the best answer)..
3.6 Gas production rate profile of case | best answer...........ooen
3.7 © Qil production rate profile of case | best answer........cocvvvvevenn

3.8 Reservoir pressure profile of case | best answer..............ocoevin
3.9  Comparison of cumulative oil productions between fixed 64 choke
and 32-64 adjusted choke ...........ccccoiciiiinimiiisiassen

viii

Page

22

25
35
37
39
42
46
47
48

32

32

53
59

60
61
61

62



Figure Page

3.10  Comparison of cumulative gas productions between fixed 64 choke

and 32-64 adjusted choke ......coreevsvsansrsonsmamvsnnsranssnsnnnnnens 62
3.11  Comparison of cumulative net income and NPV between fixed

64 choke and 32-64 adjusted choke.........ccovviiviiiiiiieieninnnnn, 63
3.12  Comparison of oil production rate profile between 2 and 3

production:wells.: i g @l o il i s s srseise s e dens i 64
3.13  Comparison of oil production rate profile between 5-inch and

2-inch productionuBIngrse”... Ll gt ... 66
3.14  Net present value as a function of generation.............co.ceceveeneverernns 69
3.15  Net present value asa function of generation (keep the best answer)... 70
3.16 Oil production rate profile of case 2 best answer............ccceveeeen 7
3.17 Gas production rate profile of case 2 best answer..............coeuee 71
3.18 Reservoir pressure profile of case 2 best answer...............ccceu... 72
3.19  Oil production profile of producing with fixed 64 choke size....... 73

3.20 Comparison of oil production rate profile between wells with

50 Mscf per day gas injection, 100 Mscf per day and

without 8as iNJECTION .. iivr it vsirrnatin s snnreearresssnrssnrnersnsees 74
3.21 Comparison of reservoir pressure profile between wells with

50 Mscf per day gas injection, 100 Mscf per day and

without gas injection... 74
3.22 Comparing gas-oil ratio pmﬁle between Case 2. | and Case 2.2.. 77
3.23 Comparing oil production profile between Case 2.1 and Case 2.2... 78
3.24 Net present value-as a function of generation... ... 81
3.25 Net present value as a function of generation (keep the best answer)... 82

3.26 Comparison of oil production profile between zero gas injection,

100-Mscf per day gas injection and 200-Mscf per day gas

] e U i DD 83
3.27 Comparison of gas production profile between zero gas injection,

100-Mscl per day gas injection and 200-Mscf per day gas

RO RRONN s s v o i o e e e e 83



Figure

3.28 Comparison of reservoir pressure profile between zero gas injection,
100-Mscf per day gas injection and 200-Mscf per day gas

AONUUINYUINNS )
ANRINITUNINEAE



Xi

List of Tables
Table Page
2.1  Net present value illustration from Thompson and Wright............. 40
3.1 Production parameters that provide the highest NPV in each generation.. 57
3.2  Set of variables that gives the best answer of case ..................... 60
3.3 Cash flow calculation of 3 production wells..........cccoeerriiiiinrannnns 65
34  Cash flow calculation of case | best answer...............cocuiiininnnn. 65

3.5  Production parameters that provide the highest NPV in each generation.. 68

3.6  Set of variables that gives the best answerof case 2..................... 70
3.7  Cash flow calculationof case 2 best anSWer ... vovvvvviniininnnninnns 75
3.8  Cash flow calculation of 2 production wells. ................o.ooeiniee. 75

3.9  Production parameters that provide the highest NPV in each generation.. 80
3.10 Set of variables that gives the best answer of case 3............ccvnvnnes 82



xii

Nomenclature

Redlich-Kwong parameter, of component i.
Redlich-Kwong cross parameter, for components 7 and j.
Redlich-Kwong parameter, mixture z.

Constant used in cubic root solution; Areal extent of reservoir, sq. fi.
Cross-sectional area of choke

Redlich-Kwong parameter, of component i.
Redlich-Kwong parameter, mixture Z.

Constant used in cubic root selution

Choke discharge cocfficient

Choke discharge coefficient

No-slipin-situ volume fraction of liquid and specific heat of liquid
Specific heat of gas at constant pressure

Speeific heat of gas al constant volume

Tubing diameter, ft

Choke diameter, inches

Depth change, ft

Time step length, days

Hydrostatic pressure change over length, psia

Frictional pressure change over length, psia

In-situ volume fraction of liquid, considering holdup
Fanning friction factor

Partial fugacity of component 7 in phase p
Critical/subcritical boundary function; Objective function
Gravitational acceleration, 32.2 fl / second®
Gravitational constant, 32.2 Ibm-ft/(Ibf-second”)
Reservoir thickness, ft

Reservoir permeability, md, and specific heat

Relative permeability of phase p

Equilibrium ratio

Equilibrium ratio of component { in mixture Zz (y/x;)
Liquid phase mole fraction, and depth, ft



xiii

M Choke mass rate, lbm/day
M, Phase p molecular weight, Ibm/lb. mole
n Number of components in mixture, and Polytropic exponent for gas

Total reservoir mass flow rate, Ib.mole/day

Ni Total reservoir mass, [b, mol

Nis Reservoir mass of component i at time step &, Ib. mol
np Phase p relative permeability exponent

Np Reservoir mass rate of phase p, |b. mol/day

jil Constant for cubic root solving, and pressure of interest, psia
Pei Critical pressure of component i, psia

Pri Reduced pressure of component /

Puf Well flowing pressure, psia

q Constant for eubic root solving; Volumetric flow rate, bbl/day
gp Volumetric flow rate, bbl/day

r Constant for ¢ubic root solving

R Universal gas constant

e Radius of reservair, ft

Re Reynold’s number

Fie Radius of wellbore, ft

Sp Phase p saturation

Sor Residual phase p saturation

T Temperature of interest, “R

Tu Critical temperature of component 7, °R

i Reduced temperature of component i

v Gas phase mole fraction; Specificvolume, cu ft / Ib
Vy Bubble rise velocity, fi / second

Vu Mixture velogcity, ft/second

Vasip Modified superficial velocity of phase p, fi/second
Vep Superficial velocity of phase p, ft/second

v, Total gas rise velocity, ft/second

x Composition of liquid phase of mixture z

xi Mole fraction of component 7 in liquid phase x

Xy, X3, X3 Solutions of cubic root



¥ Composition of gas phase of mixture z
Vi Mole fraction of component 7 in gas phase y
¥ Composition of gas phase of mixture z and ratio of upstream to
downstream pressure
¥e Critical ratio of upstream to downstream pressure
Vu Applied ratio of upstream to downstream pressure
z Composition of mixture, array, see zi
-7 Mole fraction of component 7 in mixture z
% Composition of produced fluid
z Gas compressibility factor
Subscripts & Superscripis
Upstream; Separator |
2 Downstream; Separator 2
Separator 3
atm Atmosphere
¢ Critical
F Frictional
g Gas phase
G Gias phase
H Hydrostatic
i Component number, out of » components
inj Injection
k Time step index; Optimization stepindex
L Liquid phase
M Mixture; modified
0 Qil phase
il Phase
r Reservoir
5 Superficial
sepn Separator number n

5

Stock tank

xiv



v

t Tubing
u Applied value
wh Wellhead
wf Sandface flowing
Greek Letters
a Constant used in cubic root solving
p Constant used in cubic root solving
& Tolerance; Absolute pipe roughness, inches
@ Porosity
9 Partial fugacity constant for component i, in phase p
H, Viscosity of phase p, cp
© Acentric factor
P, Phase p density, Ibm/cu ft
a Interfacial surface tension between oil and gas, dyne/cm

o pi.p? Interfacial surface tension between phase | and phase 2, dyne/cm



CHAPTERI

INTRODUCTION AND LITERATURE REVIEW

1.1 Introduction

Economic is the most important decision factor in petroleum industry.
Therefore the way to make the project (o be the most economic should be studied.
This study net present value (NPV) is defined to be objective function. The method to
find set of completion and production parameters that give optimum net present value

is demonstrated in this study.

After the exploration phase, drilling, completion and production phase are
performed to get the hydrocarbon production. The main idea of this study is to answer
the question of “how to get maximum profit?"

Production profile is one of the most important parameters for predicting the
project income. Besides reservoir properties, factors that affect production profile are
tubing size, choke configuration, pipeline size and first separator pressure. Moreover,
after a period of production, the reservoir pressure is low; and ability to drive liquid
hydrocarbon is also low. Gas lift is one of artificial methods to help production flow

to surface.

In some cases, if the reservoir is large or the oil price is high enough, it is

worth to produce with multiple wells.

Once reservoir properties, drilling, completion factors, number of wells and
production configurations are known, the production profile can be determined. The

problem is what the best sizes and configurations of these factors are.

To answer that question, economic calculation is performed with production

profiles from various sets of decision variables to get net present values, NPV.
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Income is from oil and gas sale while cost is the combination of drilling, completion,

production facility and operation costs.

To find the maximum net present value, instead of calculating all sets of
production parameters, nonlinear optimization technique is used. Genetic algorithm
which is proven to be the most suitable for petroleum industry "’ has been chosen for
this project. The answer from optimization algorithm is the set of tubing diameter,
choke configuration, pipeline diameter, first separator pressure, gas injection rate and
number of wells that makes maximum profit.

1.2 Literature review

Production optimization has been studied for a long time by many engineers.
Following studies give the guide line to this thesis. In 1990, Carroll " studied on
production optimization by using Newton's Method, modified Newton’s Method with
Cholesky factorization, and the polytope heuristic. The production system consists of
a reservoir with single production well. The flow performance is determined material
balance equation. Only in separator model is calculated with compositional model. In
his study, total production rate is the objective function. His study gives an idea of
production optimization by designing completion parameters. In 1993, Fujii @
constructed multiple-well-production model to maximize one of these followings in
each case: total production rate, net income and net present value. His production
model was calculated by using inflow and outflow performance relationships. In his
study, three optimization methods were used; Newton-type methods, the polytope
method and genetic. algorithms.. An .idea of production. optimization of multiple
production ‘wells ‘are from -his ‘study. In 1996, nonlin¢ar_ optimization of well
considering gas lift and phase behaviour was studied by Palke . His study was to
optimized net present value of a single oil production well with gas lift. Composition
phase calculation was used for phase behaviour. Newton-type methods, the polytope
method and genetic algorithm were tested to find which one is the best optimization
method for petroleum industry. In the study of Palke gives guild line of NPV

optimization using genetic algorithm,



CHAPTER I

THEORIES AND CONCEPTS

2.1 Model Description

In order to calculate the net present value, NPV, production profiles need to
be determined. Simulation program for obtaining production profile is constructed
for this study. Details of the simulation program are described in the following

sections.

The field model constructed is an integration of smaller components. The
complete model represents a reservoir with optimal multiple gas-lifted wells. The

smaller model components include:

- Fluid properties

. Reservoir model

s Well model with gas lift
. Choke model

il Pipeline model

. Separator model

To integrate the small model components, the production path needs to be
described first: Starting at‘the reservoir, produced fluid flows into the tubing. At the
point where the lift gas enters the tubing, the two streams tombine, and the flow
continues up the wellbore. At the surface, the combined fluid passes through the
choke into the flow line and the first separator. This process is shown in Figure 2.1.
In case that there is more than one well, drainage area is calculated by equally
averaging the reservoir area. Each well produces only from its own area. The
reservoir pressure for every well is assumed to be the same at the average reservoir
pressure. All the production fluids pass through flow lines to the first of the three
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separators. Gas from the first separator goes into the gas line, and the liquid phase
moves into the second separator. Gas from the second separator passes into the gas
line, and the liquid goes into the third separator. The gas in the third separator goes
into the gas line, and the liquid goes into stock tanks to be sold. Some of the
separated gas is compressed, and injected into the tubing-casing annulus for gas lift.
The remainder of the gas is sold. Figure 2.2 shows the surface production path.

Figure 2.1: A diagram illustrating fluid flow from the reservoir to the wellhead
and compressed gas injection for gas lift,
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Figure 2.2: A flow diagram of fluid from production wells flowing into

separators.

2.2 Fluid properties

In this study, fluid properties are calculated based on fluid composition.
These fluid propertics are used in the calculation of fluid flow in the reservoir model,
tubing model, choke model, flow line model and separator model. Not only pressure
and temperature affect fluid properties, but fluid composition also does. Therefore,
compositional calculation is suitable for this study. By using the Redlich-Kwong

Equation of State, empirical black-uil phase behaviour correlations are not needed.

Vapour phase density

Vapour density can be determined based on the Equation of State of Redlich-
Kwong. In order to do Equation of State calculation, flash calculation is also

required to determine for its parameters.



Flash Equilibria

Fluid properties vary with pressure and temperature. A flash calculation takes
the composition of a mixture and calculates the resulting phase equilibria at a new
temperature and pressure, such as the number of phases present and amount of each
phase. The flash calculation is iterative and converges when the fugacity of each
component is the same in both phases. The basic procedure of a flash calculation is
shown in Figure 2.3 and summarized as follows:

1) Given the composition of the mixwre, z, at a temperature, T, and pressure, p,
calculate initial K-factor, by using Wilson Equation **'.

2) Perform Flash caleulation to get liquid fraction, vapour fraction, liquid phase
composition, x, and vapour phase composition, y;.

3) Calculate the equation of state parameters.

4) Solve the equation of state for vapour phase density.

5) Determine the partial fugacity of the components in each phase to verify whether
it is in equilibrium.

6) If the fugacity ratio has not converged to one for each component, then update the
Equilibrium Ratio with partial fugacity and proceed with step 2.

Given: z, pand T

End

L J

Calculate initial &; 1

i
-

Y

Perform Flash calculation [
to find; L, V, x;and

l yes no

Use x; and y;, and EOS to
calculate vapour phase
density and K;

Update K;

Check if it is
equilibrium

¥

Figure 2.3: Diagram of vapour phase calculation.
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The ratio of the vapour mole fraction to the liquid mole fraction for a given
component is known as the equilibrium ratio, or alternatively as the K-value, and is
defined as:

i 2.1
X

Empirical correlations can be used to provide an initial estimate of the
equilibrium ratios. The Wilson Equation was used in this model.

{5.31m,:f|-?'—~u
P ”

K= > - (2.2)

where e, is accentric factor,
P =;‘% @23)
T, =% 24)

The values of T; and py for Cl, C2, C3...C6 are constant but those for C7+

8.3634(0.0566¢y, ) - 0.24244+ (2.2898f 1, )+ (0.118755,0r, D107,
p. =exp|+[1 4685+ (3.648) ;) + (0472274, )} 07T,

(2.5)
- [0.42&1 (1697710, ;)} (1) Ve
0 -32623%..)10°
T, =341.7+ 81 yp, +(0.4244 4 0,11745¢,, )Ty + i d T613r i) (2.6)
B
T, = [4-55?9!“ vl o n}’ 2.7

This initial K-factor is used only for the first iteration of flash calculations.
After the first iteration, the K-factor will be updated with the EOS.



Performing a material balance on each component, we know that
= Lx, + Vy, (2.8)

where V and L are the vapour and liquid mole fractions, respectively, and L = [ - V.
Using the relation y= K / x; and solving for x; yields

zl‘
X, = m [2.9}

And letting x,= K,/ y, and solving for y; yields

Z,

=— 2,10
=T (ISDK. et
From 3 x, =Yy, #)¥zj=1 (2.11)
2 V2 =K
So, ) X, Y, =0= 2.12
z z E’L%—{] -L)K, ( ‘
Liquid fraction eould be determined from solving the root of the function
5 Z(1-K,)
F(Ly=) ————=== 2.13
v .Z."L-n-{]-L]K, G
This equation can be efficiently solved with Newton-Raphson iteration where
F(L,)
Ly, =L, "ﬂ'_-.F' —= (2.14)
aL|,

and



_; _F)
“kel T Uk EF [2'14}

oL|,

and

oF _ "i z,(1-K,)? 2.15)

oL (K +(1-K)L)
Once L is determined, the compositions of the liquid and vapour phases are obtained.

Equation of State

The EOS used in this study is Redlich and Kwong ' equation. The standard

form is
RT a
= - = 2.16
V=b, NTV(V+b,) =i
where
a, ‘-‘ZEJ":}';‘IU (2.17)
=l f=1
PN 2.18)
=l
af.f e a-la; (1.[9}
228
e 0.42748R°T (2.20)
'Fﬂ
b, = 0.08664 1. (221)

€l

i=C,,C,,Cy CyrandC,,
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i=C,C,,C,,.Cq,andC,,

With known pressure and temperature, it is more convenient to write the EOS in

cubic form:

RIv® 1.4 ab
yi - +—(—=—-b_RT-Ph2 W -—==-¢ 2.22
P P[\ff ‘ pNT @22)
In this form EOS can be solved for 2 by substituting
ZRT
V sb— 2.23
7 (2.23)
in Equation 2.22
ZRT 4 4 RT 5 zRT ja a,b
— ) -2 =V +—(—2-b RT-Pb)-—=2)=0 2.24

By solving for the z factor, if there are 3 real roots, the maximum answer is the

vapour phase z-factor.

n zRT
Then, V = —— 2.25
en % P (2.25)

where n = number of mole
M = molecular weight
At this point vapour phase density s obtained as

M

s (2.26)

Py

Partial Fugacity

For the Redlich-Kwong equation of state, the partial fugacity of each

component is given by



~ l'!'-', bﬂ I lrbr bl
fi= Pexp{E(z—l}—ln[z{l -?]]+W|.“bm -2ya,a, ]In{]+~;-,—}}

.27

The partial fugacity represents the chemical potential of each component at a
given thermodynamic state. When the partial fugacity is equal in each phase, for
each component, thermodynamic equilibrium has been reached.

-

% =1 (2.28)
where ﬁ" = Partial fugacity of component i in vapour phase

f* = Partial fugacity of component i in liquid phase

Since the algorithm is iterative, an exact solution is difficult. The
convergence criterion used in this study was whether the fugacity ratio for each
component was within a tolerance of one:

abs(%} sl+e (2.29)

(]

where ¢ is tolerance, 107

If the process has not converged, the K, values are updated with the following

relationship:

T
KAsde g (2.30)
A

In order to update the K-factor, dimensionless partial fugacity coefficient is

required for successive iterations.
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gr=J (2.31)

WP

z ri
¢ = (2.32)

x P
oy :“'T (2.33)

f.f

K\ H f, K/} (2.34)
KM = o (2.35)

<

!

.« b, b, | b, b,
Ing, = E(; -1) —111[;{1— ?)]+ b RTT |i%:— ~24a,a, ]ln[l +F~} (2.36)

where @ is Partial fugacity constant for component i of vapour phase
;ﬁ," is Partial fugacity constant for component 7 of liquid phase

The z-factor can be oblained by solving equation 2.24. The minimum root is

liquid phase z-factor; while the maximum root is vapour phase z-factor.
At this point, the flash calculations are repeated using the updated Kj values.
Liquid phase density

With know liquid composition, liquid density at each specific pressure and
temperature can be determined by using empirical method of McCain © The
concept of this empirical method is to find liquid density at standard condition and

correct it by pressure and temperature correction. The calculation procedure is:

1) Assume initial density, p, ..,

2) Find the density at standard conditions

Z(I M) (2.37)
P
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where V. is liquid volume at standard condition.

YF,, = Z(‘*—M:u (2.38)

By

where p,; is liquid density at standard condition,
P =0312+045p,,., (2.39)
pre2=153+03167p,.. (2.40)

3) Compare new the density to the initial density

- If the difference is significant, go back to step 2 and use the new
density as initial density.
4) Calculate pressure and temperature correction as follows:

& apaspyye Py ooemspyye Py
Ap, =(0.167 + 16:181(10 mlﬂﬂﬂ) 0.01(0.299 + 263(10 "}](mm}

(2.41)

M =5 (ﬂ.{}ﬂ32+ -I ‘SQSP-@',‘”I}(T_GO]WHI % {ﬂ;ﬂz ] ﬁ— ﬂJ}z}x] u—G.ﬂlMp}}(T _ﬁo}l}.ﬂ'!
(2.42)
5) Compute the correct density

Liquid density = p,,, + Ap, - Ap, (2.43)

Viscosity

The following equation may be used to caleulated oil viscosity when its *API
gravity is between 5 and 58 “API.

2, = 10" (10" (1.8653 - 0:025086° AP — 05644 log(T + 460))) -1  (2.44)

o 4P =415 _ 145 (2.45)

Yq

For gas, viscosity is calculated by following equations:

p, = A(10™)exp(0.016028p," ) (2.46)



14

 (9.379+0.01607M )T

209.2+19.26M  +T (2.47)
B=i4dsy 200, 0.01009M, (2.48)
C =2.447-0.2224B (2.49)

where M, is gas phase molecular weight

2.3 Reservoir model

Some of important assumptions concerning the reservoir model used in this
study are:

= The reservoir is homogeneous, isotropic, horizontal, cylindrical, and of
uniform thickness,

* Reservoir fluid is still homogenous even it is produced by multiple wells.

= The reservoir is a zero-dimensional single cell that is bounded by no-flow
boundaries.

* Production occurs under pseudo-steady state conditions and at a constant rate.

= Capillary pressure, gravity effects, and coning are negligible.

* There is no aqueous phase, and the rock phase is incompressible.

* Damages of reservoir due to drilling and completion are neglected.

Flow rate

The purpose of this section is to describe the procedure to find production
flow rate and update reservoir condition at times of producing. Flow rate mostly
depends on fluid behaviour and also well flowing pressure which is related to
outflow performance, from tubing to separator, which is described in subsequence
sections. The basic procedure of flow rate calculation is described as follows:

I) Begin with an average reservoir pressure at time step k, p_ .. a total reservoir

COMPOSItion z,., and an initial guess of p,.
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2) Estimate reservoir pressure at time step k+1, p_ , , and calculate average

+1
TESErvoir Pressure Pres k+ 12 = Y*(Presk + Presiks 1)
3) Perform flash calculations to determine fluid properties, mass of reservoir fluid,
Nj, and phase compositions, z, for the mixture at the average reservoir pressure.
4) Based on these sandface phase properties, determine S, and S;. From these values,
determine k,, and k. Fluid properties in the flow rate equation are calculated at the
Average reservoir pressure,
5) Determine g, and g,. Use the properties at average reservoir pressure to determine
mass flow rates for each phase and compasition of the fluids.
6) Calculate new mass of reservoir fluid, Neos, new reservoir fluid composition, Z.,
and new reservoir pressure, pp.,.
7) Check if Poart change much from the guessed value

- If yes, adjust.p, ., and repeat step 3-6.

- If not, then proceed on.
8) Go to pipeline model, choke model and tubing model to calculate p., based on the
same production rate and composition.
9) Check if p,sfrom inflow and outflow are similar.

- if not, adjust prand go back 1o step 2.

- if they merge, the computed production rate and composition are used for
economic model, and update reservoir fluid mass, reservoir fluid composition and

reservoir pressure.

The main procedure of the reservoir model is shown in Figure 2.4 as a flow
chart.
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Figure 2.4: Flow Chart of reservoir model calculation.

Production rate in this study is based on this volumetric pseudo-steady state

equation:

_000708kkh PPy (2.50)
H ]n{r‘ J’l‘w}—-ﬂ.?i

where g = flow rate, BBL/day



17

k = reservoir permeability, md

krp = relative permeability of phase p
h = reservoir thickness, ft

r. =radius of reservoir,

r. = rRadius of wellbore, ft
Flow rate in liquid phase and vapour phase

The flow rate is calculated separately for the liquid phase and vapour phase.
These are flow rate equations for liquid phase.and vapour phase, respectively:

“ 000708k b, P-p,

251
} K, In(r, 'r,) —{I'.'.r'S;i s
0.00708kk b P-p
2, s T (2.52)
iy In(r, /r, ) =075

Determining flow rate equation parameters

The relative permeabilitics can be found from the equations:

r , \ Mg
k= ._{m (2.53)
(-5, -5,))
(s 5 ) Y
F—a S -Sg) (2.54)
L 3
|(1-S,,-S,))

where 8, is liquid phase saturation
S¢ is vapour phase saturation
Sor is residual liquid phase saturation

S, is residual vapour phase saturation

The saturation values depend on the specific volume of each phase and liquid

mole fraction, L.
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ML
o
8, = = (2.55
"ML M,(-1) !
Pa Py
where
M, =3 Mzx (2.56)
-]
M, = gﬁ,z,y, (2.57)
S,=1-5, (2.58)
Mass flow rate

However, from Equation 2.50 shows the flow rate in unit of barrel per day
which is inconvenient to update the amount of fluid and fluid composition in the
reservoir. The flow rate is converted to unit of mole per day, called mass flow rate.

Mass flow rate can be determined by these following equations:

Npo = 561540 p,/ My (259)
Npg = 5.6154¢ p,/ M (2.60)

where Np, is oil mass flow rate, mole/day
Ny is gas mass flow rate, mole/day
The total mass flow rate is the sum of mass flow rates of liquid and vapour.

Np = Npo* Npg (2.61)

where N is sum mass flow rate; mole/day
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Production composition

By calculating the mass flow rate and performing flash calculation at the well

flowing pressure, the production composition can be determined by the equation:

— wa, +Nm_p,
B N

P

z (2.62)

Reservoir mass and composition

After the reservoir has been on production, time steps are made. At each time
step, the total reservoir fluid mass is old reservoir fluid mass deducted by produced

fluid mass:

N4, =Ny=N At (2.63)

where Ny, is fluid mole in reservoir at time step k+1
Nj is fluid mole in reservoir at time step k

The mass of each component in the reservoir is

Ney= Ny, =Nzt (2.64)

New reservoir fluid composition is

N
2o =—---;" (2.65)
k+1

Updated reservoir pressure

To update the reservoir pressure, iterations are needs as explained in the

following procedure:

1. Calculate reservoir density by
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Nl Mﬂ:
Ahg (2.66)

2. Iterative on the pressure in order to calculate vapour phase density, py by

pﬂl =

performing flash caleulation and using Equation of State. Then, calculate
liquid phase density, p; at the pressure that yields convergence. The mixed
density is

Pus = PrL+ p,(1-L) (2.67)

3. Check if the density in step 1 and 2 are similar.
- If yes, the pressure in step 2 is the new reservoir pressure.

- If no, change the pressure and go back to step 2.
2.4 Wellbore model

Hydrocarbon in the reservoir flows into production line starting at tubing.
Production tubing in this study is vertical and one size. At some depth between the
wellhead and reservoir depth, there is an injection port for gas lift injection. In order
to describe oil and gas flow along the tubing, multiphase flow correlation is needed.
In this study Aziz, Govier and Fogarasi multiphase flow correlation 7 is used.

Pressure along the wellbore is calculated by the correlation while temperature
is assumed to vary linearly along the wellbore. The calculation procedure along the
wellbore is traverse to direction of fluid flow. Starting at the wellhead, at the point
before the fluid. reaches the choke, the fluid flow is calculated back along the
wellbore to the reservoir depth. The basic procedure is described as follows:

1) Based on the pressure at depth L, p, , assume a downstream pressure at a given
change of depth, AL. The initial guess for p,,, canbep, .

2) Find the average pressure along the calculation depth

I
=3Pt ) 2.68)

|
La=Al,
2

P
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3) Flash the flowing mixture at P, and TL 1 to calculate the no-slip properties
=0, +5 L

and compositions of the phases in this step.
4) Use the multiphase flow correlation (AGF in this case) to determine the flow
regime, liquid holdup, frictional pressure loss, and hydrostatic head over this
pressure step.
5) Use the output of the multiphase flow correlation and p, to determine p, _ , -

» If p, ., has changed from the initial guess, this step has not converged.

Return to Step 2.

= _If it has not changed significantly, this step has converged.
6) Set p, equal top,,,, . Assume now that p, ., = p, +(p, — p,.s )and return to
Step 2.

This process is repeated until the ultimate depth of interest is reached. For
this project, this calculation is performed twice for cach determination of bottom
hole pressure. First, it is used to determine the pressure at the point of gas injection,
based on the surface pressure and the mixture of produced fluid and lift gas. Second,
this technique is used to determine the sandface pressure based on the injection-point
pressure and produced fluid rate and composition.

The flow chart of the tubing model calculation is shown in Figure 2.5.
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Figure 2.5: Flow chart of tubing model calculation.

Multiphase flow

To determine pressure loss in pipe for multiphase mixtures is much more
difficult than calculating the pressure loss for single phase flow. Whereas single-
phase flow may be characterized by laminar or turbulent flow, multiphase flow
analysis must consider quantities of the phases, flow pattern of the mixture,

interfacial tension between the phases, and different velocities of the phases.
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No-slip holdup is defined as the ratio of the volume of liquid in a pipe
segment divided by the total volume if the gas and liquid flowed at the same velocity.
In this case, the liquid holdup can be directly calculated from the liquid and gas flow
rates, that is in-situ volume fraction of liquid, C;

C, = —ok (2.69)
q, +4,

Typically the phases will move at different velocities due to variation in
phase densities and viscosities. The lighter phase moves faster than the denser,
While the lighter phase keeps passing through the denser phase, this causes the
denser phase to have more cross sectional area.

Since the phases are nol moving in tandem, the phase volumes inside the
system cannot be directly inferred from the phase flow rates.

The actual in-situ volume fraction of liquid, £, is the ratio of volume
occupied by liquid to the total pipe volume.

Vafﬁme,__

= Volume, + Volume ,

(2.70)

Aziz, Govier, and Fogarasi (AGF) multiphase flow correlation

Aziz, Govier, and Fogarasi proposed a multiphase flow correlation that was
dependent on the flow regime. The Aziz et al. correlation has some theoretical
justification and is considered to be one of the least empirical correlations available.

The steps to follow in the pressure drop calculations are:

1) Determine flow patterns.
2) Determine the liquid holdup appropriate for the existing flow pattern, and the
hydrostatic head component of the total pressure drop.
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3) Calculate the frictional pressure drop using a friction factor evaluated at Reynolds
number appropriate for the flow pattern.
4) Calculate the total pressure loss as the sum of the hydrostatic head component, the

frictional pressure loss, and if necessary, the kinetic energy term.
Flow pattern classification

Four flow regimes are considered: Bubble, slug, froth, and annular-mist. Aziz
et al. presented original correlations for the bubble and slug flow regimes and used
the method of Duns and Ros ™ for the froth and annular-mist flow regimes. These
flow patterns are shown in Figure 2.6.

Bubble Flow
The pipe is almost filled with the liquid phase, and the pipe wall is always

contacted with the liguid, The free gas is present in small bubbles. The bubbles have
little effect on the pressure gradient.

Slug Flow
The liquid phase is still continuous, but the gas bubbles coalesce and form

slugs which almast plug the pipe cross section. The bubble velocity is greater than
that of the liquid. Both the liquid and gas phase have significant effects on the

pressure gradient.
Transition Flow

There are changes from the liquid phase to the gas phase. Though the liquid
effects are significant, the gas phase effects are more dominant.
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Mist Flow

Though the pipe wall is still coated with the liquid, the continuous phase is
the gas phase. The pressure gradient is now controlled by the gas phase.

Gas

oil

Bubble Slug Froth

Annular Misl

Figure 2.6: Picture of fluid characteristics inside tubing,

In order to classify the flow regime these parameters need to be calculated.

Superficial velocities

=0

v, = (2.71)
4q

. 2.72

Vie == (2.72)

where Vy is superficial velocity of liquid phase, ft/second

Vg is superficial velocity of vapour phase, ft/second
A is area of wellbore
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Modified superficial velocities

]
-
Vit = P::.{_pﬁaw J (2.73)
Ph‘l‘ll'lfﬂ-
i i
3 4
Woas =V,(,-[ Lx ] [ dld 2 ] (2.74)
Pair F -

where

pu = liquid density, Ib/ft’

o is interfacial surface tension between oil and gas, dyne/cm
owa is interfacial surface tension between water and air, dyne/cm

a =350

o, =12

P, =0.0781b/ fi*
Power =62.3711 fi’

Mixture velocity is defined as
Vie = Vaar, + Vg (2.75)
Flow Regimes are classified as the following:

DIV >4
and

“. D'DV ]l} 1721
Viae < r;f;ﬁ

([ MVML ]E.I'HH
1.96

265<V,,, ; Annular-Mist Flow

: Bubble Flow

=V <265  ; 5Slug Flow

2)IfV,, =4

and
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oz
- (wm’;%; - Bubble Flow
017211
(1 ﬂm‘; M;ﬁ:-' SVio < .ﬂF__._;ﬂﬁf-E +8.6 : Slug Flow
T4 865 Vs < TONI00V;,) ; Froth Flow
700100V, )" <V, ; Annular- Mist Flow

Pressure gradient calculation

Bubble flow regime

To obtain the pressure gradient due to (Tuid density in the bubble flow regime,
Aziz et al. propased to define the liquid holdup as in-situ liquid fraction

E, =1- %— (2.76)

[

where the absolute bubble rise velocity is

V,=12F, %V, (2.77)
And the bubble rise velocity is
i
- 4
v, =1.41[‘g°{‘”’, A )] . =95 2.78)
e

where g = gravitational acceleration, 32.2 ft / second®

The hydrostatic head component of the total pressure gradient is then

a7/ 4Pl |_AL[ & K
aPH_aL[E]H]_m[g (p,E, +(1 }:,_}p,]) (2.79)

|3

The frictional pressure loss is
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21, Vi p, AL
AP, ==L = .
! 144g.D (2.80)

where f; is Fanning friction factor
g. is gravitational constant, 32.2 Ibm-ft/(Ibf-second®)
D is tubing diameter, ft

The friction factor can be found by solving the equation

1 2s 187
=1.74-2log| == + 2.81)
4f, D R.:J-tf; ]
R =144g 2V P (2.82)
My

where & is absolute pipe roughness, inches

The acceleration component was considered to be negligible in the bubble

flow regime.
Slug flow regime

The calculation method for slug flow regime is very similar to that of the
bubble flow. The density component in the slug flow regime uses the same definition
for liquid holdup in the bubble flow regime.

In-situ liquid fraction is similar to that of the bubble flow (Equation 2.76)

However, ¥} is defined as:

V= u.sds[MT (2.83)

2y

¥, is defined in Equation 2.77.

Having obtained the liquid holdup, the hydrostatic head pressure loss and
pressure loss due to friction are determined by Equation 2.79 and 2.80 respectively.
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As in the bubble flow regime, the acceleration component was considered to

be negligible in the slug flow regime.
Annular-Mist flow regime
For the annular-mist flow regime, Aziz er al. used the procedure of Duns and

Ros. Duns and Ros assumed that the high gas velocity of the annular-mist region
would allow no slippage to occur between the phases.

-

Ey=C, =i (2.84)

Ve
The hydrostatic pressure drop is determined by Equation 2.79.

And the frictional pressure drop is

2
AP =M (2.85)

7 144g.D

The friction factor is determined by Equation 2.81.

The Reynold’s number is calculated only from the gas phase.

DV,
R, =144g 20 (2.86)
Hy
The acceleration pressure loss can be accounted by using E;
-El i, VMVMﬂipm (213?]

g.r
where pys is no slip density

The total pressure loss for annular-mist flow is
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(2.88)

Froth Flow Regime

The froth flow region is a region of transition between the slug and the
annular-mist flow regions. When the flow occurs within the transition region, the
pressure gradient is obtained by performing a linear interpolation between the slug
and annular-mist regions, as suggested by Duns and Ros. The interpolation is
performed as follows:

V. -F..
AP = (AP, —aPl)[ﬁ}M’, (2.89)
i3 il

where

AP, is total pressure loss fram slug flow

AP, is total pressure loss from (annular-mist flow)

v (0, 10269 +86) _—
7
gy = 0007 70) 2.91)
= e

2.5 Choke model

The reasons for having a choking device in the production system are to

»  Protect reservoir and surface equipment from pressure fluctuations.

=  Maintain stable pressure downstream of the choke for processing equipment.

= Provide the necessary backpressure on a reservoir to avoid formation damage
and to prevent sand from entering the wellbore.

= (Control flow rates and maintain well allowable.
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*  Produce the reservoir at the most efficient rate.

* Protect the reservoir and surface equipment from pressure changes.
*  Prevent sand production due to excessive draw-down.

* Prevent water and/or gas coning.

= Get the most efficient production from the reservoir.

Generally, the flows of fluid through chokes are classified into two patterns
based on the fluid velocity, critical flow and suberitical flow. In the critical flow
region, fluids travel faster than sonic velogity. When the velocity of the fluid is
greater than the sonic velogcity of the fluid, any downstream perturbation is unable to
propagate upstream, and the mass flow rate through the choke is solely a function of
the upstream parameters. Thus causes the result as the independence of choke flow
from the downstream pressure. In subcritical flow, the fluctuations in flow
conditions are transmiited upsiream of the choke. Because the effects of wellhead
chokes on the production system are quite significant, an accurate choke
performance calculation is one of the most important parts in the process of

production optimization.

In theory, the choke should be small enough to cause critical flow. This has
many advantages. The separator preéssuré ean be changed, within reason, without
altering the wellhead or sandface pressures.

In this study, Sachdeva er al. " correlation is used for choke calculation.
Sachdeva er al. correlation
There are some assumptions associated with Sachdeva er al. correlation:
* The gas phase contracts isentropically but expands polytropically.
* Flow is one-dimensional.
* Phase velocities are equal at the throat (no slippage occurs between the

phases).

* The predominant influence on pressure is accelerational.
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* The quality of the mixture is constant across the choke (no mass transfer
between the phases).
= The liquid phase is incompressible.

Moreover, the Sachdeva ef al. model makes no attempt to distinguish
between free gas and solution gas, nor does it take into account the effect of different
mixtures of liquids. Calculating procedure is by the following

1) Determine critical ratio of upstream 1o downstream pressure, y. by iterating
on the upstream pressure, p;, until ¥ and y, are merged.

2) Determine upstream pressure, p;, that vield the same production rate that is
obtained from the reservoir model. This can be done by iteratively calculate
pi until the same production rate is obtained,

3) At this point, the upstream pressure is obtained.

The first step in the Sachdeva et al. method is to find the critical-subcritical
boundary.
This is done by iterating and converging on y, in the expression:

p= f_{ (2.92)

where p; is downstream pressure, psia
P is upstréam pressure, psia

o |

k +(l-x.]V;.('l—y}
k-1 x. V.
J,.rrz‘ - 161 1 3 {2.93}
k_*“+ +“{] ‘II}F:.+E({]'~‘L}VL]

M
)2 Von 2\ xV

k= C/C,
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Il {Cp "-C\-}
xC, +(1—x,)C,

= Polytropic exponent for gas (2.94)

x; = vapour fraction ( inlet)

¥ = upstream liquid specific volume, cuft/lb

Vg1 = upstream vapour specific volume, cuft/lb
V2 = downstream vapour specific volume, cuft/lb
C, = Specific heat of gas at constant pressure

C, = Specific heat of gas at constant volume

C; = Specific heat of liquid

Var =V ¥ (2.95)

P =5V F +A-x)V,)" (2.96)

After the eritical ratio is found the condition of fluid flow can be determined

whether it is critical flow or not. If v is equal or less than y., it is critical flow.

Mass flow rate

+

A=x)1-
M =864004,C, J(igcidfiﬁ p:z[L,ﬂ.H ?il
3 >

(Ve —J-’V,z]] (2.97)
where 4. is cross-sectional area of choke

Cp is choke discharge coefficient

P
M

If the flow is critical, y is then equal to y.. If the flow is subcritical, y is

Liquid flows through restriction

One of the limitations with the Sachdeva e al. choke model is that it cannot
handle single-phase liquid flow. Fortunately, there are good single-phase liquid flow
models.
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For single-phase liquid flow, the pressure drop through the choke is assumed
to be equal to the kinetic energy pressure drop divided by the square of a drag

coefficient """

g = 5.615*22800C(D,)’ E (2.98)

C is a flow coefficient of the choke, based on the choke diameter and Reynold’s
number, This coefficient ranges from 0.92 to 1.2.

D> = choke diameter, inch

Mass flow rate is calculated by multiplying, g. by liquid density, p. and dividing by

liquid molecular weight, M.
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Figure 2.7: Flow chart of choke model calculation.
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2.6 Pipeline model

After the production fluid passes through choke, there is horizontal flow
through pipeline to the separator. This model is used to calculate the pressure drop in
the flow line to separator. Aziz, Govier and Fogarasi (AGF) multiphase flow

correlation can still be used for horizontal flow.

The horizontal flow pressure loss calculation is considered to be similar to

that of vertical flow without hydrostatic pressure loss.

2.7 Separator model

Before the preduction goes to sale line, mixed fluids is separated to liquid
phase, gas phase and water phase. However, there is no water in this study. Three-
stage separation and one stock tank are used in this study because it is necessary to
reduce fluid pressure to ambient before it goes into the stock tank.

Separators are controlled by adjusting the internal pressure. The amount of
each output stream depends upon the separator pressure. In each separator, the fluids
are flashed into liquid and gas. The liquid, by gravity, is at the bottom part, and gas
phase is on the top. Figure 2.8 shows cross sectional piciure of the separator.
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Figure 2.8: Cross section of a separator,
Calculation steps of three-stage separations and one stock tank are as follows:

1) Begin with a mixture of the produced fluid and the lift gas. This mixture has a
mass flow rate of N, and a composition of z, (same composition as in the reservoir)
2) Perform a flash calculation of the mixture at first stage separator, pep;. The liquid
mole fraction at this stage is L;. The gas phase composition is y;, with mass rate of
Nun (1-L ). The oil phase mass flow rate is Ny with composition x;.

3) Flash first separator liquid composition x; at second separator pressure, pyepz. The
liquid mole fraction at this stage is L. The gas phase mass rate is Nyl,(1-Ly) with
composition yz. The oil phase mass rate is Ny,L,L> with compesition x;.

4) Flash second separator liquid composition x; at third separalor pressure, pseps. The
liquid mole fraction at this stage is Ly The gas phase mass rate is NupliLa(1-L3) with
composition y3. The oil phase mass rate is N, L L:L; with composition x3.

5) Flash third separator liquid composition x; at ambient pressure, pum. The liquid
mole fraction in the stock tank is Ly. The sales oil mass rate is NypliLaLsLy with
composition Xj,. The sales mass rate (Ib/day) can be figured by multiplying the mass
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rate (mole/day) by the molecular weight of X, The volume rate can be figured by
dividing this mass rate by the fluid’s density.

6) The gas stream can be determined by combining the three separator gas streams.
The mass rate (lbmol/day) is Nyw(1-Ly)+ Nyali(1-La)+ NuwlLiLyf1-L3). Notice that
gas from the stock tank is lost to the atmosphere

7). The oil produced from the stock tank is sold. Partion of the gas from the first
three separators may be compressed and injected into the tubing-casing annulus in

the gas-lift process.

Picture of four-stage separator with production path inside the separators are
shown in Figure 2.9,

For multi-stage separator, there are correlations to find separator pressures,
related to first stage separator pressure and stock tank pressure. The simplest of these
methods assumes an equal pressure ratio between the stages for optimum

performance (Campbell) "

i I
r=(Liys (2.99)

&l

Pos SR (2.100)

2.8 Economics

In this study net present value (NPV) is defined to be an objective function.
Net present value provides the discounted value of a future cash flow. Economics
model is used to calculate NPV from all income and costs for each project. Costs are
from the eost of drilling, completion, facility, operation cost and abandonment cost,

while income is from oil and gas sales '*.

Costs are grouped as initial cost, operation cost and abandonment cost. The
initial cost includes drilling, completion, and facility costs which all are affected by

the decision variable and are the cost at the first time step. The operation cost is a
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cost incurred at each time step while the abandonment cost occurs at the final time

step. Incomes from oil and gas sales are also evaluated at each time step.

It needs to be remarked that tax and depreciation are not calculated in this

economic model.

Table 2.2 is a sample calculation of net present value for a project with an

initial cost of $60,000. This example is provided by Thompson and Wright ¥,

In this study, a fixed discount rate is used for Net Present Value calculation.

Gas Ou

Stock
Tank

Figure 2.9: Four-stage separator (from Carroll, I'}ﬂﬂ}“:'.
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Table 2.1: Net present value illustration from Thompson and Wright 1,

Present Value
Net Cash Discounted at
Year Flow 10%

0 -60,000 -60,000
1 37,100 33,727
2 16,800 13,884
3 12,200 9,166
4 8,640 5,901
5 5,440 3,378
B 250 141
Net Present Value for Project $ 6,198

The net present value depends on the discount factor and distribution of cash

flows,

2.9 Integrated model

This model combines all compartmentalized models together in order to
simulate the production of fluid from the reservoir to the separator system. The
calculation starts at initial reservoir conditions. Along the way from the reservoir to
the separator, fluid properties are calculated using compositional models. At the
separator, the fluids are flashed into oil and gas phases. Some of gas production is
injected back to the well for artificial lift. The rest of gas production and all of oil
production go for sales. At the end of each time step, reservoir pressure and fluid
composition in the reservoir are updated. The production is stopped when reservoir

pressure is equal to or less than abandonment pressure,

The computation at each time step can be summarized as follows:
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1) Beginning at time 7 and reservoir pressure p,_ ., assume a value for the well

flowing pressure p,; for the time step. Also, assume a value for pressure at the new

lime step p,., ..,

1} Find _Pn"_‘.‘_”: me P and Pl"n.lil'

3) Calculate the mass flow rate. Also, find the produced fluid composition.

4) Find the wellhead pressure which allows the produced fluid and lift gas to flow
across the choke against the first separator pressure.

5) Calculate pressure loss along pipeling, choke and wellbore, from wellhead to
injection depth, with the combined fluid ecomposition, 2, and mass flow rate, Ny« iuj
(produced flow rate plus gas-lift flow raie) to find the pressure at the point of
injection.

6) Calculate pressure loss along wellbore, from injection depth to sandface depth,
with the produced fluid composition, z,, and mass flow rate, N,, to find the tubing
pressure at the sandface, well flowing pressure p,.

7) If the difference between assumed p,rand computed p,sis too large, change p.rand
go back to Step 3.

8) Combine the produced fluid and lift gas mass rate, Ny, and composition, zp.my,
and use the separator model to determing the produced mass rate, Ngm, new lift gas
composition, .

9) Find the new reservoir pressure p,., ., from producing the fluids at the mass rate
computed in step 3 and new reservoir composition. If p,. ., has changed

significantly, return to Step 2. Otherwise, all quantities can be updated at this point.
10) Check if the flow rate is more than the minimum rate. If yes, begin calculation
for the new time step.

The calculation procedure is shown as a flow chart in Figure 2.10.
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Calculate N, z,,, new reservoir fluid mass, composition
and pressure in reservoir model at p _, 1 ,Tand ,
e

Yes;
adjust
Fm.hl
Check if P, 4, change much
from the estimated? Adjust p.s
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Go to pipeline model, choke model based on Nj. i, and Z;. . till
injection point. Then tubing model based on Ap and Zp w
sandface to find pue

Check if puyis matched with
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Separator model; with &, and ZF that makﬁp.ﬂrmatchnd. Find
Natm and Zjy,
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Check if computed Ny
is enough for input Ny

Adjust; N
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less thian minimum production rate

yes
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Figure 2.10: Flow chart of integrated model calculation.
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2.10 Optimization method: Genetic algorithm

Genetic algorithm is an optimization method that draws an analogy to the

) " It is a search technique used in

process of natural selection (Goldberg
computing to find true or approximate solutions to optimization and search problems,
and is often abbreviated as GA. Based on the random generation of decision
variables and the development of the sets of variables using direct function value
comparisons, the GA does not require any mathematical computations. Genetic
algorithms uses techniques similar to evolutionary of biology such as mutation,

selection, and crossover.

Without the idea of a convergence, a GA criterion depends upon user
satisfaction. Consequently, the use of GA should be carefully examined based on the
problem types, dimensions and computer capacities,

In order to optimize the problem, genetic algorithms generate population of
decision variables (called chromosomes) of candidate solutions (objective funciton)
for better solutions. Normally, populations are represented in binary as strings of 0s
and 1s, but other encodings are also possible. The genetic algorithm starts with
population of randomly generated. In each generation, the fitness of every individual
in the population is evaluated, Then, in the next generations populations are selected
from the current population (based on their fitness), and modified to form a new

population. These processes are repeated until it reaches its critiria.
GA procedure
Typical genetic algorithm concepts are described as

1) Geneti¢ representation of the solution domain

2) Fitness function to evaluate the solution domain

A standard representation (population) of the solution is as an array of bits.
Arrays of other types and structures can be used in essentially the same way. This

makes GA itself easily reproduce the population by crossover or mutation.
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The fitness function is defined over the genetic representation and measures
the quality of the represented solution. The fitness function is always problem
dependent. In this study, the Net Present Value (NPV) is to be maiximized.

Once we have the genetic representation and the fitness function defined the

following steps needed to be proceeded

1) Initialize a population of solutions randomly.

2) Evaluate the fitnesses of individuals in the population.

3) Improve it by the application of mutation, crossover, and selection.

4) Evaluate the individual fitnesses of the population.

5) Replace worst ranked part of the population with offsprings until critiria is
reached.

In the first generation, the GA evaluates each population according to the
fitness function. The randomly generated candidates which have small fitness will be
deleted. However, purely by chance, a few may hold promise. They may show
activity, even if only weak and imperfect activity, toward solving the problem, These
candidates are kept and allowed to reproduce. New populations are randomly
reproduced from them. The candidates that make better fitness will be allowed to go
to next generation, Those candidate solutions which were worsened or made no
better are again deleted. The good individuals are selecied and copied over into the
next generation with random changes, and the process repeats.

The expectation is that the average fitness of the population will increase
each round, and so by repeating this process for hundreds or thousands of rounds,
very good solutions to the problem can be discovered.

Initiaization

Initially, the first sets of decision variable are randomly generated. The
population size depends on criterion of the problem, but typically contains several
hundreds or thousands of possible solutions. In this study, the population is

generated randomly, covering the entire range of possible solutions.
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Selection

During each process, a proportion of the existing population is selected to
form a new generation. Individual solutions are selected through a fitness-based
process, where fitter solutions are typically more likely to be selected. Certain
selection methods rate the fitness of each solution and preferentially select the best

solutions.

There are many different techniques which a genetic algorithm can use to
select the individuals to be copied over into the next generation, but Roulette-wheel

selection is some of the most common methods,
Roulette-wheel selection

Base on the fitngss of each individual in last generation, genetic algorithm
provides the probability of an individual. The fitter of the population, the more
chance to be selected to next generation. (Conceptually, this can be represented as a
game of roulette - each individual gets a slice of the wheel, but more fit ones get
larger slices than less fit ones. The wheel is then spun, and whichever individual

owns the section on which it lands each time is chosen.) """

Reproduction

The next step is to generate new generation populations from those selected
through genetic operators: crossover and, or mutation.

For each new solution to be produced, a pair of parent solutions is selected
for breeding from the sets of parameters selected previously. To produce new
population, the methods of crossover and mutation are used, a new solution is
created which typically shares many of the characteristics of its "parents”, New
parents are selected for each child, and the process continues until a new population

of solutions of appropriate size is generated.

These processes ultimately result in the next generation population of

chromosomes that is different from the initial generation. Generally the average
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fitness will have increased by this procedure for the population, since only the best
parameters from the first generation are selected for breeding, along with a small

proportion of less fit solutions.
Crossover techniques

Many crossover techniques exist for organisms which use different data

structures to store themselves.
One point crossover

A crossover point on the parent organism string is selected. All data beyond
that point in the organism string is swapped between the two parent organisms. The

resulting organisms are the children, shown in Figure 2.11.

i

Figure 2.11: Picture of one point crossover.
Two point crossover

Two point crossover calls for two points to be selected on the parent organism
strings. Everything between the two points.is swapped between the parent organisms,

becoming two child organisms, shown in Figure 2:12.

Figure 2.12: Picture of two point crossover.
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Crossover for ordered chromosomes

Depending on how the chromosome represents the solution, a direct swap
may not be possible.

After a crossover point is selected on the parents. Another population is
selected by order. The chromosome that has not existed on the first population
before the crossover point will be choosen to be new member. This choosing process
is continued until the chromosomes of new populations are completed. For example,
if our two parents are ABCDEFGHI and IGAHFDBEC and our crossover point is
after the fourth character, then the resulting children would be ABCDIGHFE and
IGAHBCDEF.

Mutation technigue

In genetic algorithms, mutation is used to maintain genetic diversity from one
generation of a population of chromosomes to the next. It is analogous to biological
mutation.

Example is by replacinging a chromosome in parent’s organism by a
candidated chromosome. This might be at any position in the parents. This random
variable tells wheter the new chromosome or the replaced chromosome is fit or not.

The purpose of mutation in genetic algorithm is to prevent the population of
chromosomes from becoming too similar to each other which causes slowing or even
stopping evolution. This reasoning also explains the fact that most genetic algorithm
systems avoid only taking the fittest of the population in generating the next but
rather a random selection with a weighting toward those that are fitter.
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Figure 2.13: Sketch of a fitness landscape. The arrows indicate the preferred flow of
a population on the landseape, and the points A, B, and C are local optima. The red
ball indicates a population that moves from a very low fitness value to the top of a
peak (after Wilke) '),

Termination

This generational process is repeated until a termination condition has been

reached. Common terminating conditions are

e A solution is found that satisfies minimum critéria

e Fixed number of generations reached

e Allocated budget (computation time/money) reached

e The highest ranking sclution's fitness is-reaching or has reached a plateau
such that successive iterations no longer produce better results

e Manual inspection

e Combinations of the above

2.11 Summary of theory and concept

Conclusionly, there are 3 mains program combined into the integrated
program. There are production profile program, economic program and genetic
algorithm program. At the first generation the sets of decision variable are randonly

created by genetic algorithm. Then, the production profile program is run and passes
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the production profile to the economic program. Finally the NPV is send to genetic
algorithm program. For the second generation, sets decision variables are reproduced
by genetic algorithm. Then all three programs are run through to get the NPV, This
process is repeated until it reached the criteria.
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CHAPTER III

MODEL TESTING AND CASE STUDIES

In this section, the results of the model testing and 3 examples of optimization
calculations are presented. The integrated model was run and compared the result
with that of the ECLIPSE program. Then, three optimization case studies are done to

find maximum NPV. Genetic algorithm is used to save time of calculation.

3.1 Model Testing

After all models were integrated, the program was tested, and the results were
compared with those from one of most reliable commercial simulation program,
ECLIPSE.

One limitation of this task is that there is no function to limit target production
rate in the program, The flow rate is determined by matching the well flowing
pressure between inflow and outflow model, as described before. Therefore, to
compare the results to those oblained from the ECLIPSE, there is a need to adjust the
choke size at each time step in order to match the production rate to that of the
ECLIPSE.

Reservoir parameters of model testing

The reservoir parameters used in testing the model are

Reservoir radius = 400 fi

Resérvoir thickness = 100 ft
Reservoir permeability = 10.85 md
Reservoir porosity = 20%

Initial reservoir pressure = 3000 psi

Reservoir temperature = 300 F
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Reservoir depth = 8000 ft
Residual gas saturation =0.15

Residual oil saturation = 0.01

It needs to be remarked that in ECLIPSE reservoir is square shape, not circular
like that of the integrated program. With same reservoir thickness, the reservoir radius
of the integrated program is calculated in order to make reservoir volume equal to that
of the ECLIPSE.

Reservoir fluid is gas condensate with composition as following:

Component C1 = 59.991
Component C2 = 8.4326
Component C3 = 6.3988
Component i-C4 = 34127
Component n-C4 = 3 3989
Component i-C5 = | 4286
Component n-C5 = 1 3988
Component C6=7.2718
Component C7+ = 7.7660

Variable inputs of model testing

1. Tubing ID size =0.625 ft

2. Pipeline = Not Available

3. Choke size is adjustable to match with ECLIPSE production rate
4. Separator Pressure = 14.7 psia

5. Number of well = 1 well

6. Gas injection rate = zero
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Result of model testing

Difficulty of this testing is that the choke needs to be adjusted along the time
of calculation in order to match the production rate. Production rate is very sensitive
to choke size. By adjusting the choke size only little, the production rate is fluctuating,

as can be seen in Figures 3.1 and 3.2.
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Figure 3.1: Comparison of oil production rate obtained from the integrated

model and ECLIPSE.
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Figure 3.2: Comparison of gas production rate obtained from the integrated
model and ECLIPSE.
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Figure 3.3: Comparison of reservoir pressure obtained from the integrated
model and ECLIPSE.
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In any case, the errors between these two programs are not significantly
different. The maximum error in flow rate is 15% while average the error of flow rate
is about 8.5%. This might cause by the difference of reservoir shape. Even the
reservoir volumes are equal, that difference of reservoir shape does make reservoir in

flow performance difference.

At the early time, fluid composition in the reservoir is still similar to the initial
composition. This gas oil ratio is more or less constant in the first 60 days. This is
because the fluid pressure is above its dew point. After that period, fluid composition
inside the reservoir and also reservoir pressure start to change, this makes production
composition changed. This change affects the produced gas oil ratio.

When the reserveir fluid is initially produced at a constant rate, the reservoir
pressure reduces quite linearly. Afler the reservoir could not make the target rate and

the production rate starts declining, the reservoir pressure decreases at a slower pace.

In conclusion, based on the results of this test run, the integrated program
yields a 15% maximum error in flow rate compared with the outputs from ECLIPSE.

3.2 Case studies

To maximize the objective function which is NPV, the integrated model is run
for the answer which is a set of parameters for completion design and production.

In these following case studies, economic parameters are rated for incremental

production system. Main production facilities are existed. The reservoir in each case
study is to expand the field and is produced by adding up to the main facility.

3.2.1 Case 1

Reservoir parameters

Reservoir radius = 1000 ft



Reservoir thickness = 100 ft
Reservoir permeability = 10 md
Reservoir porosity = 20%

Initial reservoir pressure = 3000 psi
Reservoir temperature = 300 F
Reservoir depth = 8000 ft

Residual gas saturation = 0.15
Residual oil saturation = 0.01
Surface temperature = 60 F

Surface pressure = 14.7 psi

Reservoir fluid composition “ is
Component C1 = 20%
Component C2 = 15%
Component C3 = 20%
Component i-C4 = 7.5%
Component n-C4 =7.5%
Component i-C5 = 7%
Component n-C5 = 7%
Component C6 = 10%
Component CT+= 6%
Molecular weight of C7; is 142 /mole

Economic parameters

Discount rate is 10 percent.

Oil price is $60 per STB

Gas price is $15.71 per Mscf

Drilling cost is $1,000,000

Well completion and equipment cost are
- 2.875-inch OD well $1,200,000 per well
- 4-inch OD well = $1,450,000 per well
- 5.5-inch OD well = §1,800,000 per well

55
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Production equipment cost of oil ' is 540,000+52.50*(Maximum oil rate, STB/day)
per well

% js 675*(Maximum gas rate, MMscf/day) per

Production equipment cost of gas
well
Production operation cost is $1,400,000 per year per well
Gathering line costs ($) = 500 * length (ft) * number of well
In case there is compressor.
- The well completion and equipment cost is $500,000 per well extra.
-  Additional operation cost per well is
o $150,000 per year for 50Mscf per day injection.
o $300,000 per year for 100Msef per day injection.
Decommissioning cost is $500,000 per well

Variable inputs
The model was run with these following decision variables

1. Tubing ID size: 2.441 inch, 3.548 inch and 4.950 inch. All the wells are
assumed to have the same tubing size.

2. Choke sizes are varied every S-year period by following sizes: 16/64, 32/64,
48/64 and 64/64. All the wells are assumed to have the same choke size.

3. Pipeline 1D size: 7.921 inch; 10.050 inch and 11.084 inch.

4. Pressure of the first separator: 100 psia, 150 psia and 200 psia.

Pressures of second and third separators are

First separator, psia Second separator, psia Third separator, psia
100 62 38
150 . B4 47
200 104 54

5. Gas injection rate: Zero, 50000 scf/day and 100000 scf/day. All the wells are

assumed to have same gas injection rate.
6. MNumber of wells: 1, 2, 3, 4 and 5.
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Result and discussion

Based on six decision variables, the search space included a total of 6480
possible combinations. Each generation had a population of 10 members. Each
member has 9 chromosomes. In this case, the program was run for 80 generations. So,
the model computed the output 800 times using different sets of control variables to
get the fittest answer. After 80 generations, the maximum NPV was found to be
$140,556,637.

Table 3.1 shows combinations of production parameters that yield the highest
NPV in each generation, The value of NPV in each generation is plotted in Figure 3.4,
As seen from the figure, generation 69 provides the highest NPV. The production
parameters that result in this highest NPV are summarized in Table 3.2.

Table 3.1: Production parameters that provide the highest NPV in each

generation.

Gas ™)
Tubing | Pipetine inject | of

Generation | Sk | Sk Chokel | Choke2 | Choked | Choked | Psep | reie well NPV ]
inch inch ptia | achiday ] year
1| 2875 12 3z FT] A8 84 | 100 [ 1| B0,381,285 | 18

2| 2878 5 32 32 84 &4 | 100 [ V| 7a.8e1.077
3 s 0 6 6 i3 6 | 100 (] 1| 245299 | 17

4 4 12 18 B4 [T [T 100 [] 1| 75384678

5| 2878 ] 32 1) 1.3 B4 | 100 O 2| sasdsqr

6| 2875 10 16 1B 1B 16 | 100 | 50000 1| 13828407
7 55 12 7 T3 FT] 16 | 100 | 50000 | 1| 45356067 | 18
8| 2875 ] 16 16 16 16 [ 100 7] 1| 13833681 | 24
9 4 0 32 1] B CT T 0| 4 | 108,742,187 5
0 55 10 32 ] E¥] 32| 1% O 1| 88405799 | 12
| 2875 ] 3z ¥ 3z 32| 00 G 1| 650966100 | 15
12 | 2815 0 6 1% 16 16| 100 | 100000 1| 0768458 | 25
13| Zims ([ i1 i3 8 6| 100 | 50000 | 1| 1aB2e487 | 24
7] 4 12 13 16 ] 16| 200 | 100000 1| 10268720 | 1
16 | 2878 10 1B 16 48 48 | 100 ] 1| 1884578 | 12
16 |- 2878 12 18 [ 18 16| 100 | 50000 | 1| 14,033681 B

I On 10| z878 0 16 16 6 16 || 100 0 1| 11.604.578
8| 2875 EF] 6 32 a8 B4 | 100 [ 1| S295671Z | Z3
L] 55 12 8 | 48 [7] B4 | 100 | 50000 1| 058688331 | 13
20 | 2878 12 a8 a8 7] 48 | 100 [ T 08814354 | 18
21 | 2875 12 a2 2 iz 2| 200 | 50000 1| ss872512 12
I 2=z | 2818 (] 32 32 7] &4 | 100 [} 1| 73500177 | 20
23 | 287% 12 i3 16 &4 64 | 100 | 100000 3 | 75,167,057 5
24 | 2875 12 32 3z B4 B4 | 00 | 50000 1| 71269653 | 20
25 ] 12 az [T] (7] 16 | 100 [] 1| 74235680 10
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Table 3.1: Production parameters that provide the highest NPV in each

generation. (continued).
Gas | No
Tubing | Pipaline inject of

Generafion |  Size Size | Chokel | Choke2 | Choked | Choked | Peep e | wall NEV | e
76 55 1z az 32 [T 16 | 150 | 100000 1| 88258837 | 15
T | 287S 12 2 F] Bd B4 [ 150 1] 3| 102453814 B
28 | 2875 2 E-F] ¥ (7] [T} 100000 | 2 | 87357126 | 10
5] E5 0 48 a8 [} B4 | 100 0 1| 05674851 | 11
30 ] 0 6 T T 64 | 100 | 50000 1| 7e.3z28388 | 13
£ 4 0 32 B4 54 B4 | 100 | 50000 | 2 | 120465725 | 11
7 Y 70 3 @ T L) o 3| %] &
] 4 12 (7] 1] T a6 | o0 O 1| o8,30683% | 16
34 | 2875 12 (7] 48 T 48 | 150 o 1| sE2s1862 | 15
35 4 2 48 48 48 | Ba | Z00 0 1| 96383842 ]
38 S 12 T8 (73 1] 200 O 1| 66637145 | 18
E1J rl 0 i3 o4 4 4 | z00 [ 3 | 107 269,852 5
2875 BEE] 6 [T] T 48 | 100 [ 1| oagmasz | o1
a8 55 B 48 | s 48 48 | 100 [} 1| 98306838 | 18
40 rl 10 3z 32 32| sz | 100 o 1| Toasesses | 12
a1 | 2878 £} [T) a3 [T} B4 | 100 ] 1 | 100,765606 | 15
Az 55 F] 3z a8 1] 48 | 150 | 50000 1| 101,129,354 B
43 58 a2 i 7] 48 | 150 | 50000 1| ®8583415 | 10
[T} 55 12 Bd [T} 2 B4 | 100 [} 1| 75384878 ]
® ) 2 3 W% i 6 | 900 | 80000 |1 | 438TTAST | 97
[ a 10 6 48 [T] 64 | 200 ] 3 | 107,269,852 5

a7 B& 10 16 FT] r B4 | 100 [ 3 | 121,167,188

FT] ] 0 w2 E| 2| o O 2| 108432147
R BELLE 12 [e 1f (2] G4 | 100 | o000 | 2| 1Z25TAm | @
50 | 2875 12 [T Bl [T B4 | 100 | 100000 2| 116376428 | 10
51| 2878 12 ] PN — 32 | 200 | 50000 | 1| ©9.572513 | 12
52 | 2875 F] 32 32 48 48 | 100 0| 4| 70824365 [
5 ] 12 64 48 4B B4 | 0| o0 1| ®3Ezms 7
] 55 2 6 & (] “ B4 | 00 O 1| 103488875 ]
BS 55 2 7] a8 FT] 5| 100 o 1| 91565041 | 18
8 1 10 18 2 7] a8 | 100 0| 1| Se3sezed | 15
57 | 2878 (] 48 (L] (7] B4 | 100 0| 2| 121235200 ]
&7 55 iz 48 2] T B 100 0| 5| 102185478 3
68 55 iz 3z 3z 32 32 | 00 0 E | 107,000,400 4
(] 55 12 B4 [T (7] 84 | 100 0| 2| 140,755,283 5
O 4 2 FT N T Ty 84| 100 O 3| 124574124 | 11
7 ] 2 1] (] 7] B4 | 100 [ 3 | 126.675.457 ]
72 | Z815 [F] FT] a8 [T] 48| 100 ] 113165458 | 6
73 ] 12 B4 a2 18 48 | 100 [ 7 | 105347 268 7
T4 1) 12 B4 B4 i 84 | 100 (] TL?ﬂ.m,m 5
75 55 0 16 [T (7} 64 | 100 ] 2 | 118398481 7
T8 56 2 2 [T 84 B4 | 100 0| 2| 124,595,308 [
77 55 12 a8 a8 ab 48 | 100 7] 2 | 125257624 [
A 55 12 3z T IT] 64 | 100 [] 2 | 116,526.3M B
] 55 12 48 (7} 54 B4 | 100 [ 2 | 135,829,584 5
B0 55 ] 7] 1] ] | 00 G| 2| 133279589 8
Final 55 12 B4 B4 84 B4 | 100 O | 2 | 140,556,637 5
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Results from the genetic algorithm show that in the first 20 generation, the
value of the best NPV in each generation is quite fluctuating. Then, the objective
function tends to increase with less difference comparing to previous generations. At
generation 69", it reaches the best answer of the case being studied. In many case,
best answer from previous is brought to be an offspring of next generation. So the best
answer in later generation is always equal or higher than the former, as shown in
Figure 3.5. Before the program stopped, the best answer was not improved for 11

generations.

80 — - e |
. 140 |
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Best NPV, $million
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Figure: 3.5 Net present value as a function of generation (keep the best answer).



Table 3.2: Set of variables that gives the best answer of case 1.

Parameters Value
Tubing Diameter, inch 5.5
Pipeline Diameter, inch
Choke1, by 64 inch
Choke2, by 64 inch
"Choke3, by 64 inch = =
Choked, by 64 inch

First separator pressure, psia-
| Injection rate, scf per day
No. of well

NPV, $ 140,556,637

- - _
b

o o 8 2 2| 2| 2| &

The oil and g:{a_a*]}n:,ndue:ﬁan mtefof the best production scenario (generation 69)
are shown in Figures 3.6 and 3.7, respe@ﬁﬁljr As seen in the figures, the oil and gas
production rates start with very high ra&s and rapidly decline. This behavior gives
high values of cash flows in the carly yw.rs of production, resulting in a relatively
high NPV,
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Figure 3.6: Gas production rate profile of case 1 best answer.
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Figure 3.7: Oil production rate profile of case 1 best answer.
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Figure 3.8: Reservoir pressure profile of case 1 best answer.

Effect of choke size

To illustrate the effect of choke size on NPV, a simulation run based on
another choke profile was made so that its result can be compared with those obtained
from the best scenario. In this simulation run choke diameter is kept at 32/64 choke
for the first 5 years and changed to 64/64 afterward. The cumulative oil production,
gas production, net income and NPV of the adjusted choke size and the best scenario

(fixed choke size) are shown in Figures 3.8, 3.9, and 3.10, respectively.
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Figure 3.9: Comparison of cumulative oil productions between fixed 64 choke
and 32-64 adjusted choke.
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Figure 3.10: Comparison of cumulative gas productions between fixed 64 choke
and 32-64 adjusted choke.
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Figure 3.9 shows that, in the first seventh years, cumulative oil production of
32-64 adjusted choke is less than that of the best answer. Then on the eighth year, the
cumulative oil production of 32-64 adjusted choke becomes higher. The cumulative
gas production of 32-64 adjusted choke is less than that of the best answer on the first
eighth year, as seen in Figure 3.10. The final cumulative income of 32-64 adjusted
choke is more than that of best answer but the effect of discount rate and yearly costs
makes NPV of 32-64 adjusted choke lesser, as seen in Figure 3.11. The important
factors are oil and gas prices. With high oil and gas production in the early year, the
cash flows are large during this early period. Large amount of money is not reduced
while NPV of long-life production is less even though cumulative amount of income

is more.

Effect of choke size ¢an be seen by controlling the rate with specific economic

condition does affect mugh on NPV in this case study.
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—— NPV computed from x number of years of fixed 64 choke ( best answer)k |

Figure 3.11: Comparison of cumulative net income and NPV between fixed 64
choke and 32-64 adjusted choke.



Effect of multiple wells

Number of production wells affects strongly on the amount of production and
costs of drilling and completion, and production facility. In the best scenario
(generation 69), two wells provide the best NPV. To show the effect of number of

wells, another simulation with 3 wells was performed.

Figure 3.12 shows oil production profile of the case with 2 and 3 production
wells. In the first year, the total oil rate from three wells is higher than that from two
wells, but in the second year the total oil rate from 3 wells decreases very fast and
becomes lower than the oil rate from 2 wells. Moreover, the 3-well production dies 2

year faster than the 2-well case.
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Figure 3.12: Comparison of oil production rate profile between 2 and 3

production wells.



Table 3.3: Cash flow calculation of 3 production wells.
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Net
Time | Total sale Drilling and | Operation | Facility income Discount NPV
completion

year 3 cost, § cost, § cost, § ] rate=10% -3
1| 110,269,814 8,400,000 | 4,200,000 | 796,428 | 96,873,386 1.0000 | 96,873,386
2| 38438919 4,200,000 34,238,919 1.1000 | 31,126,290
3| 15,745,256 4,200,000 11,546 256 12100 | 9,542,380
4 6,825,871 1,500,000 | 4,200,000 1,125.871 1.3310 845,958

138,387,994 |

It can be seen in Figure 3.12 that with three production wells, early year
productions are much higher than that of the two production wells but the initial cost
and operation cost are 1.5 times higher, From Tables 3.3 and 3.4, high production rate
of 3-production well in the first year makes cash flow much higher than that of the
best answer while drilling and ecompletion cost and operation cost make the final NPV

of the three wells lesser. Moreover, with three production wells the production
depletes faster than the best answer,

Table 3.4: Cash flow calculation of case 1 best answer.

Net
Time | Totalsale | Drilling and | Operation | Facility | income | Discount NPV
complelion
year 5 cost, § cost, § cost, § 5 rate=10% $
1| 86,578,000| 5,600,000 | 2,800,000 | 738,809 | 77,439,191 1.0000 | 77,439,181
2| 34,416,133 2,800,000 31,616,133 | 1.1000 | 28,741,939
3| 25407555 2,800,000 22607,565 | 12100 | 18,683,930
4 18,315,912 2,800,000 16,515,912 1.3310 12,408,649
5| 8,606,535 | 1,000,000 | 2,800,000 4,806,535 | 14641 | 3,282,528
A0S
Effect of tubing size

Figure 3.13 shows comparison of 5-inch production tubing (best case) and 2-

inch production tubing. As seen in the figure, the smaller tubing size show lower
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production rate and longer production life. This effect is similar 1o choke size but

much weaker.

7000
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2000
1000

Qil Production rate, STB/D

Figure 3.13: Comparisen of oil production rate profile between 5-inch and 2-inch
production tubing.

Effect of pipeline size

Effect of pipeline size to production rate is similar to that of the tubing size. In
this case study, thére is very little effect on this factor because of short pipeline
distance.

3.2.2 Case 2

In this case, economic paramelters are changed, in order to see more decision
variable effects. Moreover, the choke size variables are set to change every 1 year.
After the first four years, the choke size is kept constant. Also, the number of
production wells in this case is maximum at 3 wells in order to reduce the number of
possible answers.

Reservoir parameters and fluid composition of case 2 are similar to those of

case 1.
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Economic parameters
The differences compared to case | are

1) Oil and gas price

Oil price is $30 per STB.

Gas price is $7.86 per Mscf.

2) Production facility cost

Production equipment cost of il is 540,000+5250*(Maximum oil rate, STB/day) per
well.

Production equipment cost of gas is 675*(Maximum gas rate, Mscf/day) per well.
Variable inputs
Objective variables are changed from case study number 1 as follows:
I. Choke sizes are varied every 1-year period based on the following sizes: 16/64,
32/64, 48/64 and 64/64. All the wells are assumed to have the same choke size.

2. Pressure of the first separator: 100 psia, 200 psia and 300 psia.

Pressures of second and third separators are

First separator, psia

Second separator, psia

Third separator, psia

100 61 38
200 104 54
300 141 E6

3. Numberof wells: 1,2, and 3:

Result and discussion

After the integrated model was run for 50 generations, 10 populations in each
generation, the model had covered 500 different sets of combinations of decision
variables. Each set of decision variables that yields the maximum NPV in each of the

50 generations are summarized in Table 3.5.
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Table 3.5: Production parameters that provide the highest NPV in each

generation.
Gas No,
Tubing | Pipeline inject | of

Generation | Skze Size | Choket | Choke2 | Choked | Choked | Psep | rate | wea NEY it
Inch Inch psia | Scliday 5 year
1 ] 55 18 B4 64 84 | 200 | 100000 1| 17.368,062 []
F] 55 7 48 48 ] B4 | 100 0 2| 1zzB6270 s
3 5E 55| = 1] B4 B4 | zZ00 | &0000 1| 12524867 | 11
F 5% 55 3z 32 32 3z | 0 0 1| nEas782 | 17
-] 4 7 168 a2 [T] [T] 200 [1] 1 17,712,347 [
[] 4 4 15 - n LF] 3z | 100 o 1| 12847544 18
7 a 55 a8 FT] T 46 | 100 | 500000 | 2 | 15,958,808 8
B 55 56 a2 a8 | 1] B4 | 100 0 1| 20140910 | 12
8 4 4 EF) T2 32 | 200 | 50000 | 1| i40m6.841 B
10 | 2875 I S a8 48 &4 | 300 1] 1| 15,356,840 5
11 55 7 T 2 a8 48 | 100 | 50000 2| wi60EE | 8
12 55 a7 ~az [T} 48 | 100 0 2 [ 1037852 ]

(F] 4 55 i | a2 » 32 [ 20 0| 39 7544
1 | 2878 4 3 48 i 4B | 100 | 50000 1 17259385 | 13
15 ] [ b | &4 [T} 64 | 100 [ 3| 14573680 3
1] ] T T 48 (] 84 | 100 ] 1| 19257389 | 10

7| 2875 T a8 48 1 (7} O 1] 17.630.3%

18 3 55 (T3 4B [T 40 | 300 | 100000 | 1| 17,044,828
0 | 2878 f 18 a8 [1] B4 | 300 | 100000 1| 17.72En 8
] 5| B5 -] [ 4 a8 | o O 1| 658038z | 15
21 | ZBi5 T (] [ [7] B4 | 100 | 100000 3| 16,370.564 3
22 | 2818 7 T 1] T B4 | 200 o 1| 8132514 | @
F2] ] ] 8 [T B4 | 200 | 100000 | 1 | '8BAz358 | B
7] 4 55 EF] (] [Z] B4 | 100 | 50000 | 3 | 6537042 3
75 4 55 6 32 FT] B4 | 200 | 100000 1| 193315620 F]
7] 55 7 an TR ] 4B | 100 | 100000 | 1| 18830248 | 11
i 55 | r] 7} B4 | Cry B | 100 o 2z [ 18238380 ]
FI) F] 55 iG] (1] ah 48 | 100 | 50000 T 18546308 | 13
FT] 55 (¥ a8 64 [7] 7] ‘ [{ 1| 19,809,974 5
o | 2878 55 32 [T} Bd 84 [ 100 0 1| 20285270 13
3| 2878 7 16 48 & 100 (] 1| 18048309 | 97

3z i 1 EF] 1] B4 64 | 200 | 50000 1| 16,070,362
EF] 55 7 T ] B4 B4 | 200 | 50000 3| 15370584 ]
34 4 7 32 1] 48 48 | 100 [ 1| 8283385 | 13
35 | 2818 B3| | & a8 FT] 4 | 100 B 1| 0655584 1
36 | 2875 | 7 16 64 64 64| 100 | 50000 1| 18474536 ]
1] 55 T 18 2 28 48 | 100 [ .| w757 | 13
38 ] 55 48 [ (7] G4 | 100 | G0G00 | 2| 18.235.350 5
ET ] a ] 32 4B 18 B4 | 100 | 50000 | 1| 20228078 | 13
40 55 7 EF] | 64 B4 | 100 | 50000 | 1| 22925348 | 11
an 55 55 16 32 a8 G4 | 100 | 100000 1| 22371895 | 14
iz 55 T 15 32 1] B4 | 100 | 500000 | 1| 23496158 | 13
a3 | z8i5 7 32 [T} 4B 64 | 100 | 500000 1| i0.270.982 | 13
aa ] 7 3z 7] 7] B4 | 100 | 50000 1| ZEM,197 | 12
45 4 T 32 B4 ;] 84 100 50000 1 22,364 542 13
48 | 2875 7 [ (7] [T &1 | 00 0 1| ;vanzeo | 10
i 5 7 ] a8 B4 84 | 100 | 500000 1| 2112345 | 12
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Table 3.5: Production parameters that provide the highest NPV in each
generation (continued).

Gas | No.
Tubing | Pipeline inject | of
Generation |  Size Size | Choke1 | Choke2 | Choke3 | Choked | Psep rate | well NPV | life
48 55 7 16 32 a8 64 | 100 [ 1| 22110224 | 12
49 4 7 16 48 a8 84 | 100 | 100000 1| 21198851 | 11
50 55 55 16 18 48 64 | 100 | 100000 1| 22488723 | 12
Final 55 7 16 32 48 64 | 100 | 500000 1| 23496154 | 13

Generation

Figure 3.14: Net present value as a function of generation,
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Figure 3.15: Net present value as a function of generation (keep the best answer).

From Figure 3.14, similar to the results from case 1, the value of the best NPV

in the first 15 generations fluctuates. Then, it tends to

increase with lesser difference

when compared to that of the previous generation. Figure 3.15 shows that in the last 9
generations, NPV does not increase. The maximum NPV was found at generation 42

with NPV equal to $23.496,154. The set of decision variables in the fittest solution is

shown in Table 3.6.

Table 3.6: Set of variables that gives the best answer of case 2.

Parameters

Value

Tubing Diameter, inch

55

Pipeline Diameter, inch

7

Choke1, by 64 inch

16

Choke2, by 64 inch

32

Choke3, by 64 inch

48

Choke4, by 64 inch

64

First separator pressure, psia

100

Injection rate, scf per day

50,000

No. of well

1

NPV, $

23,496,154
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The oil and gas production rates of the best production scenario (generation 42)
are shown in Figures 3.16 and 3.18, respectively. The reservoir pressure is shown in

Figure 3.18.
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Figure 3.16: Oil production rate profile of case 2 best answer.
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Figure 3.17: Gas production rate profile of case 2 best answer.
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Figure 3.18: Reservoir pressure profile of case 2 best answer.

Effect of choke size

In this case study, production facility cost is adjusted such that it heavily
depends on maximum oil and gas production rates.

From Figures 3.16 and 3.17, it can be seen that by adjusting the choke size, the
production rat¢ can be maintained at one rate. While the production rate of the fixed
choke size, shown in Figure 3.19, in the first year starts at a very high rate and
decreases very fast. This incurs-a high but unnecessary cost-for-production facility.
The cost in the case of fixed 64/64 choke size is more than that of the best answer for
$7,600,510. The final NPV is lower than that of the best answer.
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Figure 3.19: Oil production profile of producing with fixed 64 choke size.

Effect of gas injection

With gas lift, oil and gas rates are increased, as shown in Figure 3.20. The
increase in production does not affect pressure across choke because the flow is
subcritical. On the other hand, the higher the production rate, the faster the reservoir
pressure decreases; as depicted Figure 3.21.
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Figure 3.20: Comparison of oil production rate profile between wells with 50
Msef per day gas injection, 100 Msecf per day and without gas injection.
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Figure 3.21: Comparison of reservoir pressure profile between wells with 50

Msef per day gas injection, 100 Mscf per day and without gas injection.



Effect of multiple wells
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In this case, oil and gas prices are lower than those of case 1. Then, multiple

wells do not work well in this case. To see this effect, economic parameters in the best

answer are compared to those when these are 2 production wells, From Tables 3.7 and

3.8, the costs of 2 production wells are twice the cost in the case of the best answer.

This reason causes NPV of 2 production wells to be less than that of the best answer.

Table 3.7: Cash flow calculation of case 2 best answer.,

Met
Time | Totalsale | Drilling and | Operation | Facility income | Discount NPV
completion
Year g cost, § cost, 8 cost, $ | 8 rate=10% 5
1| 8,664,184 | 2,800,000 | 1,400,000 | 4,621,825 | -157,641 10000 | -157.641
2 7,809,148 1,400,000 6,409,148 1.1000 5,826,498
3| 7,443,059 1,400,000 6,043,069 1.2100 | 4.894,263
4| B696E17 1,400,000 7,296,617 13310 | 5482056
5| 5,314,706 | 1,400,000 3,914,706 14641 | 2,673,797
1] 4,405,075 1.400.000 3,005,075 1.6105 1,865,915
7| 3,743,269 1,400,000 2,343 269 1.7716 | 1,322,714 |
8 3,054,930 1,400,000 1,654,530 1.9487 B48,241
9| 2480559 1,400,000 1,080,559 21438 494 759
10| 1,982,187 1,400,000 = 582,187 | 23579 | 246,804
11| 1,612,878 1,400,000 212,878 2.5037 82,074
12| 1,373,812 500,000 | 1,400,000 526,188 | 28531 | -184.426

23,496,154




Table 3.8: Cash flow calculation of 2 production wells.
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Effect of tubing size and pipeline size

Effect of first separator pressure

Results show similar effect to Case 1.

Net
Time | Tolal sale | Drilling and | Operation Facility income Discount NPV
completion
Year L] cost, § cost, § cost, § 5 rate=10% 5
1| 13,155,184 | 5,888,500 | 2,800,000 | 6,726,147 | 2,250,463 1.0000 | -2,259,463
2 | 10,871,210 2,800,000 8,071,210 1.1000 | 7,337.464
3| 8,200,165 2,800,000 5400,165 | 1.2100 | 4,462,946
4| 8,652,500 2,800,000 5,852,500 1.3310 | 4,397,077 |
5| 6,385,004 2,800,000 3,585,004 14641 | 2,448 606
6| 4,093,080 | 1,000,000 | 2800000 293,080 1.6105 161,860
o ' 11,490,609

To see effect of first separator pressure, comparisons of production rates and

gas oil ratios at different first separator pressures are shown in Figures 3.22 and 3.23.

Sets of decision variables are as follows:

Case 2.1

1) 5.5-inch OD tubing size
2) Fixed 64/64 choke size
3) 5.5-inch OD pipeline size
4) One production well

5) Zero gas injection

6) 100 psia first separator pressure



Case 2.2

1) 5.5-inch OD tubing size
2) Fixed 64/64 choke size
3) 5.5-inch OD pipeline size
4) One production well

5) Zero gas injection
6) 200 psia first separator pressure
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Qil production rate, STBI/ID
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Figure 3.23: Comparison of oil production profiles between Case 2.1 and Case

2.2.

From Figures 3.22 and 3.23, gas oil ratio of Case 2.2 is less than that of Case
2.1 while oil production rate of Case 2.2 is less than that of Case 2.1. From the
example, the result shows that with higher separator pressure, production gas oil ratio
is lesser. Nature of hydrocarbon, gas oil ratio decreases with increasing of pressure

until it reaches one pressure the gas oil ratio increases with increasing of pressure.

3.23 Case 3

In this case study, fluid composition is changed to be black oil composition.
This is to see the effect of gas injection. The decision variable inputs and economic
input are similar to those of the case 2.

The parameters that are different from those in case 1 are:

Initial reservoir pressure = 2500 psi
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Reservoir fluid composition ® is
Component Cl = 36.47%
Component C2 = 9.67%
Component C3 = 6.95%
Component i-C4 = 3.30%
Component n-C4 = 2.07%
Component i-C5 = 1.00%
Component n-C5 = 1.85%
Component C6 = 4.33%
Component C7+ = 33.29%
Molecular weight of C74 is 218 Ib/mole

Economic parameters
Economic parameters of case 3 are similar to those of case 2.
Variable inputs
The differences of variable inputs comparing to case | are:
1.  Choke sizes are varied every |-year period based on the following sizes:
16/64, 32/64, 48/64 and 64/64. All the wells are assumed to have the same
choke size.

2. Pressure of the first separator; 100 psia, 200 psia and 300 psia.
3.  Gas injection rate: Zero, 100000 scf/day and 200000 scf/day. All the wells

aré assumed 1o have same gas injection rate.
4. Number of wells: 1, 2, and 3.

Result and discussion

Like case 2, the integrated model was run for 50 generations, 10 populations
in each generation. The model was run with 500 sets of combinations of model
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variables to get the fittest answer. Each set of decision variables that yield the
maximum NPV in each of the 50 generations are summarized in Table 3.10.

Table 3.10: Production parameters that provide the highest NPV in each
generation.

Gas | Mo
Tubing | Pipsiine inject | of
Generation | Size Size | Choksl | Choke2 | Choked | Choked | Pasp | e | wel NPY life
inch inch psia | scliday ¥ year

1 [] 55 3z a2 B4 100 | 100000 | 1 | S425.200 ]
F] 2875 7 a2 2 [7] ] 00 3] 1 | G7arieE | 4
3 55 (13 a2 a2 32 |32 | 100 0 1 3,564 304 5 |
] 55 7 [T 7] [T] (1] 100 | 100000 | 1 | SA81.074 | 2
5 ] ] i EF] 48 ] 200 (] T | saArse | 4
[ rl x| R RF] ¥ 200 | 100000 | 1 | 4,028,117 5
T 2875 T az FT] FT) [T] [ 1 EB77,250 3
] ] BE 18 a8 B4 L] 200 [} T | a586432 | 4
[] 2875 T [ T T ] ] T | 6BET | 3
0 AL 55 6 T 1] 1] 100 | 100000 | 1 4,113,820 I
(q 2876 7 18 48 7] B4 100 | 200000 | 1 | 4290017 | 3
12 55 T 32 32 45 a8 100 [ 1 538,117 4
13 4 [] 3z 48 (7] [T 200 | 100000 1 6,848,250 ]
" 55 58 32 EF] 32 32 100 0 1 4320015 | 4
i5 4 7 a8 48 L'l 7] 00 0 T | 700281 3
[ 2015 55 % 1] 7] 7] 100 | 200000 | 1 304,855 5
7 ] ] az a3 EL] a8 100 | 2o0ooa | 1 6,832,247 3
8 4 4 =2 | a8 (7] &4 200 | 200000 | 1 | 7814431 | 4
L] 2878 7 ® | 32 | & 7] 100 0 1 | 6558 | 4
20 4 7 32 48 48 (L] 00 (] 1 567730 ]
i1 55 7 6 a8 &4 B4 100 | 200000 | 1 4,759,921 r]
22 B& ¥ a2 32 4B a8 0 | © 1 | 6aszn7 | 4
- 55 (%] EF] 48 B4 64 200 0 1 | 6541932 | 3
] iE 7 E£F] EF] | @ 100 | 200000 | 1 | 5082385 | 4
75 r] 55 7] (7] [7] [7] 00 [ 1 5661 954 3
26 4 4 2 a8 B4 B4 200 | 100000 | 1 6,840,250 3
) 2875 4 E7] Y] Fi] 48 00 | 100000 | 1 | 5677480 3
7] 26i5 7 6 a2 a6 64 7] 0 i 6,650,856 Il
28 a ] 3z [T B4 B4 200 | 200000 | 1 | 7614431 1
30 2815 T 13 1] 1] 7] 200 | 200000 | 1| 7945202 | 3
31 65 7 . a2 48 48 [7] 100 | 100000 | 1| 6,208,015 3
EF 55 7 7] B4 Bl B4 100 | 100000 | 1 | G787408 | 3
4] 2815 ] 7] (1] (7] [T] 100 | 200000 | 1 | 6502214 | 3
7] a ] 3z IT] 7] (7] 200 | 00000 | 1 | GBARzs0 | 3
35 2875 | 7 a8 B4 64 B4 100 | 200000 | 1 8,324,768 3
38 4 4« | 3z 7] B &4 200 | 200000 | 1 7614431 F]
7 55 7 E.F 32 B4 &4 200 | 200000 | 1 6,351,102 ]
k") 2675 55 48 F1] [ 7] 100 | 100000 | 1 | 7,832,611 3
ET] Z875 7 (7] 7] ™ | o 100 | 200000 | 1 | 7,580,451 3
a0 a ] % 3z 1] [7] 00 | 100000 | 1 | 6.050.611 Il
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Table 3.10: Production parameters that provide the highest NPV in each

generation (continued).

Gas | No.
Tubing | Pipeiine inject | of
Generation | Size Size | Choke1 | Choke2 | Choke3 | Choke4 | Psep | rate | well NPV life
a1 4 7 48 84 64 64 100 0 1 7,932,218 3
4z 2875 7 48 a8 64 64 100 0 1 6,045,742 3
43 55 7 48 64 84 64 100 | 200000 | 1 | 10,503214 | 3
7 4 48 48 64 64 100 | 200000 | 1 7,836,002 4
45 55 48 64 7 64 100 | 200000 | 1 9,825,350 5
46 55 55 48 64 84 64 100 | 200000 | 1 7,028,864 3
a7 2875 7 32 48 64 64 100 | 200000 | 1 8532214 3
a8 55 55 32 48 " 64 7] 100 | 200000 | 1 7,832,218 5
49 5 7 48 a8 64 64 100 0 1 7,032,219 3
50 2875 7 48 | 64 64 64 100 | 200000 | 1 8,324,769 3
Final 55 7 48 64 64 84 100 | 200000 | 1 | 10,503,214 | 3
12 +— 5 7 = "W B

s
o

NPV, $million
o

4 —

2 — m— —_— S |

0 ] ] T T 1
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Figure 3.24: Net present value as a function of generation.
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Figure 3.25: Net present value as a function of generation (keep the best answer).

From Figure 3.24, similar to the results of case 1 and 2, the value of the best
NPV in the first 20 generations fluctuates. Then it tends to increase with lesser
difference when compared to last generation. Figure 3.25 shows that in the last 8
generations, the NPV does not increase. The maximum NPV was equal to
$10,503,214 and found in generation 43. The fittest set of decision variables is shown
in Table 3.9.

Table 3.9: Set of variables that gives the best answer of case 3.

Parameters Value
Tubing Diameter, inch §.5
Pipeline Diameter, inch 7
Choke1, by 64 inch 48
Choke2, by 64 inch 64
Choke3, by 64 inch 64
Choke4, by 64 inch 64
First separator pressure, psia 100
Injection rate, scf per day 200,000
No. of well 1
NPV, $ 10,503,214
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The oil and gas production rates of the best production scenario (generation 43)
are shown in Figures 3.26 and 3.27, respectively. Figure 3.28 shows reservoir

pressure profile.
Effect of gas injection

From Figures 3.26 and 3.27, it can be clearly seen that with 200 Mscf per day
of gas injection, the oil production rate is highest among zero injection and 100 Mscf
per day gas injection. Moreover, from Figure 3.28, reservoir pressure of 200 Mscf per
day of gas injection well is also highest. The main reason is that the reservoir fluid is
dence. The dence and viseous 0il causes high pressure losses along wellbore, mostly
hydrostatic pressure loss: Then with gas injection, density of the fluid is less and the
hydrostatic head loss is also reduced. While others effects are quite similar to those of

casel and 2.
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Figure 3.26: Comparison of oil production profile between zero gas injection,

100-Mscf per day gas injection and 200-Mscf per day gas injection.
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Figure 3.27: Comparison of gas production profile between zero gas injection,
100-Mscf per day gas injection and 200-Mscf per day gas injection.
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100-Mscf per day gas injection and 200-Mscf per day gas injection.
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3.3 Summary of model testing and case study

The integrated model was run with one set of decision variables and compared
with the results to those from ECLIPSE. The maximum difference of flow rate from
the integrated model is 15 percent which is considered acceptable.

Three case studies are run. The results show effects of each decision variable
to the objective function. The final answer, maximum NPV, is determined by genetic
algorithm. By the concept of genetic algorithm, the solution should be better with
time except when the global optimum has already been reached. Anyway, since there
is no convergence in genetic algorithm, stop condition depends on user criterion. Then,
if the better solution is needed, more time needs to be sacrificed. The answer of each
case studies might not be the best solution but it is considered satisfied with its
progress and number of cases run.



CHAPTER IV

CONCLUSIONS AND RECOMMENDATIONS

The objective of this study is to optimize NPV by designing well completion
and production system. The integrated model was constructed in order to find the
production profile. Reservoir model, wellbore model, choke model and separator
model are combined. In the reservoir model, volumetric equation is used to calculate
the flow rate. Aziz, Govier and Fogarasi mulliphase flow correlation is used in the
wellbore model. Sachdeva er al. correlation is used in the choke model. In all detailed
models, fluid properties are computed in fluid property model.

Then production profile is sent to economic model for NPV calculation.
Overall, genetic algorithm uses a set of decision variables to be input into the
integrated model. Solution of each generation does improve by genetic algorithm and
it is stopped by the preset value number of generations.

4.1 Conclusions

For conclusion, with known and constant reservoir parameters, such as

permeability, porosity, etc., there are 3 main topics to mention about:

1) Effect of different factors on production profile

Before discussing on the net presént value which is the objective function in
this study, the production profile which is the key to get the net present value needs to

be discussed first.

In the three case studies, control variables which are tubing size, choke size,
pipeline size, first separator pressure, amount of injected gas, and number of wells

have effect on production profile in their own ways.
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Tubing and pipeline size have effects on pressure loss along the flow path.
With the same production rate, small tubing size causes more pressure loss. Then its
flow rate is less; and the reservoir pressure reduces at a slower pace, A smaller tubing
size gives a lower rate and longer life than a larger tubing size. This effect also
depends on length of tubing.

In this study, choke sizes are varied into 4 sizes, 25%, 50% 75% and 100% of
fully opened choke size. Choke size has similar effect to tubing size but with much
more sensitively, with varied sizes in this study. The smaller the choke size is, the
lower the production rate and the longer the reservoir life.

Separator pressure affects directly to gas il ratio. In this study, the case study
shows that gas oil ratio decreases with increasing of separator pressure. Anyway by
nature of hydrocarbon, gas oil ratio does decrease with increasing of pressure until it

reaches one specific pressure, gas oil ratio increases with increasing of pressure.

From the three case studies, gas lift does not work well with wells with high
gas oil ratio or low fraction of heptanes plus. While on the third case study, with
33.29 percent of heptanes plus gas lift yields very good result.

Producing with multi production wells make production rate higher than
producing with one well. The production rate is not increased linearly because of
different drainage area.

2) Effect of different factors on net present value (NPV)

Besides effect on the production profile, costs affect directly to net present

value. The net present value is also affected by production profile.

Effect of discount rate makes production sale in early year more valuable than
the same amount of production in later years. Producing with high rate in the early
year does make very high production sales in cash flow. On the other hand, high
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production rate causes high production facility cost; and drilling and completion cost
in case of multiple production wells.

Wells with gas lift facility have higher production rate and longer life.
Economically, even there is more production sale, gas lift costs more completion cost,
facility cost and operation cost.

High separator pressure makes more oil sale but less sale life.

Finally from the three casc studies, with different values of these economic
factors, the set of studied factors that gives the maximum net present value is
completely different. Then economic assumption; such as oil price, gas price, costs
and discount rate, could be assumed as the most important factor on NPV,

3) Result of genetic algorithm

As discussed previously, effect of each factor can be described individually
while the effect of all parameters to NPV is very difficult to be described. Then,
genetic algorithm is used in order to find the optimal NPV.

From the three case studies, the genetic algorithm shows improvement of
solution in each generation. It is the nature of genetic algorithm that, in the early
generations, improvement of solution is quite fast and then the solution shows
improvement less often. Since the solution keeps being better, there is no evidence
that which solution is the optimal one. A better solution will be obtained if the genetic
algorithm is run for longer period of time as long as the global optimum is not reached.
However, the true global optimum is not known. Therefore, we may or may not get a
better solution as we continue running the algorithm. This is the disadvantage of

genetic algorithm,

In general, the number of generation to be run is preset before the simulation

was run. The satisfaction of solution is considered by the improvement of the solution,
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number of case run, the value of the solution and available time. Finally, if a better
solution is required, more time needs to be sacrificed.

4.2 Recommendations

Recommendations for future study are outlined as follows:

1) Sensitivity of economic factors
Studying on effect of economic factors will make result more adaptive to real
situations.

2) Reservoir simulation
Instead of using volumetric model, reservoir simulation provides more
accurate results of fluid fow in the reservoir.

3) Non-constant reservoir parameter
In real production field, reservoir parameters such as permeability is not
constant,

4) Hybrid optimization method
Instead of using a single algorithm, a hybrid optimization method might give
better solutions.

5) Gas injection rate as a function of oil rate
Calculating the amount of injected gas as a function of oil rate is more

appropriate for gas
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APPENDIX A
Table Al: Comparing results of testing model with results from ECLIPSE.
RESLLTS FROM ECLIPSE RESULTS FROM INTEGRATED MODEL
TIME, | Gas Production | Oil Production | BotiomHole | TIME | GasProduction | Oil Production | Batiom Hole
Rats, Fressure, Fate, Preasurs,
DAYS | MSCFIDAY | Rals STRIDAY FElA DAYS | MSCFMAY | Raie STRDAY PSI&
| 05 4000.00 490.28 287563 2 4115.20 617.48 2728
1.0 4000.00 49828 2857 42 4 3591.50 501.93 2848
20 4000.00 498.28 2838 88 8 353522 404 B5 2589
16 4000.00 49898 2814 08 8 400738 50383 2530
52 400000 498.29 2750 57 10 366381 502.23 2477
5.1 4000.00 49878 27728 12 403753 507.72 2430
7o 4000.00 49828 278389 14 4043.09 508 42 2388 |
as 4000,00 490.28 274138 18 3990.10 501.75 2351
10.1 4000.00 48828 2719.00 18 3937.11 495,00 2318
1.7 4000.00 45628 2697.10 20 3884.11 501.00 2288
12.8 4000.00 498.28 | 2680 63 22 388042 487596 2260
14.0 4000.00 498 78 2664.04 24 3857.33 48506 2233
15.6 4000.00 488 78 2842 B1 28 374073 470.40 2210
17.0 4000.00 49838 2631 87 28 391560 492 39 2188
18.5 400000 498.28 | 260121 30 395640 497.52 2167
18.8 4000.00 458 28 2584 48 32 391249 49200 2148
2.0 4000 00 48825 258788 M 381948 452 87 2129
25 4000.00 458.20 2547 91 36 4482 00 564 87 2111
240 4000.00 456.28 252823 38 4041.44 508.21 2084
254 4000.00 498.20 2508.80 40 | 4004.00 503.50 2078
[ 267 4000.00 40828 |  pepr@2 | 42| 4271.56 53715 2063 |
BT 4000.00 458,28 | 2475.18 44 4049.38 509.21 2049
254 4000.00 458.78 245841 a8 4380.12 552,08 2035
308 4000.00 486,28 243780 48 4274 40 531.22 2021
323 4000.00 45620 2419.69 50 3591.06 501.88 2007
117 4000.00 458,78 240281 52 3849.30 456 B2 1994
350 4000 00 488 28 2385 68 54 3801.24 480 58 1881
364 4000.00 486.20 26006 | 56 384147 495,64 1967
378 4000.00 49828 235065 58 404900 50816 1954
352 4000 00 488,78 233345 80 4098 72 51541 1542
408 4000 00 488 78 231645 62 3676 76 463 35 1828
413 4000.00 490 28 2307.84 64 4249.12 534.33 1812
| 420 4000.00 498.28 224 66 3816.37 452 48 1878
434 4000.00 458 28 226288 L] 3632 01 450,00 1842 |
447 400000 498 78 2268 20 70 4457 ER 47462 1831
46.1 4000.00 45028 | 2250.08 72 3562 68 466,06 1809
474 4000.00 498.28 2234.08 74 4258.74 430.57 1799
| 482 4000.00 498.29 | 2224.79 76 404938 431.20 1781
49.0 400000 438 28 221558 78 438501 419.89 1758
50.3 4000.00 498 78 219985 80 4724 40 405.21 1724
51.7 4000 00 458 38 218450 82 3991.06 400.21 1667 |
53.0 4000.00 498.28 2169.22 o4 3945.30 38588 1676
54.3 AD00.00 498 28 215400 | 86 390124 381.39 1853
551 4000.00 488 78 | 214423 B8 384147 376.75 1655
56.0 4000.00 488 78 2134 40 80 4048.00 364,62 1644
57.3 4000.00 498.28 | 219,68 92 409872 _360.90 1641
58.6 A4000,00 49828 _2105.11 54 387676 332 85 1834
| 589 400000 49573 2088.87 L 4249.12 339.09 1828
B0.5 4000.00 488.62 | 2060.92 88 391637 33358 1608
817 | 4000.00 478.38 206742 | 100 3932.01 331.29 1560
| 630 4000.00 47482 205278 | 102 449200 32259 1582
838 4000.00 473,88 204451 | 104 391248 3507 1545
648 4000.00 473.89 204456 | 106 3919.48 309.94 1526 |
655 4000.00 48507 2027.05 108 4452 00 302 60 1508
581 4000.00 486 06 202712 | 10 404140 290684 1480
674 4000.00 465.85 202660 | 112 4376.00 208.32 1463
68.0 4000.00 455.56 200732 | 114 424538 28847 1445
69.0 400000 445 B4 190144 | 118 4050.18 771012 1425
70.0 4000.00 438 57 wreze | 118 4364.84 277.18 1416




RESULTS FROM ECLIPSE RESULTS FROM INTEGRATED MODEL
TIME, | Gas Production 0l Production BottomHole | TIME | Gas Production Ol Production Bottom Hole
Rate, Pressure, Fabe, Pressure.
DAYS | MSCFDAY | Rats STR/DAY PSIA DAYS MSCFDAY Rate, STRDAY PSlA
71.2 4000,00 431.29 1564.73 120 4213.40 270,85 1399
728 4000.00 425,41 15850,03 122 290200 2631.09 1384
737 4000, 419,89 153776 124 A938.70 261.02 1366
749 4000.00 414.45 1925.45 126 393581 256.57 142 |
758 4000.00 40984 151508 128 3040 85 250.83 1318
7.0 4000 00 405211 1804 91 130 4049 B4 25313 1300
8.2 4000.00 400.21 188383 132 4107.20 250.43 1283
78.3 400000 Ja528 188283 134 3547 BO 24585 1267
805 4000.00 280 .53 187183 138 424912 24470 1250
B16 4000.00 368588 1861.06 138 3916.37 Min 12432
BB 4000.00 381.38 1850.25 140 293201 242.68 1207 |
B34 ADDD.00 378,04 1R44 4E 142 A4B7 BR 241.03 1188
B4.0 4000.00 376.75 183871 144 2992 88 238.71 1158
B5A 4000.00 37260 1828.20 146 4258.74 233,54 1136
86.3 4000.00 368,62 181771 | 148 4049.38 236.00 1126
B7.4 4000.00 384 7Y 1807.25 | 150 438901 23373 1130
BA.E 4000.00 360,50 1796 B85 152 4224 40 233 80 1108
[T 4000.00 5718 1786.49 154 366106 22963 1078
903 4000.00 354,85 177987 | 158 3949.30 2393 1068
91.0 4000,00 35256 arrazr | s8] 3801 23020 1085
82.1 4000.00 349 08 1782.10 | 180 304147 224 84 1028
w12 4000,00 _ 34585 175293 162 4033.00 2595 g1
[TE] 4000.00 342 33 174200 | 164 | 400872 224 56 s
953 4000.00 339.00 imazrz | 88 367800 221.08 858
64 4000.00 345 a2 172268 168 4249.12 2 47 20
97.2 4000.00 _333.59 171544 | 170 3916.80 21871 823
oB.0 4000,00 B4 170780 172 sz o 222.10 BAD
9.1 4000.00 378 33 188772 174 4144 81 22339 BE3
100.1 4000.00 32543 16e7.86 | 178 3084.92 226.18 852
101.4 4000.00 32259 f 178 3914.80 224,44 809
| 1022 400000 31887 | 188834 | 180 4189.00 229.08 817
103.1 4000.00 T4 1658 57 182 412897 28 37 a8
104.0 4000.00 315.07 1650 B 184 4163.40 231,23 780
106.0 400000 1248 164107 186 3532 58 23628 773
106.0 400000 309 84 163133 188 403384 238.47 764
107.0 00.00 307.45 162161 | 190 4100.85 24001 742 |
108.0 4000.00 | 305.00 161194 | 192 3880 33 24438 T4
109.0 4000.00 302 60 160230 | 194 474913 23485 £BR
110.0 4000.00 30028 1592 BO 198 4026.25 227.07 673
111.0 400000 67 88 1583 29 188 3502.50 22275 534
112.0 4000.00 | 28574 157377 | 200 3819.70 216.30 511
1" 4000.00 203,54 156428 202 3626.03 200,13 409
1138 4000.00 281,38 1554 B2 204 3487 58 188.07 484
114.9 4000.00 28827 154540 206 3423.08 190.67 | 472
| 1158 4000.00 28721 153601 | 208 3260473 184, 462
116.8 ﬂgﬂ_‘ 285.20 1526, 210 318512 177.12 480
1174 4000.00 28393 152073 212 206808 171.75 458
118.0 A000.00 282 69 1514.80 214 2862 27 163.19 458
118.9 4000.00 250.78 150567 | 216 2737.86 157.68 458
119.9 400000 278.92 496, 218 2615.92 152.08 458
120.8 4000,00 277,08 148718 220 2620.00 148,28 458
| 1207 4000.00 27630 1477 87 prrd 2506 06 141,16 456
1227 4000.00 273,55 1468 82 224 2487 .33 135.50 455
1236 4000.00 271.85 1459.71 2o 233441 130.20 454
| 1243 4000.00 270.53 145253 | 228 222385 121,88 454
125.0 4000.00 26823 1445.35 0 202012 120.84 453
125.9 A000,00 26763 1436 232 1945 80 117.34 452 |
| 1268 AD00.00 265.08 1427 35 234 1797.48 110,89 451
127.7 A000.00 264,53 1418.38 236 181268 110.20 451 |
1286 400000 263.08 140944 | 238 i7e608 | 10718 | 2 451
1295 4000,00 28157 140052 240 1720.84 101,63 451
1303 ADOD 00 280,14 138163 242 1614.58 05.43 450
132.0 A000.00 257.50 137472




RESLULTS FROM ECLIPSE
TIME, | Gas Production | O Production Bottom Hole
Flats, Pressure,
DAYS | MSCFDAY Rate, STRDAY |  PSIA
1.7 4000.00 254 87 1357.14
1348 4000.00 25360 1348 35
1354 4000.00 252.36 1338.67
| 1363 4000 00 251,14 1330.87
| 1374 4000.00 24858 1322.30 |
138 4000.00 248.80 131385
138.5 4000 00 248.08 1308.13
138.0 4000.00 247.38 | 130262
| 1398 4000.00 24627 1284 08
1408 400000 24521 1285 54
418 AD0D.00 24417 1277.01
| 1423 4000.00 243.15 178850
1431 4000.00 242.16 1260.02
1439 4000.00 241.19 125155
144.7 4000.00 240.25 124311
1453 4000.00 239.48 1238.07
1480 4000.00 23872 | 1229.02
146.8 4000.00 237 BS 1220.66
1478 4000.00 23898 1212.31
1483 4000.00 236.16 120398
148.1 4000.00 23535 119568
145.9 4000 00 234 58 1187.39 |
150.7 4000 00 23180 117812
1514 4000.00 23305 1170.87 |
| 1522 4000.00 23233 116264
1528 4000.00 23463 1158.05
1530 4000.00 23154 | 115347
1538 4000.00 200 88 1145
1545 4000.00 23020 1137.08 |
185.3 4000.00 22056 112878
1580 4D00,00 22893 112048
156.8 4000.00 278.33 111215
1575 4000.00 277 74 110378
L 1583 4000.00 22718 108540
158.0 A000.00 22663 1086.98
158.5 A000.00 22625 | 1081.36
160.0 AD00.00 235 85 1075.74
160.8 4000.00 22546 1067.28
161,56 400000 225.00 1058.77
1623 4000.00 22458 1050.22 |
163.0 4000.00 22413 104162 |
1838 4000.00 | 223.73 1032 88
1848 4000.00 22335 1024.30
1863 4000.00 _ 22300 1015.60
1860 A4000.00 222 87 1005 86
166.5 4000 00 27247 100108
167.0 4000.00 22287 99532
187.8 4000 00 222.00 966 51
1685 4000.00 221.81 o77.65
169.3 4000.00 22183 98875
170.0 4000.00 22185 959 85
1 4000.00 22210 85081
1715 4000.00 2220 941,62 |
1723 4000, 222 50 83282
| 1730 4000.00 22274 923,86
17315 4000.00 22252 617.95
174.0 4000.00 27N 912,03
1748 4000.00 22344 $02.82
175.5 4000.00 223,80 803,53
176.1 4000 00 224.18 BA4.18 |
1770 4000.00 224.63 BT4.77
1778 4000.00 22510 B885.22
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RESULTS FROM ECLIPSE
TIME, | Gas Producion | Oil Production | Bottom Hole
Rats, Pressure,
DAYS MSCFDAY Ra, STE/DAY PSIA
178.3 4000.00 226.18 846.23 |
180.0 4000.00 2278 838,58
180.5 4000.00 227.18 B30.32
181.0 227.63 824,00
181.8 4000.00 22833 81433
| 1625 4000.00 229,08 804,54
1833 229.80 78469
184.0 400000 230.74 78478
184.8 4000.00 231.66 774,82
1855 4000.00 23262 764.81
188.3 4000.00 23364 754.75
187.0 4000.00 23472 Tad B |
187.5 A000.00 23545 73827 |
| 1880 4000.00 23528 73126
1888 4000.00 237.56 720868 |
188.5 4000.00 23889 T10.70
180.3 4000.00 240.27 100,85
191.0 4000.00 24168 680,60
191.8 4000.00 243, 677.72 |
1825 4000.00 24495 668,15
183.3 4000.00 186 86 £80.38
194.0 4000.00 234.80 B48.73
194 5 4000.00 29501 642,07
185.0 4000.00 235868 534,89
185.8 4000.00 236 78 623,68
196.5 4000.00 23788 612.08
187.3 4000.00 230.24 600.48 |
188.0 4000.00 240 57 58572
188.8 4000.00 24188 578.81
1995 4000.00 243.46 56475
200.3 4000.00 245.01 552,53
201.0 4000.00 246 65 54013
2015 4000.00 T4 53212
202.0 4000.00 240.86 | 50408
2028 4000.00 250,69 51134
2035 393784 24888 500,00 |
204.3 388274 24888 500.00
205.0 3813.01 242 40 500.00
205.8 araead 23639 500 00
206.6 3566.01 2M.50 500.00
2074 3505.42 | 23068 500.00
208.2 263800 227.07 __500.00 |
206.0 346438 22365 500.00
209.9 3396.63 219.84 500,00
210, 3329.53 216,14 500.00
2118 o 21248 500.00
2125 3196.89 208.78 500,00 |
2135 313678 204.88 500.00
214.4 3059.66 201.23 S00.00
2152 3004 45 198.08 500.00
218.0 2850 80 15485 500.00
2170 ZBBE 34 181.25 500.00
218.0 202254 187 .48 500.00
2198.1 275835 183.72 500.00
| 220.1 289583 179.95 500.00
2212 2639365 171.75 500.00
2221 258354 167.51 500.00
| 2730 253545 184.70 500.00
2242 247420 18178 500.00
2254 241338 157.88 500,00
2266 2353.04 154.50 S00.00
2278 228311 151.13 500,00
2289 224248 148.28 500.00
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RESULTS FROM ECLIPSE

TIME, | Gas Production | Ol Production Botiom Hole
Rats, Praasurs,

DAYS MSCFDAY Rate, STE/OAY FS1A
2.3 213513 142,18 500.00 |
2327 2077.48 138.87 500.00 |
2341 2020.24 135.58 500.00
2356 196444 132.36 500.00

| 237.0 15910.55 12823 500,00
238.5 1854.83 125.88 500.00
2401 1799.56 122.74 500.00
2418 1744.71 119.52 500.00
2428 1707.71 117.34 500,
244.0 1671.81 115.21 500.00
2458 1616.62 112.04 500,00
2478 155613 108.87 500.00 |
248.3 1518.00 105.95 500.00
251.0 1471.72 103,13 500.00




APPENDIX B

Source code of the integrated model

iwuusymnm.hmﬁm

" General lnformation about an assembly is controlled through the following
" s of attnbutes. (hange these atinibute vahees o modify the miormation
" masncinded with an assemnbily
* Review the valises of the assembly smribuses
<Amembly. Assembly Tite(™ >
<Assembly. Assembly Descinplaon(™ >
<Assembly: AssemblyCompany{™ §>
A ",.:H'I'IH}:‘ 3 :-;-f:P
<Assembly; Assembly Trademark(**)>
<A bly; CLSCommpliang{ True)~
mummhmm this Is exposed o COM
<Asgembly: Gaid(“864D01 2 AN
* ¥eruon mformation for an ssembly consists of the following foor values:
*  Major Version
* o Mlinor Vemsion

Baild Number

' Revision :

" You can specify all the valoes of you can default the Build and Revision Numbers
“ by wsing the "' as shown below

wwvuﬁlm
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F#hrmlﬁﬂr“l pasthfile As PashFile, ByVal n As Inieger, ByVal Z8umNp As Doable, ByVal Zpi() As Double, _

ByVal Qinj_Zinput As Double, ByVal Z_nj() As Double, ByVal Peep2 As Double, ByVal Tum2 As Double, ByVal pe() As Double, _

BVl tef) As Double, Dy'Val omega() As Dowble, By Val B As Double, ByVal outficon As Double, ByVal inflcon As Double, _
By Val M[} As Duuble, ByVal Ligstsnd() As Doable) As Double()
[¥im EWpi() As Double
Dien ZNgau() As Double
Dim ZNp_Ngas() As Doubls
Dim ZsumMp_Ngas As Double = 0
Dimn 1_inj As Double = 0
Dien O_Zu() As Double
Dien P2 As Double = 0
Diien Mg2 As Double = 0
Dim (gl As Mew T
i Run{pathfile, 0.5, n, Z qMTﬂ‘ﬂhwlmhﬁm\Hht—ﬂl
P2 = Objl GraDensity
For ist As Integer =0 Ton - I Mg = Mg2 + Dbdlyila) * Milst
Next
Fori As Integer =0Ton - 0
ENpifi) = Z5umNp * i}
ReDim Prescrve ZNgasi(i)
t_inj = CoavenqpTogiQinj_Zinpus, Mg2, Pg2)
ZNgasi{i) = 1_inj * Z_ -ﬂ'i

N::II"P _Nigas = ZmumNp_Ngas + ZNp_Hgaali)

For i As Integer = 0 Tan- 1
Relim Presorve O_Z5(5)
If ZsumMNp_Ngaa = 0 Then

0_Zufi) =0

Else
O_Zuli) = INp_Ngas(i} / ZsumNp_Ngss
End IF

Mewi
WriteOutpus(pathfile, n, ©_Zu)
Rt 0_Zu
End Function
Private Function ConvergpToMg(ByVal Og As Double, ByVal Mg As Double, ByVal pg As Double) As Double
Dy 21, 2 A Double
t=0g*%pg
Q2= Mg
2 =0 Then
Return @
Else
Risturn i1 / 02
End IT
End Fuanction
Private Function WriteOutput{By Val pathfile As PathFile, ByVal a As Integes, ByVal oZsu() As Double)



Siordata = tempdata & vhOrLl & Sirdam

ow SaveTexiToFile(Strdata, pathfile NewOutpatFile)
End Function

MWM val PathFile, ByVal Imeger, DyVal P2 As Double, _
By Vsl pathfile As Vil 5e As
ByVal y As Double, ByVal iemp_F As Doubile, By Val GnsS0 As Double, By Val OIS0 As Doubls, _
DyVal ChokeDiameter As Double, _
ByVal Cd As Dooble, ByVal ge As Double, By Val Zp() As Dosble, By Val pe() As Double, _
ByVal 1) As Dosble, By'Val omegs() As' ByVal R As Double, ByVal catllcon As Double, ByVal mflcon As Double, _
ByVal m() As Double, ByVal Ligstand() As By Vil np A5 Double) As Double
Dim O _ye As Double = 00
Dim P1 As Diouble
Pl=PF2
[Mm YLoop As Integer = 0
While Absy - 0 v} =001
O_ye = FindYe{pathfile, YLoop, ne, P2, y, temp_F, GusS0, OFISG, ChakeDismeter. G4, ge. Zp, P1. pe. te, omega, K, outllean, inflcon, m,
Ligstaird )
Pl=Pl+20
If YLoop > 1000 Then
Exit While
End If
Yloop=YLleop+ |
* Debug. WrideLine{ Abs(y - 0_yc))
End While
Ye=P2/(P1-5)
WriteCrutPul Y (pathiibe, ¥ ch
[im PI_m As Double
Dim Addeg As Integee = 100
Pl_m=P2+1
Dim Cx_1 As Double =0
Diim Chk As Boolean = False
Dim Locpi As Integes = 0
While Mot Chk
Chik = FindM_New(pathfile, nc, iemp F, Zp, PI_m, 72
m, Ligstand, ChokeDiameter, Cd, Addnp, Cx_I, Loopl)
If Chik = Falss Then
Fl_m=P1_m+ Addnp
[,nuplﬂl[
End If
Debug. WriteLine(™ * & PI_m}
End While
WriteOwtPulP | (pathfile, P1_m - Addap)
Retern P1_m - Addep
End Function
FRegion *Find YC*
Private Function FindYe(ByVal pathfile As PathFile, ByVal ¥loop As Integer, By Val ne As Integer, HyVal P2 As Double, _
ByVal v As Double, ByVal temp_F Az Double, ByVal GasSG As Double, ByVal 0650 As Double, _
ByVal ChokeDiameter As Double, _
ByVal Cd As Double, ByVal gc As Double, ByVal 2() As Double, ByVal PI As Double, ByVal po() As Double,
ByVal tcf) As Doubile, ByVal omegal) As Double, ByVal B As Double, ByVal outficon As Double, ByVal infleon As Double, _
Mﬂmnmmnmmn_mmm

. P, B¢, n, ic, omega, B, outfloon, infloon,

Dimn GaaDens As Double

Diim ObiComp As New Compositionhbode]

ObiComp Run{pathfile, 0.5, ne, Z, PI, temp_F, pe, iz, omega, R, outflcon, mnflcon, m, Ligstand)
GasDiens = GaiDensity

LiquidDens = ObjComp.oil Dengty
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X1 =1 - ObyComp L

Cp=0.337

Cv=0414

=055

k=Cp/Cy

If GasDvenis = 0 Then
Vgl =0

Else
Vgl = | / GaaDens
End If
VL=1/1i
VEZ= Vgl *y* (-1 /)
a=1 -m-lcp mml,pn-mqu xiyren
Dim 1, 2, 0, ¥, 15 As Double
il =k/ (k-1
(X1 * Vgl)=0 Then
2=0

Elsa
Q=1 X1} " VL*{1-yl/(X1"Vgl}
End If

A=nl2
IF(X1 * Vi2) =0 Then
=0

Elsz
oo (1-X10* VLY /(KT * Y,
End If J 8

(X1 ® VigZ) = 0 Then

&=0
Else

5 =0 * ({1« X0)* VLY (X1 * Vgl h 2
End If
If(ed + €3 + 4 + 15) = 0 Then

Ye=0
Else

Vo= ({1 +12)/ (1] + M + 5401
End Il

WriteOutput clpathfile, YLoop, be. PLy, temp F, GaaSI, mmuu- Cd, ge, Z P, pe, tc, omega, R, cutflcon, inflcon, m,
Ligstand, ObjComg 1., GimsDens)
Retumn Ye
End Fusction

#End Region
Private Function FindM_New(DyVal PahFile As PathFile, By Val 0¢ As Inveger. ByVal semp_F As Double, _
n,wzmmmwnnnﬂh
hﬁﬂhﬂuﬁnﬂrﬂhﬂh%ﬂipkmw&ﬂ'ﬂhm
munohmmdmhmmummmmum
ByVal infleon As Double, ByVal mo{) As Double, By Val Ligstasd() As.
EyVal ChokelHameter As Dowble, ByVal Ud As Doubls,
ByRef Addnp As Integer, ByRef Cx_old As Dosble, ByVal Loopt As Inwger) As Boolcan
Dim GasDens As Double
Dim ¥ As Double
[hm ObjComp As New Composttion®odel SRt
ObjComp. Ran{PathFile, 0.5, ne, Zpd, M1, F. Pe. 1e. omega, |, infleon, ma, Ligstand)
GasDens = ObjComp.GasDensity =
Liguididens =

X1 = | - ObjComp.L
Cp=0.437
Cv=0414
C1=058
k=Cp/ly

Yu= Max(Y, Yey

V2=Vl * Y51/ k)

AC = (127 7) * (ChokeDsmmeter % 23/ (4 ® 144)

P2 = (X1 * Vgl * Y * (=1 /KD + (0= X1) * VL)~ {-1)

Dim tl, 2, 3, ¥ As Double

1§ OhjComp L, = | And ObjConp ¥ = 0 Then
II-HB'HW'W“I}
Q= ({1 - P2y LiquidDend) = 0.9
M=*Q

Else
o= 00 * AC * Cd
Q=2%gc® [44* Pl * (Pm2*2)
0 =1 - X1)* {1 - Yau)) / Liguidiens
;-tfl'llfuv[‘;}}:‘wll-{‘t"\'ﬂh

-y Iml ‘ }}
Ead If

Dam § As Integer
Diim Frow As Diouble
Fori=0Tonc- |

Frvw = Fonw + (Zpa(i) * moli})
Wi
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Mehoke = M/ Frow
[hm chk As Boolean
[Dim schik As Sering
Diim Cx As Double
Cx = Abs{Mchoke - SumNpi)
WCx < | Then
chk = Trae
schik = "yes”
Else
IT Loogi = 0 Then
Start= Cx
pT
chk = False
Else
If Cx > Cx_old Then
IT Addng > 50 Then
Pl =Pl - (Addnp * 2)
Cx_old = Cx_Stan
Addap = Addnp - 10
chk = False
schk = "Mo™
Elselll Addnp = 10 Then
Pl = Pl - (Addup * 2)
Cx_old = Cx_Stari
Addnp = Adenp - 2
chk = False
chk = “No®
Elsell Addng <= 10 Ard Addng =+ | Then
Pl =Pl - (Addnp *2)
Cx_old = Cx_Start
Addap = Addnp - |
chik = Fale
schk = "No”
Elsell Addnp <= 1 The
Pl =Pl - Addnp
chk = Tree
achk = “yes”
End ¥
Else
Cx_Start = Cx_old

End Function
#Reghon "Writeoutput®
Privale Function WrideCulPut¥{By Val PathFile' As PathFile, ByVal Yel As Double)
[hm Sirdats As Sirmg,
Dim ow As New WrineOutpus
Strdata = vbCrlf & “Output Yie="8 CSE{ Vel & WbOrLr
Dun tempdatn As String
tempdata = ow, GetFileContents(PathFile. NewOutpatFile)
Strdata = tempdata & viCrLf & Sendata
ow SaveTextTaFile{Strdatn, PathFile NewOutputFile)
End Fumction
Private Function WribeCutPulP'1{ByVal PathFile Ax PathFile, ByVal PI As Dooble)
Dam Berdin As Sering
[Dim ow As Mew WiiteOutput
Sardata = vHCrLE & “Owtpiat Choke Model PI=" & CSu{P1) & vbOrll
tempdat = ow,
Strdats = tenapdata & vbCilf & Strdata
v Save Text ToFile(Strdata, PachFile New({hstpuiFile)
End Function
Private Fanction WriteCwtputy o(Dy vl pathfile As PathFile, ByVal Ad Inleger, By Val is As Inieger, ByVal P2 As Double, _
ByVal y As Doble, ByVal temp F As Dosble ByVal GesSO As By Val ChIEC Ax Dowbike,
HyVal Chokelkameter As Double,

ByVal Cd As Diouble, ByVal gc As Doable, ByVal 2() As Double. ByVal Pi Az Double, By Val pel) As Double,

ByVal 1e() As Double, ByVal omega{} As Double, ByVal R As Double, ByVal cutflcon As Double, ByVal inflcon As Double, _
wﬂﬂhmzﬂﬂ Ligstand() Az Double, ByVal L As Double, ByVal GasDens As Double)

= wrHiE

Dt Serdaza As Sering

D 0w As New WnieChatpat

Serdatn = vhiCALT & " B Chiokie Miodiel (FindYe)Loop=" & CHuf'¥ Loop) & * - * & vl
Strdaty += . Lmpuit * & vbCrlf

Sindata += "F1=" & CStr{P1) & vbCrLT

Strdata += "F2=" & C5u(P2) & vbCrLT

Strdats += "=" & CSer(L) & vbOrLf

Stndata += *LiquidDens=" & CSir(Liquidins) & vbOLT
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Smdata += *GasDens* & CSu{GasDens) & vbCrLf
Strdata += “y== & CSb{y) & vbOrLT
Sirdata += “Temp=" & CSuiiemp_F) & vbCrLf
Serdas += *GasSG=" & CS(GasSG) & voCaLt

Strdiata += . Outpuat. * & vhOrLf

Strdata += "cp=" & CSe(Cp) & vbOLS

Strdata 4= "cv=" & CSt{Cv) & vh{rll

Sindstn += "cl=" & CRu{1) & vhOrl{

Serdam += “x|=" & CSo(X 1) & vbCrLf

Strdata += "k=* & CSuik) & vbCLT

Serdata += "n=" & CStr{n) & vbOrLT

Serdatm += "vgl=" & CSen{Vigl) & viCrlf

Sordata += *vg2=" & CSm(Vg2) & vbOrls

Strdata += “yo=" & CSuYc) & vbOLl

Strdain += " sssereeeeeee End Choke Mode! (FindY ¢ & vbCrLE

Dvim tempdats As Sering

tempdats = ow. GetFileContents(pathfilke. MewOutputFile)

Strdain = tevmpeata & vHCrLE & Sirdata

ow SaveTexiToFile{Stndata, pathfile NewOutpaiFile)
End Function
MmaFucﬂuwmoqurﬁywmuMFhmwﬁnwhywumprum-&
ByVal Zpi) As Double, ByRef P1 As Doubile,
MWHMMWWWMMW Az Double, By al Samipi As Double, _
BWdWGMMByUﬂMMMIﬂHEMMWWHM
ByVal inflcon As Double, By Vil mo() As | ByVal Lipstand() As Double, _
n,-wmmmnu-:_h&wmn

ByBef Addap As ByR ald As Double, Ay Wl ¥ Ag Double, By'Val Fmw As Doable, _
By Vil schk As Integer. BYVal Loop As Integer, By ByV,

e e T R L1 —————

[im Serdatn Ay Serimg

Dim ow As New

Sendaia = vhiCrl0 & *

= & wbOrlr

= Bzgin Masaflowrate
Strdaty += " —Inpui— ® & wbrLf
m--*rwamﬂtw ‘
Strdata += “F2=" & CS6(P2) & vbOrLL
Serdam += "X =" & CS(X1) & vbCrll
Strdata +="P1=" & ;
Strdaia += "Vgl=" & CSa{Vgl) & I
Serdam += "Go=" & CSmige) & vhOrLf
Strdats += "k=" & CStrik) & vbOILS
Strdlada += "ye=" & CSir{Ye) & vbOrLl
Smdatn += “yu=" & CSer{Yu) & vbCrLl
Strdaty += “Ac=® & CH(AC) & vbOILT
Strdata += "Cd=" & CSu{Cd) & vbCrlT
Serdata += "y=" & CSu(Y) & vBCrLT
Strdata += "Vi=* & CSe(VL) & vbOrLf
Strdladn += "ge=" & CStrige) & vbUrLT
Strdata += “Sumbpr=" & CRr{Sumbpi) & vbCrLf
Strdatn += ". OLtpu. " & vhOrLf
Strdata += *Vgl=* & CoulVgdyd vbOris
Strdata += P2~ & CSt{Pm2) & vbhOrLT
Sirdatn += "M=" & CEo{M}) & vhCrLl
Mncvmmgmuwauw
Strdata += “nchoke=" & ) & vbCeLf
Sirdata += "check=" & CSirjschk) & vhCrLT
Strdata += " Bt Massflowmate =™ & AL
D tempdata As String
tempdata = ow, OetFileContents{PaihFile MewOutpeiFile)
Serdais = rempdata & vhOiL T & Sodata
ow SaveTextToFile(Strdata, PathFile NewOulpulFile)
End Fumction

#End Region
End Class

Composition model

Imparts Sysem Math

Public Class Composiion™odel
" onatud
Pubbic L. As Double
Public x() As Double
Public y() As Double
Public vl As Double
Puhlic w2 As Double
Public K As Double
Pubilic a As Double
Public b As Double
Public s} As Douabile
Pubilic bi(y Az Double
Pubslc agji,) As Double
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Public ¥ As Double

Public Z_cubic As Double

Public GasDensity, oil Density As Double

Private fi) As

Privae fi) As Dooble

Public Function Run(HyVal paihfile As PaibFile, ByVal il As Dosble, ByVal n As Imteger, ByVal 1) As Doubls,
23::::uhl:lwbh,Mﬁm_khmnﬂ’dmMMW\’HW&MMIMMM_
ByVal catfleon As Double, ByVal inflon As Val m{) As Val Li
Dh:l,ﬂ,u,ﬂ,p_umm Double, ByVal m{) As Double, By'Val Ligetand() As Double)
Dism i, bob As Inieger

D ferror, erronol As Double

p = pressare

1= iemperature_R

L=i

WL<000rL>1)Then L =05

fermor = |

wisid
vil =0
emortol = outflcon
bob = |
Fori=0Ton-1
xl = pofi}/ p
K2=]+
= |- efipf o
xd = Exp{5.37 * 12 * x7)
ReDim Preserve K(i)
Kii) = New Doubde
K} =xl * xd
Mext
While bob < 50 ’
FlashCalcution? (L, n, 2, K, infleon)

IFL =0 Then
Call rhvarinisin, y. pe. i, a, b, ai, bi, ail. 7
Call rhvolumein, p, L x1, 32,53, R, & b)
w2 = Max(x1, x2)
wwl = Max({vv2, x3)
Z_cuble = w2
Call specificvolume(vvl, nm, y, B L p)
:Hrﬂr{-. y. .t pon?, u b si B, R)
End If
IfL= | Then
Call rkvarimit{n, x, pc, tc, b, x, bi, wij, R)
Call rkvoleme(n, p, L x1, £2, x3, B b)
w2 = Masixl, x2)
¥i2 = Max{viZ, x3)
Z_cublc = +12
Call specificvolume(Z_cubic, n,m, ¥,
Call fagacity(n, x, il p, v, & b, ai,
wis :
End Il
IFL>0And L < | Then
Call rkvarinitin, y, pe, 62, & b &, 6, 5ij, RY-
Call thvolumein, p, 1, 81, 22, x3, R, n, b)
vl = Mume(xl, x2)
wvl = Max{vd, x3)
Z_cubic = v

KL p)
bi. R)

Call specificvolume(Z_cubie. n.m. v, B, L p)
Call fugaciry(n. ¥, fv, L p, Z_cubic, & b, ai, bi, R}
Call rkvaninig(n, x, pe, ic, 8, b, i, bn, 8, R}

2 = Min(vl2, x3)
Call fugacty(n, x, fl, &, p, ¥i2, &, b, =i, b, B}
End If
Terror = 0.0
Fori=0Ton- |
" fermor = ferror & Abs{fi{i) < (i)}

Wext

I {ferror < ermonel) Then Exit While
(L >= | Or L <= 0) Thea Exit While
Fori=0Ton- 1

K = K (KT D Beli) - K
Mext

ok =bob + |
bob = 100
End While
Dim objden As MNew oildens
aillensity = objden.ranin, Ligstand, x, pressure, temperatare_R., m, 50)
WriteOutpus{pathiile, L. n, 2, pressure, temperature_R, pe, o, omega, B, outfllcon, inflcon, m, Ligutand)
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End Function
#Region “Flagh®
MWWHHMMMHHMW, Vil 2} As Doble, ByVal ki) As Double, ByVal inflcon As
Dicaible) As Boolean " e ”
D L_tmie, L_ubimit. L_mid As Double
D SumXomimesY As Double = 0.0
I {eale_murXmimus¥' (0.0, n, 7, k) <= 0.0) Then L_limit = 0.0
If {cale_mumXminwsY(0.0, &, 2 k) > 0.0) Then L_ulamis = 0.0
I (cake_stmXemimisd ¥ 1.0, n, 2, k) -= 0.0) Then L_Himit = 1.0
If (cale_sumXrmines¥(1.0, n, 7, k)2 0.0) Then L_ alimit = 1.0
|fiﬂi=_m‘l'ﬂ.m nL k}‘ﬂ&_mﬂL ulimit, o, 2, k) < 0.0} Then
* cout << "Limit => Correct® << endl;
Elss
“eowt << "Limit == In-Corroet” << endl;
End If
For i As Integes = 0 Ta 100
L_midd = 0.8 * {L._HWimit + L_ulimit)
If {cale Y{L_mid, n, z kj) == 0.0 Then
it = L_mbd
Elself {cale_sumXminusY{L_mid, n, z, k) <= 0.0} Then
L._Timit = L_mid
End If
Mext
L=L md
Ve=l0- L
End Function
Private Function cabe_swmXminusV{ByVal Lin As Double, m-l-.a.;l-uut ByVal o) As Doable, ByVal ki) As Double) As Deubile
[¥im memont As Doshle = 0.0
For | As Integer =0 Ton- |
ReDim Preserve xli)
x{i} = New Double
ufi) = cale_x(Lin, i, z, k)
ReDim Preserve vii)
¥li) = New Double
¥i1) = cale_wiLin. i, 2. k)
mumout = mamout + (i) = y{il)
Mt
Retum memaout
End Function
Privale Functson cale_u{ByVial Lin As Double, ByVal i As Integer, ByVal ) As Doubile, ByVal k() As Dosble) As Druble
Reesuam 21}/ (Lin + ({10 - Lin} * k(i)
End Function
Privase Fanciion cale_y(ByVal Lin As Doable, By'Val i As Inieger, MMMMMIIH}AIMJMMH
P.mlnﬂ]*qmﬂ.h (1.0 - Lin) * bm]‘.r

Nmn
Private Function specificvolume(DyVal 2 As Dw&ﬁ?dauhﬁhwﬂmmﬁ.mwm As Double, ByVal r As Double,
EyVal | As Double, ByVal p As Double)

i i As Integer

Dim va As Double

Dim s As Double

Dm vol As Double

Fori=0Tom-1

e = v o i) * i)
Mext

“u'gl'-“j,

I mw = 0 Then
vol=0

Elw
wal = va / mw

End I

wol = va / mw

I v = 0 Ard mywe = 0 Then
GasDenaity =0

Elie
Cmsliensizy = | { vol

End If

Enad Function
Privare Funcrion al 0 As Intcger. ByVal zsabi) As Double, By Val pe() As Double. ByVal tef) As Dowble, _
ByRef 8 As Double, AsDouble,
ByRed aif) As Double, ByRel bi() As Dooble, HyRef aif,) As Double, By Val + As Deuble)
Dim i, j As Imteger
a=d
b=0
Fori=0Ton-1
ReDim Preserve aili)
ifi) = New Double
wifi) = 0423748 * v ® r® ie{i) * wfi) * wii) £ (Sqroee(i}) * peli))
ReDim Preserve bifi)
Hifi) = Mew Double
i) = 008664 * 1 * (i) / pe(i)
Hea
Relim Preserve adjin = 1, a - 1)
Fori=0Ton-« |
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Forj=0Tomn-1
Dvimm i A Imteger =i (i + 1) - |
Disn j As Integer = j'4 + (j = 1)
aijiii, gj) = New Doubsle
wiji, gj) = Sqrafwi(i) * =ilil)
o= a+ reobi) * zeub(j) * aij(id, i)

Mext
b=l & msub(i} * bifi)
Nexi

End Fuanction
Private Fusction fcvolume(ByVal n As Integer, ByVal p As Dosble, ByVal | As Double, ByRel x| As Double,
ByRef x2 As Double, ByRef x3 As Double, ByVal r As Double, HyVal o As Double, ByVal b As Double)
[Dem ke, peu, geu, rem As Dochie
Diam roots As Imteger
‘pru=-tt1/p
e = (1 p) * ((n/ Sqra{)y-b* e *1-p*h* b}
‘o= -a * b/ (p * Sqnin)}
kcu=((r*1}ipi*3
pea = ({(r * 1)/ p) = 3) / keu
quu={r* ¢/ {p " 2))* {(a Sqei()) - (b * v * t) - {p * (b2}
fqeu = e /o
rew =-{a * b}/ {p * Sqrir))
rew = reu / ke
Call Cubig{pen, geu, rew, mots, x 1, x2, x3)
End Fumction
Private Function fugscity(ByVal n As Integer, ByVal zsab{) A Doubils, ByRaf i) As Double,
HyVal | As Double, ByVal p As Doubile, ByVal = As Double, ByVal o As Doubile, ByVal b As Double, ByVal ai{) As Double, ByVal bi(} As
Double, ByVal r As Double)
Dim | Ax Inseger
Bam 1, a2, x3, x4, 1% As Double
“z=p*Vii{r*i)
Fori=0Ton- |
an-b.m {z-1)/h
x2=Log{e* (] -b/ V)
=) ® * 15 Sqrl) (b c 2t s
ﬂ'{t b}/ b) - l'sﬂl‘ﬂ'ﬂ
x5 = Log(l +b/ V)
ReDim Preserve fli)
i) = New Double
M) =nl =l +xd " xd " a§
1) = Expifli})
i) = fif) * p * zubdi)
Nexi
Ena Funciion
#Region “Cabic®
Private Fuaction Cubio(ByVal p As Double, ByVal g Ag Double, ByVal ¢ As Double, ByRef numsoots As Integer, _
ByRefxl As Doable, ByRef x As Double, Byfef x3 As Doubile)
mmmm & b, phi As Dovble:
alpha=(1*q-(p=2))/3
beta = 004041 * (p* p® p)- 0333333333 " e gey
checker = ((beta ® betm) / 4) + ((alpha * alpha * ﬂptl].rm
If { Absichecker) < 0.000001) Then
nummots = 3
a={-betn/2)* (113}
Kl =2"a=(p-3)
=a-(pl3)
1 =2
Elsell {checker < ) Then
mummnats = 1
phi = Acoal-{beta / 2) * Sqri(-27 / (alpha * alpha * alpha}l)
al = 1154701 * Sqrt(-slpha) * Cos(phi / 3) - (p/ 3)

x2 = 1,154701 * Sqri{-alpha) * i/ 3) + (0656666 * PIY) - (p 1 3)

x3 = | 154701 * Sqri-alpha) * IR+ (I33BB*MR-p/' H
Elself (checker >0) Then

numroods = |

8= -beta | 2+ Sqnichecker)

b= -beea / 2 - Sqr(checker)

I {n = 0.0) Then a = -{{-a) * {1 / 3))
17 (n > 0,0 Then n = {a * 1 / 3))
(b = 0.0) Thea b = {{-b) “{1 /31
16k =00} Thea'k < (b # (1.4 31)
=fp/B+ath

=0

Privale Function WriteChutpui{ByVal pathfile As PathFile, ByVal il As Double, ByVal n As lnleger, By Val 2) As Double,
By Val pressure As Double, By Val icmpernrure_R As Double, ByVal pe() As Double, ByVal tcf) As Double, By Val omega() As Doubile, _
By'Val R As Double, _

Mﬂnﬂﬂm As Double, ByVal inflcon As Doubie, ByVal m() As Double, ByVal Liguand() As Double)
wine file

Dim Strdata As String

Dt ow As Mew WriteOutput




Strdata = WOl L& " Regin Composition Mode] ——eeemmeeeee® & vbCLE
Strdata += . Input-— * & vbiLf

Serdata += ow Constrarray(n, ., "n”)

Strdats += *P=* & CStr{presuse) & vhOrL!

Strdata += ow Constramuy(n, Ligstand, "Ligstand ™)
Serdams += *R=" & CSw(R) & vbCrlLr

Serdata += “Ouiflcon=" & CSir{outflicon) & viCrLl
Serdata += “inflcon=" & CSi{infloon) & vhrlT

Sirdam += = outpat * & vbCrLf
Strdats #= ow. Constramay(n, K. “K")

Serdata += “L=" & CSw(L) & vhOrl.0

Sordamn 4= "V & CS{V) & vbOrll

Sordatn += "Z_cubic=" & CSm(Z_cubic) & vbOrlr
Sirdaia += ow. Constrarmayin, x, "X}

Strdats += ow Constrarray(n, ¥, "Y")

Strdata += ow. Constrarray(n, ai, "ai")

Sirdata += ow Constramay(n, bi, In")

Sirdata += “am=" & CSir{n) & vbhCrlLl
Strdata += "bm=" & CSur(b) & vbCrlr

Sardlata += *gas density=" & CSur{GasDensity) & visCrLf
Sirdata += "oil demsaty=" & CSor{oil Density) & vhOrLT
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Sardaig += End Composition hModel r
Dim tempdata As String :
tempdata = v CietFileContenis{paihfile NawChipueFile)
Serdata = rempdain & vhOrLT & Serdas
aw SoveTextToFile(Sirdata, padhifile MewOutputFile)
End Funétion
End {laia
Form|
Puhiie Class Form] .
#Region * Windows Form Designer gencrated code *
Public Sub New()

My Hase New() ¢ y
“This call ix required by the Windows Form Designer.

InitializeComsponent()
“Add sy mitialization after the ntalizeComponemi() call
End Sub
“Form overrides disposs 10 clean up the component lisl
If disposing Then =—
I Mot {components |s Nothing) Then
components. Dispose()
End Il
End IT

disposing)
End Sub

'F.qﬂmlhﬁu‘h’m?mﬂww ——
Private components As
mmmhmmhmwmmrmw
It can be modified wang the Windows Form Desgner.

Do novt mosliFy it wsing the coce editor
MWMlM&mWMFmM
Friensd WithEvents binHrowse As Sysiem Windows Forms Hublon

Friend WithEvents GroupBox2 As Symm:-fmm

Friend WithEvents binSave As Sysem. Windows. Forms Button

Friend WithEvents totCutFile As System. Winidows Forms. TexiBax

Friend WithEvents sveFile As System Windows Forms SaveFileDialog

Friend WithEvents opaFile As System. Windows Forms OpenFileDialog

Froend WithEvenis bin{lose As System. Windows. Forms. Baiion

Friend WithEvents Bunon? As Symsem Windows. Forms Bunon

Friend WithEvents UlraGrid| As Infragistics. Win. Ulra WinGnd UbraGrid

Friend WithEvents UltraCirid ExcelExponer | umwunwmmmm
<Symem. ‘oempenent()

Dim Appearnced As Infgistics Win_Appearance = New Infiagistics. Win, Appesrance
Dien Appearance |0 As Infragistics Win Appearance = New Infragistics. Win, Appearance
Dim Appearance] | As Infragistics Win Appeamace = New Infingistice Win. Appeannce
D Appearance| 2 As Infragistics. Win Appearance = New Infragistics Win Appearance
Me, GroupBen ] = Mew System, Windows. Fooms GrompBog



Me benBrowse = New Sysem Windows Forms Burtion

Me.taExcelPath = New System. Windows. Forms. TextBox

Me UroupBox? = New Systemn. Windows Forms CroupBax

Mo bmSave = New System. Windows Forms. Bumon

Me.oaOutFile = Mew System. Windows Forma. TextBox

Me.mveFile = New System. Windows. Forma SaveFilelMalog

Me.opnFile = New Sysiem Windows Forms OpenFileDhalog

Me bmClose = Mew Symem Windows. Forms Bamon

Me ButtonT = Mew System. Windows Forms. Button

Ma. UliraGirid] = New Infragistics. Win Ultra W anGird LiteaCirsd

Me LiiralirdExcelExporter] = New Infragistics. Win, U WiniGrid ExcelExport LeGridExcel Exporer
Me. Group Box | SuspendLayom()

Mo

Giroup Boo . SuspendLayou)
CTypeMe UltraGrid], System. ComponenthModel [Supportinitzalize) Beginlas()
lh'll.ﬂql-dl.-nﬂ}

‘GroupBe

Me.GroupBox | Controls Add(Me. bnDrowse)
Me. GroupBox | Controls Add{Me. ixiExcelPaih )
Me OroupBox | Location = Mew System. Dranwing. Poimi 24, 37)
Me.GroupBox | Name = "GroupBox 1™
Me. GroupBos | Size = New System. Drawing Size(424, 72)
Me GroupBox 1, Tablndex = 7
e, Croup Box | TehSiop = False
M-.ﬂrwllml | .Tm = *Inpist File®

binBrowse

Me bnBrowse Location = New Symem Drawing Poin336, 29)
Mhe btnDirowse, Mame = "binDrowse™

Me binHrowse Size = New System Crawing Size( 72, 20)

Me binBrowse Tabindex =3

Me binBrowse. Text = "Browse”  *

Me oatExcelPath Locasion = 5 Trrawimg Poim(8, 29
MetxtExcel Path Name -‘ImEuJ:Il

Me txtExcelPaih Size = New System Urawng Siae{320, 20)

Me. GroupBox? Size = Mew Symem Drawing Sice(424, 64)
Me. GrowpBox] Tablndes = §

Me CroupBox? TabSiop = False

Me Gromp o Text = * Cutpat Filc -*

w-ﬂn wm 24)

mmmm = New System Drawing. Poine( 16, 24)
Me ixiOuiFile Name = “iiOulFike”
Me: txiChFile Size = New Sysiem Drawing Size{312, 20}
Me.ooOuiFile Tablndex = &
uth.lﬂull?‘u]-.Tnl -
" ‘weFile
Me.sveFile. DefauliExt = "t
Mm-ruu.m-- ‘mlﬁh{' bt " fxi”
benClose
Me.binClose. Location = New System Dvawing. Polnn( 240, 208)
Me bin(Close Mame = "binilose™
MebmClose. Size = New Sysem. Deawing Size(B0, 27}
Me binCloss. Tablndex = 10
Me binClose, Text = "Close”
' "BumonT '
e Batton?. Location = Mew System Drawing. Point] | 36, 208)
MAde BationT Mame = "Huiton T~
Me BunonT, Tablndex = 18
Mn.hn‘!.l'm-'lt-‘

Me UlraGrid | = Infragistics. Win DefsubinbleBoolean False
Appearaniel = System Drawing. SystemC olors. Active Border

Ajpesrance? HackColarl =

Appearance? BackCradientSryle = Infmgistics Win CradeentStyle Vertical

Appearancel BorderColor = Window

Appearancel e
e UlernGirid | DisplayLayout GroupByBox BandLabel Appearance = Appesranced
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Me UliraCirid | Displary Layout CiroupBy Box. BorderStyle = Infragistics Win UlElementBerderSryle Solid
Appearanced BackColor = Sywem Drawing SysemColors ControlLightLight

HWIHW Box PromptAppeamnce = Appearanced
Me. UleraGrid | Display Layoat. Regions = |
M. LittraGinid | Displany Lay out Max RowScrollRegioms = 1
. HackColor = System Drawing SystemColors Window
Appearance’ ForeColar = Sysiem Drawing SymemColors ControlTexn
Me, WWMW
Appeaancet WMHM
Appearanced ForeColor = System. Drawing Sy demUolors Highlghi Texi
Me. Ubiradind | DesplayLayout Overnde ActiveRow Appesrance = Appearancets
Me. UlraGirid | DiksplayLayou Cverride. BorderStyleCell = Infragistica Win, UlElementBorderStyle. Doted
Me. Utralirid 1. mwmm Infragistics. Win L ElementBordesStyle Dotted

Appearanced. = System Deawing. Color Silver
Appearancel TextTrimming = Infragistics. Win Text Trmmeng. EllipsiaC haracter
Me UltraCirid | Display Layoul, Chvemde. Cell Appearance = Appesrancel

Me. UlernCirid | Chisplmy Layout. mcdm-hwﬁwuumwm&mum EdiAndSelectText
e UleraCiridL. Dl.nll_ru;fm =g

Appearance?, BackColar Control

Appesranced, BackColord Emm
Appesranced, BackGradieneAlignmicnt = Infragistics Win
Appearanced, f le = Infragistics. Win, 1
Me UlraGrid | DisplayLayoun Override, (Row Appearance = Appearance™

Appesanct 10 TextHAlign = lnfagistucs Win Lait

Me Ulralirid | Displayl ayout Overvide Header Appearance = A it

Me UleraCrid | i : =ln Win UltraWinGrid HesderClick Action SonMulei
MeUlaGrid | DisplayLayout. HeaderStyle = Infinglstics Win HeaderStybe. Windows X PCommand

AFIIIWWWIM AN
Me.UltraCGrid ). DisplayLayout Override RowSelestors =  Infaglaics Win. DefoulabcBoolean Fal

Appewrmncel 2 BackColor = System Drvwing S ystemColors ControlLight

Kmﬂiﬂﬁ"’mw w;ﬂww o M!rmll'l‘ Fill
a
We UltraCirid | Display Layout = Infragastios Win UliraWinGrid ScrollStyle. Imuvediate
e UlmaCirid . Dhsplay Layout. Vi Band = Infragisnics Wan UltraWinCind vu-mm.dmmway

M. UlraGrid | Location = Mew Syssem. Dawing. Poin(8, 248)
M UlraGirid | Name = “UlraGrid]*
&Mlh-mmmm

Me UlraGrid] Tabindex = 19
He.uhﬂilem-'UhﬂHI‘

Me, Text = “Form|1*
Me. Group Do | Rensme Layou(False)
M. GiroupBos 2. Resame Layodl{False)
CType{Me.Ubiratind], System Componeni®fodel [Supportinitiabze) Endlnsii )
Me. RemameLayounFalse)
End Sub
#End Region
Public macper As
mmm Maﬂfﬂ Eender As Syssem. Objecy, By Vil ¢ As System EventAsgs) Handles binBrowse Click

q:lﬂlt.ﬂh' = *Excel Files (* xs}* xls*™
txiExcelPaih, Text = opnFile. FileName

Private Sub hinSave_Click{By Val sender As System Obgect, By'Val & As System EventArgs) Handles btnSave. Click

Ty
wveFile.ShowDiakog()
xtOhatFibe Text = sveFile. FileName
Caich ex As Exception
End Try
End Sub
Private Sub binClose_Click{By'Val sender As System Object, Hy'Val & As System EventAsgs) Handles binClose. Click
End

End Sub
Private Sub ButtonT_Click{By Val sender As System Object, By Val ¢ As System EventAsgs) Handles ButionT Click
Dim o As New PuthFile



“mils = by ds

Try

* Dim cutputfile Az String

' outpifile = Mid{o OutpuiFile, 1, o CutputFile Length - 4) & = xis”
Then

LibtraCinid

mfuhﬁﬁﬁmlﬁwml ‘ExpomMe.UlraGrid |, cuspatfile)
* Endl
Caich ex As Exceplion

MessayeBox Show{"Complele™)
Ehe

MezsageBon Show{"Ermor™)
Endd If

End Sub
End Class
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Public te{) As Double "CRITICAL T y
Pablic m() As Double “MOLECULAR WENGHT
Public cmegal) As Dowble "Accentric factor
Public Hguand() As Double “liaquid demsiny [@standard condiiion
Public n As Integer

Puldlie Pressure As Double

Public tempersiure As Douhle

Public catficon As Double

Public mflcon As Double

Public R As Double

Public Area As Double

Public Pipeling_Length As Double

Public Tubing_Length As Double ’
Pablic (hinj_input, qgaban, goaban As Double
Public sumberofwell As Double

“Reservoir Model™
Public sor As Diouble
Public sgr As Double
Public moil As Double
Public ngas As Double
Public poragity Ax Double
Public k As Double
Pablic b As Doubile
Public Uoil As Dioubile
Public Ugas As Doable
Public re As Double
Public rw As Dauble
Pubdic dt As Double
“Tubing Model =
"ChokeModel
Slamp—r
Public 5() As Double
Public %) As Double
Publiz L. As Double
Public V' As Double

Public Cildensity As Double
Pubdic GasDentity As Double
Puble: CilViscosity As Double
Public GiasViscosity As Double
Public Phar As Double
Public Pwf As Double
Pubslic go As Doulsde
Public qg As Double
Public A Az Double
Public D As Double

Pubihc A_tab As Double



Public X1, P, Vigl, Yu, Ac, VL, Sumbipi As Doable
Public Psep, psep?, psep, patm, P1, Tatm, Tam? As Dooble
Public InjectionPoint As Double

Private Function ExcelConmeci{ByVal iopath As PaihFile) As System Daes DataSe
Dan mConnect As System, Data, OleDb. OleDbConnection

Tey
' ReserveChar = ConfigurationSeitings. AppSeitings"ReserveChar™) * ConfigurationSenings. AppSettings(*Reserve Word®)
‘Fetch Drata from excel
D deSet As System. Data DataSed
'Dim mSheeiName As Smmng
ﬁ = New System. Data DiataSet

monmect = New Systern. Datn, JLOLEDBAD, " & _
'MW&MMI" & Wlﬂ-"j
mCotmmand = New System. Diain 08T, DD DataAdapter“seloct * from [input$]", mConnect)
el perumand, Fill{diSed, “inpur®)
mComnect. Close()
Retamn (deSer)
Caich ex As Exception
MesmapeBox Show(ex Merage)
End Try
End Fumction
Public Function val Pachifil: As
Crim ds Mﬂmm i
DHim | As lnteger = 0 !
ds = Excelonnect{ Pathfile)
Drim _tableMame As String "UF'
If Mot biiothing]ds) Then
Fori=0To u’r#ut_uﬂﬂl-nﬂmcun ]
ReDim Preserve 2(i)
(i) = New Double
)= h‘r.uu(_uﬂuﬂnqnu-ﬂ Tvemn{™ )k ToSwing
Rielim Preserve peli)
pei) = New Double
peli) = mm.nm_uummumm mﬁw
Relim Preserve (i}
i) = New Double
tefi) = Val{ds Tables{ tableXName) M)MWLW
Reldim Preserve omegadi)
omega(i) = New Diouble
wi}-hTMW}.RMH.Imm

m;-mm

hqﬂul_lj = s Tables tahleName) Kows(i] tem{"Liquidstand") ToString

Dim ih As Double

Dim ¢7eg As Double

€7sg = Val{ds Tables{- ssblcName) Rows(0). lemi™c 7S pacificgraviny” ) ToSming)

b= (4 5579 S mid) * 0151 78) * (cTeg ~01MITY A3

Din 67, pe? As

Sﬁ;m'f +(BIT® cTog) + (04244 = (01174 * cTag)) * b + (([0A669 « (32623 * cTug)) * 10° 3)/ th)
-

Dum PCA, PCH, POC As Diouble

m-m*p.ma S7%6) - Q0L ¥ (22598 [cTug) + (o873 :(m.] ) ¥ .66 £ty
PCB = {14685 + (3648 f cTag) = (047227 /{cTug) * 2)) * ((0.1) * Ty fub ~ 2)

POC = (042009 + (LE9T7 / (cTsg ™ 21)) * {01 = 10} * (b ™ 3}

pel = Exp{PCA + PCH - PCC)

pel6) = pe7 ki

temperature = ds. Tables(_tableName) Rows(0). lem{ “temperature”). ToSoing

Pressure = uTMMLW;.Iun{WJLT&-'

infhcon -dn.ma-(_uwu- iws(ll).

imaiflcon = di Tables{ tableMame) Rows(0) m‘nﬂwu lToSlﬂ

n=z Lemgth

R= uTM_uHﬂim}MM'}Tﬁmq

sgr = Vabida Tables(_tableName) Rows(ll) lem{"sgr™) ToString)

sor = Valds Tables{_mbleName). Rn::ﬂl.lm'w"ﬂnsmaj

noil = Val{ds. Tables_tableName). Rows(0). ltem{ “nail®) ToSkring)

ngas = Val(ds Tables|_tableName) Rows(T). Hem{™rgas”) ToSering)
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povosity = Valids Tables(_tableN ame). Rows(U}. laem( "porosary™}. ToStrmg )

k = Val(ds Tablea(_tableName) Rows{0) liem{ k") ToSkring)

h = Val{ds. Tables{_tableMName) Rows(0) liemi{™h") ToSering)

e = Vial{ds Tablesi_mblcName), Rows(0), e “re") ToString)

rw = Valids Tables{_tableName) Rowa(D ) i *rw") ToString)

di= vq&.:nu_mm;wu—cme

Pl = Valids Tables|_tsbleName) Rows(0) bemi"pbar™) ToString)

Pt = Val(ds Tables|_tablehame), Rows(0). liem(”pw{™ ) TeString)

Pacpl = du Tables(_tsbleName). Rows(0). liemi“piep | °) TaString
tableName) Fows(0) liem

picpd = da Tables | “paep2”) ToString
puepd = da Tahles{_tabileName) Rows(0). iemd{"psepd”) ToSering
Taten = ds Tables(_tableMame) Rows(0) hem{ Tatm"). ToString

Tutm? = ds Tables(_tableMame). Rows(0). ltem{ “Tatm2") ToString
GasSG = Valfds Tables{_talleName) Rows{0) liemi{ "ChasS07) ToString)
CHISE = Val{ds Tables{_tableName) Rowsi0) hem{"0iSG") ToString)
ChokeDiameter = Val{de Tables(_tableName) Rows(0). liem{ *ChokeDiameter™) ToStrng)
Cd = Vab{ds Tables{ tableMName) Rows{0) liem("Cd™) ToSinng)
= = Val{ds Tables{_bleNeme) Rows(0). liem("ge"). ToString)
A = ds Tablesi_rableMame). Rows(0).Iem(* A"). ToString
= Val{da. Tables{_tableNams). Rows{0). lem{ "[3°) TaString)
3 :- \‘:l[t Til::_ﬂhNn:‘! Rm:ﬂ%‘lm
§ = Val{ds Tables(_tbletame). Rows(0). liem{ "G}, ToString)
Deil. = v%mmmx.mmwunm
e=Valds Nﬁ_ﬁmkmﬁﬁﬂTﬁM
= Yal{ds Tables{_tableMame}).
Dell, = Valids Tables{_tableName) Rows{0) fens| m'ﬁ?mw
e = Val{ds Tables{_isbleMName) Rows{0) liem{"=") ToSming)
Pipeline_Length = vﬂumw_wy _bength "), ToString )
Tubing_Length = Val(de. Tables_iableM e} Fows(l Length®). ToString)
umu = Val{ds Tables{_tabiebame) Rowdl). lnuwﬂﬂ'rnsﬁ.;
Qrmj_imgnat = Valchs Tables{ mlm;m'ﬂh input”). TeString)
qosban = \'ﬂd:.Tﬁleq_w Inemn{"gosban ™). ToSing)
qaban = Val(ds bz “gpaban”). ToSiring)
mumberafwell = Val{ds Tablew tableName) Rows{T) Ww

E:I‘F = Vial{ds. Tables(_tableh ame) Rowsil) hemi"area”) Tos

Em! Fumction
End Class
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ik
Pablic & As Double
Public [} As Double

Publc bl A« Doutle

Public OGS0, OIS0, ChokelMamerer, Td, GC As Dosuble
' for tubing -



"—for separator —
Fﬂc(ﬁ] imput, qgaban, qoaban As Double

mu_u.qu out As Double
Double

Public Ninj As Double

Public Ziny() As Double

PFublsz Zp() As Double

Pubdlic t As Dowble

Public P2 As Double

Pulslic Pl As Double

Pubslic Pres As Dioable

Public Zi_new() As Double

Public TimeSiep As Integer

Pablic New_Pwi As Doulde

Pablic Old_Pwl As Double

Pablic Zsul) As Double

Public New_Pres As Diasble

Public Cinj_Cwt As Dooble

Public Area As Double

[ CHdPashlile As New PathFile

Dim PuiLoop As Integer

Public ds As New DaaSet

Dhim dat As Sysbern. Data DaénTohls
IIWW

Function FunMainProgrami
mﬂﬂhﬂﬂlmmw

By\V'al UbraGirid Fxcel Exparrer | nmwm-wmﬂ ExgelExpont UlaGridExcelBxporter) As Boolean

OldPahfile = Pathfile

Try :
Mim al As New i F
nlnuﬂmﬂm
n=gln
r=ale
Pressure = ol Pressure
Temperature = ol banperahun
pe = ol.pu
e=ole
R=clR
omega = ol omegs
ligstand = o lsgetand
outficon = ol outflcon
mfleon = ol inflkon
m=al.m
poroity = ol poroity
sgr = ol
sor= ol sor
noil = ol noll
ngas = ol.ngas
k=olk
h=olh
re=ol.re
w = ol rw
Phar = o] Fhar
Puf = ol Pwl
di=al.di
A=plA
D=plD
A_tub=ol A_tab
D tub = ol Db
g=clg
Dell. = ol Dbl
e=nle
Paepl = ol Peepl
peepl = al psepl
psepd = ol psepd
Taam = o). Tatm
Tatm2 = o). Tatmd

_length = ol Pipeline_Length

ﬂﬂ'ﬂﬁﬁhhm
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While Mot ChiPwi
If Model|_3{Paihfile) Then
If Main Tubingmodel{Path ile) Then “—=Pal
Dicbug, WriteLine( TimeStep=" & TimeStep & ° (OR_PWi=" & Old_Pwl & * Pwi=" & Pl & * ‘error=" & Abs(Cld_Pw - Pwi)
& * Pwiloop=* & PwfLoop)

If qo_out < qeaban AndAlso qg_out < qgshan Then

R = Pwi -

I Rt 2= 0 Aned Mot GetGld Erros Then
OutPulPWF = O0d_Pof + AddnPwi

End If '

I Rst2 == 0 Amd CheiClld | Enur'l‘hh

ChkFabandon = True
WiiteOutput{ Pathfibe)

WrileExcel{Pathfile, LNraCind 1, UliraCind ExcelExporier] )

Else

Wil hatpatiPathiibe)

‘WrieExcel{Pathfile, Ulraiind 1, Uliralind ExcelExporter | )

If P = Phar Then
Old_Pwi'= Pbar - 10

113



Pwf = Phar - 10
End IT
= Zi_ncw
ChkPw = False
PwiLoop =1
TimeSiep = TimeStep + |
End If
Eud IF
[End While
Rerum Tree
Catch ex As Exception
HKetum Fals
End Try
End Function
Privale Fanction WiieExcel(ByVal Pathfile As PaihFile, ByVal UltaGrid| As Infragistics Win, Uibtra WinGnd UltraCind, _
By'Val UlmaCindExcelExponier ] As Infragistics. Win, LllraWinCind ExcelFxpon Utre(indExce[Exporter) As Bocbean

Try
Dien outputfile As String
it -ummwh 1, Pathfile DutputFile Length - 4) & *_TimeSiep™ & CSif{ TimeSiep) & = xh®
| .DataSource = da. Tables(0)
UltraGndExcel Exporter | Expont{UlkralGnd |, cutputfile)
End 11
Caach ex As Exception
End Try
End Fanction
Private Function Model|_3{ByVal Pathfile As PaibFile) As Baolean
Diumi Chk As Boolean = False
If MainReservoirModel{ Patiile) Then =—ap np,Prevs
I Path Then
C-lﬂnt file} -?me__b
N M emodelPub iy Then 4ot
Chk = True
End I
End If
Enal IT
End I
Retum Chk
End Function
Frivate Fanction WJWV-}M Mhhrikjlqnmh
Dim chi As Boolean = F.h
ITW ﬂw
Irwpﬂﬂlﬂnu'ﬂﬂm
End IT
End If
Return chk
End Function

Private Function MainReservoirhiodel(ByVal Puifile As PaiFilc) As Boolean
oo
Driem objl As New Reservoirhbiodel

Dim OuipuiFile As Siring

OutpusFile = mmmw 4)

OusputFile = QueputFile & *_Reservoirhodel Timesiep * " & CSoiTamcSicp) & = PwfLoop=" & Pwiloop & ~ o™
Pathfile NewCutpeiFile

ﬂlmmm&mwﬂnnh
omega, R, ligeand, cutflcon, inflcon, m, porosity,
n.ﬂl!nhhmmhﬁttnﬂ-hm
Kp = ohil Np

Zp=objl Ip

Pres = ohjl Pres

Zi_new = ohjl Zi

Returm True

Private Function MainPipelinemodel[By'Val Pathfile As PathFile) Ax Boolean
Ty
MW&.MS&-‘
= Lefi{Fathflle OutputFile, Pathiile OwrputFile Length - 4
O-q:-ﬁh Dq)d'i’ilt mmm:p'tmu _PwilLoop=" & Pwiloop & “tut”™
Paibfile New(rutputFile =

nh:m.un:-wm
If TimeSeep = | Then
P2 = obj3 runiiodel{Paihifile, b, Np + Ninj, A, D, g DelL, c, ligstand, Zp, Psepl, Tatm, pe. tc, omega, B cutflcon, inflcon, m,
wﬁ:ﬂl
P2 = objd. nundiodelPathfile, n, Np + Ninj, A, D, . DelL, ¢, ligatand, Zsu, Peepl, Taim, pe, ic, omega, R, outflcon, inflcon, m,
Pipeline_length)
End I
Return True

Caich ex As Excoption
Return Falwe
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End Try
Enal Function
Private Function MainChokemodel{By'Val Pathfile As PaikFile) As Boolean

Try
Dim OutputFile As String
ChatputFile = Lefi{Pathfile OutputFile, Pathfile CutputFile Lemgih - 47
CrrpuiFile = OurpatFile & *_Chokemode! Timestep " & CSa(TimeStep) & *_PwiLoop=" & Pwiloop & *na”
Pathifile NewOutputFile = OutputFile
Dim ol As Mew chokebodel
[am y As Double

y=03
= | Then
Pl = obj nunMiodel{Pattifile, n, P2, v, Tatm, GasSG, OISG, ChokeDiameter, Cd, GC, 2p, pe, 15, omega, R, outfloon, infloon, m, lgstand,
Np + Nimj}
Else
Pl = obi nenbodel Pathiile, o, P2, v, Tatm, GaS0, OIS0, ChokeDiameter, Cd, OC, Zm, pe. i, omega, B, cutflcon, inflecn, m,
lagstand, Np + Ning)
End I
Return Troe
Cmach ex As Exception
Retain Fakse
End Try
End Fanction
Private Fusction MainTubingmoded(By'Val Pathfile As PathFile) As Boclean
Try

i OuzputFile As Sering

OutputFile = LefiPathfile CutpatFile, Pathfile OwputFile, Length

CutputFile = Bdﬂi’ﬁl w'ﬂsﬂﬂp Amﬂi&q}twsmrw
Pathfile MewCheputFile

I ThneStep = | Then
Pl = Mmﬁﬁﬁhgl ruby 1_us, g, Dedl, o, N, Zp, Np + Ninj, Zp, P1, Temperature, pe, s, omega, B, outflcon, infleon,
m.wmmhmm

] M-na,smmm,..a wib, [3_tub, g, Dell e, Mp, Zp, Np = Ning, Zsu, PI, Temperature, pe, 12, omega, R, outflcon, mnfleon,
u%;ﬂhﬁ.mm

Private Function Mwmnﬂ&g-\fﬂ?dﬂh umﬂmﬁm

Try

Dim OutputFile As String

oﬂm-mmmmmm
Dlltpqﬂlnl m & CSu{TmeStep) & * tx”

Dm#h?h-ﬂq-m » :
bjé. ranMainModel(Pathfile, n. Pzepl, paepl, prpl. Np + Minj. Zp. Tamal, pe, tc, omega, R, outflcon, infloon, m, Ginj_mp, bpuand,
numberefwell, Zua, TuneStep)
Nimj = ohif Ninj
Zinj = objiZinj
qo_oul = ohigb.go_oel
qg_owt = obyh.q_owl
Qinj_Out = o OurChn].
Rstwm Tros
Casch ex As Exception
Return False
End Ty
End Fanction
Private Function Mainl!pdatePres{ByVal Pathfile As PathFile) As Boolean
mmmum
w.naﬂrﬁmwmmw:m 4) o
Pathfile. NewOutputFile = OutputFile
[hm obyf As New CompostionModel
Dim Chik As Boolean = True
Dhm Pres_pew As Doubile
Dham Pr, OutPulPr As Double
Pr = Pressure
Dem old_Emor, new_Emor As Double
Dem GetOEror As Boolean = True
While Chk
obj8. Run{Pathfile, 0.5, n, Zi_ncw, Pr, Tempernture, pe, tc, omega, R, outflcon, infleon, m, ligstand)
n(ohlunhjt.dmmm*{nbjw'mm}
Hmm
new_Ermor = Abs{Pres_new - Pres)
if mew_Error > old_Emor Thea
OutPutly = Pr+ |
Chk = False
Else



116

old_Emor = new_Error
End If
End IT
T Gt Error Then
old_Error = Abs(Pres_new - Pres)
GetOEmor = False
Ened If
Pr=Pr-1
End While
Pressure = ChuiPuiPr
Phar = DhatPuilPr
Return True
Caich ex As Exception
Return False
End Try
End Function
Private Funchon CalZsu{ByVal pathiile As PaithFile) As Boolean
Try
Dim OuzputFile As String
wﬁ-mﬂlhuwmr ﬂ:ﬂrﬂ-lm i}& -
pathiile NewOwipuiFile =
Diimm obj 10 As New CalZsu
If TimeStep > | Then
mhrr-d:jmlmﬁk.Lﬂa;ﬁﬁ,iw.mmﬁw;m_&mmmmu.hnﬂ
Retum Tree
Catch ex As Exception
Remum False
End Try
End Function
¥End Region

#Region “Writcoutput™
Public Function WriteOutpun By Val patfile As PahFile)
Duwhhsh‘

Olcplﬂhll..tﬁ:pdﬁu puHh.ﬂntpﬁFithﬂl
CutputFile = ChatpuiFile & Main® & -
pathfile. NewCurputFile = CrputFile
Dim ow As New WriteOutput
Dimn Strdain As String = =
SUrdatn +% *eememememeesemeee Wain Progmm TimeStep=" & CStn(TuneStep)
Strelatn += * = & bl

Strdata += ‘Pli‘lmm#

Strdata += *Pwi=" & CStr{Pwl) & vhrLl .

Strdate += "goatmr=" & CSirigo m'_tunﬁcl}i\tﬁif

Strdata += "qgatm=" & CSiqn_out * numbeeofwell) & vbULE

Strcdata += “gqunj=" & CSir{(inj_Chat) & vHOALT

vl AT
As

tempadata = ow CetFileContents{pathfile. MewufputFils)

Strdain = temyudats & vbOrLT & Sirdoss

wwmmmmmml

Catch ex As Exception

End Try

Try
CreatRow(dst. TimeStep, Pressure, P, Pwi go_oul * nuimberolwell, g ol * nunbem fell, Qmy_ i)
Caich ex As Exceplion

Private Sob CrestRow({ByRel dt As Symem Data DasaTable, By'Val ofp As Integer, —
ay\ruﬂunm FlyVal o8 | As Duble, ByVal oPwf As Doutibe, By Vsl aqotam As Dorble, ByVal oggam As Double, _
BiyVal ginj As Dosbie)

Dim diTabdel As New System Dala DataTalde
With diTablel Columas

Add et
Ad{PI7)
Add("Pwl™)
AM("goatm™)
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Ohldenity

Larsposts Sy stern Matls

Public Class odldens

Privase |igstand() As Double

Public density As Double “Hedens

Public Fusction runiBy Val nc As Integer, ByVal Ligetand i) As Double, Byl comp() As Double, ByVal p As Double, _
HyVal lemporature_R As Dowbls, ByVal mi{) As Double, ByVal ligdens As Double) As Doubile

D ifl, s, mwep As Doulsle Dam ferron, clddensity, numer, delrowp, delrowt As Double D i, j As Integer
Diien =1, x2, x3, x4, x5 As Double

Ligetand = Liqetand i  denmity = ligdens ma=0  4iff=001 Fori=0Tomc-1 ma = ma + compdi) * mii)
Neni

fevenr = 0,001 IF demsity < 0.3 Them dewsity =077 Dim Lp As Boglean = Tz While Lp olddensity = demsiy
IT{Abs{m{0} - 16.043) < difl) Then )

Liqeand(0) = 0.312 + denaity * 0.43 “paper is 045 code is 20 066

Ligstand({¥) = Linystan )

=L
End IT
i { Aba{ms( 1) - 30.07) < difY) Then
Ligstand{1} = 15.3 + 0.3167 * density Ligpstand{ 1) = Ligstanei(1}

End IT

summer = 0.0

Fori=0Tomc-1

numer = numer + comp(il * m(i) / (Ligstandii))

Mext

If o = 0 And numer = 0 Thes demtity = 0

E:lr densiry = (m { pumez)

If {Abs{density - clddensity) <= ferrce) Thes Lp = Falic
End While
Dim Psta As Doable  Pasta = dengity  “demsity = denaify
delrowp = (0167 + L6181 * (10 (-0.0425 * denaity})) * (p 1000}
dedrowp = delrowp - 001 * (0,299 + 263 * {10 {-0.0603 * density ]} * (p/ 1000) ~ 2
IT denaity = 0 Then

xl=0
Else

xl = density  (-0.951)

End IT

W=xd A 0538

delsowt = (0.00302 + 1.50% * (x1}) * (3) -

delrowt = delrowt - (00216 - 0.0233 * (10 * {00761 * densiry ) * f{x2) > (0.475))
density = Pata + dedrowy - defrowt

Impons Sysiem. Math

Public Class Regimes
Public Vi As Doubide
Public Vi As Double
Pubilic EL As Double
Public DelPH As Doubile
Public Re As Double
Puablic fincody As Dooble
Public DelPf As Double
Private Vensl, Vmsg As Double

#Region “Tubing'
Public Function Bubble(ByVal pathfile As PathFile, ByVal Vm As Double, DyVal Vig As Double, ByVal M As Doable,
ByVal Pg As Double, ByVal [J As Double, ByVal g As Doubie, ByVal deil. As Double, ByVal E As Double, ByVal liquidvis As Double)
‘Tiim fimondy As Double
Wb LAL* ((g* 95 * (Pl -Pg))/ (P1* 2))* (0.2%)
Vi={L2* Vm}+ Vb
EL=1-{Vsg/¥1)
DelPH = (dell / 144) * ({g / g) * ((P * EL) + {1 - EL) * Pg))
Re={{D* Vim * P1)/ Inquidvis) * 1448



fmoody = moody(E, D, Re)

DelPf= (2 * fmoody * Vm * Vin * PI* dell) / (144 * g * D)
WriteDutpul{paihiile, "Bubble”, Vm, Vg, Pl Pg. D, g, deil., E, iqudvis, 0, 0)
‘End Function
Public Function Slog(By'Val pathifile As PathFile, ByVal Vag As Double, ByVal Ym As Double, ByVal M As Double, _
n,v-lhum ByVal [ As Double, ByVal g As Double, ByVal dell. Ax Doulde, ByVal E As Double, ByVal liuidvis As Double)

“Dam fmoody As Double

Vh=0.345 ® ((D* g * (M - Pgh} / (P} (D.5)

Vi=l2*Vm+ Vb

EL=|-{Vig/ Vm)

Re = {{([} * Ym) * P} * 1448) /

DielPH = (dell. / 144} ® {(g / g) * ((P1® EL} + (1 - EL} ® Pgl)

DelPMf = 0.001295 * fmoody * Vim * Ym * Pl * dell. * EL/ D
WiiteOwtput{ pathfile, "Shug”, Vm, Vag PL Pg D, g dell, E Bquadvia 0, 0)
[Enal Funcison
mﬂﬂmmmv"m*}m ByVal Vsl As Double, By'Val Vim As Double, By'Val Vg As Double, _
Ad
ngr;mnn.u.,n,vun.u..nu.u..a,v.lpuMmualmmmvuhumn,vulmum
T fmooady As Double
EL=VYd/Vm
'{HL-‘IH}'(&J’IF‘HH'HL!*II ~EL)* Pgl}
Re)

Mf'{l‘m‘\"..”fn Pg* delL)/yidd* g "l'.yI
WinteChutpuil pathlile, mhﬁﬂnﬂ‘ﬂﬁmtﬁ
End Function

Public Fusction Froth(ByVal pathfile As PatkFile, ByVal Vg As Double, ByVal Vm As Double, ByVal Vimsl As Double, By Vil Vmsg As
Duoubile, ByVal Pl As Double, _
nywunsmnw-nummﬂu;mmmnﬂdmnmmnﬂwsmbmm-,nrwl.pumumu]

h-{{nt\r~4m;w“

D delpfl, delpl2, vagl, vagd, hﬁwubﬂu

Dim EE] As Double

EEl= | - {Vag / Vm})

fmeady = moosthy(E, D, He) :

delpfl = (2 * fmoody * Vi * Vim * PL® delL * (EE1)) /(144 * g * )

delpl2 = (2 * fmoody * S Ysg* Py dell)f (144 S oDy

wigl = ((Vmsl / 0.263) + 8.6) / Vinsg

u.]-;unmw.nnn.n:mﬁnyvm‘

DelP{ = (delpi2 - delpfl) * ([Vag - vig2) / (yag? - vag2)) + deipl]

wn-nupqp.m..-rwvnmnnn g dell. E: Nguldvis, 0, 0)

End Function

#End Region
FRegion “prpeline”
mrmm:jwvumnmmﬁ.mvuVmMnywnmm
MHDMMMH As Double, By'Val d€1L As Double. ByVal E As Double, ByVal liquidvis As Douhle}
Re=((D* \'m'Hj!bqudvu}‘!lﬂ
fmoody = moody(E, [, Re)
M-H'M'\h'h'ﬂ'mﬂm‘;*ﬂ}
‘WriteOutputi pachfile, “Bubble”, Vm, 0, FL&B.[.MI.E.WI"
End Fusction

Public Function Slay_p(Ey Vil pathfile As PathFile, ByVal gl As Double, ByVal qg As Dowble, ByVal Vm As Double, ByVal Pl As Double, _
By"h'i ﬁhmwn As Double, ByVal g As Double, ByVal dell. As Double, ByVal E As Double, HyVal liquidvis As Double)
Diun fincody As

'qh’ll\i*-ﬂ
Re = ({{D * Vim) ® P1} * 1448} / houidvis
DelPH = (dell / 144) * ((g / gh * ((P1 * EL) = (I - EL} * Pgh)
fmondy = moody(E, D, Re}
DelPT= (2 * fenoody * Vi ™ Vim ® P1® dell. * (EL)) /{184 * g * 1)
WriseOutpuetipathfile, "Slug”. Vm, 0, PL Pg. D, g dell, E, Bguidvis, gl qg)
Fumction

End
mrmmmun,w pathiile As PaahFile, ByVal Vag As Double, —
mw&un:na} TWWW[&MM&&MMMWEMMMHW&MI
Re=(D* Vag ¥Bg)/ 1448

fmondy = moody(E, [}, Re)

DelPf=(2 * fmoody * Vig * Vig * Pg * dell)/ (144 * g * D)
WrateOratput(pathfile, *AnmularMis®, 0, Vg, 0, P, D...&Lahqudw.ﬂ.ﬂ}

End Function,

Public Function Val pathfile As PashFile, ByVal g1 As Doubile, ByVal g As Dosble,
ByVal Vig As Double, By Val Vi As Double, ByVial Vinsl As Double, ByVal Vinsg As Double, ByVal PI As Déuble, _
ByVal Pg As Dosble, ByVal I As Doable, ByVal g As Double, ByWVal defl. As Double, ByVal E As Doable,
ByVal liquidvis As Double)
EL = gi / (gl + qg)
Re=({D* Vig * Pg)/ Bquidvis) * 1448
Dim delpf, delpt2, vsg2, vsgd, fmoody As Double
D EED As Dowuble
fmandy = moody(E, [, Re)
= {2 % fmoody * Vim * Vi * PI* delL. * (EL)) /{144 * g * B}
= (1 * fmoody * Vg * Vg * Pg * delL)/ (144 * g * D)
((Vimal / 0.263) + 8.6/ Vg

ig

(({100 * Wemsd) ~ 0,1 52) * 70) / Vinesg

= (delp2 - delpf) * ((Vag - vag2)/ (vig3 - vagh)) + delpf
Vinaal = Vsl

EE
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Me. Vmsg = Vmsg
WiriteOutput{pashfile, “Froth”, Vm, Vg PI, Pg D, g dell. E liquidvis, ql, qu)
End Fumction
#End Region
Private Function WriteOutput(By Vel pathfile As PathFile, ByVal Type As String, ByVal Vim As Double, By Val Vg As Double, ByVal Pl As
Double, ByVal Pg As Double, ByVal D As Double, ByVal g As Double, By'Val dell. As Doable, ByVal E As Deuble, ByVal liquidvis As
Double, ByVal gl As Double, ByVal qg As Doable)
e T E i e

= write file
[¥im Strdata As String
D e As Mew WiriteOhatput
Serdsin = vhOrl T & mm-m*&wa nwwu—-amu
Stydats += *. Iepeut

Strdata += "Vim =" & CHen{Vm) & vbCiLl

Sirdain #= "Veg=" & CHor{ Vag) & vhOrLT

Strdata = "Pl=" & CSu(Pl) & vbCrlf

Strdata += Py =" & CSu(Pg) & vbOrLf

Strdatn += 0" & CSir{[) & vbCrLT

Sordata += “g=* & CSar(g) & vbCrlf

Strdata += “dell=" & CStr{delL) & vbOrlf

Strdata += “E=* & CEu(E) & vbCrLl

Strdata += liqguidvis=" & CStr{liguichis) & vbLT

Sirdata += "ql=" & CSmiql) & vhCrLl

Sirdata += "qg =* & CSiiqe) & vbOrLl

Sirdata += “Vemal=" & CHtr(Vimal) & vBOLE

Sirdata += “Vmsg =" & CSi{Vesg) & vhOrlS

Strdata += *. R * & voCill

Sirdata += “Wb=" & CSte(V'h) & vbCilD

Strdats += "Vr=" & CSur(Vi) & vilrl T

Smlmu'El.-r"tCSh{ELMW

Sirdata += “DelPH=" & CSir(DelPH) &

Sirdaia += "Re=" & csm.-'_lhbw

Serdata += "Fif=" & & vbCrlr

Strdaly += “DelPf=" & & vl

Sardan o= * —End Regime = e vy
D tempdata As String

termpxdata = v et ileContenis(pathfile. NewOusputFile)
Strata = tempdata & vhOrLE & Strdatn
awm'rd_m'romm patkiile NewOutpatFile)
End Fi
mmmw*umﬂ. By Val tmeter As Denubile, By Vil Nre As Double) As Double
Drien moodyold As
Dum.wtml,uﬂ.hum
Dien § As Inbeger
moodyold = 0,01
_Hﬂiudy-mmﬂd
j=

Dim chkl As Boolean = True
Dieni 11, 12, 8 As Double
While chil

moudyold = mmoody
T o
0 = 18.7 / (Nre * Sqeifmocdyold * 1.00001))
imoody = | /({174 « 2.7 LoglB{ir + 2y ~2)
imoody2 = | £ ({1.74- 2* LoglOtl + 3)) * 2}
err | = iy - moedyold
errd = imandy? - moodyokl ® | 00001
dexr = (e - exrl) [ (0.00001 * moodyold)
=i+l
imondy = moodyold - el [ derr
imoody = Max(10 * -7, imoody)
If {Abs(imoody - moodyold) > 0.001) And i < 10 Then
chik] = Trae
Elself (i > 9) Then
imoody = 001

Privae Function meody | (ByVal cpsilon As Double, ByVal dizmeser As Double, ByVal Mre As Double) As Double
Diim moodyold As Double

Dim dy, dyl, imoody2, e, e, der As Double

[him § As Inbeger

moodyold = 00005

@-nn;od;--md;ﬂd

™

Dim chkl As Boolean = Trnae

Dim tl, 2, @ As Double

Wihale chkl

‘mondyold = imoody
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il = {2 * epsilon) / daameier

2= 18.7/ (Nre * Sqrofmoadyold))
0= 187/ (Nre * Sqrilmoodyald * 1.000013) imoody = 1.74 « {2 * LoglO{il + 12} imoody? = | § moodyold
err) = imoody - imoody2 =i+l Debuag, WriteLime{moodyold) 1T Abs{err ) o= 000001 Then I = HOO0OOH00
Then
chkl = False Else chkl = Trae moodyold += moodyold * 10~ -5
End If
Ehe

chikl = False Emd Il Emd While Rerurn moadyold * 2 /4 Esd Function
mmMmmmwwﬂuum.wmum.a&wmmmwuwu Double) Az

mmwutmmum Daim i As Integer ey = moodyold =1 Dim chkl As Boolean = Tree
Dam i1, €2, @ As Double While chkl mondyold = imoody 1l = {2 ® epsilon) / dinmeter 2= 187/ (Nre®
Sqnimoodyold))
o= |87/ (Nre * Sqriimoodyald * 1.00001)) iy = | 7 {{1.74 - 2 * Log 10{tl +12)) ~ 2) imoodyd = 1 /{[1.T4-2"
Logl{il + 3))~ 2)
ot | = imoody - moodyold e = imoody - moodyold * 100001 derr = (el - errl) / (D.00001 * moodyold)
=i+ imoody = moodyold - (errl / derm) imoody = Max{ 10 * -7, imoody) IF { Abssl imoody - moodyold) = 0.001) And
1< 10 Then
chi] = True Elsell {i > 9) Then moady = 0.01 ichik] = False Elsz chikd = False End If
End While  Retarmn imoody  End Function
End Class

anﬂﬂud.g.iupmum
Funchion runModel{ByV sl pathfile As PathFile, ByVal o As lateger. ByVal Np As Douldle, _
W.ﬂ.mmmwnmnﬂhhwlhma dell. As Double, ByVal e As Double, _
ByVal Ligeand() As Double, ByVal zp) As Dosble, ByVal Pscpl As Double. ByVal Tasm As Double,
ByVal pel) As Double, By Val 1) As| ByVal omegal) As Doble, ByVal R As Dosble, ByVal cutflcon As Double, _
Bﬂ'dm.hﬂ»ﬂﬂr?ﬂuﬁhmﬂqlrwm”mwmm
Dim P2 As Double = 0.0
Dim pipeline_length_| As Doulsle
pipeline_lengih_| = pipeline_length
Dm nl. As Intager
Dim pipeline_length_2 As Double
P2 = Paspl
If pipeline_lengsh_| == 100 Then
L = Fix{pipeline_length_| / 100)
For | Ax Integer = | Toal
H‘:-Pmd?![pﬂml.Hhhﬂ‘.lﬁq‘iw%ﬁoTnHﬁ.MﬁmhMﬂh1m]
pipeline_length_2 = pipedine_length_1 - (100 * nl)
If pipeline_length 2> 0 Then
&::EMM.Q.NP.A.u;mnw,mn.Tmnmmgmmnw.m.n
Else
E:I;MIMH.HFL D, & dell, e, Ligstand, zp, P2, Tatm, pe, 1, amega, R, outfloon, inflcon, m, pipeline_length 1}
T:Hﬂ):ﬂpnm&.gﬂg,An;m;mmml.fﬂnmnﬂn&mmnmﬁuﬂm

End Function

Private Function FindP2(ByVal pathfile As PathFile, ByVal n As lateger, DyVal Np As Double, _

ByVal A As Double, By Val O As Double, ByVal g As Douile, ByVal dell. As Daoubls, By'Yal @ As Doubls, _

ByVal Ligseand() As Double. ByVal zp() As Double, ByVal Prepl As Double, By Val Taon As Double,

By¥al pe() As Double, By Val 1c() As By Vel omega() As Double, ByVal R As Docble, ByVal outficon As Double,
mfihm-hmpmmmmnwdw length As [ouble) As Doabile

Ditn il Density, GasDensity, gasVkscosity As Double
D X3, ¥ As Double

Dim L. V' As Double

Dim obyj 1 As New CompoitionModel

objl Run{pathfile, 0.5, n, zp, Psepl, Tatm, pe, ic, omega, B, outlloon, inflcon, m, Ligstand)
GasDensity = obijl GasDensiry

X = ohjlx

Y =objly

L=ohil L

Vo= objly

onlDbensity = objl ol ety

Dam visoman As Mew viscman



biquidvia = viscman run{pathfile, n, Tatm, X, m, |, oilDensicy)
Mm*mmlm&'mnmj

Duun;q As Doulble
[¥im 1 As Integer
Fori=0Tomn- 1

o = e + X{) * mi{i)
Mext
Fori=0Tomn- 1

mg = mg * (i) * mii)
MNext
Pl = pilDensity
Dl Nyo, Npg

Npo, Mpg As Double

Npo=Np*L
Npg=HNp* V¥

Venal = Vil * (((P1 * 72}/ (63.37 * 50)) = (0.25))
mag = Vg * ({Pg) / 0.0TE) ~ (0.33) * ([P * T2} / (62,37 * 50)) "0 18
Dimbl As Dowble  Dimb2 As Double  Dfm b3 As Docbls
bl = ({100 * Venal) ~ 0.17210) 7 196
b= (Vimal / 0.263) + 8.6
b3 =70 * ({100 * Vima) ~ -0.152)
If Vil = 4 Then
I Wimig < bl Then
Call Bubhie{pathfile, P1, Pg, 03, g dell. e liguidvis)
Elself Vimag == b] Then
If Vimsg < 26.5 Then
mﬂ-dpﬁﬁhulmﬂhﬂ.l.iﬂnmlwﬂﬂﬂ
Elulr"-"ﬂl"m
Wubsﬁkthdﬂ
End IT
End If
Elself Yimal <= 4 Then
If Vmsg < bl Then
Call Bubbloipashfile, P, Py D, . delL. & liquidvis)
Elsell Vingg >= bl Then
If Vmag < b2 Then
Call Shig{pathfile, qi, IIJ'Ll'l. D.l.ddl.nm
Elselfl Vmag >= b2 Then
W Wimag < b Then
cmrmmmqqkuuhn.pﬂu.w
Elielf Vimsg >=
MMMMEWI-#L“I-&'M

End If
Return Psepl + (DelPT* pipeline_length)
End Function

Private Function ComvertNpl qI(BY VAl 56 Ax Diilite, By Val Mo A% Dbl By Val 6 AS Double) As Dosble
[him 11, 12 As Dipubile
tl = npo * Mo
12 = 8400 * po
Retam 11 /&2 _
End Function Private Funcelon ConvertNpToqe(ByVal npg As Double, ByVal Mg As Dosble, ByVal pg As Dosble) As Double
D 0, 12 As Doalsle
] = npg * Mg
2 = 5400 * pg
Retiom 11 /2
End Function
Private Function WriteOutputl By Vil pathiile As PathFile, ByVal n As lateger, By Val Np As Dosble, _
HyVal A As Double, ByVal D As Double, ByVal g As Double, By Val dell. As Double, ByVal e As Double, _
ByVal Liqetand() As Doubile, By Val zp() As Dosible, ByVal Psep] As Dooble, ByVal Tam As Double, _
ByVal pe() As Double, ByVal tc() As Double, ByVal ceega() As Dosble, ByVal R As Double, ByVal autfican As Double, _
By Val mmawul-umnmnﬁ upeline_length As Double, By Val P2 As Double)

DhSullthhh'

Dificw As New WriteCutpul

Sirdam = vhCILT & -—bﬁwm—'am
Sirdata += Input & vhCrLf

Sedatn += “go=" & CSiigl) & vbCiLl
Strddatn += "qg=" & CSmiag) & vbCILT

Strdata += “A=" & CSir{A) & vbCrll

Strdata += “CilDensity(plp=" & CSU(F) & vwCILl
Strdata += "OusDensity(pg)” & CSu{Pg) & vbCrll
Strdata += "D=" & CSer(D) & vbToLT
Striata v "ge* & CStr(g) & VBCILT

Serdata 4= “deil=" & CStrfdell) & vbOrLl
Serdata += “E=" & CSirie) & vbOrLl
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Strdata += “luquidvis=" & CSer{liquidvis) & vbCrLT

Strdaea += “pipeline_length=" & CSu(pipeline_length) & vECiLS
Strdata += = & vbCILl
Sircdnta += "Vimr=" & CStr{Vim) & vhCrLT

Serdata += "Vemsl=" & CSer{Vemsl) & vbCrlf

Sedata += "Vmsg=" & CSu(Vmag) & vbCILL

Stndada += “EL=" & CStr{EL) & vbOrLl

Sirdata += *DelPH=" & CSe{DelPH) & vhCeLF

Serdaza += "Re=" & CSar(Re) & vbOrlf

Strdata += “Ffe® & CSur{fimoody) & vbCrLT

Stndata += *DelP=" & CSa(DelPr) & vbliLl

Strdaty += “Fl=" & CEir{P2) & bl

Sindatn 4= " End Pipeline Model ———————" & vOCILT

tempdats = ow. GetFileContentspathfile. NewOutputFile)
Strdata = (empdata & vbOrLS & Strdata
ow SaveTexi ToFilolSordatn, pathfile MewOutputFile)
End Function
FRegion "Regamed®
Privaie Function OutpuiRegimes{By'Val dats As Regimes)
EL = data EL
Re= data Re
DedPH = data [Del PFH
DelP{ = data DelPf
moody = data fmoody
[End Function ]
Private Fusction Bubble(By'al pathifle Az PathFile, ByVal Pl As Doubls,
ByVal Pg As Double, ByVal [} As Doulile, ByVal g As Dowble, By'Val dell. As Double, ByVal E As Double, By'Val hquidvis As Doutsle)
Dim ObiR As Mew Regimes
MWBMVMHQ,;H‘KW
End Function
Privale Fusction 5 Val As 'al gl As Dowble, ByVal gg As Double, ByVal Pl As Double, ol Pg As Double, _
Mﬂbhmﬁdmmmw Mq!ﬂa-ih.ﬂﬂ':rihummﬂmumhﬂoﬂ:jm »
Dem DR As Mew Regimes
mwmquvﬂ.nun;mzw
End Fumction o
Private Function Wl  As PadhFile, By Val Py As Dosble, ByVal D As Double, ByVal g As Doable. _
Hy'Val dell. hmmm.y ByVal mﬂy Mﬂn 38
"Dim fimoody As Dowhle
DMWBMMRW:
ObjR. wuv;ﬁn;m_'&.lm

End Function
?anhcﬂuFmﬂBy\fﬂpﬁﬁkMMﬁl ByVal gl MDﬂl.ly\’ﬂ As Doubile, By'Val M As Double,
EyVal P As Double, ByVal DMMH?J;MMHT‘&@MWVHEMM ByVal iquidvis As Double)
Drim O3 As Mew
ObjR Froth_pipathfile, ql, qu, Vg, Vi, Vinish, Vimsg PL Pg, D, &, dell, E. liquidvis)
OutputRegimen ObjR)
End Fusction
#End Region
End Class

Reservoir model
Math
e

Public Sa As Double

Pablic 5g As Double

Pubdic Kro As Double

Public Krg As Doubls

Public go As Double

Public qg As Doable

Pablic MNpo As Double

Public Npg As Doohle

Public Np As Double

Pubilic Zp() As Douhle

Public Mk As Double

Public Mki() As Double

Pubilse Zi() As Double

Public Pres As Dooble

Public Sumbpl As Double

Pubilic Mo, My As Double

Public po, pg As Double

Public Pres_old As Double

Public Function nunModed(ByVal pathfile As PathFile, _

ByVal n As Integer, ByVal () As Doubls, _

uywmmmwﬂm_nnm.wwpumm_

ByVal 1) As Double, ByYal omega() As Doubsle,

ByVal R As Double, ByVal Ligstand(} As Double,

ByVal outflcon As Double, By Val infleon As Double, ByVal m() As Couble,
ByVal porosity As Double, ByVal sgr As Double, ByVal sor As Double, _
ByVal noil As Double, ByVal ngas As Double, _

ByVal k As Dosbie, ByVal b As Dosble, ByVal re As Double, ByVal rw As Double, _
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ByVal pbar As Dooble, By'Val pwf As Double, By'Val dt As Dosble. ByVal sumberofwell As Double, By'Val Area As Double)
Sepommpirsition msbel—"

[im oilDensity, (esDensity, oil Viscosity, gas'isoosity As Double

Dtim X(). ¥() As Double

Dim L, V As Double

Dum ol | As New Compositionbodel

obijl. Run{pathiile, 0.5, n, =, pressure, emperniure_ R, pe, iz, omega, R, owtfloon, infleon, m, Ligrand)
m-dﬁl.m

Xo=olylx

¥ = ohjly

L =obji.L

V=ohjl.V

oilDensity = oby | ol Density

oilViscosity = viscman.ran{pathfile, n, temperature_R, X m. |, ollDensity)
Y iscosity = viscman.run{ pathfile, n, tempernture_R, Y, m, 0, GasDensity)
"wgnd composition model—"

[Dim po, pi. uoll, ugas As Double

pn-nitmﬁy

pg = GasDensity

woil = ol Viscosity

ugas = gasViscosity

"_ _;-'I.I‘Klﬂ'

Dam i As Inbeges

Fori=0Ton- |

Mo = Mo + X(i) * mli}

Mext

Fori=0Tomn-1
Mg = Mg + ¥{i) * mii}
Next
Dum mil, mil As Doubde
mil = (Mo * L)/ po
m = (Mg *(l-L})/pg
S0 = mil / (mil + mi2)
Sg=1-80 .
Kro = (S0 - sor)/ (| - sor - sprk) *moil
!‘ll‘[[sl'ﬂﬂ-'ﬁ"ﬂ"l_lﬂ'ﬂﬂ'

qu = (0.00708 * k * Kro * b/ woil) * {{pbar - pwd) / (Logire £ rw) - 0.75])
qE = (000706 * &k * Krg * b/ ugas) * j{pban = pw) / (Log{re f rw) = 0.75))
Npo=(5.615 * go * po}/ Ma
Mpg = {3615 * qg * pg)/ Mg

= Npo +
Fori=0Ton-1

Relsm Prederve Zpdi)

Zp{i) = New Double g
H;r[ll'[tﬂw‘m}}*ﬂln“fmww
L TS——
"ereree NK e e
Dim Mres As Double
Pres_old = (L * po) + (¥ % pg)
Fari=0Tom- | o

Mires = Mres + i) * mif}
M

Nk = (Area * Pres_old * b *® porosty) / Mres
Bt T

Fori=0Ton-1
Fellim Preserve Nka(i)
Whkifi) = Wew Douhle
Wi} = x(i) * Nk
et
"o Product Mole s
Drim prm() As Dauble
Fori=0Ton=1
Relhm Freserve prmii}
prmii) = New Double
prmii) = MNp * Zp(i) * di
Hen

el Prodisct masge—

Sumbipi = 0

Feti=0Ton- |
SamMNpi = SumMps + prnii)

Next

Comaf W TESETVOM [P0 e
Dim Mki_1() As Doslsle
I memberofwell == | Then
Fori=0Ton-1
Relim Preserve Nki_1(i)
Mki_1{1) = New Double
H;H_I[u'.i- Wkafi) « (mumbernfwell * prmi})
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Fori=0Ton-1
Relim Preserve Mki_1{i)
NEi_I(i) = Mew Double
Mki_I{i) = Nkidi) - prandi)
Mext
End I
"—toital FERTVOIF M e
D SemMki_ | As Double = 0
Fori=0Tom-1
SumMki_| = SumMki_| + Wki_1{i)

Zifs) = Nki_1(i) / SumiNki_|

Mext
Diim Mres_new() As Double
Fei=0Ton-1

Maes_newi) = Zili) * mii)
Mext

Dim summres_new As Dowble = 0
Fori=0Ton-|
m Bew = mumimres_pew + Mie_newli)

hﬂ#l&mﬂu | * suenmies_new) i (Area ® b * porosity) |
wmm;nmwpqm
omega, K, Ligstand, outfleon, infleon, m, porosaty, sgr,

Hmaﬂ.uﬂ.k.h.u. #M‘. ?iﬂmlt.‘r..m.m_l.m_mmti_l,ma
Function

mmwwmhmu

ByVal n As Imioger, By Val 2() As Posble,

ByVal pressure As Double, ByVal tengperature_ As Double. DyVal pe() As Doeble. _

mwmunmawuu-ﬁm

ByVal B As Double, ByVal L.

By'Val outflcon As Dosble, vmﬁnwwhm

ByVal poroaity As Double, \M‘A:Mh-\'dnnmﬂ.
Br\fdnuilhbn-ﬂt,hﬂ’i-*.hm

ByVal k As Diouble, ByVal h As Daosble, re As Double, Byal rw As Double, _

Byl par As Double, Byl pwf As | , ByWal dt As ByVal L As Double, ByYal V As Double, _
yVal il As Double, ByVal ugas As Double, By Vil () As Double, HyVal y{) As Double,
Mnmmnmmnm_lnhmmmhmmunm | As Double, ByVal Areas As Double)

D-nhdnhsm

Dim ow As New

Strdais = vl & mwmmm-t vl
Strclaty 4= * e " vBOILT "

Sirduin += "L=" & t:ﬁm.um

Strubata += “wgr=" & CSir{agr) & vbOrll

Serdata += W&mﬁcﬂ
Serdata += “noil=" & & bl
Sirdatn += “ngov=" & CEi{ngas) & vbUrLT
Serdatn += W«mum
Serdata += & CSuipg) & vbOrll
Strdain += "k=" & CEtr{k) & vbLl

Serdiat += """ & CSefh) & vbOrll

Serdata += "oilViscosity=" & CStr{woil) & viCrLf
Strdata += "ganViscosty=" & Clr(ugas) & vbrLL
Serdata += “re=" & CSir{re) & vbhCrld
smuuwgcsuhuwmr

Strelasn += "area=" & CEer{ Area) & vhOrLT
Sordaty += ", outpul " & vbOrLf
Sordatn #= "Mo=" & CSr{Mo) & vbrlf
Strdats += "Mg=" & CSt{Mg) & vbCrlf
Sirdata += “So=" & Chtr(So) & viCill
Strdats += "Sg=" & CSe{Sg) & vbOilf
Sordata += "Kro=" & CSo{Kro) & vbCrll
Strdats += "Krg=" & CSu(krg) & vbOrlf
Sirclata += “gor=" & CHitr{qo) & vbCrll
Sirrhata 4= "gEr=" & CSir{qe) & vbOrLT
Strdata += "Npo=" & CSr{Npo) & vbCrlf
Strdata +#= "Npg=" & CSo{Npg) & vbOrll
Sirdats += "Np=" & CStr{Np) & vbCrLl
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Strdata += ow Constrarmay(n, Zp, "1p”)
Strdats += "Nk=" & CSir(Nk) & vbOLl

Sirdain += "nulm m-imﬂpﬂi}-‘& CHar{samnki_1} & vhiCrlT
Strdata += ow.Constramay(n, Zi, "new reservolr composition”)
Strdats += ow. Constramay(n, Mres_pew, "MNew resenvodr Molecular weight™)
Strdata += "new reservolr densty{Presy=" & CSin[Pres) & vbCrld
Berdatn += vl & eeeecssmsmneansss End Reservoir Model ™ & vhCrLT
Dvimn iempdats As Sering, wempdata = ow GetFileComents pathiile. MewOugputFile)
Strdata = tempdata & vhOrlf & Serdata
ow SoveTexiTaFile{Strdata, pathiile NewCOusputFile)
End Function
End Clam

Separmion model
Public Class Separatoriodel

Public L1 As Double Public X1() As Double Public Y1() As Double Public L2 As Double Public X2() As Double Public Y2() As
Donable

Public L3 As Dowble Public X3() As Double  Public Y3() As Davhle Public Lst As Double  Public Xsi() As Double  Public Yai() As
Double

Public Patm As Double  Public CilRate] As Double  Public GasRatel Ax Double  Public OilRate? As Double  Public GasRate2 As Doubls
Public ChlRaied As Double  Public GasRated As Double  Public CHIRaieAlm As Dosble Public GnsRateAtm As Double  Public Ninj As
Diouble
hwr.w out, qg_out As Double Public DusCin] As Dosbic Public Zinj() As Double
Pubic Function val As PathFile, ByVal n As Integer, HyVal Pasp] As Doubls, _
Murnp:mmmu mmmﬂ,ﬁsﬂwhmhw@ﬂJMm

ByVal numberofwell As Doable, hﬂnmmng'hmhhw

[hm mg ], mg2, mgl, mgst & Dim Pgl, Pgl, Pgd, Pest As Double  Patm= 147 “————leee.  Dim Z_inpul)
=1 o Z_mpui=Zpi  Fle Z inpui=Tsu  Endlf

Dim Objf As New

Objl Run{pathfile, 0.5, n, Z_iaput, Pecpl, tempernture_ B, e, b, omga, R, cutflcon, inflcan, M, Liqeand)
Li=ObifL.  XI=Objfix YI=Otgfy  OilRale] = Swmbpi *L1  GasRalel = Sumbpi * (1-L1) Pyl = Objf.GasDensi

For lst As =0Ton-1  wmgl=mgl ¥} * M) . Hext "l Ol = New CompositionModel
cm 0.3, m, X1, Paepl. temperature_R. pe, bc, cmega B cutfleon, inflcon. M, Ligeand)
L2=0bf L. X2=Ohifx = YI=Obly
OilRate? = SumMpi * L1 * 12 GimsRated = a—-rﬁi'll'{r-ui P.J-Mm—'n,
For ist As Integer=0Ton -1 mglm mgd + Y2k * Mis) P e
Oyl = New CompositionModel J
Oyl Runipathfile, 0.5, n, X2, Papd, lemperabire_R, pe, i, oincgh, R, cutflcon, inflcon, M, Ligtand) L3 =0bjfL X3 = Objfx
Y3 =Objfy uuw-s-nrfpl'l,.l't.z'u CusHated = Sumbipi * L1 * L2 * (1 - L3)  Pg) = Ohjf GasDensity
For lst As lateger =0 Tonm = | mgd = mgd FV3in) * Ml  Nea  DimMisgAsDouble  Dim Plst As Double

e Oy = New Composstionbodel
wmasnnmmggmluﬁmmuwj La=0OkjfL  Xsi= Objix
Ya=O0bjly Ppm=ObjfGauDensity  OilRatedim = W‘H*H'u'h
GaRateAtm = SumNpi * (1 - L1) + SusmMpi * L1® [§ - L3) » Sumb¥pl * LL* L2 * (1 - L3)
For ist As Integer = 0 Ton = 1 Milst = Mlst ¢ XatGuat) * M(isl)  Next  Pls = Obif oiDenuty For ist As loteger =0 Ton-1
mgw = mgw + Yoiis) ® M{im)  MNewt  Dim Ngas() As Double  Dim Yfimal() As Double  Dim SumMgas As Doahie = 0
For i As Imeger =0 Ton-1
Dim T1, T2, T3, T4, T8, T6 As Dolile— - —
T1 = SumMpi * (1 -L1) T2 =YI{i} T3 = SumMpi * L1 % (1« L3) 'N-Y:m T3 = SumMp * L1 * L2 * (1 - L3)
Te = YXi) Relvim Preserve Ngas(i) W) =TI *T2+TI* T +TI*Td Semdgas = Sambigas + Wgas(i)
Mexi

Fori As Integer=0Ton- ) Relhm Preserve ¥ fmal{i} Whnal(i) = Ngas{i) / Sombgas  Next

Dim Noib() As Double  Dim SumMoil As Double =0 For i As Imeger =0 Ton-1 Dim T As Double
Tu=Sumbpi *LI*L2*L1* La ReDim Preserve Moilfi) Modl(i) = Tx * Xafi)

Next

Dim Meumi) As Double Dien SumMNsum As Double =0 For i As Integer=0Ton- | ReDim Preserve Nsumii)
Msumn{i) = Mgas(y) * Noil(i) SumMamm = SunaMewm + Neamii)

MNext  ForiAslnieger= 0 Ton- | Relim Preserve Zinji} img(n) = Yhnal(i)  Mexi

Dim qoatm As Double | qoatm = ConvertipToqgiOilRate Arm, Mis, Plar) / 3615 | Dim qgam As Double
Dimql, g2, g3, qut As Double gl = ConventNpTogg{GasRate], mgl, Pgl)

q2 = ComvenNpToqe(GasRme2, mg2, PgZ) g} = ConvertNpToqe({CGasRate3, mgd, Pgl) w-qltqﬁ-rq]

If =0 ! Then Ninj = CasHate Atm Dulﬂ_h:i-u_l_n Else Hinj = ComveriqpToNg((inj_input, mg2, Pg2)
,334- End If  qo_out “qostm  qg_out =
wﬂumu.m.m.mgmwjmnwammnw.muqn.u.u...
v:ﬂgmmumm*wm qoarm)

Privane Fusction ConvenNpToqg(ByVal npg As Double, ByVal Mg As Dowble, ByVal pg As Double) As Double
Damil, 2 AsDouble (l=npg*Mg C=pg Rewmil/2 End Function

Private Function Comvertqp ToMg(By Val Qg As Doabie, ByVal Mg As Double, By Val pg As Double) As Double
Dimil, 2 AsDouble 1l =CQg®pg @=Mg  Remmil/o

End Function

Private Function WiteOutpug{By'Val pathfile As PathFile, ByVal n As Integer, ByVal Psepl As Double, _
ByVal Psep? As Doubile, ByVal Psepd As Double, By'Val SumNpi As Double, By Val Zpi() As Double, _
ByVal iemperamre_R As Doubile, ByVal pe() As Double, ByVal () As Double, _

ByVal omega() As Double, ByVal R As Doable. ByVal outflcon As Double, _

ByVal inflcon As Double, ByVal M() As Double. ByVal Ninj_input As Double, ByVal Liqmand() As Double. _
ByVal Ngas() As Double, ByVal Yfinal() As Doulie, ByVal Noil() As Double, By Val Zing) As Double, _



apmz-uu anﬂllnu_l}w As Double, By Val Qgatm As Double, HyVal Qoatm As Double)
i G [t
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Dim Srds As Sy, Dim ow As New WikcOwpor_ Sodon = WOLL & ~————————Bogin Separtor Model —————

=" & vbOrLf  Strdats +=* Inpu
Sitrdatn += “Prepl=" & CSt(Psepl) & vbOILT  Sindats += "Peepl=" a{:ﬂpq;zm.uﬂ_r

Semisin += "Frepl=" & CBo{Peepl) & vhOrl.T  Sirdnim += "Patm=" & CSo{Peim) & vbCrlT

Serdatn += "Qin_inpur=" & CSemNin|_input) & vbOrlf  Serdatn += "Np=" & CSen{SumMpi) & vbCrilf
kﬂnl-wf.‘mm( Zp-l.'Zp:} Strdats += ow. Constraray(n, Zeu, "Zsa")

* & vbCLl  Sodabs += L1=" & CSir{L1) & vbOrll
m'-w('m'{-,xl 'XI".l Sindagy += pw, Constrarrmy(n, Y1, "Y17)

Serdata += "DilRae] =" & CSo{OilRae]) & voOrlf  Sodets += “Gasfmel=" & Cha{CaRmel) & vhOrL
Strdata += "L2=" & CSar{L2) & vbOrlf  Strdats += ow.Constramay(n, X2, “X2")

Sudata += ow. Constrmmay{n, YI, *Y.I") Sudata += “(hlRatel=" & CSu{OilRMel) & virlill
Strdata += “UesKaie?=" & CSir{(insRate?) & vbOrll  Sirdata += "L3=" & CSer(13) & vhOrll

Surdain += ow, Consmrarrmy(n, X3, "X3%)  Sirdars += pw, Consmerayin, Y3, "Y3%)

Strdata +#= "OilRated=" & CSu{OilRated) & vbCrlf  Serdata += “GasRated=" & CSo{GasRated) & vbCLl
Sirdats += “Lar=" & CSir{Lat) & vOOLT  Stedata += ow Constrammyin, Xst, “Xai")

Surdain += ow. Constrarrmy(n, Y, "Yu"™) Sindatn += "ChilRmeAsm=" & CRa{OilRmeAm) & vhOrLT
Strdata += "CasRaseAtmy=" & CSir(GasRmeAtm) & voCOrlf  Sendats += ow Conmramay(n, Ngas, "Ngas”)
Strdats += ow Constramay(n. Yiinal “Yiinal®  Stndsts += ow Constrarmay(n, Noil, "Noil")

Strdata += ow Constrarray(n, Zinj, “Zin)™) wﬂ‘ﬂfw‘hm{nﬂﬂd’]&ﬂzu

Surdata += “geammy=" & CSwr{Qgaom) & vbOTLE  Sudats += “goam=" & CSiQosm) & viCrLl

Strdats += * e it Separalon M| e eees® & WL

[hm tempdata As String

iemnpdain = ow GetlFileC oments(pachiile MewCapmFile)

Strdats = empdata & vbCOrlf & Serdas

ﬂSlrlTIﬂTm

Public Function SaveTextToF ile(By Val srDats As Swrng.
ByVal FullPath As String. _
Optional ByVal Eminfo As String = *~) As Boolean

mﬂnm-mﬁm' objReader Write(sData)  objResder Close() bAns = True

Public Function Constramny{ByVal n As Integer, ByVal inpui() As Double, By'Val name Az Sinng) As Siring
Dien i AsIntlé  Dim outser As String =™ If Not IsMothingiinput) Then
Fori=0Ton-1
nutsty = outsty + mame + CSi(i + 17+ "= + Clar{imput(i}) & vbCrLT Next
End If
Kesturm oulstr
End Function
End Class

Tr=1x0il
Public Function rus(DyV'sl pathfile As PathFile, ByVal sc As Integer, DyVal iemperarare_R. As Double, _
By Vil comp{) As Double, By Val m{) As Doable, _
ByVal It As Integer, ByVal density As Double} As Double
Diim wdem, t As Double
Dim ma As Double
Dan i As Inbeger
D grav, a, b, ¢ As Double
Dim yo As Double
tden = dengity
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it = bempersiare_R
Fori=0Tone-1
ma = ma + comp(i) * mii}
Nemt
ﬂ'k-lm “ail
T=F
“density= Liguad Density
yo = demsiry [ 62.37
v = (1415 /yo) - 1305
If grww > 38 Then grav = (3 * 38 + grav) / b
vise = 10~ (10~ (1 R653 - 0025086 * grav - 05644 * Log 10(t - $60%)) - |
End 1T
Ifl=0Then “gas
T=R

“density=
denity = densiry * 001602
&= (9,379 + 0.01607 * ma) * (1* 1.5)/ (2092 + 19.26 * ma + 1)
‘W% * (9379 + 001607 * ma))/ (2092 + 19.26 * ma + 1)
‘a = a/ Bqrift)
b= 3 448 + (9B64 /1) + (ma * 0O1009)
e=1447-0.0M b
wise = a * (10 = <4) * Expib * (density * cJ)
Emd IT
WriteOwtpua(lt, visc. pathfile. ¢, comp, m, ne. iden)
Rt vise
[Ensl Funcison
Public Function WriteOnatpun(By Vil It As Isteger. Fry'V'ald vise As Dowble, By'Vial pathfile As PashFile, By'Val 1 As Double, _
By Val comp() As Double, ByVal mi) As Double, By Val n As lnteger, ByVal density As Double)
[Dum Strdata As String muhmm
Surdata = vhOrLl & ° - Visoowity ® & vhCALS
Strdiata += "-lnput-" &
Stridata += *T=" & CStr{1) & vhCol(

lm“‘ﬂ-wltsd\«uﬂlm Else
Strdatn += "0l viscoginy=" & CSin(vise) & vbCrlf = EndIF
Dim tempdata As Sering

texmpdata = ﬂdﬁh&nhﬂ-ﬁﬁhwm‘j
mmgw& ‘

E-H.h

TubingMadel
Public Vsl As Dogble Public Vig As Doubile - Publc Vim As Doable’ Public Vimal As Doable Public Vimsg As Double
Public Vb As Double  Pubslic Vi As Doable  Public EL As Double  Public DelPH As Double _Public Re As Double
Hhmra.sm Public fmoody As Double rﬁmﬂ.u%u%mm

mwu &:maﬂw-nm
Bﬂ"ﬂ.ﬂh DA Dioibile, A Dotite, ByVal dell As Double, ByVal ¢ As Double, _
ByVal Np As Duubde, ByVal sp() As Doidie, Mmq-_wm Double, ByVal #p_inj() As Double, ByVal PI As Double, ByVal Tatm As Double,

T ByVal pe() As Doable, ByVal ie() As Double, ByVal omega() As Double, ByVal R As Double, By Val cutflcon As Doable, _
m-;-m-nm-hh.m* ) As Double, ByVal Liqstand(} As Double, By Val Tubing_length As Double, ByVal InjectionPount As

D Pwi As Doublde = 0.0

Diim Tubing_length_1 As Double

Tubin _1 = InjectionPoint

D s e

Dt Tubsing length 2 As Doubls

Purf= P

If Tubing_length_| >= 100 Then

al = Fix{Tubing length_1 / 100)

Fwi_‘ﬁum er = | Tonl 7

u::f' i, NpLinde A, DL . ell. & rp_inj. Pwil Taom, e, 12, amega, R outhicon, inflcon, mi, Ligsand, 100)

Tuhing_length 2 ‘l'ﬂh;__liﬂl (100" nl)
If Tubing_length 2 >0
Pﬂr-w;w_qh.D.;H.NIP-;MTIH.ME.MH.:MM!M
‘Mhl_lnlt )

Eh
Pl = CallryLengib(pathiile, n, Np_in, A, [, g dell., e, zp_ing, Pud, Tutm, po, fo, omega, R, outflcon, infleon, m, Ligsiand,

e
Cim Tubing langth_3 As Double = Tubing_lengih - InjectionPaini
Dim Tubing_length_4 As Double
If Tubing 3 3= |00 Then

ol = Fix(Tubing_lengh_3 / 100}
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For i As lateger = | To nl
Pwl = Calbryl engihipaihfile, n, Np, A, D, g dell, e, mp, Pud, Tam, pe, &, omega, R, curflcon, inflcon, m, Ligeand, 100)

et
Tubing_length_4 = Tubing_lkngth_3 - (100 * al.)
If Tubnng_length_4 = 0 Then
WP-IF—WWHH.LNF.A.D.LHLEMMMW te, omega., R, outflcon, inflcon, m. Liqstand, Tubing_length_4)
Else
Hpﬁ-wu,m&n.;mnmmmMnmmemnume_hﬂ_il
WriseOuspun{pathfile, n. A. D, g dell. & Np. mp. Np_ink. zp_inj. PI. Tatm, pc, i, omega. R cutfllcon, inflcon, m. Ligstand, Tubing_length,
InjecticaPaint, Pwf)
Retum Pwl
End Function
Private Function Val pathfile As PathFile, ByVal n As Integer, ByVal Np As Double, _
By'sl A As Double, Byl D As Double, ByVal g As Double, ByVal dell. As Dowble, ByVal e As Double, _
ByVal zp{) As Double, ByVal Pl As Double, ByVal Tatm As Double,
ByVal pe() As Double, RyVal tof) As Dooble, ByVal omegal) As Dosble, ByVal R As Double, ByVal outflcon As Double,
ByVal inflcon umm__nywwﬂmmnwuwuma,w Tubing_lengih As Double) As Double

—composition i

Dim oilDemity, GasDensity, gasViscosaty As Doulile
Dvim X(), ¥} As Double

Dim L, ¥ As Double

Dim olrj | As Mew

Composithonbodel
oh-_illm:;j:.n! ,m, zp, P1, Tam, pe. te, omega. R, outflcon, inflcon, m, Ligstand)

GaDensity =

K=objlx Y =objly L=objlL  V=objly
oilDengiry = objl oilDensiry

Dim viscman As Mew viscman

heqaidhvis = viscman nenipathfile, n, Tatm, X m, |, odDenuty)
pﬂnnw"wmml’rﬁ.‘l m, 0, GasDensity)

Dvm mao, mg As Double  DimiAs luigges . Fori=0Ton-1 mo = o+ X(i) *mii)  MNext
Fori=0Ton-1 mg =mg + Vil " i} Nex
P1 = gilDensicy
Py = GasDensity
Thm Npa, Mg As Double
Mpo=kp* L
Kpe =Np+ v
ql = ConvertNpTogl{Npa, mo. P
qg = ComverniNpTogg(Npg. mg, Fg)
Vil=gl/A
Veg=qglA
Vim = Vil + Vag
Vimal = Vsl * ({(F] * 72)/ (&3.37% 50))4(0.25))
Vinug = Vg * ((Pg)/ 0.078) * (0.33) * ((P1 * 72)(62.37 * 50)) * 025
[hm bl As Double
Dim b2 As Deuble
Dim b3 As Double
bl = ({100 * Vimal) * 0.17211)/ 1.96
b2 = (Vmal / D.263) + 86
b3 =70 * (100 * Vimal) * -0.152)
1f Vmd > 4 Then
If Vimg < b1 Then
Call Bubble(pathfile, PL Pg D, g delL., &, liquidvis)
Elself Vimag >= bl Thea
If Vimsg = 265 Then
NWI:.RI‘I.D,;H..;WH
Elself Vimsg >= 26.5
mmmnun;ulq-.w
End If
End If
Elself Ymsl <= 4 Then
1 Vimsg < b} Then
mwmnua;m:.mm]
Elsell Vg ™= b1 Then
I'H"llq.ﬂﬂ‘l‘bw
Call Slugipachfile, PL P D, g. delL. ¢ liquidvia)
Elself Vinsg == b2 Then
ITVmag < b3 Then
mrmmnung.mum
Elself Vinug >= b
njﬁmwﬂﬂhﬂhﬂﬁ.ﬂ;ﬁlqhm
Enad If
End If
End I
Return Pl + (DelPf * Tubing_length) + {DelPH * Tisbing_lengih)
End Function
Privats Function WriteOutput{ By V'l pathfile As PathFile, ByVal n As Ieteger, _
ByVal A As Douhle, ByVal D As Double, ByVal g As Double, ByVal dell. As Doubde, ByVal & As Double, _
ByVal Mp As Double. ByVal zp() As Double, ByVal Np_inj As Double, ByVal mp_ing) As Double, ByVal P As Double, ByVal Taim As Double,

~ ByVal pe() As Double, ByVal te() As Double, ByVal cmegal) As Double, ByVal R As Double. By Val cutflcon As Dosble, _
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ByVal inflcon As Dooble, By'Val m() As Double, ByVal Ligeand() As Double, By Val Tebing_length As Doable, ByVal InpechonPoint As
Double, ByVal Pwi As Double) = -
et L (L
= rite file
Dvim Sardats As Siring
Dim ow As New WriteOwtput
Sirdata = vbCLr & *
Serdata += *. Input.
Strdats += ﬂ-’lCSﬂiﬂ]&M
Strdata += "qg=" & CStr{gg) & vbCill
Sirdats += "A=" & CEn{A) & vbOrLT
Sodats += "DilDensingpl=" & CSu(P1) & viCelf
Strdata += "CasDensity(pg)” & CSe{Pg) & vbOrLf
Strdata += "D=" & (Bir{D) & vbCrLE
Strdaen += "g=" & CSir(g) & vbCrLf
Strdats += "dell=" & CSir{dell) & vbCrll
Strdats += “E=* & CSto(e) & vbCrLl
Strdats += "hquidvis=" & Clir{liquidvis) & vbCrlf

Begin Tubing Model «———cemaeasees™ & vhCrLl
* & vbCrLf

Strdata += "Np_inj=" & CSir{Np_inj) & vhOrll

Swrdata += “InjectionPoine=" & CSuiInjectionPaing & vhOrlf
Strdatn += “Tubing_lengihv=" & CSir{Tubing, length) & vbCsLI
Serdata +=* ~CAIEAL- * & vbCrlLl
Strdata += *Val=" & CSoiVal) & vbOrLE

Strddata == *Vag=" & CHtr(Vsg) & vbOILE

Sordain += "Ver=" & CBir{ Vim) & vhCold

Strdata += *Vmal=" & CSur{ Vimal) & vbCold
Strdata += *Vmsg=" & CSm(V MI.I'
Sirdata += *Vh=" & CSH{Vh] &

Sirdata += "Vi=" & CSr{Vi) &

hthﬂ‘ bF'ﬂ!.l“, ﬂimwhi

End Function

Private Function CoavertNpToghBy'Val npo As Doubile. ByV'al Mo As Double, ByVal po As Double) As Dooble
Dim il, 2 As Double 11 = npo * Mo n-uﬂnrp ‘.mmlru

End Function
Hh'liFMMCMWTWWIWMMMHWNMBTWHMM}NM
Dim 11, 12 As Double u--nr-u @=#0400 *pg  Remmtl /2 End Function

Private Function OwtputBegemedByVal data As Regiiie) —

Vi = datn Vh

Wi = data V'Y

EL = data EL

He = idala Fe DelPH = dats DelH

DelPl = datn DelP  fmaody = dats fimoody

End Functio

FRegion "Regimes”

Private Function Bubibile{ByVal pathfile As PathFile, ByVal Pl As Double, _
Bﬂ'ﬂHMDodﬂl.Hr\"llﬂﬂlmw?d;llm&r\'ﬂﬂhmww!hmm&hphhm“}

Dim ObjR. As New Regimes
OiygR. Bubble(PaihFile, Yim, Vg, PL P D, g dell, E. biqusivis)
mmﬂl
Pmuul?-u:lnmﬁ As PaibiFile, ByWVal Ml As Double,

ByVal Pg As Double, ByVal [} As Double, ByVal g As Double, By Val deil. As Dooble, ByVal E As Double, By Val liquidvis As Double)
Dim ObjR As New Regimes
ObjR Shegipathfile, Vig, Vim, Pl Pg D, g dell. E lguidvis)
CrarpaR egimes ObjR )

End Fumction
Private Funciion Anaular®isi(ByVal pathfile As PathFile, ByVal Pl As Double, _
WwﬁmwDMMM‘;MWMW&‘LMMWEMMM&IMMM}
As Double
[hm Ol As New Regimes
ObjR_AnnularMispathfile, Vs, Vim, Vag. PL Pg. D, g dell, E, liquidvis)
OutputRegimes ObsR )

End Fumction
Private Function Froth(ByVal pathfile As PaihFile, ByVal Pl As Double,
ByVal Pg As Double, ByVal D
As Double, ByVal g As Double, ByVal dell.
As Doshle, ByVal E As Dowhle, ByVal liquidvis As Double)
Dim ObjR, As Mew Regimes
Wv;ﬁuvnmnun;maw

Chutpst Regumiesd { g
End Function#End RegionEnd Class
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