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This report describes techniques developed to optimize net present value by 

designing complet ion, schedule of prod uction and amount of gas injection for gas lift 

purposes. In the design of a production system, the determination of production 

parameters such as tubing diameter, choke diameter, pipeline diameter, separator 

pressures. volume of gas injected and number of wells are crucial in obtaining the 

optimal economic value of a project. 

The production profile of a reservoir can be pred icted by integrat ing 

reservoir model, wellbore flow model, choke model, flowline model and separator 

model, 

Production profile chal'lges with different sets of completion and production 

parameters including gas-lift configurat ion. 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 profi le is obtained, NPV is calculated in the economic model. 

To find the maximum net present va lue, instead of calculating all sets of 

production parameters, nonlinear optimization technique is used in order to reduce 

computation time. Genetic algorithm has been chosen for this project. 

Three case studies with different reservoir and economic cond itions were 

perfonned to see the effectiveness of genetic algorithm in finding the solution and the 

effect of each parameter on NPV. 
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CHAPTER) 

INTRODUCTION AND LITERATURE REVIEW 

1.1 Introduction 

Economic is the most important decision factor in petro leum industry. 

Therefore the way to make the project to be the most economic should be studied. 

This study net present va lue (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, drill ing, completion and production phase are 

perfonned to get the hydrocarbon production . The main idea of this study is to answer 

the quest ion of " how to get maximum profit?" 

Production profile is one of the most important parameters for predicting the 

project income. Besides reservoir propert ies, factors that affect production profile arc 

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 liqu id 

hydrocarbon is al so low. Gas lift is one of artific ia l 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 well s. 

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 a re. 

To answer that question, economic calculation is performed with production 

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

product ion faci lity and operation costs. 

To find the maximum net present va lue, instead of calculating all sets of 

product ion parameters, nonlinear optimization technique is used. Genetic algorithm 

which is proven to be the most suitable for petro leum industry (l) has been chosen for 

this project. The answer from optimizat ion algorithm is the set of tubing diameter, 

choke configuration, pipeline diameter, first separator pressure, gas injection rate and 

number of we lls that makes maximum profit. 

1.2 Literature review 

Production optimization has been studied fo r a long time by many engineers. 

Following studies give the guide line to thi s thesis. In 1990, Carroll (I) studied on 

production opt imization by us ing 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 funct ion. His study gives an idea of 

production optimization by design ing completion parameters. In 1993, Fujii (2) 

constructed multiple-well-production model to maximize one of these followings in 

each case: tota l production rate, net income and net present value. His production 

model was calcu lated by using inflow and outflow performance relationships. In his 

study, three opt imization methods were used; Newton-type methods, the polytope 

method and genetic algorithms. An idea of production optimization of multiple 

production wells are from hi s study. In 1996, nonlinear optimization of well 

considering gas lift and phase behaviour was studied by Palke 0). His study was to 

optimized net present value of a single o il production well with gas lift. Composition 

phase calculation was used for phase behav iour. 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 Pa1ke gives gu ild line of NPY 

opt imization using genetic algorithm. 



CHAPTER II 

THEORIES AND CONCEPTS 

2.1 Model Description 

In order to calculate the net present va lue, NPV, production profiles need to 

be detennined. 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 mode l represents a reservoir with optimal multiple gas-lifted well s. The 

sma ller model components include: 

• Fluid properties 

• Reservoir model 

• Well model with gas lift 

• Choke model 

• Pipeline model 

• Separator model 

To integrate the sma ll 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 combine, and the flow 

continues up the wellbore . At the surface, the combined flu id 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 ca lculated by equally 

averaging the reservoir area. Each we ll 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 th ird separator. The gas in the third separator goes 

into the gas line, and the liquid goes into stock tanks to be so ld . Some of the 

separated gas is compressed, and injected into the tubing-casing annu lus fo r gas lift. 

The remainder orthe gas is sold . Figure 2.2 shows the surface production path. 

Well 

Comprtssed gas from c~esser 

Choke Produclion nuid goes In con'll::Wle WIth 
production from other wens 

__ Gas Lift Injection Point 

Reservoi' 

Figure 2.1: A diagram illustrating fluid flow from the reservoir to the wellbead 

aDd 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 th is study, flu id properties are calcu lated based on flu id composition. 

These fluid properties are used in the ca lculation of fluid flow in the reservoir model, 

tubing model, choke model, flow line model and separator model. Not only pressure 

and temperature aITect fluid propert ies, but flui d composition also does. Therefore, 

compositional calculation is suitable for th is study. By using the Redlich-Kwong 

Equation of State. empirical black-oi l phase behaviour correlations are not needed. 

Vapour phase density 

Vapour density can be determ ined based on the Equation of State of Redlich­

Kwong. In order to do Equation of State ca lculation, flash ca lculation is also 

required to determi ne for its parameters. 
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Flash Equilibria 

Fluid properties vary with pressure and temperature . A flash ca lculation takes 

the composition of a mixture and calcu lates the resulting phase equilibria at a new 

temperature and pressure, such as the number of phases present and amount of each 

phase. The flash calcu lation 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: 

I) Given the composition of the mixture, Zit at a temperature, T. and pressure, P. 

calcu late initial K-factor, by using Wil son Equation (4). 

2) Perfonn Flash calculation to get liquid fraction, vapour fracti on, liquid phase 

composition, Xi, and vapour phase composition, Yi. 

3) Calculate the equation of state parameters. 

4) Solve the equation of state for vapour phase dens ity. 

5) Determine the partia l fugac ity of the components in each phase to verify whether 

it is in equ il ibrium. 

6) If the fugacity ratio has not converged to one for each component. then update the 

Equilibrium Ratio with partial fugacity and proceed w ith step 2. 

Given: Zi, P and T 

End 

Calculate initial K/ 

1 Update K/ I 
Perform Flash calculation 
to find; L, V, xiandYi 

yes no 

Use XI and YI and EOS to 
calculate vapour phase 

Check if it is density and KI 
equilibrium 

Figure 2.3 : Diagram of vapour phase calculation. 
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The rat io 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: 

y 
K = 

x 
(2. 1) 

Em pirical corre lations can be used to provide an initial estimate of the 

equili brium ratios. The Wilson Equation was used in thi s model. 

K I = 
[~ . )7 ( ... ,)( 1- _ ' " 

e '. 

p. 
(2.2) 

where WI is accentric facto r, 

_L 
p" - (2.3) 

p" 

(2.4) 

The values of Tei and pc; for C l, C2, C3 ... C6 are constant but those for C7+ 

are 

_ 18.3634- (0.0566/,,,,.) · ~0.2424#(2.2~98/':,. ),+ (0.1 1875,,,,. ')) 1 U'T'l 
p" -ex + [1.4685+(3.6481'",. )+(0.47227,,,,. )10 T. (2 .5) 

_ [0.42019+(1.6977/tC7+ 2») O.IOTa l 

(0.4669· 3.2623r "'.) 10' 
Td = 341.7 + Sllr "'. + (0.4244 + 0.1174r cr. )T, + (2.6) 

T, 

T8 = [4.S579M ;~'~7J r~!427)) r (2.7) 

This initial K-factor is used only for the first iteration of flash calculations. 

After the first iterat ion, the K-factor will be updated with the EOS. 
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Performing a material balance on each component, we know that 

(2.8) 

where Vand L are the vapour and liquid mole fractions, respecti vely, and L = J - V. 

Using the relation Yi= Kif Xi and solving for Xi yields 

z, 
x, = -;L-+-:(7-1 _"-LOC)C:K:-, 

And lett ing Xj= K; / Yi and solving for Yi yields 

x, = -;L-+-;(7-1 ~"-' Loc):-;K:-, 

From L x, = L y, = L z, = 1 

SO, LX, -LY, = 0 = i: Z, (I - K,) 
,., L + (I - L)K, 

Liqu id fraction could be determ ined from solving the root of the fu nction 

F(L.) = i: Z,(I - K ,) = 0 
,. , L+(I - L)K, 

This equation can be effic iently solved with Newton-Raphson iteration where 

L - L _ F(L, ) 
'" -. OFi 

oL 4 

and 

(2.9) 

(2. 10) 

(2. 11) 

(2 .12) 

(2.13) 

(2.14) 



and 

F(L.) 
L hl = Li - aFt 

aL, • 

aF =-i: z,(I - K , )' 
aL ,., (K, + (1 - K,)L) ' 

9 

(2.14) 

(2.15) 

Once L is determ ined. the compositions of the liquid and vapour phases are obtained. 

Equation of State 

The EOS used in this study is Red lich and Kwong (5) equation. The standard 

form is 

p= RT a. 
V -b • .ffV(V+b.) 

(2.16) 

where 

" " a. = Lz>,yjaij (2. 17) 
i- I j - I 

" b. = L Y,b, (2. 18) ,., 
a ij = ~aiaJ (2.19) 

O.42748R 2Te~·' 
(2.20) a -,-

Pc; 

b, = 0.08664 RT" 
Pel 

(2.21) 
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With known pressure and temperature, it is more convenient to write the EOS in 

cubic form: 

v' _ RTV ' + -'-( a. -b RT _ Pb ' )V _ a. b. = 0 (2.22) 
P p.If ' • p.lf 

In this fonn EOS can be solved for z by substituting 

in Equation 2.22 

V = zRT 
P 

(2.23) 

By solv ing for the z facto r, if there are 3 real roots, the maximum answer is the 

vapour phase z-factor. 

Then V = !!..- zRT 
, M P 

where n = number of mole 

M = molecular weight 

At thi s point vapour phase density is obtained as 

Partial Fugacity 

pM 
p . = zRT 

(2.25) 

(2.26) 

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

component is given by 



II 

i. = pexp{~(Z - I)- ln[Z(I _h.)] + I ,,[a.h, _2~a.a' ] ln(l +h.)} 
h. V h.RT · h. V 

(2.27) 

The partial fugacity represents the chemica l potential of each component at a 

given thermodynamic state. When the partial fugac ity is equal in each phase, for 

each component, thermodynamic equilibrium has been reached. 

where J;. = Panial fugaci ty of component i in vapour phase 

j;1. = Partial fugacity of component ; in liquid phase 

(2 .28) 

Since the a lgorithm is iterati ve, an exact solution is difficult. The 

convergence criterion used in thi s study was whether the fugacity ratio fo r each 

component was within a tolerance of one: 

(2.29) 

where £ is tolerance, 10-3 

If the process has not converged, the K/ va lues are updated with the following 

relationship: 

/,
" ,. 

KIr+' = - '- K ' 
i j;o I 

(2.30) 

In order to update the K-factor, dimension less partia l fugacity coefficient is 

required for successive iterat ions. 



K hi -, -

, , 
~i K' 
fi ~ I 

,b [b ] I [a b r::-::-] b In ¢, =- ' (z-I)-In z(I --") + " --"-'-- 2"a.a, In(I+ -") 
b", V b", RT · b", V 

where ~/ is Partia l fugacity constant for component i of vapour phase 

¢t is Partial fugacity constant for component i of liquid phase 
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(2.31) 

(2.32) 

(2.33) 

(2.34) 

(2.35) 

(2.36) 

The z-factor can be obtained 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 K/ values. 

Liquid phase density 

With know liquid composition, liquid density at each spec ific pressure and 

temperature can be determined by using empirica l method of McCain (6), The 

concept of this empirical method is to find liquid density at standard condition and 

correct it by pressure and temperature correction. The ca lcu lation procedure is: 

I) Assume initial density, P ;";lhl/ 

2) Find the density at standard conditions 

(2.37) 



where VLJe is liquid volume at standard cond ition. 

where PU,I is li quid density at standard cond ition, 

PJC,J:::: 0.312 + 0.45 p",,,,,,, 

p st.2 = 15.3 + 0.3 167 P1""iaJ 

3) Compare new the density to the initial density 

13 

(2.38) 

(2.39) 

(2.40) 

- 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 fo llows: 

tJ.p : (0.167 + 16.18I(10-' ·''''P»(-.L) - 0.01(0.299 + 263(1 O-'·'''''P»(-.L)' • la la 

(2.4 1 ) 

tJ.p, : (0.0032 + 1.505p-<>·''' )(T - 60)' ·'" - (0.02 16- 0.0233(1 O-<>·'''~»(T - 60)'·'" 

(2.42) 

5) Compute the correct density 

Liquid density "" PI'" + 6pp - 6PT (2.43) 

Viscosity 

The following equation may be used to calculated oil viscosity when its °API 

gravity is between 5 and 58 °API. 

p , : 10' (10' (\.8653 - 0.025086' API - 0.5644Iog(T + 460))) - I (2.44) 

' API : 141.5 - 13\.5 (2.45) 
r, 

For gas, viscosity is calculated by following equations: 

p , : A(1 0~)exp(0.0 1 602Bp/ ) (2.46) 



A = .c(9-,.3.,.7.,.9.,.+_0-,-.0.,.16.,.0,,7-,.M-"c.:.)=T_'·' 
209.2 + 19.26M, + T 

8=3.448 + 986.4 +0.01009M, 
T 

C = 2.447 - 0.22248 

where Mg is gas phase molecular we ight 

2.3 Reservoir model 
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(2.47) 

(2.48) 

(2.49) 

Some of important assumptions concern ing the reservoir model used in this 

study are: 

• The reservoir is homogeneous, isotropic, horizontal, cylindrica l, and of 

unifonn thickness. 

• Reservoir flu id is still homogenous even it is produced by multiple we lls. 

• The reservoir is a zero-d imensional s ingle cell that is bounded by no-flow 

boundari es. 

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

• Capillary pressure, grav ity effects, and coning are negligible. 

• There is no aqueous phase, and the rock phase is incompress ible. 

• 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 limes of producing. Flow rate mostly 

depends on fluid behaviour and also we ll flowing pressure which is related to 

outflow performance, from t ubing to separator, which is described in subsequence 

sections. The basic procedure of flow rate calcu lation is described as follows: 

I) Begin with an average reservoir pressure at time step k, P
ru 

. • ' a tota l reservoir 

composition Zru, and an initia l guess of P"'J-
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2) Estimate reservoir pressure at time step k+ l , Pm. k+/ and calculate average 

reservoir pressure pm, .1:+/11- Yz (pru,k + PrYl,t+V 

3) Perform flash calculations to determine fluid properties, mass of reservoir fluid, 

Nt. and phase compositions, z, for the mixture at the average reservoir pressure. 

4) Based on these sand face phase properties, determine So and Sg. From these va lues, 

determine kro and krg. Fluid properties in the flow rate equation are calculated at the 

average reservoir pressure . 

S) Determ ine qg and qo. Use the properties at average reservoir pressure to determ ine 

mass flow rates for each phase and composition of the fluids. 

6) Calcul ate new mass of reservoir fl uid, NhJ, new reservoir fl uid composition, Z"s. 

and new reservoir pressure, Pm. 

7) Check ifp • J change much from the guessed va lue 
rts. + 

- If yes, adjust Pru .... J and repeat step 3-6. 

- If not, then proceed on. 

8) Go to pipeline model, choke mode l and tubing model to ca lculate pw, based on the 

same production rate and composition. 

9) Check ifp ... , from inflow and outflow are similar. 

- if not. adjust p ... , and go back to step 2. 

- if they merge, the computed production rate and composition are used fo r 

economic model, and update reservoir flu id mass, reservo ir fluid composition and 

reservOIr pressure. 

The main procedure o f the reservoir model is shown in Figure 2.4 as a flow 

chart. 



Start with initial P"'I 

Guess P ru .J.+1 ;and 

Calculate Npand Zp by 
using fluid condition at 
P" s, t + /I], T and Z, .. s 

Calculate Zru, NAT / and 
, pru 

Yes, adjustpru.l:<, 

Check if Pru,hl 

change much from 
the guessed 

No 

Go to pipeline model, choke 
model and lubing madellO 
estimated p"'jbased on Np 
and=, 

No, adjust Pwf 

Check if 
calculated p"'/ is 
simi lar to guessed p., 

Update Zrts, Nt and 
, prts 

Ves 

Figure 2.4: Flow Chart of reservoir model ca lculation. 
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Production rate in thi s study is based on this volumetric pseudo-steady state 

equation: 

q = O.00708kk,h ( P - Po[ ) 
I' In(r.! r. ) - 0.75 

(2.50) 

where q = flow rate, SSUday 



k = reservo ir permeabil ity, md 

k,p = re lative permeability of phase p 

h = reservoir thickness, ft 

r~ = radius of reservoir, ft 

rw = rRad ius of well bore, ft 

Flow rate in liquid phase and vapour phase 
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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: 

qo = 0.00708kkroh ( P - Por ) 
1'0 In(r, I ro) - 0.75 

0.00708kk", h P - Por 
q = ( ) 

, 1', In(r.l ro) - 0.75 

Determining flow rate equa tion parameters 

The relative permeab ilities can be found from the eq uations: 

( 
(S, -S,, ) ).~ 

k", = ( I -S~- S,, ) 

where So is liquid phase saturation 

Sg is vapour phase saturation 

SQr is residual liqu id phase saturation 

Sgr is residual vapour phase saturat ion 

(2.5 1 ) 

(2.52) 

(2.53) 

(2.54) 

The saturation values depend on the spec ific vo lume of each phase and liquid 

mole fraction, L. 



where 

Mass flow rate 

M oL 

S = Po 
o M oL + M , (J - L) 

Po Pg 

" 
M o = IM;z/x/ ,., 

" 
M g =LM;z/YI ,., 
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(2.55) 

(2.56) 

(2.57) 

(2.58) 

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 = 5.615qoPol Mo 

N"" ~ 5.615q, p/ M, 

where Npo is oil mass flow rate, mole/day 

Npg is gas mass flow rate, mole/day 

(2.59) 

(2.60) 

The total mass flow rate is the sum of mass flow rates ofliquid and vapour. 

(2.6 1) 

where Np 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: 

N pox, + N pj(Y, 
z = 

p,l N , 

Reservoir mass and composition 

(2.62) 

After the reservoir has been on production, time steps are made. At each time 

step, the total reservoir fluid mass is old rese rvoir fluid mass deducted by produced 

fluid mass: 

Nhl = N. - Np!:J./ 

where Nt+1 is fluid mole in reservoir at time step k+ 1 

N. is flu id mole in reservoir at time step k 

The mass of each component in the reservo ir is 

N hL) = N! ,; - N p Z p," )./ 

New reservoir flu id composition is 

z = Nhl,. 
,.. •• 1 N 

'" 
Updated reservoir pressure 

(2 .63) 

(2.64) 

(2.65) 

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

fo llowing procedure: 

1. Calcu late reservoir density by 
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(2.66) 

2. Iterative on the pressure in order to ca lcu late vapour phase density, Pv, by 

perfonning flash calculation and using Equation of State. Then, calculate 

liquid phase density, PL. at the pressure that yields convergence. The mixed 

density is 

p •• =p, L + p , (I - L) 

3. Check jrthe density in step 1 and 2 are similar. 

If yes, the pressure in step 2 is the new reservoir pressure. 

Ifna, change the pressure and go back to step 2. 

2.4 Wellbore model 

(2.67) 

Hydrocarbon in the reservoir fl ows 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 fl ow 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 

well bore to the reservoir depth. The basic procedure is described as follows: 

I) Based on the pressure at depth L, P,., assume a downstream pressure at a given 

change of depth, IlL. The initial guess for P,.+M, can be PL' 

2) Find the average pressure along the calculation depth 

I 
P 1 = -2 (PI. + PI,+4L ) 

1',,41, 
(2.68) 
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3) Flash the flowing mixture at P Land T I to calculate the no-sli p properties 
1.1o!J· l' ltJ. 

and compositions of the phases in this step. 

4) Use the multiphase flow corre lation (AGF in thi s case) to detennine the flow 

regime, liquid holdup. frictional pressure loss, and hydrostat ic head over this 

pressure step. 

S} Use the output of the multiphase flow correlation and PI. to detennine P I. .. flL ' 

• . If PI. t-41. has changed from the initial guess, this step has not converged. 

Return to Step 2. 

• . If it has not changed s ignificantly, this step has converged. 

6) Set PI. equal to PI.t-l>L · Assume now that PL+AL = PI. + (P,. - PI.-..u. ) and return to 

Step 2. 

This process is repeated until the ultimate depth of interest is reached. For 

this project, this calculation is perfonned twice for each detennination of bottom 

hole pressure. First, it is used to detennine the pressure at the point of gas injection, 

based on the surface pressure and the mixture of produced flu id and lift gas. Second, 

this technique is used to determine the sand face 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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Start at surface, depth = 0 ft 
p = wellhead pressure 

No, Set P t.+6J. 

Set P LHl/ • • the initial guess as the one 
fo r P L+t.L can be P L' computed from 

1 
AGF Check if P 1.+t.L is 

close to the guessed 

Find the average pressure l' yes along calculation depth 
1 Set L~L+tJ.L p , = "2(p, + p,.,,,J 

L+2"41. and P L = P 1.+tJ. 

1 1 
Flash the flowing mixture 

at P L and T I Check if 
L-+,tJ. L+~t.L L=total ~ , 

1 I End I Use AGF correlation to no 
determine flow pattern 
and pressure loss 

1 I Set PL+4L = PI,. + (PI. - PL-IJ. ) f-
Calculate PL+4L from f--
AGF correlation 

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, multjphase 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 direct ly ca lculated from the liquid and gas flow 

rates, that is in-s itu volume fraction of liquid, CL 

(2.69) 

Typically the phases will move at different velocities due to variation in 

phase densiti es and viscosities. The lighter phase moves faster than the denser. 

While the lighter phase keeps pass ing through the denser phase, this causes the 

denser phase to have more cross sectiona l area. 

Since the phases are not 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. 

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

(2.70) 

Aziz. Govier, and Fogarasi proposed a multiphase flow correlat ion that was 

dependent on the flow regime. The Aziz el 0/. correlation has some theoretical 

justification and is considered to be one of the least empirical correlations available. 

The steps to fo llow in the pressure drop calcu lations are: 

I) 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 fricti on 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 ifnecessary, the kinetic energy term . 

Flow pattern classification 

Four flow regimes are considered: Bubble, s lug, froth, and annular-mist. Aziz 

et af. presented original correlations for the bubble and slug flow regimes and used 

the method of Duns and Ras (8) 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 liquid. The free gas is present in small bubbles. The bubbles have 

little effect on the pressure gradient. 

Slug Flow 

The liquid phase is sti ll continuous, but the gas bubbles coalesce and fonn 

slugs which almost plug the pipe cross section. The bubble velocity is greater than 

that of the liquid. Both the liquid and gas phase have s ignificant 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 . 

0 

0 

0 0 
0 

Go> 

0 • 0 Oil 

0 

Bubble S lug Froth An nular Mis t 

Figure 2.6: Picture of flu id characteristics inside tubing. 

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

Superficial velocities 

v = ql. 
" A 

V -~ "'- A 

where VsL is superficial velocity of liquid phase, ftlsecond 

Vsg is superficia l velocity of vapour phase, ftlsecond 

A is area of well bore 

(2.7 1) 

(2.72) 



Modified superficial velocities 

where 

PL"" liquid density, Ib/ft) 

a is interfacial surface tension between oi l and gas, dyne/em 

UWA is interfacial surface tension between water and air, dyne/em 

(7 = 50 

a "'A= 72 

P." = 0.0781b l ft ' 
p_", = 62.371b l ft ' 

Mixture velocity is defined as 

Flow Regimes are classi fied as the following: 

and 

(I OOV MIL )0.17211 

V Ms(; < 
1.96 

(100V ) 0. 172 11 
MIL :S: V < 26.5 
1.96 M.a 

26.S :S: VM>G 

2) If VM" ~ 4 

and 

; Bubble Flow 

; Slug Flow 

; Annular-Mist Flow 
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(2.73) 

(2.74) 

(2.75) 
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(lOOV )0.17211 
V < MsL 

M J(; 1.96 
; Bubble Flow 

(I OOV M. iJO.
17211 

:::;; V < Vu sL + 8.6 
1.96 M,o 0.263 

; Slug Flow 

VM•I• + 8.6 :::;; v: < 70(1 Oav. ) - O.lS2 
0.263 MsG MsL 

; Froth Flow 

70(IOOV )".m < V 
Ms'. - MS(; ; Annular- Mist Flow 

Pressure gradient calculation 

Bubbleflow regime 

To obtain the pressure gradient due to fluid density in the bubble flow regime, 

Aziz el al. proposed to define the liquid ho ldup as in-situ liquid fraction 

EJ. = 1_ VIG 
V. 

(2.76) 

where the absolute bubble ri se ve locity is 

(2.77) 

And the bubble rise velocity is 

, 
V. =1.4{ gU(:,'- P,»), ; u =95 (2.78) 

where g = gravitational acceleration, 32.2 ft I second2 

The hydrostatic head component of the total pressure gradient is then 

dPH = llL[ dPI ) = IlL [~(P,E,. +(1- E,JP,») (2.79) dL1H 144 g , 

The frictional pressure loss is 



_2,",Jr,-V-,,~ccp-,,=!lL=­/lP -
r - 144g, D 

whereJi is Fanning friction factor 

gc is gravitational constant, 32.2 Ibm-ftI( lbf-seconct2
) 

D is tubing diameter, ft 

The friction factor can be found by solving the equation 

I = 1.74 - 2 10 [ 2< + 18.7 J 
J4Jr g D R,J4Jr 

R = 1448 DVMP,. , 
fl ,. 

where E is absolute pipe roughness, inches 
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(2.80) 

(2.81 ) 

(2 .82) 

The acceleration com ponent was considered to be negligible in the bubble 

flow regime. 

Slugjlow regime 

The calculation method for slug flow reg ime is very similar to that of the 

bubble flow. The density component in the slug flow regime uses the same defin ition 

for liquid ho ldup in the bubble flow regime. 

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

However, Vb is defined as: 
, 

V, = 0.345(Dg(P' - pg)), 
P,. 

V, is defined in Equation 2.77. 

(2.83) 

Having obtained the liquid holdup, the hydrostatic head pressure loss and 

pressure loss due to friction are detenn ined by Eq uation 2.79 and 2.80 respectively. 
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As in the bubble flow regime, the acceleration component was cons idered to 

be negligible in the s lug flow regime. 

Annular-Mist flow regime 

For the annular-mist flow regime, Aziz et al. used the procedure of Duns and 

Ros. Duns and Ras assumed that the high gas velocity of the annular-mist region 

would allow no slippage to occur between the phases. 

The hydrostatic pressure drop is detennined by Equation 2.79. 

And the frictional pressure drop is 

The friction factor is detennined by Equation 2.8 1. 

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

DV p 
R, = 1448 '" , 

P, 

The acceleration pressure loss can be accounted by using E.k 

E _ VMVMsGPNS .- g, p 

where PNS is no slip density 

The total pressure loss for annular-mist flow is 

(2.84) 

(2.85) 

(2.86) 

(2.87) 
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(2.88) 

Froth Flow Regime 

The froth flow region IS a region of transition between the s lug and the 

annu lar-mist flow regions. When the flow occurs within the transit ion region, the 

pressure grad ient is obtained by perform ing a linear interpo lation between the slug 

and annu lar-mist regions, as suggested by Duns and Ras. The interpolation is 

performed as fo llows: 

(2.89) 

where 

tlPl is total pressure loss from slug flow 

tlP2 is total pressure loss from (annular-mist flow) 

V _ «V""l O.263) +8.6) 
""-

VM.tG 

(2.90) 

(2.9 \) 

2.5 Choke model 

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

• Protect reservoir and surface equipment from pressure fluctuations. 

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

• Prov ide 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 subcritica l flow. In the critical flow 

region, fluids travel faster than sonic veloc ity, When the veloc ity of the fluid is 

greater than the sonic velocity of the fluid , any downstream perturbation is unable to 

propagate upstream, and the mass flow rate through the choke is so lely a function of 

the upstream parameters. This causes the result as the independence of choke flow 

from the downstream pressure. In subcritical flow, the fluctuations in flow 

conditions are transmitted upstream 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 pressure can be changed, within reason, without 

altering the wellhead or sandface pressures. 

In this study, Sachdeva el 01. (9)corre lation is used for choke calculation. 

Sacbdeva et 01. correlation 

There are some assumptions associated with Sachdeva et 01. correlation: 

• The gas phase contracts isentropically but expands po lytropical ly. 

• Flow is one-dimensional. 

• Phase velocities are equal at the throat (no slippage occurs between the 

phases). 

• The predominant influence on pressure is accelerational. 



• The quality of the mi xture is constant across the choke (no mass transfer 

between the phases). 

• The liqu id phase is incompressib le. 
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Moreover, the Sachdeva el al. model makes no attempt to d istingui sh 

between free gas and so lution gas, nor does it take into account the effect of different 

mixtures of liquids. Calculating procedure is by the following 

I) Determine critical ratio of upstream to downstream pressure. Ye. by iterating 

on the upstream pressure, PI. until y and Yc are merged. 

2) Detennine upstream pressure, Ph that yie ld 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 obta ined. 

The first step in the Sachdeva el al. method is to find the critical-subcritical 

boundary. 

Th is is done by iterating and converging on Yc in the expression: 

p, 
y=­

p, 

where Pl is downstream pressure, psia 

PI is upstream pressure, psia 

k = C,IC, 

(2.92) 

(2.93) 



= Polytropic exponent for gas 

XJ = vapour fraction (in let) 

Vi = upstream liquid spec ific volume, cuftJlb 

VOl = upstream vapour specific volume, cuftllb 

VG2 = downstream vapour specific volume, cuftllb 

Cp = Specific heat of gas at constant pressure 

e" = Specific heat of gas at constant volume 

CL = Specific heat of liquid 
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(2.94) 

(2.95) 

(2.96) 

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

whether it is critical flow or not. Ify is equal or less thanyc. it is critical flow. 

Massflow rale 

M = 86400A,C
D 

(2g J44~ p' [ (J - X,)(J - Y) + x,k (V _ V)] 
e I ",2 k _ I G I Y g2 

P,. 

where Ac is cross-sectional area of choke 

CD is choke di scharge coefficient 

If the flow is critical, y is then equal to Yeo If the flow is subcritical, y is l!1... 
p, 

Liquid flows through restriction 

(2.97) 

One of the limitations with the Sachdeva el 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 singJe·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 (10), 

q = 5.615' 22800C(D, )' ~~ (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. 

Dz = choke diameter, inch 

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

liquid molecular weight, M. 



Estimate PI and calculate 
parameters at Pland T aim 

Calculate Yc 

Yes 

Initial guess of PI again; in order to 
calculate flow rate 

Calculate flow rate 
across choke 

Check if flow rate is 
matched to flow rate 

Yes 

Obtain PI as upstream 
pressure; end 

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 mode l 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 simi lar to 

that of vertical flow without hydrostatic pressure loss. 

2.7 Separator model 

Before the production 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 picture of the separator. 



Inlet Inlet 
Diverter 
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Pressure Control Valve 

.---I::kJ--. Gas Oul 

Extractor 

\----------- Gas Liquid Intelface--------/ 

Liquid Out 

Figure 2.8: Cross section of a separator. 

Calculation steps of three-stage separations and one stock tank are as follows: 

I} 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 composit ion as in the reservoir) 

2) Perfonn a flash calculation of the mixture at first stage separator, P~~pJ. The liquid 

mole fraction at this stage is Ii. The gas phase composition is YI, with mass rate of 

Nwlt (J-LJ . The oil phase mass flow rate is NwhL, with composition XI_ 

3) Flash first separator liquid composition X, at second separator pressure. Pup]' The 

liquid mole fraction at this stage is Lz. The gas phase mass rate is N. .. JJ.lI -Lz} with 

composition Yl. The oi l phase mass rate is N. .. "L,Ll with composition X2. 

4) Flash second separator liquid composition X2 at third separator pressure, psep). The 

liquid mole fraction at this stage is Lj. The gas phase mass rate is N. .. "L,L1fI-LJ) with 

composition Yj. The oi l phase mass rate is N .. hL,L2Lj with composition Xj. 

5) Flash third separator liqu id composition XJ at am bient pressure, palm. The liquid 

mole fraction in the stock ta nk is LSI. The sales oil mass rate is N .. "L,L1L)Lsf with 

composition X~I. The sales mass rate (Ih/day) can be figured by multiplying the mass 
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rate (mole/day) by the molecular weight of X!I> 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 (Ibmol/day) is NWI,(I-LI)+ NwJtl,(l-Lz) + NwhL,L]{l-LJ} . Notice that 

gas from the stock tank is lost to the atmosphere 

7). The oil produced from the stock tank is sold. Partioo of the gas from the first 

three separators may be compressed and injected into the tubing-casing annulus in 

the gas-lift process. 

Picture off OUT-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) (II ) 

2.8 Economics 

II-i+1 
P srp,l == p"f 

(2.99) 

(2. 100) 

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 cost of drilling, completion, facility, operation cost and abandonment cost, 

while income is from oil and gas sales (1 2). 

Costs are grouped as initial cost, operat ion 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 calcu lation of net present value for a project with an 

initial cost 0[$60,000. This example is provided by Thompson and Wright (13). 

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

FffiI -
,.....L.--Clc:l-. Gas Qut 

High 
Pressure 

Separntor 

14 .7 psig 

Stock 
Tank 

,.L.--Clc:l-. Gas Qm 

Intennediate 
Pressure 

Separator ,-..... --Clc:l-- Gas Out 

Low 
Pressure 

Separnlor 

Figure 2.9: Four-stage separator (from Carroll, 1990) (I). 
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Table 2.1: Net present value illustration from Thompson and Wright(I )). 

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 

6 250 141 

Net Present Value for Project $6,198 

The net present value depends on the di scount 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 

ca lculation 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 art ificial lift. The rest of gas production and all of oil 

production go for sales. At the end of each time step. reservo ir 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 fo llows: 



41 

I) Beginning at time I and reservoi r pressure p reo.r • assume a value for the well 

flowing pressure PlOt for the time step. Also, assume a value fo r pressure at the new 

time step P f'U.I+l 

2) Find P ral+l l l from P~~.I and P~~.I+ I' 

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

4) Find the we llhead pressure wh ich allows the produced fluid and lift gas to flow 

across the choke against the first separator pressure. 

5) Calculate pressure loss along pipeline, choke and we llbore, from wellhead to 

injection depth, with the combined fluid composition, Zp+inj and mass flow rate, Np +inj 

(produced flow rate plus gas- li ft flow rate) to find the pressure at the point of 

injection. 

6) Calculate pressure loss along well bore, from injection depth to sand face depth, 

with the produced fluid composition, z". and mass flow rate, N". to find the tubing 

pressure at the sandface. well flowing pressure pwt-

7) If the difference between assumed pw/and computed Pw/is too large, change pw/ and 

go back to Step 3. 

8) Combine the produced fluid and lift gas mass rate, Np+i,ri, and composition, zp+inj. 

and use the separator model to detennine the produced mass rate, NQ/m. new lift gas 

composition, Zinj' 

9) Find the new reservoir pressure P""'.I+I from producing the fluids at the mass rate 

computed in step 3 and new reservo ir composition. If P roal has changed 

s ignificantly, return to Step 2 . Otherwise. a ll 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 ca lculation procedure is shown as a flow chart in Figure 2.10. 
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EstimateP.-u,hl;and P"" , •• , I Z 

+ 
Calculate N,.. z'" new reservoir fluid mass, composition 
and pressure in reservoir model at p,.., .,!. ,Tand z/ . , Yes; 

J. adjust -
P"""I . ! 

~ Check if P .. s ,hl change much 

from the estimated? ---> Adjustp_j 

TNO 

Go to pipeline model, choke model based on N,."" and Zr;,; till 
injection point. Then tubing model based on Np and Zp to 
sandface to find p .. , 
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T yes 

Separator model; with Np and Zp that make pw/ matched. Find 
NQ ,,,., and lin} 

.J.. 
No 
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yes r 
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Figure 2. 10: Flow chart of integrated model calculation. 
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2.10 Optimization method: Genetic algorithm 

Genetic a lgorithm is an optimizat ion method that draws an analogy to the 

process of natural selection (Goldberg) ( 14). It is a search techn ique used in 

computing to find true or approx imate solut ions to optimization and search problems, 

and is ollen abbreviated as GA. Based on the random generat ion of decision 

variables and the development of the sets of variables using d irect function value 

comparisons, the GA does not require any mathematical computations. Genetic 

a lgorithms uses techniques similar to evolutionary of bio logy such as mutation, 

selection, and crossover. 

Without the idea of a convergence, a GA criterion depends upon user 

satisfact ion. Consequently, the use ofGA shou ld be carefully examined based on the 

problem types, dimensions and computer capacities. 

In order to optimize the problem, genetic a lgorithms generate population of 

decision variables (called chromosomes) o f candidate solutions (objective funciton) 

fo r better so lutions. Normally, popu lati ons are represented in binary as strings of Os 

and I S, but other encodings are also possib le. The genetic a lgori thm 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 popu lation (based on thei r fitness), and modified to form a new 

popu lation . These processes a re repeated until it reaches its critiria. 

GA procedure 

Typical genetic a lgorithm concepts are described as 

I) Genetic representation of the solution domain 

2) Fitness function to evaluate the solution domain 

A standard representation (popu lation) of the soiution is as an array of bits. 

Arrays of other types and structures can be used in essentially the same way. This 

makes GA itself eas ily reproduce the popu lation by crossover or mutation. 
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The fitness function is defined over the genetic representation and measures 

the quality of the represented so lution. The fitness function is always problem 

dependent. In this study, the Net Present Value (NPV) is to be mai ximized. 

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

following steps needed to be proceeded 

I) In itialize a population of solutions randomly. 

2) Evaluate the fitnesses of individuals in the popu lation. 

3) Improve it by the app lication of mutation, crossover, and se lection. 

4) Evaluate the individual fitnesses of the popu lation . 

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

reached. 

In the fi rst generation, the GA evaluates each populat ion according to the 

fitness funct ion. The random Iy 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 a llowed to go 

to next generat ion. Those candidate so lutions which were worsened or made no 

better are again deleted. The good individuals are selected 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 thi s process for hundreds or thousands of rounds, 

very good solutions to the problem can be discovered. 

IDitiaization 

Initially, the first sets of decision variab le are randomly generated. The 

population size depends on criterion of the problem, but typ ica lly contains several 

hundreds or thousands of poss ible so lutions. In this study, the popu lation is 

generated random ly, covering the entire range of poss ible solutions. 
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Selection 

During each process, a proportion of the existing population is se lected to 

form a new generation. Ind ividual solutions are se lected through a fitness-based 

process, where finer solutions are typically more likely to be selected. Certa in 

selection methods rate the fitness of each solution and preferentially select the best 

solutions. 

There are many different techniques which a genet ic a lgorithm can use to 

select the ind ividuals 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 fitness o f each indiv idual in last generation, genetic a lgorithm 

provides the probability of an individual. The fitter of the population, the more 

chance to be se lected to next generat ion. (Conceptua lly. 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.) (14) 

Reproduction 

The next step is to generate new generation populations from those se lected 

through genet ic operators: crossover and, or mutat ion. 

For each new solution to be produced, a pai r of parent solutions is se lected 

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 typ ica lly 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 initi al 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. AU 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. 

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. J 2 . 

. -
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 se lected on the parents. Another population is 

selected by order. The chromosome that has not existed on the first population 

before the crossover point wi ll be choosen to be new member. Th is choos ing 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 wou ld be ABCDIGHFE and 

IGAHBCDEF. 

Mutation technique 

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. 

Exam ple is by repl acinging a chromosome in parent 's organism by a 

candidated chromosome. This might be at any pos ition in the parents. This random 

variable tell s 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 s lowing or even 

stopping evolution. Th is reasoning also explains the fact that most genetic algorithm 

systems avoid only taking the finest of the population in generating the next but 

rather a random se lection with a weight ing 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 landscape. and the points A, B, and C are local optima. The red 

ball indicates a population that moves from a very low fitness va1ue to the top of a 

peak (after Wilke) (I'). 

Termination 

This generational process is repeated until a tennination condition has been 

reached. Common terminating conditions are 

• A solution is found that satisfies minimum criteria 

• Fixed number of generations reached 

• Allocated budget (computation time/money) reached 

• The highest ranking solution's fibless is reaching or has reached a plateau 

such that successive iterations no longer produce better results 

• Manual inspection 

• Combinations of the above 

2.11 Summary oftheory and concept 

Conclusionly, there ace 3 mains program combined into the integrated 

program. There are production profi le program, economic program and genetic 

algorithm program. At the first generation the sets of decision variable are randonly 

created by genetic aJgorithm. 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 generat ion, sets decision variab les are reproduced 

by genetic algorithm. Then a ll three programs are run through to get the NPV. This 

process is repeated until it reached the criteria. 



CHAPTER III 

MODEL TESTING AND CASE STUDIES 

In this section, the results of the mode l testing and 3 examples ofoptimization 

calculations are presented. The integrated mode l 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 calcu lation. 

3.1 Model Testing 

After all models were integrated, the program was tested, and the resu lts were 

compared with those from one of most re liable commerc ial s imulation program, 

ECLIPSE. 

One limitation of th is task is that there is no function to li mit 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 obtained from the ECLIPSE, there is a need to adjust the 

choke s ize 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 It 

Reservoir thickness;;; 100 It 

Reservoir penneability = 10.85 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 

51 

It needs to be remarked that in ECLIPSE reservoir is square shape, not circular 

like that of the integrated program. With same reservo ir th ickness, the reservo ir radius 

of the integrated program is calculated in order to make reservoir volume equal to that 

of the ECLIPSE. 

Reservoir flu id is gas condensate with composition as fo llowing: 

Component C I - 59.99 1 

Component C2 - 8.4326 

Component C3 - 6.3988 

Component i-C4 - 3.4127 

Component n-C4 - 3.8989 

Component i-C5 = 1.4286 

Component n-C5 = J .3988 

Component C6 - 7.2718 

Component C7+ - 7.7660 

Variable inputs of model testing 

I . Tub ing ID size - 0.625 ft 

2. Pipeline = Not Available 

3. Choke size is adjustable to match with ECLIPSE product ion rate 

4. Separator Pressure = 14.7 ps ia 

5. Number of we ll = I we ll 

6. Gas injection rate = zero 



52 

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 3.3: Comparison of resenooir pressure obtained from the integrated 

model and ECLIPSE. 
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In any case, the errors between these two programs are not sign ificantly 

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 compos ition in the reservo ir is st ill 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. thi s makes production 

composition changed. This change affects the produced gas oil rati o. 

When the reservoir fluid is initially produced at a constant rate, the reservoir 

pressure reduces quite linearly. After 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 J 5% max imum 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 des ign and production. 

In these following case studies, economic parameters are rated fo r incremental 

production system. Main production faci lities are existed. The reservo ir 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 flu id composition (6) is 

Component C I = 20% 

Component C2 = 15% 

Component C3 = 20% 

Component i-C4 = 7.5% 

Component n-C4 = 7.5% 

Component i-C5 = 7% 

Component n-C5 = 1% 

Component C6 = 10% 

Component C7+ = 6% 

Molecular weight Of C7+ is 1421b/rnole 

Economic parameters 

Discount rate is 10 percent. 

O il price is $60 per STB 

Gas price is SIS. 71 per Mscf 

Drilling cost is $1,000,000 

Well completion and equipment cost are 

2.875-inch 00 well $1,200,000 per well 

4-inch 00 well = $1 ,450,000 per we ll 

5.5-inch 00 well = $1 ,800,000 per we ll 

55 
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Production equipment cost of oil (19) is 540,OOO+52.50*(Maximum oil rate, STB/day) 

per well 

Production equipment cost of gas (19) is 67S*(Maximum gas rate, MMscfi'day) per 

well 

Production operation cost is $1 ,400,000 per year per wel l 

Gathering line costs ($) = 500 • length (ft) • number of we ll 

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 1 OOMscf 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 5·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 10 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 th ird separators are 

First seoarator, Dsia Second seoarator, osia Third seDarator, osia 
100 62 38 
150 84 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. Number 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 

NPY in each generation. The value ofNPY in each generation is plotted in Figure 3.4. 

As seen from the figure, generation 69 provides the highest NPY. The production 

parameters that result in this highest NPV are summarized in Table 3.2. 

Table 3.]: Production parameters that provide the highest NPV in each 

generation. 

"'" ~ . 
T,'" - .. ,.. • 

""-- ." ." Choke1 ChoIte2 Choke) C""" P,.. "" ... NPV .. 
'''''' '''''' ... -.. • ,... 

1 2.875 12 " .. .. .. 100 0 1 80.391.295 " 2 2.875 , 
" " .. .. 100 0 1 7'.591 .1n 20 , ••• " " " " " 100 0 1 21 .145.299 17 

• • 12 " .. .. .. 100 0 1 75.384.679 • 
• 2.875 , 

" .. .. .. 100 0 2 99.849.717 • , 2.175 " " " " " 100 .""'" 1 13.121.497 • , ••• 12 " " .. " 100 .""'" 1 45.356.987 " , 2.815 • " " " " 100 0 1 13.933.681 " • • " 32 .. " .. 100 0 • 101.742.117 • 
" ••• " " " " " 150 0 1 81.405.1i9 12 

11 2.115 , 
" " 32 " 100 0 1 65.966.100 " 12 2.175 " " " " 16 100 100000 1 10.768.4S8 " 13 2.815 " " " " " 100 50000 1 " .826.497 " 

" • 12 " " " " 200 100000 1 19.268.720 17 

" 2.115 " " " .. .. 100 0 1 11 .89U78 12 

" 2,815 12 " " " " 100 50000 1 14.033.681 , 
17 2.815 " " " " " 100 0 1 11 .894.578 • 
" 2.815 12 " " .. .. 100 0 1 52.956.712 " 
" ••• 12 .. .. .. .. 100 50000 1 105.569.331 13 

20 2.875 12 .. .. .. .. 100 0 1 98,114,354 " 
" 2.875 12 " " " " 200 50000 1 59.1112.513 12 

U 2.815 12 32 " .. .. 100 0 1 73.591 ,1n 20 

" 2,815 12 " " .. .. 100 100000 , 75.1457.057 • 
" 2.815 12 " " .. .. 100 50000 1 71.269,853 20 

" • 12 " .. .. 16 100 0 1 74.235.698 " 
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Table 3.1: Production parameters that provide the highest NPV in each 

generation. (continued). 
Gu No. 

Tubil'lg ,.... ,."" d - sa. ... Choke' ChoII.2 C!'Iok.) C ..... p- ." - NPV •• 
" ••• " 32 32 " " ". ""'''' , ae .Z58,&31 " 27 2.815 " 32 32 " .. '50 • , 102,"53,8'" • 
" 2,875 " 32 32 .. .. "" '''''''' 2 87,351,126 " 
" ••• " .. .. " " '''' 0 , IOS.Sl".iS1 " ,. • " " .. .. .. '''' 50000 , 19.32&.358 " " • " 32 .. .. .. '00 50000 2 120,465,725 " 32 ••• " " .. .. .. '00 0 , 121 .161.198 • 
" • " .. .. .. .. ,'" 0 , 98,306,836 " " 2.875 " .. .. .. .. '50 0 , 95,251,962 " " • " .. .. .. .. 2'" 0 , 96,363,&42 , 
" ••• " " " .. .. "" 0 , 56.837 ,149 " 
" • " " .. " .. "" 0 , 107,269,852 • 
" 2.875 " " .. .. .. '00 • , 8 3.826.852 " 
" ••• • .. .. .. .. '00 • , 96,3015,1536 " " • ,. 32 32 32 32 '00 • , 104,59U85 " 
" 2.875 " .. .. .. " ,'" 0 , 100,195,506 " .. ••• " 32 .. .. .. '50 50000 , 101 ,129,354 • 
" ••• " 32 .. .. .. '50 50000 , 96,583,415 " .. ••• " .. .. 32 .. ,'" 0 , 75,364,679 , .. • " " " .. " ,'" 50000 , .J,en,4S1 " .. • " " .. " .. "" 0 , 107,269,652 • 
" ••• " " .. " .. "" 0 , 121.167.198 • .. • " " 32 32 32 '''' 0 2 10f1 ,432,141 • .. 2.1175 " .. .. .. .. '00 50000 2 122.357,426 • 
50 2.815 " .. " .. .. '00 ,""'" 2 116,375,"29 " 
51 2.815 " 32 .. .. 32 200 50000 I 99.612,513 " 
" 2.875 " 32 32 .. .. '''' 0 • 78,1124,385 , 
" • " .. .. .. .. '''' 0 I 93,832,715 7 

50 ••• " " .. " .. 100 0 I 103,468,975 • 
55 ••• " .. .. .. .. 100 0 I 91.583.141 " 58 • " " 32 32 .. "" 0 I 56,398.284 " 57 Vll75 " .. .. " .. '''' 0 2 121.235,207 • 
" ••• " .. " " .. '00 0 • 102.165.479 , .. ••• " 32 32 32 32 '00 0 • 101.009.400 • 
" ••• " .. " " .. 100 0 , 140.755.293 • 
70 • " .. .. .. .. 100 0 , 124,514 ,124 " 
71 • " .. " .. .. 100 0 , 126,675.487 , 
72 2.875 " .. .. .. .. 100 , , "3,195,.(98 • 
" • " .. 32 " .. 100 0 , 105,347.289 7 

" ••• " .. .. .. .. '00 0 , 138,387,994 , 
75 ••• 10 " .. .. .. '00 0 , 116.396.481 , 
" ••• " " .. .. .. 100 0 2 124 .595.308 • 
n ••• " .. .. .. .. 100 • , 126,251 ,824 • 
" ••• " 32 .. .. .. 100 • 2 , 19.526.371 • 
" ••• " .. .. " .. 100 0 2 135.&211.5&4 • 
" ••• " .. .. " .. 100 0 , 133.279.583 • 

Fin. ••• " .. .. .. .. 100 0 , 14t1.556,637 • 
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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 nuctuating. Then, the objective 

function tends to increase with less difference comparing to previous generations. At 

generation 69th
, 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 II 

generations. 
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Figure: 3.4 Net present value as a function of generation. 
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Figure: 3.5 Net present value as a function of generation (keep tbe best answer). 
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Table 3.2: Set of variables tbat gives tbe best answer of case 1. 

Parameters Value 

Tubing Diameter, inch 5.5 

Pipeline Diameter, inch 12 

Choke1 , by 64 inch 64 

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 0 

No. of well 2 

NPV, $ 140,556,637 

The oil and gas production rates of the best production scenario (generation 69) 

are shown in Figures 3.6 and 3.7. respectively. As seen in the figures, the oil and gas 

production rates start with very high rates and rapidly decline. This behavior gives 

high values of cash flows in the early years of production, resulting in a relatively 

high NPV. 
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Figure 3.6: Gas production rate profile of case I best answer. 
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Figure 3.8: Rcsenroir pressure profile of case t best answer. 

Effect oj choke size 
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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 32164 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 
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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 fi rst 

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 oi l 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 Jess even though cumulative amount of income 

IS more. 

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

condition does affect much on NPV in this case study. 

180 

180 

/ 
140 

~ 

~ / 120 

/' / 
100 

/ c 

~ 80 

/ E 
~ 60 
~ / c 40 0 

/ ,. 
20 

0 
0 2 4 6 8 10 

Time, year 

_ CUmulathe net income of adjusted choke 

_ CUmulatiw net income of fixed 64 choke (best answer) 

NPV computed from x number of years of adjusted choke 

--*- NPV computed from x number of years of fixed 64 choke (best answer) 
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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. 

Fib'llre 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. 
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Table 3.3: Cash flow calculation of J production wells. 

Net 

Time Total sale Drilling and Operation Facility income Discount NPV 

completion 

year S cost, $ cost. $ cost, $ S rale=10% • 
1 110,269,8 14 8,400,000 4,200,000 796,428 96,873,386 1.0000 96,873,386 

2 38,438,919 4,200,000 34,238,919 1.1000 31 ,126,290 

3 15,746,256 4,200,000 11 ,546,256 1.2 100 9,542,360 

4 6,825,971 1,500,000 4,200,000 1,125,971 1.3310 845,956 

138,387,994 

It can be seen in Figure 3. 12 that with three production we ll s, early year 

productions are much higher than that of the two production we lls but the in itial cost 

and operation cost are 1.5 times higher. From Tables 3.3 and 3.4, high production rate 

of )·production well in the first year makes cash flow much higher than that of the 

best answer while drilling and completion cost and operation cost make the final NPY 

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 Total sale Drilling and Operation Facility income Discount NPV 

completion 

year • cost, $ cost, $ cost, $ $ (ate=10% • 
1 86,576,000 5,600,000 2,600,000 736,809 77,439,19 1 1.0000 77,439,191 

2 34,416,133 2,800,000 31 ,616,133 1.1000 26,741,939 

3 25,407,555 2,800,000 22,607,555 1.2100 16,683,930 

4 19,315,912 2,600,000 16,515,912 1.3310 12,406,649 

5 6,606,535 1,000,000 2,600,000 4,806,535 1.4641 3,282,928 

140556631 

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 s ize show lower 
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production rate and longer production li fe. This effect is similar to choke size but 

much weaker. 
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Figure 3.13: Comparison of oil production rate profile between S-inch and 2-inch 

product ion tubing. 

Effect of pipeline size 

Effect of pipeline size to production rate is simi lar to that of the tubing size. In 

thi s case study. there is very little effect on this factor because of short pipeline 

distance. 

3.2.2 Case 2 

In this case, economic parameters 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 well s 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 I. 



Economic parameters 

The di fferences compared to case I are 

I) Oil and gas price 

Oil price is $30 pe r STB. 

Gas price is $7.86 per Mscf. 

2) Production facility cost 
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Production equipment cost of oil is 540,OOO+5250*(Maximum oil rate, STB/day) per 

well. 

Production equipment cost of gas is 67S*(Maximum gas rate, Mscf/day) per well. 

Variable inputs 

Objective variables are changed from case study number I as follows: 

I . Choke sizes are varied every I-year peri od 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 66 

3. Number of wells: 1, 2, and 3. 

Result and discussion 

After the integrated model was run for 50 generations, J 0 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 N PY 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. 

G .. No. ",., Pipeline ... ~ 

a..- ... ... Choke1 Choke2 Choke3 C""' .. P.., - ... NOV •• , .... , .... ,.. 5""., • -, • ,., " .. .. .. "" """" , 17.368.1)62 , 
2 ,., 7 .. .. .. .. '00 • 2 12.286,270 • , ,., ,., " .. .. .. "" """" , 12,524,867 n 

• ,., .. , " " " " '00 • , " ,925,792 " , • 7 " " .. .. "" • , 17.713,341 " • • • " " " " '00 • , 12,847,544 " 7 • ,., .. .. .. .. '00 SOOOOO 2 15,959,9OlI • • ••• , . " .. .. .. ' 00 0 , 20,140.910 " • • • " " " " 200 """" , 14.016,841 • 
" 2 .875 7 " .. .. .. 200 0 , 15,356,&40 , 
n ••• 7 " " .. .. '00 50000 2 10,160.697 • 
" ••• 7 " " .. .. '00 0 2 10,319,624 • 
" • .. , " " " " "" • , 12.847,544 " " 2.815 • " .. .. .. '00 ..... , 11,263,385 " 
" • , .. .. .. .. .. '00 0 3 '4,513.690 3 

" • 7 .. .. .. .. '00 • , 19,257.369 " 
" U7S 7 .. .. .. .. 200 • , 17,631. 330 7 

" ••• , . " .. .. .. 200 '00000 , 17,)4.4,826 7 

" 2 .875 7 " .. .. .. 200 '00000 , 17,726,931 • 
20 , .. ,., " " .. .. '00 • , 18.575,392 " 
" 2.875 7 .. .. .. .. '00 '00000 3 16,370,584 3 

22 2.815 7 .. .. .. .. "" 0 , UI.132.57" • 
23 • • " .. .. .. "" '00000 , 18,642,359 , 
20 • .. , " .. .. .. '00 ..... 3 18,537,&42 3 

25 • , .• " " .. .. "" 100000 , 19.331,526 • 
" ••• 7 .. .. .. .. 100 100000 1 11S,93O.249 n 
27 , .. • " " .. .. 100 0 2 18,235.350 , 
26 • " " .. .. .. '00 ''''''''' 1 '''.9.48,309 " 29 .. , ,., .. .. .. " 200 0 1 18.909,97" • 
30 2.875 ,., " .. .. .. 100 • 1 20.295,210 " 
" 2.175 7 " .. .. " 100 0 1 '8.946,309 " 
" • • " .. .. .. "" ..... 1 19 ,010.382 7 

33 ,., 7 .. .. .. .. "" ..... 3 1S.37D,5&' • 
" • 7 " .. .. .. '00 0 , 111.263,385 " 
" 2.875 ,., " .. .. " 100 0 1 2O.8SJ,984 11 ,. 2.815 7 " .. .. .. 100 ..... , 19,472.536 • 
27 ,., 7 " " .. .. '00 0 , 19.7 111,547 " 
" • .. , .. " .. .. '00 50000 2 18,235.350 • 
" • 7 " .. .. .. 100 50000 , 20,229.018 " 
" ,., 7 " .. .. " 100 ..... 1 22.125,3.46 11 

" ,., ,., " " .. " 100 100000 1 22,371.895 " 02 ,., 7 " " .. " 100 """'" 1 23,496,154 " 
" 2.815 7 " .. .. .. 100 """'" , 20.270,382 " .. • 7 " .. .. " 100 ..... 1 21 ,811,137 12 

" • 7 32 .. .. " 100 """" , 22,3&6,943 " .. 2.875 7 .. .. .. .. 100 0 , 21,471,280 " 07 , .• 7 " .. .. " '00 """'" 1 21 ,123,456 12 
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Table 3.5: Production parameters that provide tbe highest NPV in each 

generation (continued). 

"" No. T_ 
Pipeline inject 01 - ... sa. C ..... , ChoIle2 ChokeJ C""" - ~" - NPV '" .. 5.5 7 " 32 .. .. 100 0 1 22,110,224 12 .. • 7 " .. .. .. 100 100000 1 21 ,198,851 11 

" 5.5 5.5 " .. .. .. 100 100000 1 22,488.723 12 

, .... 5.5 7 " 32 .. .. 100 500000 1 23,496,154 " 
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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 t. 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 aDswer of case 2. 

Parameters Value 

Tubing Diameter, inch 5.5 

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. sef per day SO,OOO 

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. 

1000 
900 

c 800 as 700 I-

VI .. 
m 

600 i .. 500 
~ 

" 400 
0 

-

lo... 

'" 300 u 

" 200 .., ........ 
0 

100 ~ 

Co ... 
5 0 

o 25 50 75 100 125 150 175 200 
Time, month 

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. J 8: 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 oi l and gas production rates. 

From Figures 3. 16 and 3. 17. it can be seen that by adjusting the choke size, the 

production rate can be maintained at one rate. Whi le 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 product jon 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 witb fixed 64 choke size. 

Effect of gas injection 
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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 3.2 1. 
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Effect of multiple wel/s 

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

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

answer are compared to those when these are 2 production well s. 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 of2 production we lls to be less than that of the best answer. 

Table 3.7: Casb flow calculation of case 2 best answer. 

Net 

Time Total sale Drilling and Operation Faci lity income Discount NPV 

completion 

Year $ cost, $ cost, $ cost, $ $ rate=10% $ 

1 8,664,184 2,800,000 1,400,000 4,621 ,825 -157,641 1.0000 ·157,641 

2 7,809,148 1,400,000 6,409,148 1.1000 5,826,498 

3 7,443,059 1,400,000 6,043,059 1.2100 4,994,263 

4 8,696,617 1,400,000 7,296,617 1.3310 5,482,056 

5 5,314,706 1,400,000 3, 914,706 1.4641 2,673,797 

6 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 1,654,930 1.9487 849,241 

9 2,460,559 1,400,000 1,060,559 2.1436 494,759 

10 1,982,187 1,400,000 582,187 2.3579 246,904 

11 1,612,878 1,400,000 21 2,878 2.5937 82,074 

12 1,373,812 500,000 1,400,000 -526,188 2.8531 ·184,426 

23,496,154 
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Table 3.8: Casb flow calculation of2 production wells. 

Net 

Time Total sale Drilling and Operation Facility income Discount NPV 

completion 

Year $ cost, $ cost, $ cost, $ • rate=10% • 
-

1 13,155,164 5,886,500 2,600,000 6,726,147 2,259,463 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 5,400,165 1.2100 4,462,946 

4 8 ,652,509 2,800,000 5,852,509 1.3310 4,397,077 

5 6,385,004 2,800,000 3,585,004 1.4641 2,448,606 

6 4,093,080 1,000,000 2,800,000 293,080 1.6105 181 ,980 

11 ,490,609 

Effect o/tubing size and pipeline size 

Results show similar e'ffect to Case I. 

Effect o/first separator pressure 

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

gas oi l ratios at d ifferent first separator pressures are shown in Figures 3.22 and 3.23. 

Sets of decision variables are as follows: 

Case 2. 1 

I) 5.S-inch 00 tubing size 

2) Fixed 64/64 choke size 

3) 5.S-inch 00 pipeline size 

4) One production we ll 

5) Zero gas injection 

6) 100 psia first separator pressure 
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Case 2.2 

I) 5.5-inch 00 tubing size 

2) Fixed 64/64 choke size 

3) 5.5-inch 00 pipeline size 

4) One production we ll 

5) Zero gas injection 

6) 200 psia fi rst separator pressure 
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Figure 3.22: Comparison of gas oil ratio profiles between Case 2.1 and Case 2.2. 
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From Figures 3.22 and 3.23, gas oi l ratio of Case 2.2 is Jess 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. 

3.2.3 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 



Reservoir fluid composition (6) is 

Component C I = 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 = J .85% 

Component C6 = 4.33% 

Component C7+ "" 33.29% 

Molecular weight of C7+ is 218 Iblmole 

Economic parameters 

Economic parameters of case 3 are similar to those o f case 2. 

Variable inputs 

The differences of variable inputs comparing to case I are: 
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I . Choke sizes are varied every I-year period based on the fOllowing sizes: 

16164.32164. 48164 and 64164. All the wells are assumed to have the same 

choke s ize. 

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

3. Gas injection rate : Zero, 100000 sef/day and 200000 scflday. All the well s 

are assumed to have same gas injection rate. 

4. N umber of wells: J,2, and 3. 

Result aod 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 dec ision variables that yield the 

maximum NPY in each of the 50 generations are summarized in Table 3. 10. 

Table 3.10: Production parameters that provide the bighest NPV in each 

generation. 

0.. No. T_ ...... i'ljeet d -- ... ... c .... , Chok.2 C"' •• " """' .. P.., .... - NPV .. , .... , .... .... ""'., • .-, • ••• " " .. " '00 ''''''''' , 5,423.200 • , 2.815 7 " 32 " .. '00 0 , 5.741,759 • , ••• ••• 32 32 32 32 '00 0 , 3,56-4 ,304 • 
• ••• 7 .. .. .. .. '00 '00000 , 5.1161 ,17. 2 

• • 7 " 32 .. .. 200 0 , 3 .2H .7~ • 
• • • 32 32 32 32 200 '00000 , 4,028,117 • 
7 2.875 7 32 .. .. " '" 0 , 5,677,259 • • • ••• " .. " " 200 0 , 4,586,432 • 
• 2.875 7 os os os " '" 0 , 6,8.(8.331 , 
" ••• ••• " .. .. .. '00 '00000 , 4 .113,820 • 
" 2.875 7 " .. " " '00 200000 , 4,290,011 , 
" ••• 7 32 32 os .. ' 00 0 , 5,3!2,111 • 
" • • 32 .. .. .. 200 '00000 , 11,&49,250 , 
" ••• ••• " 32 32 32 '00 0 , 4,320,015 • 
" • 7 .. .. " .. ,00 0 , 7,032.3041 , 
" 2.875 ••• " .. os " '00 200000 , 3.014.a5S • 
" • • 32 32 .. .. '00 200000 , U32,241 , 
" • • " .. " .. 200 200000 , 7,111",431 • 
" 2.875 7 " 32 .. .. '00 0 , 8,11511,8&4 • 
20 • 7 32 .. .. .. '00 0 , un.310 • 
" ••• 7 " .. .. GO '00 200000 , ",759.921 • 
" ••• 7 " 32 .. .. '00 0 , 5,382,117 • 
" •• ••• 32 .. .. .. 200 0 , 15.5"'.932 , 
" ••• 7 32 32 .. .. '00 200000 , $.S82,:)85 • 
" • ••• GO .. .. GO ' 00 0 , 5,1161 ,", , 
26 • • " .. GO GO 200 '00000 , 11,&49.250 , 
27 2.875 • 32 .. .. .. '00 '00000 , 5,877,481 • 
" 2.875 7 " 32 .. .. "" 

, , 8,659,856 • 
29 • • " .. .. .. 200 200000 , 7.lI' ... ·431 • 
'" 2.875 7 .. .. .. GO 200 200000 , 1.345.292 , 
" ••• 7 " .. .. .. '00 '00000 , 11.298.015 , 
32 ••• 7 " .. .. .. '00 '00000 , 45,787.498 , 
" 2.875 7 " .. .. .. ' 00 200000 , 8.532.21. , 
" • • " .. .. .. 200 '00000 , &,849.250 , 
" 2.875 7 .. .. .. .. '00 200000 , 8,324,789 , 
" • • " .. .. .. 200 200000 , 1.81 4,431 • 
" ••• 7 " " .. .. 200 200000 , &,351,192 • 
" 2,17:1 •• .. .. .. .. '00 '00000 , 7,&32,511 , 
" 2,615 7 .. .. .. .. '00 200000 , 1,590,451 , 
'" • • " " .. .. ' 00 '00000 , &,t5t,&11 • 
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Table 3.10: Production parameters that provide the higbest NPV in each 

generation (continued). 

Go. No. T_ - - '" 
"""""'" ... ... ~, """'" ~, 00 .. .... ,." ... NPV .. 

" • 7 .. 54 54 " H,. 0 , 7,932,218 , 
" 2.815 7 .. .. 54 54 H,. 0 , 6.945.742 , 
., 5.5 7 .. 54 54 54 H,. 2IlOOOO , 10,503.2'. , .. • • .. .. 54 54 H,. 2IlOOOO , 7,838,002 • 
" • 5.5 .. 54 54 54 '00 2IlOOOO , 9,825.350 5 .. 5.5 5.5 .. 54 54 54 '00 2IlOOOO , 7,928,864 , 
., 2.875 7 '" .. 54 .. '00 2IlOOOO , 8,532,214 , .. 5.5 5.5 '" .. 54 54 '00 200000 , 1,832,219 , .. 5 7 .. .. .. 54 '00 0 , 1,032,219 , 
50 2875 7 .. 54 54 .. '00 2IlOOOO , 8,324.169 , 
,.,. 5.5 7 .. 54 54 54 '00 2IlOOOO , 10,503,210' , 
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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 tbe 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 5.5 

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 0/ 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 of200 Mscfper 

day of gas injection well is also highest. The main reason is that the reservoir fluid is 

dence. The dence and viscous oil causes high pressure losses along well bore, 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 simi lar to those of 

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

1000Mscf per day gas injection and 200-Mscf per day gas injection. 
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Figure 3.28: Comparison of reservoir pressure profile between zero gas injection, 

lOO-Mscf pcr 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 decis ion vari ables and compared 

with the results to those from ECLIPSE. The maximum di ffe rence of flow rate from 

the integrated mode l 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 o ptimum has already been reached. Anyway. since there 

is no convergence in genetic a lgorithm, stop cond ition depends on user criterion. Then, 

if the better solution is needed, more time needs to be sacrificed. The answer of each 

case stud ies might not be the best solution but it is considered sati sfied with its 

progress and number of cases run . 



CHAPTER IV 

CONCLUSIONS AND RECOMMENDATIONS 

The objective of thi s study is to optimize NPV by designing we ll completion 

and production system. The integrated mode l was constructed in order to find the 

production profile. Reservoir model, well bore model, choke mode l and separator 

model are combined. In the reservoir model, volumetric equation is used to calculate 

the flow rate. Aziz, Gov ier a nd Fogarasi multiphase flow correlation is used in the 

wellbore model. Sachdeva et al. correlation is used in the choke model. In a ll deta iled 

mode ls, fluid properties are computed in fluid property mode l. 

Then production profile is sent to economIc model for NPV ca lculation. 

Overall, genetic algorithm uses a set of decision variables to be input into the 

integrated model. So lution 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, poros ity. etc., there are 3 main topics to mention about: 

1) Effect of different factors on production profile 

Before discussing on the net prescnt va lue which is the objecti ve 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 variab les wh ich are tubing size, choke size, 

pipeline s ize, 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 s ize causes morc 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 s ize but with much 

more sensitive ly, with varied s izes in this study. The smaller the choke s ize is, the 

lower the production rate and the longer the reservoir life. 

Separator pressure affects direct ly to gas oi l ratio. In this study, the case study 

shows that gas oi l ratio decreases with increasing of separator pressure. Anyway by 

nature of hydrocarbon, gas oil ratio does decrease with increasing of pressure unti l 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 hcptanes 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 profi le, 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 va luable 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 sa le but less sale life. 

Finally from the three case 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 o il price, gas price, costs 

and discount rate, could be assumed as the most important factor on NPV. 

3) Result of genetic algorithm 

As di scussed 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 oftime as long as the global optimum is not reached . 

However, the true global optimum is not known. Therefore, we mayor 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 avai lable 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: 

I) Sensitivity of economic factors 

Studying on effect of economic factors will make result more adapt ive to real 

s ituations. 

2) Reservoir simulation 

Instead of using volumetric model, reservoir s imulation provides more 

accurate results of fluid flow in the reservoir. 

3) Non-constant reservoir parameter 

In real production field , reservoir parameters such as penneability 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 fo r gas 



References 

(I) Carroll, J.A. "Multivariate Production Systems Optimization", Master of Science 

Thesis, Stanford University, Stanfo rd, Cal ifornia, 1990. 

(2) Fujii, H. "Multivariate Production Systems Optimization in PipeUne Networks ", 

Master of Science Thes is, Stanford University, Stanford, Cal ifo rnia, 1993. 

(3) Palke, M. R. "Nonlinear Optimization of Well Production Considering Gas Lift 

and Phase Behavior', Master of Science Thesis, Stanford University, 

Californ ia, 1996. 

(4) Wil son, G. M., and Deal, C. H. "Ind. Eng. Chern. Fundarn. ", 1962. 

(5) Redlich, O. and Kwong. IN.S. "On the Thermodynamics o/Solution. V-An 

Equation a/State. Fugacilies of Gaseous Solutions" Chern . Reviews ( 1949). 

(6) McCain, W. D. " The Properties 0/ Petroleum Fluids", Penn Well, Tulsa, 1990. 

(7) Aziz, K., Govier, G. W., and Fogarasi, M. "Pressure Drop in Wells Producing Oil 

and Gas", J. Canadian Petro. Tech., 1972. 

(8) Duns. H., Jr. and Ros, N. C. J. "Vertical Flow o/Gas and Liquid Mixlures in 

Wells " Proc., 6th World Petroleum Congress, 1963, pp. 451. 

(9) Sachdeva, R., Schmidt, Z., Brill, J.P., and Blais, R.M. "Two-Phase Flow Through 

Chokes", SPE 15657. presented at SPE Annual Techn ical Conference and 

Exhibition, 1986. 

(IO) James, P., Brill, and Hemanta, Mukherjee. "MulliphasejIow in wells", SPE 

Monograph volume 17, Richardson, Texas, 1999. 



(II) Campbell, J. M. "Gas Conditioning and Processing, Vol. 2", Campbell 

Petroleum Series, Nonnan, Oklahoma, 398pp, 1984. 

(12) Chewaroungroaj, J. Advanced Petroleum Economics, unpublished class notes, 

Chulalongkom University, Bangkok, 2003. 

(13) Thompson, R.S., Wright, J.D. "Oil Property Evaluation", Thompson-Wright 
Associates, Golden CO, 1985. 

(14) Goldberg. D. E. "Genetic Algorithms in Search, Optimization, and Machine 

Learning", Addison-Wesley Publishing, 1989. 

91 

(15) Marczyk A., Wilke C.O. "Genetic Algorithms and Evolutionary Computation ", 

http://www.talkorigins.org. 2004. 

(16) Amyx. 1.W ., Bass, D.M., and Whiting, R.L. "Petroleum Reservoir Engineering" , 

New York, McGraw-Hili Book Company, 1960. 

(17) Brown, K. E., and Beggs, H. D. " The Technology of Artificial Lift Method 

Volume I", Tulsa, 1977. 

(18) Economides, MJ., Hill, A.D., and Eh lig-Economides, C. "Petroleum Production 

Systems", Englewood Cliffs, New Jersey; PTR Prentice Hall, 1994. 

(19) Energy Information Administration. "Documentation o/the Oil and Gas Supply 

Module (OGSM)", DOEIEIA-M063, Washington, DC, January 2001 



APPENDICES 



93 

APPENDIX A 

model witb results from ECLIPSE. 
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APPENDIXB 

Source code oftbe integrated model 

l...ports Syslem 
ImportII S,......Rcn-;o.. 
Imporu S)'lla!l. kUlllime.I~ 
' ae-.J IafonnIIioa .... __ illy is c.--oIled 1IIrOII&h !he foilowUla 
• lOt of IIIDibu!cs. a...c IIIctc aaributc values 10 onocIil'y .... inronn.tlo. 
. ....w..t..".. _bly. 
, Review doe "*'-or doe ...... bIy acaibules 
<AsIombly. ~1IIc(-» 
<AsM:mb/y. AAemblyDclcripliooo(""» 
<Aaemb/y: AstembIyComl*')'{-» 
<Aoscmbly: AuemblyProduc(" » 
<Assembly: AuemblyCopyriaJot(··)'> 
<Assembly: AuembIyTrw;lcmart(· · » 
<A ..... bly: Ct..SComP/'''(Truc» 
"1lte followin& QUID .1 few !he 10 of the rypeUb if thi, pmjoct is ex",*", 10 COM 
<Assembly: Quid("I64DOI54·0c0E-481B-87AO-OFFFEBOC2JAA"» 
• Veniooo inrormaDon 1Or .. .-mbly c:ooosi .. ohhe followi", row .. 1ues: 
• M.jorVenion 

Miloor Version 
a.ild NumI:xr 
Rm.oo. 

• VOIICM .,.ifY oIllllevlhoeloryou _dd".-.Jl lhc Baild mel ~ NUIIIben 
• by ,..doe .......... bclGor. 
<ADembly; ..-....mbIyVcnic!n(· I .O.°-p 

"""" l'IIbIic Functiooo k Ull(B)'VIOI padllilo AI Pulafik. ByVai n M InlC, .. , ByVoi ZSllrllNp AI Dout>Ie. ByVai Zpi() As DoIIbIe. _ 
ByV" QiflLZinpul AI Double, ByV., Z_iftj() .... Double, 8yVai Pxp2 AI DoubI<. By"''' T-.2 AI DoubIc, 8yVai p«) AI Double,_ 
ByV" teO .... Double, 8 yVai omcp() Iu Doubl.., ByVaI R AI Double, ByVaI 0II1f1con /u Daub1., 8yVai inn- AI Double, _ 
ByV" M() AI Ooublc, ByVoI LiqSW>d() As Double) AI Double(} 

Dim lNpi() AI Ooublco 
Dim ZNpai() AI Double 
Dim ZNp_Npo(}AI Double 
Dim ZaamNp_NpI AI OcubIe - O 
Dim U"j AI Double .. 0 
Dim 0 _z.o Iu Double 
Dim Pal .... 0000bIc .. 0 
Dim Mal .... Double .. 0 
Dim a.;f Iu New CcmpositioaModd 
Ob:i(~lilit, 0-' . .. Z_ iaj. J>xp2, TaIm2, pc, lC,omqa, R. ..... n-. iafkoft, M, Liqsund) 

PJl - Objf.OuDmsil)' 
for i. AI In .. .. OTo. - I M&2 " M&2 . Objf.y(iItJ 0 MOlt) 
N= 
for i N IN"ler - OTo. - I 
~Dim Preserve ZNpi(i) 
ZNpi(i) - ZSwnNp ' Ztli(i) 
~Dim Prcson-c ZNpsi(I) 
t)oj - CanvatqlToNs(QinLZinJM, Mal. Ps2) 
ZNpsi(i) - t)lIj 0 Z)IIj(i) 
~Dim Preserve ZNp_Npo(i) 
ZNp_NpI(i) - ZNpi(i) " ZNJA$i(i) 
bumNp_Np' - ZlumNp _Haas + ZNp_NpI(i) 

Na' 
for i N Intc&er - OTo. - 1 

RcOim Preserve O_z.ro 
ItZlllmNp_Np'- OTheol 

O_z.{i) - O 

"" o _ZuCi) - ZNp_NpI(i) I bumNp_Nps ... " 
Na' 
W.i1eOutpul(,alhlilc. ... 0 _Z<lJ 
Rctum O_Zu 

Ead funchoa 
Pri .. functioa CoawnqpToNJ{ByValQgAl Double, OyVaI M, N Double, ByVaJ PI N Double) N Double 

Dim 11 , 11 N Double 
11 - 01 0 1'1 
a - M, 
Ifll · OTheo ..... , 
"" iteMalllll 

""" £ad fuacUoa 
Pri ... f.w:tian WriIeOuq>ul(ByVaI pllllfile N Patbf ile, OrVal .. AI III •• , ByVaJ ol.su() N Double) 
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".,.---_wrillO lik ____ _ 

on Strdatl As Slrint 
Dim ow ~ New WriteOurpvt 
SIrdIb" vbCrU'.t. • &sin CII boo _____ - .t. vbCrLt 

Srnbra - ow.Coouawny( .. oZsu. "ZIu1 
ScrdItI _ • Ead • a vbCrl.r 
on ICmpCIaao At SIrina 
~. _ .GaFilcCanlmU(plcbf'k.NcwOuqMfile) 
~ - Icmpdu ok vbCrLt&: ScrdItI 
_.5aveTe>uTofiIol(Suda1a, pllhlile.N....,QutputFile) 

EIId FYnttioa 
... 0-

""' ..... 
Impons SyJlem.Mtth 
PIobIIc CIaA chobModd 
~ Cw '" Double 
hbIic q, As. Dovbk 
hobIic a As Double 
Public: XI Iu DoIIbIe 
Public: k As Double 
Publlcy" As~ 
Public Val As Double 
Public a As Double 
Public VL .... Double 
Public yc .... DcubIc 
Public: I'm1 AJ. Double 
I'IIbIlc AC As Double 
PIIbIIc M Iu Double 
NIIIc V, As 00ubIc 
Public NclIob As Double 
Pri ..... a..Sart As 00ubIe 
Pri ..... LiquidDefts AI Doubko 
Public FIUICIion rv.nModel(ByVoI palhfile AJ. P.d!file. ByV .. II< Allmqer, Byv. , PI As Double, _ 

ByYoI Y As Double. ByVaJ lanp] AI Double, DyVaI O..so As Double, ByVal OilSO AI DoIIbIe,_ 
By"''' O!oUDiamerer As Double, _ 
ByV .. Cd AI. Double, By"''' tc As Double.. ByVII Zp()AI Double, ByV" pc() AI Double,_ 
ByV .. tc() N Double, ByV" CImq8() AI~. ByVa.I R Ju Double. ByV" 0\IIfk0I As Double, ByV" ian- At DoubIe, _ 
ByV" m() Iu Double, ByV" Liqllald() As Double, ByV .... As Ooubk) AI Double 

Dim O.fl As Double .. 0.0 
Dim P I As Double 
PI - 1'2 
Dim YLoop As lnle&" " 0 
\VIti1e Abs(y . O.fl}> 0.0 L 
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O..Yl' - FindYc(pMlIfiI', VLoop, 00:, P2, y, Lcmp], OosSQ, OiI5O, CbokcDi_ .... Cd.ac. Zp, PI . pc, 1<:, omcp. R. Ou!no;:oa, ifllkon. m, 
Liqtund) 

1'1 - 1'1 +20 
.(Hoop " IOOOThcol 

ED W1UJc 

... " YLoop .. YLoop" I 
• 0ciMI&-Wrilcl.iM(AbI(y • 0 jIC») 

fad While 
Yc - P2 / (P I -S) 
WriteOulP\nY(pIlhli1e, Vel 
Dim Pl. m AI Oo.oblc 
Dim AddDp Allnlq" " 100 
PI m - P2+ , 
0;; Cx. 1 ..... Double - 0 
Dim ChI< ..... 8ooIe:u - FalJo 
Dim Loopi ..... tn&ts<r - 0 
While N« ChI< 

Ok - ...... M_New(pllhfile. IOC, ternp_F. Zt>. PI _11I. Pl. pi'. J(:, 1Ip.1C, omq.o, R, outl'loDa. ;af\coD, _ 
.... t,;qstmd. Cbo/r;cOi_. Cd. Addllp.. Cx_I, Loopi) 

If Ok - FalJo Thea 
PI _Ill _ PI _Ill. Addllp Loopi _ I 

... " 'Debq.WritcllM(" :" <I: PI_Ill) 

"'" Whil< 
WriIcOud'utPI(J*hfile. P I_ Ill - Addap) 
RmmI PI _m.Addap 

EacI F..aioa 
/iRq;oa "f'IIIdYC-

Pri..- FUDCIion fiIldYc(0rVal F*hfile AI PadlFile, ByVal VLoop At Integer, ByVI! M: At lal,..., arVoI Pl Iu Doubk. _ 
OrVal ~ Iu Doubk. ByVal tclnp1 A. Docoble, ByVa/ o.sso AI Doubl~ 0rV.I OilSO Iu Double._ 

arVal CIIolcDiameter Iu Double. _ 
OrVal Cd Iu Docoble. OrVal I' ..... Docoblc, arVI! IOIu Double, OyVal PI AI Double, OrVal pc() Iu DoWIe._ 
arVal CO Iu Double, OrVal omesr() Iu Double. OrVI! R Iu Double, Orval 0UI1koa Iu Double, ByVII infkooIlu Double, _ 
arVI! rr() Iu Do.bIe, Or Val Liqsunc() Iu Double) Iu Dooobic 
Dim Gu()eq Iu Double 
Dim 0bjC0mp At New CampoIiuOllMocirl 
~. RlOtI(pDfiIc.O.S. QC., Z. PI. Icmp1, pc, Ie, omep., R.,0UIflc:0a, iIIn-, .... ~) 
0.0- - ObjComp.O.r>ctuily 
LiquidDeftl - (lbJCorr4!.oiIDomity 



X I * I • ObiCOIIl'.l 
Cp - o,S17 
CV-O.41( 
a .. 0"" 
k - Cp /Cv 
IfOI$l)cn, - O Then ",I -0 ,,-

Val " I / O..om. 

"" " Vl - I / UqyidDml 
vtl - VII · y "'(. l / k) 
. - I + (Xl • (Cp. Cv)l / «(XI • Cv)+ «I • x I) ' 01) 
Dim H. tl. 0 . .... " AI Double 
lI - k / Ck- I) 
If OCl' VI I)- OTlleol 

G · O 

"" 12 - ((1 - XI) ' VL ' (I. y)) / (X I • VII ) 

.... " 0 - .12 
Ir(X1 • V&1) - OThen 

" ·0 
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"" ... -(n ' ( I • XI)" VL)/(X I • Vt2) .., ,, 
[( PU • V&1) -0 Then 

0 · 0 

"" IS - 13 ' «(I • XI) ' Vl) / (XI • Ya2)) '" 2 ... " 
1(1 ' • t1 +14 + d) -0 1loea 

Yc - o 

"" Yc" ({II ~ 12)/(11 • tl + 14 ~ d» '" ,I ... " 
WrilCOulpUlyqpalltlile, Yloop. "'" P2, y, temp F, O..so, OiISO, Od<cDi.neIa, Cd. "" Z. PI , pc, Ie, ornesa. R, owt!kon, inQtoII, Ill, 

UqSllnd, ~.L. Oos.Dcru) -
R<tIIm Vc 

End r~ 

_£ro;I ROJion Pri.'. f W>etion findl>U"ewcByVII P.lhFiIe AI P.IIIFilc, 8)'VII DC: AI IftIC&et. 8yValIenlpJ AI DolIbIe,_ By"''' Zpi() AI Double. ByRd'PI AI Doubk. _ 
ByVII P2 AI Do\IbIe. ByVoI1'c() AI Double, By"''' p: AI Double, ByV.oI SoamNpi '" DoubIe. _ 
ByVIII CO AI Double. By"''' ornep()AI DooabIe. ByY .. R AI Double, ByVallIIItflc.m AI DoIIbk. _ 
By"" iafIa;. AI OooIbIe, By"''' moO AI DooobIc, By"''' ~ AI DoubIe. _ By"''' OalcOiameca- AI Double, ByV .. Cd AJ. DotIbIe, _ 
ByRd' Ad&op Iu 1aIq .... ByRcf'OI..old Iu Doable.. 8)'\'1II Loopi AI brIcJa) AI Boolean 

Dim 0uDrcu AI Double 
Dira V AI DoubIc 
Dira (lb~ AI New Compooi!ioftMocIel 
ObjComp.R....p>MhfiJe, 0.' . "'" Zpl, PI , ICIIIp_F, Pc, Ie, _'" R, _Ikeft. intlcon. mo, LiqQnd) 
oasOms .. ObjComp.OuDmsily 
LiqlridDfns - ObjComp.oi lDensily 

XI - I-ObjComp.L 
Cp - O.,17 
Cv - 0.41 4 
0 - 0",' 
k - Cp / Cv 
V,I - I / OasOem 
VL - I I UquidOms 
V - I'2 I PI 
V, - tom<V. Ve) 
Val - V, I • V "'(_ I Ik) 
AC - (22 / 7) ' (CholcOWncur " 2) / (4 • 1+4) 
f'In2 - «(X I' V, I ' V " (_ I l k»" « I • XI) ' VL» " (_I) 
0-.. II _ a. Il. 14 AI Double 
ItOb~.L- 1 AltdObjComp.V - OThcn 

II - '-6'" 22800 ' (ChokcOi-..tcf A 2) 
tl - « PI _ 1'2) / LiquidOcl\l) A 0.5 
M - II • t2 

0" 
II - 16400 ' AC ' Cd 
11 - 2 ' ., ' 144' PI ' (Pm2 " 2) 
Il - « I _ XI) ' (I _ V,» I LiquidOnts 
14 -«(X I' k) / (k· I» ' (V, I _(V ' Val» 
loll - II • Sqr(11' (Il ' 14» 

.... " Dim i Al lalqa" 
Oim flllw AI Double 
f ori-OTon<;-1 

fmw - fmw + IZI"{IJ ' mo(i» 
N~ 



Ndoolc - tot I F_ 
OR chk N 8001_ 
OR KhII: As SIriac 
OR Ca N [)rc.t.Ie 

Ca" Abl{Nc:hab. SumNpi) 
Ircx < I T\ea 

dIk - Tn.e 
Ie"" .. "ya" 

"" IrLoopi " 0 T\ea 
Ca Searl " Ca 
Ca-old -Ca 
cAf .. F ..... 

"" IrCa:>Ca old TheIl 
If Mdni:> 50 TheoI 

p l - pl·(AdOnp · 2) 
Ca_old " Ca_SWt 
Addnp - AddIIp_ IO 
chic - FaI", 
Khlc " "No-

EIt .. I' Addnp :> IOThm 
PI - pl-(Addnpo ' 2) 
Ca_old - Ca_S...-! 
Addnp - Addnp · 2 
cbk - F .... 
Khlc - "No' 

EIlel r Addnp <- 10 And AddDp :> I Then 
pl - pl .(Addnp · 2) 
Ca_oId -Ca_SIArI 
Addnp - Addnp. I 
eI\k · F ..... 
Khlc - "No" 

E1",lf Addnp <- I ThaI 
PI - PI • AdcInp 
clIIr. - Tn.e 
Khk - 'YQ' 

""" "" Ca_StIn - Ca_ old 
cx oId -Ca 
dak-- F ..... 
Khlc " 'No' 

... " ... " ... " 
WriIcOUIpulM(PalhFiIe, DC. ~], ~ PI. P2. Pc. Ie.. S .... Npi. I<, orrq.t, R. outI\COII, inflcoa, _ 

mo, Uq ...... Ook:~.Cd, Addnp.Ca_oId. Loopi, Y, Fmw,.mk.) _ ... 
Ead FUllCtion 

MRqion 'Wri_lpUt" 
Pri ... ~ FUllCrion WrikOulPutY(ByVaI P."File As pathFile, 8 yVai Yel As Double) 

Dim Sttdala As SIrin, 
Dim _ N New WriteOulpUl 
StrdllI - ~bCrt.( .t 'Output Yc-· .t CSrr(YcI)4 >1ICrlf 
Dim 1empcW. As SIrin, 
tcmpdaII - ow.GetFilcContentJ(P.tltFile.NC1OOucputFile) 
StrdIII - ICnIpdlU.t vbCrU.t SudlU 
ow.S.v~Tn(foFiIe(S!rdau,. p.altFil~.N~tFilc) 

&II F...won 
Poi ... FUIIetioot WriteOutPutPl (ElyVaI pllllFiIc As PIIIIFilc. 8 yVai PI As Double) 

Dim StrdIIII N SIrina 
Dim_ As New WriIcOutp .. 
Stnbuo - vbCrtf.t "OuqM Ooke MockI'I " " 4 CSo{l'I) of; vbOLf 
Dim ICmpIWI. N StridJ 
kqdru - _ .GetFiICC-.(l>IIhfiIe.N....o..p.rtFile) 
Stnbuo - 1CmpIlIII of; vbCrl.( of; SIrd.ra 
_ .SlvcTulToFiIe(StrdMa., hdIFilc.NC¥l()ucputFilc) 

Ead F.crion 
PriVile F~ WriIcOutpuIYc:(DyVaI plllllfilc As pllhFiIe, ElyVaI YLoop As I~!lrl", ElyVaI tIC As 1Mq<1. ayVal Pl As Double, _ 

ayVaI Y As DoorIIIc. ByVallmlp_F As Double. ElyVaI Gu5Q As DooobIe. ayVai 0i1SO As DoubIe,_ 
ayVaI 00ke0iIm0eI..- As Double, 
ayVaI Cd As Double., ByVil '" As-Double, ayVaI ZO As Double., ayVaI'l As Double., ElyVaI pc() As Double,_ 
ayVallC()As Double, ayVai omcp() As Double, ayVai R As DoIobIc. ByValoutn- As DoIIbIc., ByVaI inn- As DoubIe, _ 
ByVai m() As Double, ayVai ~ As Double., ayVai L As Double, 8 yVoJ G.ocns As DoIIbIe) 
.. wrUc(~ •• _ __ _ 

Dim Stnbuo As SIrina 
Dim _ As New WritcOutpuI 

StrdIIII- vbCrl.f4" Bop.. Cbob Model (Fiad Yc)t.oop-" of; CStl{YLoop)4'. ___ ' of; mcn.( 
Strdab _ " IApuI , of; >1ICrLf 

StrdIII _ "1'1 - " of; CStt(pl ) of; >1ICrLr 
Stnbuo _ "Pl,," 4 CStt(Pl) of; vbCrLr 
Sttdala _ ' I" " 4 CStt(L) 4 ~bCrL' 
$crdwo _ ' LiquidOerlP'" 4 CStl{LiquidDens).t obC'rlf 
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SIrdaIa _ 'Oul)cuoo" .t. CSa{Cia!Ocns).t. vbCtLf 
SCn1ICI ... "y-" ok CScr(y) • vbCrl.f 
ScnIMI _ "Temp-".t. CSa(ICn'lU') .I;.t.CtLr 
ScnIMI _ "'Q..so-" a. CSa(GasSO) a. ..tOt! 
sensu ... oOiJSOoo" a CScr(0i1SO) ol.t.CrU 
ScnIMI _ -a...teOilmola-" .t. CSlr(CIooteDilrncla) 4: obCrL( 
SIrdaIa ... "Cctoo0 .t. csc.(Cd). vbCrU 
ScnIMI _ "p0.t CSCI(&c) . vbCrLf 
ScrdIa ... ow.C-...y(,.;, 1., 'z") 
SIrdaIa ... • "'1IpOII • .t. vbC.tf 
SCn1ICI _ "cp-o a CScr(CpJ • .-bCrt.r 
StrdaIa _ "o:.-".t CSII(~).t. vbCrLf 
$IrdaII. ... '<"'0 a. C'SIt(O).t. vbCrl..r 
SIrdaIa ... "xI - " a CSlr(XI ) a. vbCrt.r 
$crdMa ... "k-" • CSII(k).t. ~bCrt.r 
SIJdau. ... ........ CSlI{a).t. ~bCrt.f 
SInSau ... "VJI" - a. CSa(\',I) a. vb(,lf 
Strdala ... '~&2"" Ii CSa(Va2).t. vbCrlf 
SInWI _ ')I: .. -.t. CSII'(Yc).t vbCrLf 
StnIauo ... • End C1d:e Modd (findYc)--_ __ ." .t. .'berLf 
Dim rcmpdatI At Sen", 
IeIIIpdIIi .. ow.QdFileC""Icnu(patbfile.NcwOlllp,uFilc) 
Strdala .. tenlpdlll .t vbCrL! 4 Stnlm 
ow.S.veTntToFil«Srrdata., padlfilc.N~tfilc) 

End FIIMIion 
Pri". FYllCIHln WriteOutpulM(ByVoI Path";1c A. Pathrile, ByVaI "" .... In.eg ... 8yVaI tmlp. f At Double, _ 

8yVol Zpi() As Double, Brknp. As Double. _ 
ByVII P2 AI Double, ByVai Pc() As Double, 8yVai JC At Double. ByVIII SumNpi N Double, 
ByVoIlI:()AJ Double. ByVol ome&IO As Doubk. ByVoI R .... Double, 8yVll oulflcon At DoIabIe, _ 
ByVAI iIrolkoa ..... Double, ByVol moO As 00ubIc, ByVai LiqSllnd()AJ Double, _ 
ByVAI ChoktDiameler At Dauble, ByVeoi Cd At Double, 
ByRd Addnp At 1JI!CJCf. ByRefCX_old .... 000Ib1c, Byy;;i t.oo,:.i Iu lme!er. ByVAI Y AI DDubIc, ByVIl Fmw AI Double, . 
DyVallChk At Strinal 

- wri~fI,'le~ __ _ 
om SIrdauo .... Serial 
0;,.. _ N New WriICOulpul 
SudacI - O'bCrt.r ol " s.p.. MassI10MMc " ol YbC.Lf 
SudacI _ " I....... "ol >'bCrlJ 
SudacI _ "PI '" ol CSu(PI ) 4 vbCrU 
SudacI _ "n'" ol CSo(Pl) ol vbCrU 
SInIMa _ "X 1- " ol CSa(X I) ol vbCrU 
SInIMa _ "pt .. 4 CStr(UquidDats) ol vbCrtI 
Scntauo _ "VII - " ol CScr(V11)ol YbCrU 
SIntaII _ "0<:-" ol CSo(&c) 4 vbCrU 
SIntaII _ ,.... ol CSII'(k) 4 vbCrU 
StrdIuo _ "'yew" 4 CStr(Yc) 4 vbCrLf 
StrdIuo _ "yu-" ol CS1l'(Yu) &. vbCrLf 
SIrdMa _ "Iv?" ol CS1l'(AC) ol vbCrLf 
SInIMa - "Cd- " ol CS1l'(Cd) ol YbCrLr 
SIrdara _ "y-" ol CS1l'(Y) 4 vbCrlf 
SlniIta _ ' VI- " 4 CS1l'(VL) &' O'bCrt.f 
SlniIta _ "&e-" 4 CSIr'(J~) ol dOll 
StrdKr. - 'SumNpi- " &. CS1l'(SurnNpi)& vbCrlf 
StrdKr. _ • OlIlput " &. ~bCrt.f 
Strdau _ "VJ2-' &. CSD(VJ2) &. _bCrlf 
StrdIta _ "Pm2- " 4 CStr(Pm2) &. vbCrl f 
SlniIta _ "M- " &. CSD(M) &. vbCrlf 
SlniIta _ ' Fluid moI...,l ..... r-" & CSD(Fm .. ) &. vbCrU 
Strdau. _ "ncllote-' 4 CSb{Nchoko) &. vbCrlf 
SIntaII _ "cheep' 4 CStr(lCht) &. vbCrL! 
SudacI _· End MO$$IIo_ • &. _bCrL! 

Dim tcrnpdIiIJI N StrinJ 
tanpdaIII - _.Oetfil~PMltFile. Nc-M)utpuIFile) 
Stnbra - Iempdata 4 vbCrlf &. StnbII 
ow.St-veTu(fofiM(StrdatI.. P.tIFil •. NewOuIpulfile) 

End FIIIICrioII 
'E!ldRep. 

"" "'" 
ComporitioIo modo! 
Impont SystOm.MIdI 
....,.ic a.a CompoJitioII..'Aocid 

'-' ...... ic L AI Double 
NIIic x() N Double 
NIIic yO AI Double 
PIobIic Yll N Double 
f'IIbIic vv1 N Double 
Public K() N Double 
NIIic I N Double 
...... ic b N Dcublc 
Public ti() N Double 
Public bi() AI Double 
Public llij(,) N Double 
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Public V At Double 
l'ubIic Z a,obic M Doooble 
N>Iic~, oilOaosily At Double 
Pri..- flO At Double 
Pri ... t\o() At Double 
...,. f....mo. R.-(8yVII jNlhfile At PllbFik. ByV. illu Double, By"'''. Iu I.IIIS .... ByV .. >OAt DoubIe., _ 
ByV .. preMUI"e .... Double. 8yY" ~_R At 00ubIc, ByV" pc() At Double, OrVille{) AI DoubIc, By"''' omep() AI DoubIc, _ By"''' R At Double, _ 
ByY" ~ At DoubIc, By"''' iIoflooor, AI Double, By"''' rr() At Double, By"''' Liq-«) .... 000tbIc) 

Dim d , xl, Ill, K4, Po 1M Double 
DimlbobAlm..-
Dim ramr, munoI .... Double 

p' ''-
I .. IiII'IIpnINre _ R 
L-il 
If(L < 0.0 Or L :> ' ) n.c.. L - O.!! 
(error - I ",., 
~12 "0 
monol .. oulncm .... , 
fori-OTon·1 

x l - PC(i) / p 
Ill " I + omcp(i) 
1ll - 1'1C(i) 11 
.4 " Exp(U7' xl ' xl) 
RtDirn Pft_ K{il 
lo«iJ .. New Double 
1C(i) .. x l ' .4 

N~' 
WIIi\c bob < 50 

F1MhCalcW0a2(L. II, z, K. irtl\coQ) 

IrL -OTlleol 
elll !\vaini( .. y. pc.. Ie,II, b, Ii, Iol, ail R) 
Cill 11o:¥OIumc(, Po I.xl,.a.,u, R. .. b) 
....a- Mao.(d. >Il) 
..... 1- Mao«wl.,uJ 
z cubic - W2 
cill .... cirlcvolllnK(w1. II, .... y, R. .. p) 
CaU fup:ity( .. Y. lv, t. II. W2 ... b, Ii. bl. R) 
.-12 - 0 

... " IfL- .n... 
c.l1 rlI:...w( .... pc.. Ie, .. b, ai, bi, aij. R) 
Call rt\loll.m«-. ,.I. " I. 0:2, xl, R, .. b) 
.u " ~. I,a2) 
..u .. Max(vll, xl) 
Z cubic" vt!: 
C.l1lpOciflC .... wna(Z_~ II, III. Y. R, t. p) 
Call fiap:iTy(Il, .It, fl. .. Po .. I2, .. b, ... b~ R) 
.... 2 .. 0 

""''' IrL :> 0 And L < 1 Then 
CalI ,trv.wl(n. y, pc, ~ .. h. ai, bi. aij. R) 
C.II rlcvolume(D, P. I. xl, x2.ltl. R. .. b) 
vvl - Mu(x l , xl) 
vv2" Ma(Wl, xJ) 
Z cllbic .. vv2 
CaUlpOCif"'voIlOmc(Z_cubic, II, III. y, It, t, p) 
Call fu&lcify(1l, y, IY, I. '" Z_cubic, Il, b, iii, iii, R) 
Call n:VJriaiI(., >I. pc. k, .. II, Ii, iii, ai,;, R) 
Call n:voIlIIIK(lI, '" t, >I t >12, U, It, .. b) 
lr(d - O)Dea.a .. 9999999.99 
lr(xl - 0) Dea u " 9999999.99 
vI2 .. Mi.{d, xl) 
vI2" Mia(v12. u) 
Call 1\Ipeity(lI, .. n. t, p. vIl,ll, II, iii, iii, R) ... " ·r ...... .. o.o 

"fori "O To •• 1 
, rmor .. r ..... ~ At..(R<i) , f\o(i» 
,~, 

1r(rmor < cnuna/)Tloen ExiI Whik 
1r(l- I Or L <00 0) Thea Exil While 
"fori"OTon· 1 
, K(iJ" K(i) + (K(i) ' f\(;) / j\o(i), K(;)) 

'"'" bob"bob" 
bob " 100 

EodWhile 
0;", abjdcn .... New oikkns 
oilDalsily " objdcoo.rw(1I, Uq~d.. .. pralUR, 1ImlpmI\Ire_1t, 111, 50) 
WrilCOulpUl(pMhfile.l. II, ~ preSSllle. ~_It, pc. 1<, ""'"&I. It, OIII/k.oft, inlkoll, 111, UqSUlld) 
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EM FIIDC:6oa 
IRqioo! "f\asII' 
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PrivMe fldloCtiooo ~2(ByV" ~ .... Double, ByVaI n Iu 'mesa, 8yVaI;() AI DoIobIc, 8yVIII k()AI Double. ByVai ill.1k:oa AI. 
Double) Iu &o&c. 

g:~~~~.~ 
I { (cak_IIIIIIXmi-sY(O.O, ... z, k) <- 0.0) Thcto 1._11_ .. 0.0 

' f(c:ak_JUI"I\Xaoia .. V(O.O, ..... It) > O.O)lloao L _lIlimQ .. 0.0 
.l(cak_.....xm;" ... V(l.O ...... ) <- 0.0)1 .. L_IlimiI - 1.0 
1{ (cak_fOIIftXmiIIIlSY(I .O ...... k) > M)n... L_IIlimiI - 1.0 
lr(c:aIc:_.....xm;" .. V(l_H;,.,n, .. .. It) · c:ak_.....xmin ... V(L_. limiI. .... k) <O.O)11Iao 

• _ « "Until -> Camel" « eowII; 

"" "CO\It « -u.M -> III-Comct' « endl; 

""'" rori Al IIIIt&"' .. 0 To 100 
L_Iftid .. O.S · (1.)limi' -+ L_wlirMJ 
1f(cak:_SUlllXntinusY(L_mid.II," It)),.. O.OThen 

L_wimit .. I._mid 
ElN:Jr (cak:_IlIn'IXminIllV(L_mid, II, z. It) "'- 0.0) Theft 

L Ilimn - L mid 
EMir -N., 

L - L_mid 
V· 1.0· L 
End Function 

Privale fllftClion e&Ic:_......xmJnusY(ByV .. Ua .... Double, ByVll n As Intqer, ByVai <) .... Ooub~ ByVai k() As DoubIe) .... DcubIc 
Dim _I AI DoubIc .. 0.0 
For;As",,"&e<-OToo- 1 

RcDim ......... cx(i) 
xCi)" New Double 
x(i) " Wc_><cLiD, ~ ... k) 

kdlim I'reMnte y(i) 
y(i) .. New Oor.obk 
y(i}-cakJ'{Ua, ~ z, It) 
_- ........ + (><{i). y(i» N., 
'-­

EM F...cboa 
Pri.-...e FIIDC:6oaQlc_x(ByVai U. A$Oaoblc, ByVai i As "'1eJa', ByVIl z() .... Double, ByVII k() As Ooubk) .... Double 

Raww -.(l) f e!. ... «(1 .0. \...ill) ' k(i)) 
&elF ...... 
Pri>'tlle fllllCtiool c.alcj'(&yVaI Lia As Double, ByVII; .... ialeJor. DyV" z() AI Doable, &,oVIII k{)M Double) M Double 
R-. k(i) 0 z(i) / (Lill" « 1.0. w) 0 k(;))) 

£.d flOlOCtiool 
'Ead Rep. 

Pri ... flOllCtioa JpeCiflf:'tllllnlC(DyVai Z M Ocuble, ByVIII. M In!qer, ByVoi m() M DDubIc, DyVIII)'() M Doubk, DyVaI, MDoubk, 
DyVoIl M Double.. ByVoi P M Double) 

OWiMb>~ 
ow ... MDoubic 
Dim mw M Double 
Dim ..01 M Double 
r ... i - OTon· 1 

mw_ mw+ m(i) 0 y(;) N., 
... _(zO r O,)/ p 
r(mw - OThen 

"' -. •• voI - v. l mw 
... If 
..ol -Vl / mw 
Ir ... -0 And mw - 0 Then 

0a0eIlSi1)r - 0 

"" 0as0eruiIy - I I >'01 

""'" &df..c&. 
Pri ... f..aio;. rkvIriDil(DrVoi. M Inl<l", ByVIII ZSUt()M DooobIc, ByVai pcO M Double.. ByVoIlC()M DoubIe, _ 
ByRd. M DnoabI8, ByRcr b M Daubk, _ 
ByRc1.;o M Double. ByRcfbi() M Double, ByRd"lij(,)M DooobIc, BrVai r M Double) 

0;.., i,j M 1nIq .. . -. b-' 
f ... i-O ToI· 1 

RcOim Ptuefw oi(i) 
10(;) - New Double 
10(;)- 0.42148 0 r ' . 0 11:(;) 0 Ic(i) o lc(i) / (Sqn(k:(i» 0 pc(i» 

RcOim ""'_ bi(i) 
bi(i) - New Double 
bi(i) - 0.0&664 0 • 0 Ic(i) I PC(i) N., 

RcOW PresCfVui,iCn' r, . · 1) 
r ... i-OToft·1 



rc. j - OTo •• 1 
Dim ii AlllllqU " i '(i .. \ ). I 
Dimjj Allalqa' - Ph (j .. I ) 
1Iij",;, .iU- New 000Ib1e 
1IIj(';'.il1 - Sqn(1Ii(i) • .;(1) 
. .. ... uub(i). _bCl) ' aii(ii. j) 

N= 
II .. II .. ..t(i) • lM(i) 

No' EOIdf __ 

I"riVlle fllllClioa IIt:>ooIumc(Byvat . Allnlqa', ByVal p .... DooobIe. ByVIl . AI Double, ByRer . ..... DoubIe,_ 
ByRch,2 AI Double, 8yRefl<3 AI Double. ByVII' .... Double, ByVIII. At Double, ByVal II .... Double) 

Dim kao. pc.., qaa, I'CU Iu. Double 
Dim .-.... InIc',CI' 
'paI · .. · t / p 
'qao - (l I p) ' «"Sqn(I» - b · . ' 1- p ' b' b) 
'to:. .. "\I • b I (p • Sqrt(1» 
kc. - «r 'I) l p) " 3 
pal " ~« •• 1) / p) " 3) 1 kcu 
cp:1I - (' · I / {P " 2» · «I ' Sqn(t)) - (b ' r ' I) . (p ' (b " 2)) 
cp:u .. qcu I keu 
1'CU .. -( • • b) I (p • Sqrt(I») 
""' - R;II l kcII 
Call Cubic(pc ... qcll, "'II, root&. xl, xl, u) 

£ad Function 
I"riVlle Function fup:il)'{8yYal n .... Intqcr, ByVal U1.Ib() AI 00I0b1c, ByRtflO AI 00ubIe. _ 
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ByVIl I AI Double. ByVII p As Double. ByVal z .... Double, ByVoI ..... Double, ByVal b Iu Double, 8yVol a;o .... Double. ByVal bi() .... 
Double, DyVIi t .... Double) 

Dim i Aa Intqcl' 
Dim x l, u. al, .4, .d .... D<MabIe 
""z-(p ° V) / (,Ot) 
l'or i - OTo.- 1 

d _ bi(i) O(I_ I) l b 
xl" LDt(z ' (1- b / V» 
u_ I / (b ° " (I " l .j» ~I) /(b · . ' , " ) 
.4 .. (I • bi(i) I b}- 2 • Sqn( • • ai(i) 
"s .. Los( I + b l V) 
Rd)im Ptaaw It;) 
I{i) .. New o...bIe 
(i) - xl-xl .v ' .4· d 
(i) .. EJ!p(l{i» 
(I) - I\i) • p • z.sab(i) 

No, 
Ead FIOIICrioa 

'Rep. "c.bi<:" 
hi...., F....mo. Cubic(ByVoI p AI Double, ByVaI q AI Double, ByVaI, AI Double. ByRd'n_ AI In.,,_ 

ByRcfxl AI Double, 8 yRch2 AI Double, 8yRd'xl AI Double) 
Dim alpIoa, bcu.1;hcckcr, a. II. phi AI Dooablc 
olpbf. .. (3 ' q _ (p A 2» / 3 
bello " 0.074074 1 • (p' p ' p) ·0333333331 ' p ' q +. 
dlcd<a - ({bell • bello) I 4) + «alpha' alpha • alpha) 127) 
If (AbI(dlcck ... ) < 0,00000 1) Then - -, 

. _(-bd:l /2) A(l 13) 
x l -l , .-(p·l) 
,a-_I.(pll) 

~-" Ebcl r (thecker < O) 'Then 
nllmnlOll - 3 
phi - Acol(-{bcu l l ) , Sqn(.27 / (a1pha ' alpha ' alpha))) 
xl .. 1. IS4701 • Sqn(-.lpha) , COI(phi I 3)· (P 13) 
,a - 1.1S4701 • SqI1(...tpha) , CoI((phi 13)" (O.~ ' PI)) ·(p / 3) 
xl - 1.1S4701 • Sqn(..Jpha) , CoI((phi 13) + (133m ' PI»· (P / l) 

ElKlr(ched: ... > 0) Then --, 
. .. -btu. 11 + Sqn(c1ooclla) 
b - -beta l l. Sqn(ched:a) 
Ir (. < 0.0) """. - .« .. ) " (1 13)) 
Ir (. > o.o)n-. - (. " ( 1 13» 
1((10 < 0.0)n- b- -«-b) A ( I 13» 
I((b > o.o)n- b -(b " (1 1 J» 
:d -.(p f 3)+.+b 

'" -, 
"'-'" """ EaclFUIOCIio. 

'EadRcpoa 
PrivMe FuncUoa WrileOu1pUl(ByVaI puhlilc AI P.ahFile. ByV" il AI Double, ByV" n AI I~k",". ByVai >0 AI Double, _ 

ByV .. prasure AI Double, 8yVai ~_R AI Double., ByVoI pc() AI Double., ByVallC() AI Dc>uble. ByVaI omq.I() A. DoubIe, _ 
ByV .. R AI Double, _ 
ByVai oudIcon AI Double, 8yVai inOo;on AI Double, ByVaI m() AI Double. ByVaI Uq-dO AI Double) 
- wriecfol •• -'-__ 

Dim StnIoti AI SIria, 
Dim ow AI New WriteOulpul 



~ .. vbCrt.t It. • aepl Conoposilioa Model _____ " It. .te,L( 
SIrdMa - • Input • a vbCltt 
ScrdaII _ ow.c--..ye .... "zi j 
ScntMI _ . ..... .t CSII(ptasure) .I; wbCd..{ 
SIrdMa _ Pf-0. CSIr(.............., R) '*.t.Crt.r 
ScntMI-_.~ ... 1C, "Te, 
ScntMI - ow.c-.y< .. po:. '''''"J 
S/rdItII - ow.c--.m .. -.a. "cn'I<P") 
SIrdMa _ ow.c-...y(II, .... ""Ii 
SIrdMa - ow.c--..y< .. I..iqsImd, "t.;qa.od j 
SD'daIa- "It·" 4 CSIr(R) '" vbCrLf 
SIrdMa - '~-' It. CSu(oulflc:oa).t YbOLt 
ScntMI - "illnc.;.-" .tCSa(mfk:oll) .t vbCrLf 
ScrdaII_ • 0lI1pU1 • It. >'bCrLt 
SIrdMa _ ow.CorIstnnay( .. K. -.:.") 
$#daIa - "1;oo" It. CStr(L) .I; >'bCrLf 
S/rdItII_ ·V·" It. CStr(V) Ii. vbCrU 
SII'dIII_ ·Z_cubic-".t CSII'{Z_cubk) a >1ICtLf 
Sltdloll_ ow.ConsaarrIy( ... '" 'x') 
s~ ... ow.CorutrarTa)'{n. y. ' y O) 
SIJdaIr, _o"'.C~n. ai, OliO) 
SIJdaIa _ ow.Conu..ny( .... bi. "bi") 
SII'daIa _ "am"- It. CStr(I) .t vbCrLf 
SIrdMro - "bon-" .t CSu{b) <\ vbCrLf 
Slrdau _ .... clmsil)""" &. CSII'(QasDen.siry)& vbC,Lf 
SlJdaIa - "oil den$i\y'"0a. CStr(oiIDonsity)& vbC.Lt Str-data _. End C""""';!lon Model ______ _ 

o;m IcmpcIIII As sma" 
........... _.<:lc\r-lIcCamenu(pllhfi"_N~ile) 
Stnllca -1empcIa .I; wbCfLt a Scnbao 
ow.S.veTutTofik(SIrd.oIa. pethfilc.N~tFilc) 
EAdf~ 

"'" "'" ,-, 
l"IIbIic CIau Forml 

Inhcriu S)'IImL WlIIdowt.fonns.f onn 
.Repo. ' WiooidowI rona l)es;perSC""fUCd code' 

NIIic W> New() 
Myo-.Nr.o() 
TIoisc:.ll isroquiral b:I' die WmcIow!; form Dcsipcr. 
1AitiaI~ 
'Add MY iallial;..oo. after ~ ~ call ...... 

'f_ ovaricIn dispose .. clean "p die ~ Ii .. 
P.-u.d ~ <MfrideI; Sub DUposc(8yVAI di.sposiQI ..... BooIeu) 

I r difpoIiJII TtIea 
l rN~ (compo_III It Nodoini) Then 
~II.DiIpCMO() 

... or 
... or 
Mys-.DiIpoH(diJPOSi"l1 

""' .. 'Requu..d by the Willdows Form DesilP'¢r 
hi""" oomponenll AI Syotem.Componen!ModcU Container 
'NOT£: The I"ollowin, procedure il requ ired by rhc Wi~ Form Daignc< 
1,_ be """'i r .... lllin' doo Windows Form Designer. 
"Do IlOl """'iflt II lllin, the «>duditor. 
Friend WithEvenu ~ I As SYllem.Wir>dows.Forms.Oroup8on 
Friend WithE"entI blaBrowse As S)'IIem. WiJIdo ..... Fonns.ButIOn 
Friend WithEventl txlE.,,:eIPath As Sysu .... WiDtIows.Fomu. TextBo>c 
Fricad W"IIhEvCftU; G~B0x2 As SY$lml. Wir>dows.Fonns.GtoupBox 
Frierld W"IIhEYCftlI bmSav<: AI Sy$lml. WiI>dows.Fonns.ButIOn 
Friald W"IIhEvcnII DllOuIfile As SyaenLWindowt..FIIfmI. Ta180n 
Friaod W"IIhEvenu _ File As S)'IIcm. W"uodowI.Fonns.SaveFikOialo& 
Friaod W"IIhE,,_ opnFik AI Syslem. W"utdooIo's- Fonns.Opmfikoo.los 
Friaod WithE"entI tJtnCJo. AI. S)'IICm.Wioodowl.Fonm.Bucu. 
Friaod WithE,,_ Buam7 AI SyllenLW"IIIdDws.Fonas..Buaoa 
Friaod W"IIIIEvera Ukn£lridl As In~LW" .... UItraWinOrid.UIInGricI 
Friaod W"IIIIEvcnII UIDllClrid£o;"~1 As blhsisricL W"ILUlcnoWirIOrid.UccIE>qlO<1..UItnGridEIIW.£.xPlf1cr 
<SysIlm.DiIpoIIicL~TbrooagIo():> P'rivIte SaIl hli1ialiuC~ 

Dim AppanDceI As blhsiSlicL W" • . ~ .. New In~ Wia.Appc.nnce 
on AppanDcc1 As ... ~sticLW"~ " New InhciItics. Wu..~ 
on AppoanDQeJ As "'~sricL Wia.Appeanncc .. New In.Ibfistica. Wu..A.,.....cc 
on ~ As "'Ih&iIlicLWiIl.~ " New In&a,isticLWia.A~ 
on ~ As bofncjstla. Wia.Appurmoc .. New bo hcilric:a. W"ILAppmnoIce 
on~As boIf1&.iIlic.s.W;".~"New la~Wia......"......., 
Dim ~7 As Inlf1&.ilticL Win.~ .. New In&.pticL Wia.Appc.nnce 
Dim AppeIIwIceI As laIf1&.iIticLWin.~" New bI&apti<:LWiII.Appc.nnce 
on ~ As lalf1&.iltict. Win.AppeanDc:e .. New In&qisticL Win. A.......-
0;.., AppeatMce 10 As 1lIfi"a&isticL Win.~ .. New Infu&iIlks.Win.A~ 
on A~II As llI ...... iIlic.s.Wia.~ .. New Infrlcillks.W"m.A~ 
on A~ 12 As boJiqi.icl. Wia.Appeannce .. New Infntillicl.Win.Appe .... oe 
1ok.()rnup&x I .. New Systan.WindowLFnrms.GroupBnx 
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MLbInB_ .. New S)1Iml, Wiadows.fonna.8_ 
Me.IXtExccIPIIIII .. New Sy-. WlIIdows,forms, T nt8o>< 
Me.GrooopB0x2 .. New Syslan. WirwbwJ,.Forms.Grooop8oJl 
Ml.bInSavc .. New System. WiIIdows.Forms.a.._ 
Me.mOonfilc .. New S)'JImL WIlOdows.F ....... TcxtBox 
Mr.,...,FiIe .. New S~ W......,.r-.s...cfilcOialos 
Me.opIlfilc .. New Systan. WiadowLForms.OJ-FiJeOiaIo& 
Mc..baoCIooc .. N_ Syslan.WIIOdows.F ........ BuIlOll 
Mc.a....7 .. New S)'IIcm. Wiadows.Fonns.Bunao 
Me..UlInGridl .. New "'~Wi .. lJlIqW...orid.UIInOrid 
Me..lJItnOridExcdExponer I .. New IIOfucjsIics. W .... UlIn1WiaOrid.~IE>.pon.UItnOridExccIE1<poncr 

Mc..o.o..Box I .~ 
Mc.0r0upB0x2~ 
CTypo(Mc.UIu.Grid I. Sysl ..... ~odd.ISuppo<tbUlialiu).Bc:&inL.mo 
Me..SoasperwILayou(l 

' -' Mc.OroupBox I.ControlLAdd(Me.IItnIlrowK) 
Mc.OroupBox I.CoatrOlLAdd(Mc.D<tExCl'IP.aII ) 
Me.OroupBo>: 1.I.oc.oo.. .. New Systern.J)Qwin&-PoinI(24. 32) 
Mc.OroupBox I .N .... .. "OroupBox I " 
Mc.O!oupBox I.S;" .. New System.Dnwing.Sizc(U", 72) 
Mc.OroupBox I.TIbII>dcx " 7 
Mc.OroupBox I.TlbSlop .. FaIR 
Mc.OroupBox I.T"'I - "'ftputFile" 
''bInBrowsc ' 
Mc.blnBrowK.Loaltion " New Systern.Dnwina.PoinI(l36. 29) 
Mc.blnero-.Nlmc " "btnBrow!oe" 
Me.blnflmorow.Size .. New Sy.cm.DnowinI,.Si:u(72, 20) 
M<.blnBnlwM.Tlhlndex - 1 
Mc.blnan.-. Texl - "8rowJc" 
'lxtExooIP'" 
Mc.b<lb""IPIch.1..-ioa .. New Sy ...... Drawia&- Poim( • • 29) 
Me.IXIExCl'II'Ilh.Nanc " ·I>IIEx""I' ... • 
Mc.D<tEx«IPIIh.sae .. New Systern.Dnwiaa.Sizc(320, 20) 
Me.C<tExoeIPlth.Tlblndex .. 2 
Mc.roExoolPlCh.Text - -""""..., Mc.OroupB0x2.c-oIs.Adct(Mc.bMSaYC) 
Mc.OroupB0x2.CooItroIt.Add(Mc.fl<IOoItFoIe) 
Me.0r0up8oxl.1..-ioa " New Sysran.Dnwift&.PoiM(24. 121, 
Me.OroupBodNInIC " "GroupB0x2" 
Me.OroupBoxl..Sia .. New Srsa=.Oratrin&-Sizc«(2-4, 64) 
Me.Oro\cI60x2.T"''-kx - I 
Me.Oro\cIBoxl.TIhScop - Folse 
Me.Oro\cIBoxl.Tal -· 0utpuI File :· 
, 'baISavc • 

Mc.bcnSa-e.1..ocItio!o • New S~.~Poin(l36. 24) 
Mc.bcnSaw.N_ " ""bcrlSavc· 
Me.bcnSave.Si.ze " New Syalem.Dnwina.-Sizc(72. 21l) 
Me.bcnSa-e. T_bIDda • 6 
Me.bcnSa .... Tul · ·lIn>wsc" 

'txtOulFile 
Mc.OtIOuIFlle.LocMion - N .... Systcm,Dnwi..".Poiftt( 16, 24) 
Me.OtlOulfile.NIItIe· "OttOu\File· 
Me.bClOutFile.Size .. New S)lS\Cnl.Onwinl.Siu(3 12. 20) 
Mc.bClOutFile.T.blndn· $ 
Mc.bClOutFile.Tul · •• 

'...,File 
Me....,Fi ... DcflultExl - ·IXI· 
Me....,Fik.Filter .. ·lexl (tie ( O .IXI)l0 .IlU" '-' Mc.IMaCIoIe.~ .. New Systcm.n.-ift&.Poillt(240, 201) 
Mc.IMaCIoIe.N_ "~· 

Mc.IMaCIoIe.Size .. New S)lS\Cnl.Drawiq.Size(ICI. 20) 
Mc.blroCIoM.TIbIlldn " LO 
Mc.blaCIotr.TCXI - -00.. 

' .... , 
Me.&nooo7.1..ocItio!o .. New Systern.Dnwin&-PoiDt( L36, 201) 
Me.a..no.7.N_ - "Bua...7" 
Me.&nooo7.TtIUdn -.1 
Me.&nooo7.TCXI - ·R ... • 

"'"""" A..--1.BaclColor - Systern.Dnwin&-SysaemCoIon. Winclow 
Appear-..1 .fIoodaCoIor " Sy*'>l.~~olors.lIl.,;tiveC~ 
Mc.Ula1Orid L.OispIlyLeyoul..AppeIr-=e " ~I 
Mc.Ula1Orid L .~I..ayouI..BonkfSIyIe - ill ....... W ... UIBanmt80rdef5I)'Ie.SoIid 
Mc.Ula1Orid 1.000000t..yout.c.pDaaVisibic .. III~ wia.Ocr .. JIlbleBoolua.FaI .. 
Appe.-..c:c2.BaclColar - Systern.DnwmI.SysIcmCoIon.AetiwllotGeo" 
A....--l.B.:kCokrl - SysIcm.DnI..n.ta.Sy#mICoiors.COIIIfOlO.t 
Appannt.cl .BadlOndi ... &y1e • IDh3iMics. WilI.Qnd;eroISI)'Ie.Vonical 
Appe.-..c:c2.BonieoCoIor .. SyIlatl.On....u.,..S)'$IemCoion. WItIdow 
Mc.UItnOrid 1.00001lyt..ycuLGroup8yBo1.ApparwIcc - Appcnnccl 
A~.FortCoIor - SysICm.Onwi,..sylllemCoknOTayTnl 
Mc.UltnOrid 1 .0iJpIlyt..yovl.0r0up8yBo1.0andLabcI~ .. Appc....w 
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Me..lIIInOridl .DiIpJ.yLqout.OroapByBox..BorderStyIe .. "'fi"IciJIica. W ... UIEIcmcGtSonIerSIIe.SoIid 
~.BaekCoIor " S,..... .DrawiJlS-SysumCoIon.C~~ 
~.BIcl:CoIor2" Syllem.Dnwina-SyllcmColon.ConlrOl 
~.BIcl:Oradial-Style .. la&.ptiea. Wi • . OndialtStyle.Horizon .. 1 
A~.ForeCoIot .. SyllCrn.O""; ... SylkmCoIan.ChtyTexl 
Me.UlnOrid l .DiIpI.yI..l!YOUI.Gn>upByBo • . ~" A~ ... c04 
Me.UllrIOrid l .Oilpl.yLaywt.MIL'CCoiScroIIRqiont " I 
Me.Ullr11Orid l .OiIpI.yI.ayolll.M.,.RowScroUR~ions .. I 
Appe...cd.BaclcColor .. Syslem.Orawing.S)'$IernCoIon. Window 
Appe---S.ForeCoIot .. S)'$IGn.Dnwiftl-SystemCoknConuolTal 
Me..lIIInOrid I.DifpJ.yIAyooll.OYaridc.AcfivcCdIAppc_ .. Apparancc.5 
~.8adtColor .. SysI""'DnwiIIa-SysumCoIon.HipJipl 
~.ForeCoIot .. S~.Dnwi .. SyIllctaColon.HiplipTc.1 
Me..UhnOrid I.DiopJ.yIAy ....... Qvaride.AcliYcRowAppHnllce .. Apparwo«6 
Me..UItr.orid I.DiopJ.yIAy ..... Ovaride..BordaSI)"IeCcII .. lalftFllica. Woa.UIElemeJI!BonIerSILDoaed 
Me..Ukn(lridI .DUpl.yt..youl.Qvaride.8ordetSlyIeRow .. Inf ... ;'ica. Wi • . UIa.......IBonIerS!yIe.Doacd 
AppcInM:c7.8adtColor " S,........~~W~ 
Me..UIInQrid I .DiopJ.yLooyoul.OYaridc.~ .. Appe-__ 7 
Appanncd.8ordcrCoIot .. SyslCnLDnwins-CoIor.Silv"," 
Appcanncc8.TexlTrimmina .. Intnpllicl. Win.TCllTrimmiq.E1liptiJC~ 
Me.Uhn(lrid l.DiIpI.yt...yout.Ovaride.CdIAppelnr>ce " A~ 
Me.UIn(lrid l.DiIpI.yUyout.Chmide.CcIlClickAaion .. lnf"';orics. Will.U1InIWinQrid..CeI1Clid:Ao;Iion.Ec!i!Anl&loc(fcxt 
Me.U1n(lrldl .Oilpllyl.ayo!>l.oYmide.Ctlll'addinl .. 0 
Appe-.0e9.8ackColor " Syslem.Dnwiaa.SysttmCoIon.Comrol 
Appeaa.«9.8adtColorl .. Syslem..Dn ........ SyIlanColon.COOIIrOIOarl< 
Appeaa.«9.8ad<OradientAlignmcnt .. Ialfqisticl. Win.OradialtAlianmmc.Element 
Appe..-..cc9 .Bd.OndicnlStyle .. 1m fra&.isticI. W ill. OntdialcScyle. HoriUIIItal 
~.8ordcrCoIor " Sy ..... o....u.a.s)"1lmlColon. Window 
Me.lIIInOrid l .0000000Looyoul.Qo,~Qr0up8yRow~ .. Appe.-.a9 
~IO.TCltHAlip .. lnh&isDcs. WiIl.HAlip.Ldl 
Me..UJnQrid I.OUpt.yL..y<lUl.Ovaride..HaderAppe.-..oe .. ApJanaccl0 
Mc.UJnQridI .DitpJ.yLayoulOYaridc.H..daClidhDo. " lahaiIlics. Win.UIInIWmGrid.HAdotCiickActM:..$onMuhi 
Me.UlInIOrid 1.DitpJ.yLayoulOYaridc.H..daSty1e .. lnhaillics. WiLHudc&yIc:. WondowoXl'CooMWId 
~11 .BacI<CoIor .. S)"1Ian.Dn~SyttcmCoIon. Winclow 
..o.wc-I I.8ordcrCoIor " S)'IfCm.OnrwiD&.CoIor.Sit.· .. 
Me.UlInIOrid I.DiopJ.yl.ayoul:.Ovecrid£.RooorAppeatamee .. Appe-__ II 
Me.U1nOrid\.DUpJ.ylAyc>uf.o"crride.R-xlcaon " "'filrCillicl. Win.~r ... ltabIeBoolean.F.IJ .. 
~L 1.BackCoIor .. SyslCm.Dnws-SyIkmColon.Co.uroIUaht 
"kUlnOrid I.OiIpLIyLayO\ll.o",nl&:.TcmpllotcAddRowAppu""u .. A~12 
Me.UIInIOrid I.OiJpJ.yLayO\ll.ScroII8ow>ds .. InfilrCillicl. WiII.UlIraWinOrid.ScroI1Bowocb.ScrollToFiII 
Me.Ullr1Orid l.Oilpllylayolll.ScroIlStyIc " I1IhtPllicI. Win.UltnWillQrid.ScrolLStyle. lmmcdiatc 
Me.UlInIOridL.DiopIayLayout.. V~lea..d .. I1If"';$Iica. Wia.UltnWinQrid. ViewStyleBand.QudookOroupBy 
Me.l/ltnCirid L.Locatioa - New SyRcm.Dnwi .... Point( •• 241) 
McJJIInIOridl .N_ - "Ul1nICirid I" 
Mc..lJItn(iridl .Sizc .. New S)'IfCm.Dn ...... Sjzc(O. 0) 
Mc.UJtn(jri,U .T..,.,.,. - 19 
Me.lJItn(irid I.Text .. VltnoOrid l" 

.~, 

Me..AuIoScakB-sizc " New SysteQI..DrIwim&.Si.lIe('- Il) 
Me..C1icmSizc • New S)"IIftI1 .~Sizc(S 12. 216) 
Me..Controll.Add{Mc.U1tnOrid l) 
Me.Controlt.Add(Me.BuIlOJl7) 
Me..Controll.Add(Me.bt>ICI_l 
Me.Controll.Add(Me.OroupB0x2) 
Me.Controll.Add(Me.OroupBox I 1 
Mc.N_ -"Forml" 
Mc.Tcxc " "Forml" 
Mc.OtoupBox 1.Itesumo:Layow(FoLK) 
Me.~fIojc2.R_t.ayou(FoLsc) 

CT ypc(Me.UlInlOrid I. S)'ICem.COII1pOCIaIlModd.ISupportlllitiaLizc 1. Eadlnit() 
Me.~FaI.) 

"" .. 
' Ead Rep. 

NIIic mMJ* A$ INept - 20 
Pri..- Sub bcrlBtoww _ C1ict(ByVai JaOIIer A$ SyllCm.Objoct, ByVai c A$ Systan.EvaotArp) H.-dia btns.o.w..C1idc T, 

opnFile.Filtn .. "Exed Filet (o.xlI)I· ."h" 
opnFile.SIoowDialoaO 
txtExull'Mh.Tc:xt - opnFile.FileN_ 

CII.h CI A$ Exception 

""T, 
End Sub 
I'rivlIe Sub btnSto",,_C1ick(ByValleI>dn MSystem.Objoct, ByVoL c AI Sy_em.E~~l Hand1", btftSlve.Ctidr T, 

rIIcFiIc.ShowDlalosO 
txtOutFile. Tnt - .... FiIe..FiIcN_ 

c.ca CI AI Ex:ccpt;oa 

""n, ""' .. Pri..- Sub IIIIICIow_Cticl(9yVIII omdn AI SySkm.Objoa. ByVIl e M Syllem.E'=IAI&') Hnllet btnOose.Click 

"'" ""' .. I'ri...cc Sub &tto-7_C1ick(ByVII ...... MS,..... .CJb.jc:a, ByVoL e AI Sy_an.EventArp) H..-dks Bunoa7.Clidr 
Din! 0 AI New P.mFik 
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TO 
rftxlOutfile.Texl - " Then 

En.Raiso(9999, • .,."". Oulpllllile") 
EbooJfpIUoc:IPIIh.Texl··· ",... 

En-.Raise(9999, . "Exorl File"') 

"'" I' 
o.(MpIItfile - ~Fik Ta. 
o.1sputfi1c - 1X1Exo!1 ..... T.,., 

C8Icl! CIt Iu Exapciooo 
MessqeBox.Show(cx.M-.c) 

""TO 
Dim fils AI New IlItaSet 
Dim obj AJ New "If 
If obj.R""MainJ>roaram(o. UIIl"tlClrid I. lJInGridE..""rExpor\etL) n.... 

'nil - obj.dI 
TO 
• Dim outputflle Iu Scrift& 

DlllpUlfik - Mid(o.OuIputfilc, I, o.OuIpulF1lc.laIpIo • 4) 4 '.Jds" 
rr N0I1!.No1hiq(rds) ne. 

UItnlQrid LDIIaSource - rds. T.tlIet(O) 
MC.UI~IExponerI .Expor1(Mc.UltnlOridl . OIIlpUllile) 

End If 
'CMdI "" As Exception 
"-ITo 
McsuseSox.Shooo('CompICfe") 

"" Messqe801.S'-'i"Enor'') 

"" I' "" .. ""e.. 

LoId input file 
lmporu SyltCm.MMlI 
Public C\aa '--!1npu!Filc 

"C......,silion rnockr 
Public >0 As DoubIe"CDn1p)Iifiooo 
~ po;() All Double "CRITICAL P 
PIIb6ic II() AI Double -ounCAl T 
hIbIk m(l As Dcubk "'MOLEOJLAR WEIGHT 
NIIic """'PO AI Double 'Ac:oenIric flC10r 
P\IbIic liq-.so Iu Double "liqWd cIensiIy @standard l>OIIdioo.. 
Public n M in,," 
Publ ic Pressu~ ..... Double 
~ IOnpertlln Iu Double 
N>lic outn- All DoIIbIc 
Publie irlf\eoo As Dcubk 
Public: R AI Double 
PubIlc Area AI Double 
Public P;pelino_Laop Iu Double 
Public: Tllbi .. ...I .... "1II As Doubk 
Public: QiaLinpIII, ....... "**' M Double 
Public """,bao~J Iu Double 
"itelCn'oir Moo:kr 
Public 10< Iu Dowie 
I'IIblic IV As Double 
Public ftOiJ At Double 
Public lIpS As Double 
l'\IbIic poromy Iu Double 
N>lic • M Double 
Public: II Iu Double 
PIIbIic: Uoil lu Double 
PIIbIic Upllu Double 
Public rc Iv. Double 
Public fW AI Double 
Public ell As Double 
"T .. binj Model -
"ChobModcI 

"-.---
I'IIblic:II()IuDcubk 
Public )() Iu Double 
Public L AI Double 
Public: V AI Double 
Public: Oildcmity Iu Double 
Public: OuDcnsity Iu Doubic 
Public OiIV;SII:O$ity At Double 
Public GasVitoDsiry Iu Double 
Public Pbor Iu Double 
Public: p..( Iu Double 
Public "" AI: Double 
Public: .. Iu DI:Jubk 
I"IItUc A Iu Double 
I"IItUc 0 Iu Double 
Public A_1lIb Iu Double 
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N>lic: D_1IIb ~ Doluble 
1'IoIlIic:. At DoIlb .. 
NIIic: De:l1. As Double 
hbIic: • At Double 
Public IiquioMs At Double 
Pubtic I"l As Do.bIo 
Pubtic ~ AI Double 
PIIbIic Ianp As Double 
1'IIbIic: 0atS0 As Double 
NIIic: 0i1SO As Double 
NIl;' QoU~ As Double 
1'IIbI;' Cd. ac As Double 
NIl;' X I. PI, VI I . V ... Ac. VI. SumNpi AI Doubk 
1'IIbIic: hepl. J*Pl. 1*'1'01. palm. PI. TIIm, T~ As Dootble 
1'IabIic: illjectiooIPoial AI Double ._--

PriVllle F~ ElI"lConnooa(ByVai iopath AI P.tlFile) ..... SySl ..... O'ta.DIuScc 
Dim rnConncc, AI SySlem.o.ta.OIeDb.O~ 

TO 
, ResuvcCtw .. C ... ligUl1llionS<:ttifgs.AppSetringo(·RnerveC1I ..... ) 'C ... foalDrior&nings."WS<ttinp(·RtKro"eWO<d') 
'FCICh DIta from ",,"I 
Dim dIScI: AI SySlem.Data.o.tASc1 
'Dim mSl\ecUII ... c AI String 
dlSft - Ne ... Sy ....... O'raDalaSft 
Dim mComnwId At S)'I_ .O ... OIcDb.OIeDbDlll&AdaJKe, 
mConnca - New S)'Iktrl.Data.OloDb.OlcObConnoe<:tion(·providc.-Mi<:rolOfl.JOlOlEDB.4.0; • 4 _ 

·datl_=___ 4 iopaddnpucFile .t · '; • .t ' Extmdcd ~EJ<"I ' .0;") 
mCclrnmaro:i - Ne ... S~em.DIII:LOkDb.OId)bOataAdapta(·ItI~ ' f,om [;"puiSJ', mConllCOt)' 

mCommand.FiJI(dtSet. .j.."....) 
me-a.CIoM() 
Roan (dIScI:) 

Catth.,.At~ 
~Box.Shooto(cx.M-,e) 

""'TO 
&d F...:rioII 
Public F..uo. RudJnputM&ln(ByVai Pllllfile AI PxIoFile) 

Dim dJAi New Syum.O""DtlaScI 
Dim i ..... bolqJCr _ 0 
... -~P ... file) 
Dim _IIbIeN ..... AI SUi". .. 'i"",II' 
Jf Not bNodainaCdJ) nc-

for i -OTo cis. TIlbkt(",IabIc:N .... ).Rows.COIIIII . J 
RcOim Praerv.l(i) 
1(0) - New Double 
z(i) - cis. Tab\etLIlbleNImC).Row1(i)' hem(·zi·), ToSlrin& 
RcOinIl'raen-e pc(i) 
po;(i) - New Double 
P:(i) - VaI(cIs. TobIaLIablcN .... ). ROWJ(i).Icem(·pcij. ToSlrin.) 
ReOUn 1'raen-.lC(i) 
lC(i) - New Double: 
lC(i) - VaI(d o. T.blclt..lableNome). ROWJ(i). I!em(·ICi·).ToSlrirl&) 
R.Oim I'raen-c omep(i) 
omqr(i) - New DooIblc 
omqr(i) - dJ.Tablctl. tablc:N .... ).ROWJ(i),hem(·.,."cp·).TOShil\i 
RcOim f>t.esc1v. m(i) 
m(i) - New o....bI. 
m(i) - do. T.b!al.tlb!eN .... ).Itows(ij. I!em{· MoIec:QlarWci ... I·).TOSII"in& 
RcOim I'raen-c liqltlnd(i) 
Iicpund(i) _ New Double 
JiqSllnd(i) - cis. TIbIat.mbl.N .... ).Ro ... 'S(i).I~·Uquidsland"). ToSIrinj 

Nw 
Dim Ib At Double 
Dim c7. AI DoIlb .. 
c7. - VaI(cIs. TlblnLtlbleN .... ).Row1(O).han("c1Spoci fqravil)'·).ToStrina) 
., - (4.UI'9 · (m(6) ~ 0.15171) · (c7. " 0.1S421» " J 
Dim 1<7, pc7 AI Double 
1<7 - )4 1.7 + ('II • • 7.) + {0.4l44 • (O. II " ' .7.» ' III. ({{0.4669 . (3.262) ' .7.» ' 10 ~ 5) / ") 
-<6) -1<1 
Dim I'CA, PCB, PCC AI Double 
PCA - ' .36)4· (O.~I .7111' «0.24244 + (2.2191 / e1raJ . (0.1 1175 I(dra) A 2» ' 0.001 ' Ib) 
PCB -(1.461) +0.648 I dill" (O.41127 / (c7raJ " 2» ' «0.1) ~ 7). (III ~ 2) 
I'CC - (U2(l19. ( 1.6911 / (c711 ~ 2)))' (O. I ~ 10)' (Ib " ) 
pc7 .. &P(PCA + PCB • PCC) 
PC(6) - pc7 
~ .. cis. TobIaLIibIeN .... ).Ro""'-O). loenI(·lanpcnhlR·). ToSIrinf 
~ - cis. T.t>Icol.IlbI.N .... ).Row1(O).Ikm(·pr<$SUR·). ToScrint 
inn- - cis. TIb\QLIlblcN_).Row1(O). IIem(·inl1cOllj. ToSaina 
outfkooI - cis. TobIaLlabIeN .... ).RoM(O). I!em{·o .. d lc""·). ToScrint 
• - z.Len&!h 
R - cis. TIbI.'U,.., .. N .... ).Row1(O).IIm1(· R"j. ToSrriII& 
JIf - VaI(cIs. TablaLIlbleName).RowI(O),hcm(· w·). ToShinl) 
_ - V.--d.s. TabLaLIlbleN .... ).RowI(O),hem(· tor"), ToShinl) 
noil - VaI(dJ.TlbletLlabl. N_).RoM{O).IIem(·noil"). ToShina) 
npa - VaI(cIs. TlbletLIlbleN .... ).Ro~O). IIcm(·oga.·).TOSIri"l) 
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porasicy " VII(dt. T~ 1ab1eN .... ).Ro'Q(O)JImI(·potO$iIy"l-ToSairta) 
k .. "-'(do. TobIaL ubIeN .... ).RoorIl(O).l .. ""(",. ToSaia&) 
. .. VaI(ds. TllblaU .... N .... ).RowI(O).IIem("b"). ToSIriD&) 
'" .. VII(ds. TobIc:I(..abIeN .... ).~I(O)JI<JI(·"'·). ToSIria&) 
.... .. Vtll(dt. TobIaLAblcN_).RoWJ(O). IICa(· .... ). ToSIrirI&l 
<II .. "11(111. r .IaLIabIcN .... ).RDwI(O).IIml(· dI.·). ToSttirI&) 
pw .. VII(ds. T~IabkN_)Jtowt(O). IIeIa(·pW").ToSIriq) 

Pwf .. VaI(ds. T"'laLt.t>IeN_).RDwt(O),h ... ( "pwf"). ToSaiaa) 
I'aqI I .. cb. TablaLIlblcN .... ).Row:(O).IImI(·pt(p I·). ToSIrinc 
ptqIl - IlL T"laUIIlIleN_).Rowo(O). Item("ptepl"). ToSIriniI 
psq>l - ds. TfIbIetL 1IIbIeN_).Row:(O).11mI("p0ep3").To.SDq 
f ICIn .. cia. TabIeoLDblcN_).Row:(O).~ 11m"). ToStrina 
TIII:m2 .. .. TIbletLIlbleN .... )Jtowo(O).ltcm(...-Itm2·). ToStrift& 
O..s<l .. VII(ds. TIblaLIlIWeN .... ).Rott1(O). IImI("O.s<i1 .TOSII'iq) 
0i1SO .. VaI(ds. TIbIeoLIabIcN .... ). ROWI(O)JImI("OilSO· ). ToScrina) 
OooteOi..-er .. Val(cb.. TabletLrableNamc).ROWI(O).Ilfr1'("C1ookcDi_ ..... ).ToSlrifta) 
Cd " Val(dt. Tablat.tabkNlmc).Rowo(O).hem("Cd''). ToSlrin&) 
&C" VoI(<b. TaI!Ie(..labIeNome).RowJ(O).liem("",").ToSlrina) 
A .. ds. TobIeIl.rableNanelJtOWl(O). II....r A ").ToSlIi"l 
0 " VaI(ds.T"'le(,.tableN_).Rowt(O).ltmI("O").ToSllinS) 
A_tub " 41. r " 'at.gbleN_).RDWJ(O). IIem(" A_lub").ToSlriftl 
0 _ rub .. Vo.I(dt. TIIbIHC tabI.N....,).Rows(O).IIem(· O _lUb").ToSllintJ 
I .. VaJ(ds. TablaLIabkN_).RowI(O). IIem("G").ToSlrin&) 
DelL " Val(dL TobJeol.IabIeName).Rows(O).ltcrn(·ddL·), ToSlrinll 
e - VaI(ds. Tlblel(.JIb~N .... ).RowJ(O).Itcm(·e·).ToSlri"ll 
I - V.oI(ds. TIbln(.lIbleN .... ). RowI(O),IIem(·O· ).TOSIri"ll 
DdL - VaJ(ds. TableI(...r.bIcN.,..,J,RO>I-.(O).IICfn(· ... IL·). ToSlrinll 
• - VaI(ds. Tibial. ubIcNome). Ro.....-1(O). I&em( ·n .TOSIri"ll 
Pipclme_L-tttP - Vol(dL TobIc1L tab\cName).RowI(O).hemr PipdiI>C_Iao,tII·).ToS!rint) 
Tubin' • .t,OI&dI - VaI(dI.. Tlblel(..rlblcN ..... ).RowJ(O). Itcm("TubirlLLeoI&Ih · ),TOSllinll 
~I - Vol(ds. TIbksLIIl>kN ..... ).RowJ(O).Iccm(·\njcctioooPoinI"). TOSaiJlll 
Qi8L iIIpuI- VaI(ds. TllblaLtmleN ..... ).Row1(O).Itcm("QiaL.·). ToSIrin&) 
...... - VaI(ds. TIbIaL IIl>kN_).ROWI(O). I!cn(·qo __ O ToSIrUrc) 
...- - Vol(ds. T.obIaLIabieNome).Row1(O).hem(· ........ ' .ToSa-mt) 
~fwdl - V.oI(ds. Tlblet(. tableN ..... ).Roo«O).IIcm(".....wm.r-U·). ToSrio&) 
Ala - VaI(ds. T.obIaLIIobIcN .... ).ROWI(O). Ilcn(·...,."}. ToSIriDaJ 

""' '' EM F....:riooI 

"'" "'" 
." Imports Sy-.M/Ilh 
ImportsSyllCm 
Imports Sy-.o.. 
1"IIb~a- n&f .".... .1 

Publif: II. '" IDqet 
NIIif: zO As Doo.abIe 
NIIif: Preuurc '" Double 
Publif: TcrnpcnIlIn '" Double 
Public: po() As Double 
I"IIblic IC() '" Double 
Public omep() AI Double 
Public R '" Double 
Public liqsund() '" Double 
Public ialkon As Double 
Public outn_ '" Double 
PuIIIic: m() As Doublc 
Public porosity AI Double 
Public Ilt As Double 
Public 101' As Double 
Public: .oil '" Double 
l'lIbIic ..... As Double 
I'IobIk k AI Double 
Nllio; II '" Double 
Publio; .. '" DoubIc 
Publio; fW As DoubIc 
Nllio; J>t. As Double 
Public Pwf" As Double 
Public: <II As Double 
I"IIbIic ...nbcrofwdllu Doubk 
'_ror~liIIc 

~AIuDoubie 
~DIuDoubie 
~,IuDoubIe 
Public DelL '" Double 
Publio; PxpI, .,...,2, prq>J AI Double 
Publio; T ..... TIIml '" Double 
Public: Pipcli11c_1cn&1h Iu Double 
Public e Iu Double 
"-ror c:hol._ 
Public OuSO, OiISO, CIIoktO~, Cd. GC As Double 
'-(Of IUbinI-

III 



f'IobIic IUbin&....IeItP All Double 
Public IajoclioolPoinl AI Double 
l"IIbIic "'_1lIb .... DQubIe 
Public D_1Ub AI Double 
'-for~_ 

Public QinjJ~~ qpban, qoaban AI Double 
"Main Output 
PublicQLOUI,qo_OUI AI Double 
!'ubIiI;: Np IU Double 
Public Ninj AI Double 
P'ubIk Zlaj() AI Double 
N>Iic Z90 .... Double 
I"IIbIic I Ju Double 
I"IIbIic I'1Iu Double 
P'ublic PI As Double 
f'IobIic Ptet '" DoubIc 
PIIbIic Zi_K'fII() As DooIbIe 
l"ubIic TomeSIcp AI Iatqn 
l'IabIic ~ -' .... , .... Double 
Public 0IdJ'wf ..... Double 
Public ZIu() A. Dooblc 
P\IbIic New _I'm AI Double 
Public QinL Oul AI Double 
Public AI ... A. DooIbItr 
Dim OIdP.dllilc .... New PlIhfilc 
Dim p".-t'Loop Iu Inl ..... 
Public do AI New DIIaScI 
Dana AsS)'lla1l.~T~ 

'R.p. "Maal"rop'Ml" 
Public F...aioa R .. M1inf'rosr-<8yV1II1'Jlh61c As PadlFile, _ 

ByVIIiI U III'IIOridI .... la~ W .... l/lrnIWmQrid..UknoGrid, _ 
ByVai UItrIOrid"",,ccIElpona I .... 1IIfi'tci ... Will.UlnWinOrid.Eu:eIEopon.U1nOric1Eo;oel~) .... Book .. 

OIdPldlfilc " .... lilc 
T. 

Oim 01 AI N"" LoIdInputfiI. 
o l .ReMllltpIIlMlIil(l'f,dlfilc) 
a- aLn 
' · 01., 
"'-ro " 01."'-1'0 
TcmpcnNf<I - o J.lcmpenl\lre 
pc - a l.pc 
ie - oI.l< 
R - oI.R 
0<n0&I - o l .omep 
liqlllllOd .. o lJicptand 
OIItf\eooo - o l .OOIIfkc:. 
iIon.co. .. ol.illf\eooo 
... .. 01 .... 
porosity .. 0 I.poootiry 
.. -01·1F _-01._ 
Il0l1 '' 01...,,1 
"""" - 0 1.", .. 
k - ol.k 

", "ol.re 
rw - oi.rw 
PbIr - ol.f'bu 
"""- ol.f'wf' 
dI-ol .• 
A - ol .A 
O-ol.D 
" _IUb " DI .A._tub 
D_tub -oI.D_1ub ,-01., 
():lL" ol.Dcll 
c " ol.e 
PlepI - oI.Psoep l 
pap2 -o l.pap2 
pRp3 .. 0 L.pttp3 
TIIm - a l.TIIm 
T.am2 " oI.Tatm2 
Pipdu.._ltnith .. a l.Pipeline_Len"" 
rubilla....1mP .. ol.TIlbiaa.). .. CIIIIh 
lajcaianPoinl .. ol .lajcctioolPoinl 
OuSO -ol.OuSO 
QilSO - oI.QiISO 
ClookcDilmelcr .. o l.CIo<>kd>ilmeter 
Cd - o l.Cd 
OC " o l • ., 
...... .. 0 1 ......... 
....... .. 0 1 ........ 
""" -ol .AmI 
Il>Imbeo-ofwdl .. o l .~"",berofo,odl 
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QiaUnplu .. 0] .QjnjJnpul 
Ninj " 0 
TIme$IqI - I ......... 
Dim QokPwf Iu ~ .. rolto 
Dim CIok~ .... 9oDIoe." rill.., 
Dim AddftPwf Iu lalqCl' .. 20 
Dim StlrU"'" AI DooabIe 
Dim New _Enor, Old_Error As, Double 
DimGetStIr1 AI BooIe .. - T .... 
DimGe!OId_Enor AI 800 .... - T .... 
Dim OutPu,PWl' .... Do\Ibl~ 
dt - CruIcEvtmDS() 
dsI - cit. TtbIa(O) 
DimChl<Si",Iu~ - T .... •• - ....... - r .. .., 
Old Etmr .. 0 
St.n1'wf- 0 
Old Pwr- I"wf 
WIIiie Not OkP.t-don 

WIliIe No! ChkPw/' 
If Modell _J<Plllhfile) Then 

IfMoinTubin .... odd (PMhfile) n..n . ~I"wf 
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~bu&. Wri,tLine("TimeS,ep-" " TimeSlCp.t • :old]Wr- " &. OId_Pwf.t.· :Pwf-" &. Pwf.t.· :emr" It AM(Old]wr· """1> 
.t. • :Pwn...oop-"Il PwtLoop) 

IfTuneSlep > I Then 
Dim RJl2 Ai Double 
RJl2 .. Pwf - Old Pwr 
If Rlll _O AII,(NoIOaOId Enwn.. 

Outl'IotPWI' .. OIdJ" .. r .. M.s..Pwf 
ChkI'wf .. True 

"" " .rlUll >- 0 And O..oIcU"TOf Then 
OId_Pwf- Old] .. f" AddnPwf. I 
AddnM - ] 
Ge!OId_EITot - Ftlu ,,,'" 

0Id_1'wf'- OId_Pwf. A<kblPwf 

"-If No! GetOtd_Enor lka 
New_Em." Ab(OId_Pwf. Pwf) 
IfN_ Error > Old EnorThm 

Ou,P;nJ'Wl' .. Old Pwf· AddftPwf 
ChkPwf - True -

"" Old Error " New Error 
End If -, .... 

I(Not 0ctScaI And GctOId_Enor Thta 
Old &n:Ir " Abl(0Id Pwf - Pwl) 
O,IOlcC£m:w " flbe-, .... 

Dim RJI Al lnleS" 
RJt .. Pwf· Old Pwf 
lfRJt < OThen-

ChkSi8l' '' f olK ,,,'" 
IfNol ChkSian And Gc1S11r\ Thm 

SUn Pwf .. Old Pwf - AddaM 
~- 1 -
Old Pw/' '' Sun Pwf - I 
GelS*! - ralK-

""''' Old Pwf- Old Pwf + AddnPwf 
End If -
PwfLoop " .......rtoop .. I 
Pwf- Old] ... , 

""''' EDdlf 
End While 
Pwf- CloItPW>Wf" 
Old Pwf- Pwf 
GccSt.n - T .... 
GctOId_Enor " T .... 
AddnPwf- iO 
If MockIUpdllePrel(PIllhIiIe) ThCll 

If~_OIII < qoabIn AndAIIO "'-0111 < qpbM Then 
ChkPIIbandon . T"", 
WritcOulplll( Pl4hfi1e) 
WrileExoel(PMhfile, UhnGridl, UlnGridEKelExpoflfr l ) .... 
W~Pllhfile) 
WrilcEuel/PMhfiIe, UllnGridl , UlInGridExceLExponer I ) 
IfPorf> "* Then 

0Id] ... /' - PbIr · 10 



Pwf- Pb.-.IO 

""" z-Zi ..... 
~" f.ol1C ........ , 
TimeSlep - ,....eStop .. I 

&ldlf 

""''' fad Whi~ 
.... T_ 

Cclo ,.,. Al Exo:cpDon .... ,"" ""T. 
£lid f IIIIebooI 
PriVJle F"""lion WriceExoel(ByVai p.lhli~ As plthfi"" ByVai UllrJOridl .... Infia&iSlies.Will..UltnWinOrid.UItnoOrid, _ 

ByVol UltnOridExcdExponerl AlIlI.fncjstic .. Wi.I. UItnWinOrid.Ex""IExpon..UllrJOridExceIElcportctj .... Boolean 
T. 

Dim ClUtpUtfiJc As Saina 
outputfil,, " Mid(hdroIiIc.OIItputfiIc. I , PMhf,lc.Oucp..tfild.., ..... 4) A • _ TomeSlep· .. CSo{t"uneS!q».t. '.xlI' 
IfNolIlNolltiq(ds)TIoao 
U1tnOrid1 .~ -ok. TIlbln(O) 
UltnOridExcdExpor1erl .Expon(UltnOridl. OU!pUltilt) 

""" Caleh ,.,. AI; ExcqItioa 
, .. >T. 

fad fllll.Clioa 
PriVllle f....,;tiooo ModdI _l<8 yVol PlrbfikAJ PlIlhfilo) .... 1IooIo.t 
~ ChI: .... B<>o&.I - f ... 
tr MoinRe.,-voirMOIkl(p.mlik) ThaI .. ->q).np.f'Iu."; 

IrCalZSl(Pmlile) Then -->Zsu 
I{MainPipolinomodol(p.thlik) Thon '->1'2 

[(MaiII.CItookomodl(pllhfilt) Then '->1' I 
Chk " T"", 

""" '"''' '"''' """ _0.' 
End F IIftCtion 
Pri ... F~ Modd UpcIalcPrq(ByVai p.mfilc As pllhFile) AI; 600Iun 

Din! dIk AI; Bookaa " Fabe 
IrMliau~r1ie)n... .->~, Ii 
IrM~.mfoIe)Thea-->NiDj.ZIu 

dtIr. - T ..... 

""" """ ""m "" [ltd F \IIK'tion 
Pri ... FIIDCtion MainRaervoirModoI(ByVoi potbf,k As p-"file) AI; 80010 .. 

T. 
Dim abjt As New ~Modd 
Dim ~lfilo AI; ~q 
OutputFilc " Left(p-"fik.OulplllFiie, p.mfoIc.OutpuIF;Ie.Lmgtb· 4) 
Outputfil . .. OutputFil • .t • _ RaervoirModd_ '''''otlop _ . .. CSlr(limoSlep) A • _Pw1l.oop-" A .......n.oo,:. A ·.IX'· 
Plthf,Je.N.aOulputfi1 ... Outpulfi1. 
objl .NJlModeI(Plthfiie, II. .. I'Tusure. T empe.MW •• pc. Ie, _ 
omega. R.. liqstand., ovtfloon. iIllkon. III. porosity . ..,. _ 
_ , 1IOil1lpl,it.1l. R. tw. Pb.-. f'w( dt.llumberofwcl~ Nu) 
Np-abjl .Np 
Zp " abjt~ 
Pres" objl .Pres 
Zi __ -objl.Zi 

"""",T_ 
c.ch ex AI; Exo:cpDon 

"""'" ''''' ""T. 
&dF...:Dc. 
PriVIII: F....;o.. MaiaPipdincmodd(OyV.oI Plrbfilc AI; I'alhFile) AI 80010-. 
T. 

Dim Oucpulfilc As Saina 
OutputFil" .. Left(l'lthfil".OuIpUIFilc. pathtilt.o..cpuIFilt.L.c:<>&th .4) 
OuipUIfi1c " Outputfilc.t. "-""pC"!inemodoUimettop_' A CStr(Time$lop)& ·_Pwfl..oop-" A PwILoop & ' .1:<" 

Pathfile.NcwOucputfilo .. Outputfilc 
Dim obj3 AI; New PipdineModol 
IfT....&tp .. 1 Thao 

P2 ·objl.nmModc:l(hIhfiLe.II. Np .. NWj. A. D, L DolL. e.1iqsIIDd, Zp. hepl. T8Im. pc. k, omcp, R. ovtfleoll. .. lkon. .... 
PipelisleJeap) 

e" 
P2 .. ... j3.ntnModoI(Pathfil •. 1l, Np .. Ni";, A. D, .. DtlL. o,liqstand. z.... PRpI , TIIm, pc, It, omega. R. OIIIfIooll, inftcon, .... 

PiptlineJenp) 

'"''' .... T_ 
CIIclI ex AI; ~ .... ,"" 
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,,,«To 
End fllftClioa 
PriYllc flllN:Cioa MainClookcmodo:l(ByVai PlIIlfile Iu I'IChfilcl AI BooIe .. 

To 
Dim Qodputf'ile AI Strirc 
OuIpuIFiIe " LefI( ....... file.OUlpOllfile, PultfiIe.O"'p,"filo.1..aoP - 4) 
0uqMf"1Ie - OuIpuIFilc.t. "_OIokmoodd_Tometttp_- .t CSu(TimeSlep) It "_PwfLoop-" 4 Pwftoop.t ".00" 
"dlfile.N-ouq,ucfile .. OuIputfile 
Dim obj4 At New dIokcModcl 
Dim Y AI DoIobIo 
y-O.5 
IfTimc:Srep " I Then 

11 5 

PI - ob~ .""'ModeI(P.uIi"'. 1I, Plo y. TIlm, OuSQ, OiIOO, ChokcDiamcter, eel, oc. Zp. pe. Ie, """'Po R, OIIln..,." iftnCCft, .... I;,q,u.,d. 
HI' + Nillj) 

B-
PI - 0bj4.ruaM .... I(P1IIIIfile, II, P2, y. T ...... a lISO, 0i1SO. CIookcDilmelcf, Cd, oc. ZIu, pc, Ie, omqa. R. OIICIlooa. inn-, m. 

Iiqand, HI' .. Nmj) 
""II 
..... T~ 

c.dI '"" Iu ucqlrioa ..... ,"" 
""TO 

End fWlClion 
PriVIIe FlIDCtion MainT\abift&l1lOCleI(ByVAI r .thm. As PathFilc) Iu BooI~an 

TO 
Dim Oucpulfile AI SDi .. 
Oucpucfile .. Lcft(l'Ichfilc.OuIpUtfiIc. PalhliIe.Ovtpo.olfile.l..qIII-') 
OucputFile -OucpucFiJc'" "]ubi .. ",,,dctTomesIep_" 4 CSII(T.neSICp).t "_PwfLoop-".t 1'wfLoop.t. ",IX'" 
I'Dfik.NewOucpoaFilc '" CluIpulfik 
Dim o¥ AI New Tubinp.1<:de1 
Ifrm>cStq> · 1 Then 

Pwf- objS.1IIMIOdeI("-tIt1ile, II, A_lUI>, D _tub, .. Ddl., c. Np. Zp. NI' .. Ninj.lf>. PI , Ternpenture. pc, Ie, omrt .. R. 0II111con. inIIeorI. 
m. Ii<pund. IUbirI&...lenath. IIIjectionPoiflI) 

"" Pwr - objS.""""'*I(P .. MiIe., II, A_Nb. O_I\Ib. .. Ddl., t . Np. Zp. HI''' N;,u. bu. PI , Tempera~ pc:. ~ ornep. R, OUInCOll, intlcon. 
m, li<pIand, t .. bml.) .... "' .. Injoc:tionPoinl) 

""" New Pwf- Pwf 
hai.T .... 

c.dI a .... Exccpliooo 
Itftuno faJ .. 

""TO 
End Funaiooo 
Pri.lle Function MoinxpnlO""odc:l{ByVai ""hlil. As P .... Filc) AI. Boolean 

TO 
Dim OutputFilc AI Saina 
OuIpucFilc - Lcft(PMhfil~.OulpUlfilc. PIlbIiIc.OulpUtFilc.l.erIP • 4) 
OuIpucFiJc - 0uIpuIFi1e .t. • _Sq>anIorMocId_ Timaup_" .t. CSb(Twc:Srtp).t. ".txl" 
hIIIfik.Nc ... OUlpIIIFilc - OIIIputF"tIc 
Dim obj6 14 New ~ModtI 
olIj6.n"'~"iIlModel(hdlftlc, ... 1'tqI1. ",",,2. pICpl, Np. Nin;' Zp. TIlm2. po::, IC, CJoMS.l. R. OIIIIkoa. .. nco.. .... ~_inpuI.liqowd. 

IIUnIberofwdl. ZIu. TmcStcp) 
N~ - obj6.Ninj 
Ziftj " obj6.Zinj 
CIO_out - obj6.CIO_OUI 
'!LOUt" obj6.U,.OIIt 
QiaLOut - obj6.Outt:Mi 
"""T~ 

c.dIlI:IIl4~ ...... ,"" 
.... TO 

End F..aiaa 
PriYllc Funcrioa Mai..updaltPm(ByV" Palhfiie AI. PalhFilc) AI. BooI ... 

TO 
Dim OutputFile AI String 
OIHputFile - I.dl(Palhfile.OuIpUIFiIc, Pllhf,le.OutputFild.e",th. 4) 
OIdputFilc - OuIpIIIFilc .t. • _Upd..IIoPres_ TlfllCSlcp_' .t CStr(TimeSlq).t. ".lltt" 
PMhfllc.New()UIpIoIFilc .. OutputFilc 
Dim objl AI. NcwCompolitionModol 
Dim Oak AI. BaoIcan .. T"", 
Dim Pres_DeW As Do.bIe 
Dim Pr. 0utPutPr As Double 
Pr " Preuure 
Dim old_EmIr, DeW _£mil 14 Double 
Dim OctO£mII AI. BooIeon .. T"", 
WhilcCbl< 

objl.RIIII(Pllhfile, O.S, II. Zi_DeW. Pr, TcmpCfll .. ..e. po::, I(:, omcp. R. OUlnOClll, innOClll, In, liqSWld) 
Pres_DeW - (ob.il.L· objl.oiIDaosity) + (objl.V · objl.GuDomdy) 
Ir Not GctOEm>r Then 

_ _ Error - AbI("-_DeW ' Pres) 

If DeW _ En-or > old_Elmo Then 
0utPud'r - Pr ~ I 
CIIII - FolIC 

0-



oId_Enor .. _ _ Error ... " 
""" tfOdOEnorTllen 

oId_Error - AbI(F'RI __ ' Pres) 

OcIOError " f~K 

""" Pr - Pr· t 
End While 
Pressure .. OuIPlolPr 
PWr - Oull'lotPr 
_T~ 

c.~ ex Iu [u:qIrioIo ..... , ... 
... TO 

fadf..a.-
Pri .... F..cDoa CalZJu(ByV.oI pUhfile Iu I'ldIfilr) AI Boo .... 

TO 
Dim Ouipulfile Iu $aina 
Outp.ilfile - Lof\(pllllnle.OwputF~e, pllhfile.OufJIutfilc.lm&Ih. 4) 
Ourputfile - Ou/puIfile ... " _ CaIZ.su_ Ti .... s .. " _" ... CSIf(r....eS!q:J) ... ".!XI· 
pllhnle.N~!pwlfile - Ouipulfile 
Dim obj 10 At New C.1l.Iu 
IfTimeStep :> I Thtn 

z..u - obj 10.R<lll(padlfilc, ... Np. Zp. QinLinp.a~ Ziqj. !*p2, Tarml. pc. ~ omep. It, oulllCOll, infk:on.. III. liqJIIIICI) 

""" _T~ 

c.dI til At &oepUooo ...... , ... 
""TO 

fadf-....:tiool 
,Ead Rep. 
'Rqioa 'Wn-",' 

I'1IbIic funcDo. WrilCOuqlu( ByVIl ..... filc Iu Palhfilc) 
Dim Outpulfile At Strial 
TO 

Oucputfile - Lof\(pllllfilc.Outputfile, palhfi Ic.Ou!pIllFilc.Lcnlth • 4) 
Oucputfilc - Oulp\ltfile"' " _Main ' ''' · .!XI" 
palh6lc.NcwOutpulfilc - OulputFilc 

Dim ow All New WrileOulput 
Dim StrdaIa Iu SIr"iItJ - "" 
SIIlIIII_ · Main I'n>gram TllMSlep-'''' CSIr(TimeS!C"p) 
SInIIII"- " " ... ¥berLf 
StnSItI_ "f"reuuR,w" .. CSII{Pressurel'" vbCtLl 
StnSItI_ "1'1 - " ... CStr(1'1 ) '" wbCd..f 
SCnSata _ ",...,... ... CSII{PwI") ... ¥berLf 

SCnSata _"qoamo-"'" CStr(",_- ' 1tIIIJIbcrofwd1) '" vbCrI.! 
SInIaIa _ -..-- ... CStr( ..... - . DIIDIberofwdI) " vbCrl.! 
SIrdaII _ "qinj-"'''' CStr(QiIoLOuI;)'" vbCrU" 
ScnIauo _ • " ... obCrLf 

Dim 1cmpdaIa All Snina 
~ .. ow.OetfilcCo.,.mu(pllhfile.N.-.<>utpulFile) 
StrdaIa - Icmpd ....... ¥berLf'" Strd .... 
ow.S."eTexiToFiIo(Strdata. palbfilc.NcwOutputFi!c) 
Caleh ex All Exception 

""TO 
TO 

CreKRo..(dJt, TomcSup.l'rc$Iure, 1'1 . Pw( ",,_<lUI . numbcrofwo:IL ..... CUI · ~ .... bcrofw<:IL QilU..Out) 
c.dI ex AI. ExcqIcioo 
""'TO 

End FuncDoa 
fEfldRcp. 

Pri_ Sub CrcIIRow(ByRefdllu ~c:m.Dara.DllaT"'. ByV~ 04pAt InIq",_ 
ByV~ oPr AI. Dooibie, ByVoi oPllu Double, 8yVaJ oM Iu DoubJc, ByVAI oqoum All Double. ByVal oqptm AI. DoubJc, _ 
ByValqiDj AI. DooobIe) 

Dim dr AI. o.c.Row - dl.NewRow 
dI("TtmeSeep") - 04p 
dl(0~') - oPr 
dr(°PtO) - oPl 
dr(°p.".f'")-oPwr 
dr(°q<l'tm1- oqo!am 
dr('qpfm1- oqptm 
dr(·qillj") .. qi2IJ 
dI.~A.dd(dt) ... "'" Pri_ f....:ac. CrellCEvmtDSO AI. Da!aSeI 
Dim dsMt t Iu New 0tuScc 
DimdtT.t.Iel AI. New Syslem.Dlla..DouoTIbIe 
WIIh dtT.t.Ie t .CoI ...... 

.Add("TtmeSIq>1 

.Add("J'reauq0) 

.Add{'1'IO) 

.Add( ....... ) 

.Add('qoMm') 
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.Add(' qpIm') 

.Add('~1 
,",WOO 
.w..1 .T8bIct.Add(dlT8blel) ......... , 

EIId fllftCtion 
... 0-

"""""" ImponI Sr-.MMh 
I'\IbIic 0.. oiklaoo 

Pri ... LiqstIncI() As Oo.<bIe 
Public den';ty As Oooble "liqdens 
N>lic FINICtiOf1IW1(ByVai nC As InlCgcr, ByV.1 LiIj$llR'UO As Double, ByVaI comp() As Double., 8 yVai P As DoubIe,_ 
ByVai ~_R As Oopble, 8yVai rn() As Double, 8yValIicrdeas AI Oo.<ble)As Double 

Dim clilT, ..... mwop As Double Dim bror. oIdcIalIity. 1M>mCI", ddrowp, ddIOWI AI DooabIe Dim i. j As bllqef 
Dim xl . xl. Ill, x4, x!l As Double 
LiqIllrld - l.iqlOndj density - Iiqdom .... - 0 cliff · O.OI For i- OTonc _ 1 .... - ..... ~) . rn(,) 

N~. 

fernw - 0.001 Ifdensily < 0.' ThctI density - 0.17 Oinl4> As Boolean - True 'MIile 4> 
If(Al>-<rn(O) - 16.043) < ctifl) ThctI 

Liq .... d(O) - 0.312" deMity ' 0.4' ~~ ,,0.4' code ,"21.066' 
LiqIUlld(O) - t.iqslmd(G) ... " Ir(Al>-<a(I) - 30.07) < difl) Thea 
1.iqlUlld(1) - 15.) .. 0 .)167 ' density UqtuNI(I) - Uqst.d(1) 

""" .......... · 41.0 
Forl·GTonc_ 1 

_ . nwner" comp(i) ' m(i) / {Uqstand(i) 

Nn' 
1f .... - GAada_ - OTh<n dauity - G 
Elle .... ty . (,... , """"") 
,",or 
If(Abo(dcftoity - olddeuity) "'" r ....... ) TlIen 4> - ralle 

EIId'MI11e 
Dim Pa A. Double PAl - density ·dmsity - density 
ddrowp " (41.167" 16.111 ' (10 A (.0.0·125 • dcnoity») ' (p 1 ](100) 
delrowp . del ....... _ 0.41 1 ' (0.299" 26) ' (lO A (..(I.06Oj • density))) ' (p 1 1000) A 2 
If deNiIy - 0 Thea 

.1 _ 0 

"" xl - dcmi1y " (..(1.9") 

""" 1<2 - tcmpeI"IIW"e _ R • no 
xl - Mo:«G.G, xl) 
It) .. 1<2 " 0.93' 
deltowl - (0.00302 .. 1.50' ' (d)) , (Ill) 
ddIOWI - delrowt-(0.G211i. 0.023)' 1141 A (..0.0161 ' dcnoity)l)' «(x2) " (0.47')) 
dcnsity - ...... ~ - delrowl 
ReNno dauity 

£Ad r IIIICIiooI 
... 0-

Podr.lile 
Pllblic 0.. PItbFik 

Public lapulfile As Sm, 
N>lic OuIplllf,Ie As Scrins 
Public N"O ... ",uF'le As Strill, 

... 0-

Resima 
Impons Sy ....... MIIh 
Public a... Rep..c. 

Public Vb AJ Double 
Public V. AJ Double 
Public EL As Double 
Public [)eIPH AI Double 
Public R£ As Double 
Public rn-ty As DooabIe 
Public 0dPf As Double 
Pri ... V ...... V ..... AI Double 
'R.p;. ~t.ms. 
Public ronclion Bubblc(DyVai plthlile As P.chF'1e, 8yVII Vm As Double. ByVai Viii As Double., DyVai PI As DoubIe, _ 
ByVIl PI AI Double., ByVai 0 AJ Double. ByVall AI Double., ByVai delL As Ooo.ablc. 8yVal E AI Double, ByVal liquidvil AI Double) 

'Dim ftnoody As Double 
Vb - 1.41 ' (CJ "JS • (PI- Pal)' (PI A 2» " (0.2') 
V . .. (1 .2 ' VIII)" Vb 
EL- I -{V. / VIj 
DdPH - (ddL I I« ) ' (CJ I ll ' «PI ' ELI " II - EL) ' 1'&» 
Rc - ((0' Vm " PrJ / liquid';,) .. 1448 
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Iinoody'" moody(E. D,Re) 
DelP1-(2 ' finDody ' VIII ' VIII ' PI ' dell) /C I •• ' , ' OJ 

WriIeOuIpu(pMh61c, 'Bubble', v .... v .. PI. .... 0 , .. delL., E,1iquicMs, 0 , 0) 
c.dfllllClK.l 
Public: fWlCtioa SIUA(8yVal ptdIfile At PllbFilc, ByV" v" At Double, By"''' V"" .... Double, Byv" PI As DoubIe, _ 
ByVoI",,,, DoubI", ByVoi 0 AI Double, ByV" I AI Doublc, ByVIII dell AI Double, ByV" E At Double, ByVlIl liquid\l;' A. Double) 

'Dim ftnoody Iu Double 
Vb - O.345 · «0 ' , ' (PI - Pl» I (PI» .... (O.'J 
VI-1.1 ' VIII' Vb 
a - I·ev., y",) 
Re " «(0 ' VIII) ' PI) ' .44') / liquidYil 
DelPH " (eldll l44) ' «& I &J ' «PI ' EL)' (I - ELI ' PI)) 
'finoody .. moody2(E. D. Re, 0.0 I ) 
Iinoody " mood)'(E. 0 , Re) 
I)clPf- (2 • flllOOdy' Vm ' Vm ' PI ' dell ' (EL»/( I44 • I ' OJ 
'OdPf- 0,00]295 • finoody' Vm ' Vm ' pt , dell' EL / D 
WriuOIaIpu(paIhllk. "$1 ... •• Yin, V ... PI. PI. D ... delL., E. liquidvi .. 0, 0) 

EadF...mo. 
PIIbIic F...ax. AlInw.Mitl(ByVoi pllllfile At PIIIoFiIe, ByV .. Vol Iu Double, ByV .. Vm Iu Double, DyVai V" M DoubIe. _ 
ByV", PI As DoubIe, _ 
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ByVoIl'J At Double, ByVIll 0 Iu Double, ByVaI. N DoubIc, ByV" cltlL At Ooubk. Byv" E As 00ubI ... ByValliquidYi. AI DwbIc) 
'Dim Iinoody As 000bIe 
a - vII , v ... 
OcIPH "'(dell/ l") ' ({J I al ' {(PI ' EI..) .. ( I - ELI ' Pa) 
fmoocty ... enoody(E. D. Re) 
DclPf· (l ' Iinoody ' V. ' V,, ' "* ' clrlL) 1 (144 • I ' OJ 
WriIcOuIpuI(pMbfilc, ·AIIn~"Mi.·, V"" v .. 1'1. Pa. D, .. delL., E, IiqIridrla. 0, 0) .......... 

Public F_1iooo FrodI(ByVai pllhfile As PatIoFile. ByVai V" As Double, ByVaI Vm As Double, ByVIlI VnuI As Double, ByVIlI V .... As 
Double, ByVIlI PI As DoubIc., _ 

ByVII P,As Double. ByVII D As Double. ByvaI, As Double. ByVai dell AI Double. ByVai E AI Double. ByVai liquid~;1 A. Double) 
Re - «0 ' V. ' PIl / liqgldvi.) , 1448 
~ delpn. delpll. VJtl, "f&l. £moody As Doubk 
Dim EEl As DcIubIe 
EEI - I_ (V" / Vm) 
£moody - onoody(E, D. Re) 
delpn - (2' £moody ' Vm ' Vm ' PI ' dell ' (EEI»1 (144 ' 8 ' 0) 
delpll - (2' fmoody ' V .. ' V,, ' Ps ' dell)/( 144 ' 8 ' 0 ) 
..,.-: - «(Vnul/0.261) .. 1 .6) / V .... 
VIIl - «((100 ' VnuI) ~ .G. In) ' 70) 1 V!nSf; 
DdPf' - (delpll .de1pfl) , (V •• nt.2) /(,...:J- "112». d<lpll 
WriIIOuIpu(pIIhfile, "F ......... Vm, V,.. Pl. .... 0 . " dell.. E,1iqWchU, O. 0) .......... 

fEtId Rcp. 
'R.po. 'piptlinc' 

Public FIAICtion 8ub1!1c...Jl(ByVai patllfile As P.dlfile. ByVai Vm As Doub1e. ByVII PI As Double., _ 
ByVII 0 As Double., ByVaI . As Double. ByVIl dell As Double, ByVai E As Double. Byval liqQidvis As Double) 

Re - «(0 ' Vm ' Pil i liquid";') , 1448 
fmoocIy . moody(£, 0. Re) 
DdPr- (2 , fmoody ' V", • Vm ' PI ' dell.) / (144 ' , ' OJ 
W~rile. ·BubbIe·. V ..... O. PLO. D." delL. E. Iiquidvis. O. 0) 

EadF-no. 
Public f..aicn Sllll...Jl{ByVai plCbfile As PatIofile, Byval ql As Double. ByVai qa As Double, ByVai Vm As DcIubIe. ByVaI PI As DoubIc, _ 
ByV .. Pi As Doub1e. ByVai 0 As Double, ByVaI, As Double, ByV" dell. A. [)guble, ByVai E AI Double, ByVailiquictvil As 0000bIe) 

'Dim ftnoody As Double 
El - ql l(ql'W 
Re - «(0 ' Vm) ' PI) ' 14(1) I I;q.ua.is 
Ddl'H · (delLl I .... ) · <(J'a) , «(PI ' El.) ' ( I • El.) ' Pa)) 
fmoocty - moody(£.. 0. Re) 
OeIPf - (2 ' fmoody ' Vm ' Vm ' PI 'dell. • (El)/(I .... ' " 0 ) 
WriIeOuIpuI(pIthfilc, "Slu,·. Vm, O. PL P" 0 ." dell.. E,liq..mu.. ql qa) 

End Fune(iOl1 

Public f~OI1 AMuJ.Mi".JI{ByVIl patbfile As Pmhfile. ByVaI V" As Oollble. _ 
ByVai P. AI Double, ByV" D As Double, ByVaI, As Double. ByVai dell. As OotIbIe, ByVai E As Oollble., ByV" liquidviI AI Double) 
Re -(0 ' V,, ' PJ)lIiqgictvi1' 1448 
fmoody - moody(E. O. Re) 

DcIPr· (2' fmoody ' V" • V" ' ,.. . dell) / (I .... ' . ' 0 ) 
WriaOuIpuI(pICbfilc.. ·N" .... "'i.·. o. V,.. 0.'1&. O. I&. delL. E.liquidvis. o. 0) 

End funcUool 
Public flll'lCUon FlOIh...Jl(ByVai pathfile As PmhFile., ByV" ql AI Double. ByV" '18 As 00tabIe. _ 
ByV" VII AI Double. ByVai Vm AI Double. ByV" VmiI AI Double. ByVIl VII\SiI As Double, ByVai PI As Double., _ 
ByV ..... AI Double. ByVII 0 AI Double. ByVaI, A. Double. ByV" dell AI Double. ByVai E As Double. _ 

ByVllliqllidvis As Double) 
El - qlJ (qI • qa) 
Re - «(0 ' V,, ' PIllliqaKlvis) ' ...... 
Dim de.,n . ddpf2. >'182. YSIl. fmoody AsOoubIe 
Dim EEl As DcIubIe 
fmoody - moody(E. O. Re) 
delpn - (2 'fmoody' Vm ' Vm ' PI ' dell. ' (El» / (144 ' B' 0) 
delpll - (2' fmoody' V,, ' V,, ' ,.. ' dell) /( I .... ' , ' 0) 
n&2" ((Vmsl / 0.261) " 1.6) / V .... 
¥Sal'" «(100 ' VmII) ~ .G."2) , 70) / V .... 
0dPf- (dclpt2 - dclpfl) ' «V. - nal) /(n&l' n&2»' delpn 
Me.VmsI - VmsI 



Mc.v ..... -v .... 
wriltOulpu(pMhfile, "froth', Vm, V., PI, .... D . .. dell., E. liq..;.mt., 'II. qg) 

&d f.aiool 
'EadRqD 
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PriVlllc f...ction WrilCOulpu (ByVAI ,*,,61. As PothFile, 8yVaI Typo As Strlni. ByVai Vm As Doubk. ByVAI Vsg As Double, ByVaI PI As 
Doubk. _ ByVai P, As Double, 9yVaI 0 AI Double. OyVai. As Double, ByVaI dell .... Double. ByVIl E Iu DooibIe, ByValliqWdvisAs 
Double, ByVAI 'II As Doubk, ByVAI 'II As Double) 

" __ writdi'--
".,...,...,-_,,,,;,,, m~. ___ _ 
Dial SIJdab Iu sw. 
();m ow As New WriIeOutpIat 

SInIauo " ~bCtI...r<l: • 8e&in • .t. Type.t.· Flow Re&i_ • 4 ~bC,U 
SInSIIa ... • .npu. . .t. vbCrLf 

SInIauo'" · Vm·" 4 CSrr(Vm). vbC.Lf 
Strdlta ... 'V'S'" 4 CStt{V,,).t vbCrtf 
SttdItJ, ... "PI- " 4 CSb'(PI) &. >bOLr 
Strd.oIa _ "Ps -" .t CSlr(Pa) .t. vbCrl..r 
SII'IlIu _ "0" a. CStr(D).t vbCrU 

SInba - "r·.t. CSa(a) ok ~bCd.r 
SInba _ ..... t.-... CSrr(ddL)" vt.CrLr 
~ - "Eo-' <I: CSll'(E) ... mcrl.f 
Stnbao _ "liquidvi ... • • CStr{liquidvil).t. vbCr1...f 
StrdN _ ""I·- .t. cstr(ql)& vbCrLt 
Strdlb_ "",,,- &; CStr(oul &; >1lCtt.f 
SII'IlIu ... 'Vms!-- " CSII{VnuI).t vbCrU 
StnIIIa ... ·v ...... • <I: CSu(VftHI)ol vbCtI.f 
SIrdMa _ • DIdpIII • .t; >'b('.".U 
SIn1aIa ... "Vb-" • CSa(Vb) a. vbCrLf 
Stn1aIa _ 'Vp-° .t CScr(V1)" vbCrtr 
S!rdata _ "EL-" 4 CS1r(Elj. vbCrl.f 
StrdIIi _ '~IPH'" • CSIl(OeIPH) &; \'bOLt 
SlnSlII_ ·R ... • &; CSlI(Re). vbCrlf 
S!rdata _ °rr--.t cstr(&noocIy) • .t.C.u 
S!rdata ... °Ddl'f-" 4 CSa(DdPf). obCttf 
5cntatI _ . Ead ~ -----... vbCtt.t 
Dim tanpdItI As Scrina 
tm¢aIa .. _.Gctfi~ ........ l(palhfilc:_Nt'A(Nrpo.rtFile) 
Slrditl .. If/nIpdu .t vbCrU'" SIrd .. 
ow.s.v.Tu(foFit.e(SIrdIIa, ,*,,"Ic:.NewOucpuIFile) 

fad Furw;tion 
Public F-noa moody(ByVaI epsilon As Double. ByVaI di.ncfcr As Double, ByVaI N .. As Double) Iu Double 

DimIDtlOdyoId As Double 
Dim imoody, imoody2, ... 1, a12. .... Iu DoIIbIe 
Dim i As Intqer 
moodyold - 0.01 
imoody - 1t"IOOd)dd ,-, 
Dim thkllu Boolean - True 
Dim I I , 12, tl As Double 
While chItl 

moodyoId .. imoody 
II - (2 0 cpsiloD) / di.nna 
12 " 11.71 (N .. 0 Sqr1(onoodyoId» 
IJ " 11.7 / (N .. 0 Sqr1(moodyoId 0 1.00001» 
imoody .. 1 1«1.74 _ 2 0 l.o&lO(I I + 12» A 2) 
imoody2 _ 1 / ({1.74 _ 2 0 LotIO(II + tJ)) A 2) 

en I " imoody-1nCIOd)"OId 
cnl" imoody2 -...ood)oId 0 1.00001 
.... " (cnl- enl) 1 (0.00001 0 moodyoId) 
i-I + I 
imoody - no:lOdyold - ... 1 ' .... 
imoody _ Mu(IO A _7, imoody) 
It(Abi(imoody - moodyold»O.OOI) MIl i < 10 TheIl 

thkl - True 
Ebelt(i > 9) ThaI 

imoody - 0.01 
chItl - False .. 
thkl - False 

""" End While --­E8d Furw;tion 
Pri .... FIIIICIiao moodyl(ByYal opsiloa AS Double. 8yVaI di-..Iu [)cubic. ByYaI N .. As DoubIe)As Double 

Dim IDtIOdyoId As DoubIc 
Dim imoody, imoodyl , imood)'2. ... 1. a12. den As DoubIc 
Dim j Iu Inlqer 
moodyold - O.OOO~ 

imoody - moodyold 
i- I 
Dim chkl As Boolean - True 
Dim " , 12, tllu Double 
WIoiIc chid 

'moodyoId - imoody 
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, I .. (2 ' ~IoaJ / diamccn 

a -".7/ PI.., · Sqr(moodyoId) 
13 " " .lI(Nn: ' Sqr(moodyoId ' 1.00(01)) ,moody " 1.1' -(1 • LosIO(II • 11» irnoody2 " I / moodyoId 
.... 1 .. imoody _ imoodf.! ; .. i. I OtOua.Wri.el.ino(moocIyoId) lr AIII( ... I) '" 0.00001 Then lfi " 100000000 

chlc! - ralK 
... or 

0-

,,- chkl - True moodyold _ moodyold ' 10 ~ ·5 

cIIkl .. Fillsc EOId If fad While Retuno moodyoId A 21 ( fad FIUICCioa 
Pri,,* r.-:1iooo ...:.odyl(ByVIOI .... 1000 AI Doable, ByVIl --.". As Double. ByVaI 1'1 ", As Double. ByVai moodyoId .... Doubk) As 

"'""" .,... imoody. ifaoodyl. aT i . enl, daT As DooIbIc Dim I As [~ imoody .. moodyoId i .. I Dim clokllu BooIcM - TNC: 
DimIl,I2,t.1AJDoublc: Whilcchkl moodyoId - imoody U .. (2 · eps;Ion) / di_.. a - 'I.l l(N", -

Sqn(1DOOdyo1d» 
13 " 11.7 / (Nn:· Sqn(rnoodyold' 1.0000 1» imoody " 1 /« 1.74.2 • 1..0&10(11 "l2l) A 2) inIoody2 .. 11{(1.7' _ 2 ' 

LosIO(I' .tl» A2) 
... 1 " imoody • ......JyoId e.rl " imoady2 -moodyoId ' !.IlOIlO I den - (cn2 . ... 1) / (0,00001 • moocIyokI) 
i -I. 1 imoody - moodyoId- {ml / dm} imoody .. Max(IOA -1, imoody) Ir (Abo(imoody. moodyoId) '" O.OO I) Md 

j<IOn.e. 
dokl-True Ebclr(i > 9) ThaI 

End WIllie Retuno imoady End Funaim 

Eod "'" 

Plpcline mocId -_ .... 
f'IIblic: ClaM l'ipe:liIIcModoI 

I'uIlIC VII As Double 
!'IobIic: VII AI Double 
Public: Vm AI Double 
Public VmaI As Doublo 
Puhlic VIJIII AI Double 
l"IIbIic Vb AI. Double 
1'IobIic: VIIu Double 
l"IIbIic EL AI Double 
f'IIhIic DelPH AI Double 
Public Re .... Double 
Public DcIPf AI Double 
Publio; Il"noody AI Double 
Pri.- PI. P" q~ QI. liquidvtJ AI Double 

0-

Public FIIIOCIioD IIlIlModd(ByVIl !*hlilc AI PalhFile. ByVIII .. AI bllqC'r. ByVaI Np As DoubIe. _ 
ByVaI A As Double. ByV" 0 ..... Double, ByVaI ...... 0000bIe, ByVaI ... IL ..... 00ubIc, ByVaI ...... DoubIe, _ 

ByVai 1.iq1UlrlCl() ..... 00.bIc, ByVai zp() ..... 000abIc, ByVoIl'Iep1 ..... 0000bIe, ByVai T ......... DoubIe, _ 

chId " Fal .. 

ByVai pc() AI [)c)ubk. ByVallCQ As Double, ByVII omcp()AI Double, ByVII R AI Double, ByVaI oulfic:on AI DoubIe, _ 
ByVai inn- AI 00..bIe, ByVai m() ..... Double, ByVai pipeline_ImP ..... Double) AI Double 

0inI 1'1 ..... Doubl~ " 0.0 
Dim pipelin'Ueagth_ 1 AI Double 
pipeline_lcQatll_1 - pipdine_lcIIith 
0inI al. AI ItIIe&Cr 
0iftI pipeline_leagtil _2 AI Double 
Pl - 1'Iep1 
Irpipeline_leap_1 _ IOO11leQ 

al. - fix(pipeline_ImJdI_ 1 I 100) 
for I AI ItIIeIC< " I To Ill. 

P2 - findP2(pllhf,le, n. Np. A, D, S. d~l~ e, Liqstand. '1', Pl. TIIm. pc, Ie, omtp.. R. 0IItfIc0n. 'nficon. In, 100) 
Nu, 
pipcliM)c",III_1 - pipel ine) ... ,1II_1 - ( 100 ' aLI 
lfpipd'M_IenP_l:> 0"..., 

...or 

P2 - F"IDdP2{pa1h.IiIe, ... Np. A. D ... delL. e, l.iqsI...s. q:o. 1'l. T-. pc, lC.omog.o., R. ~ iftlk:aa, .... pipdine)c",1h_l1 

... " 
"" P2 " FindP2(pathlile, n, Np, A. D ...... IL. e, UqSWld. Ep, 1'2. TGm, pc. Ie, omcp. R. O\Itfla:>n. innco... m, pipeline) .... th_ l) 

... " WrileOuq!ut(pllhfile, ... Np. A. D. So ... IL. e, Uqsund. Ep, 1'Iep1, Tltm, pc. It, omega. R. DUI/koft, inllcon, m, pipelinc).,..m. Pl) .... " food f-.:liool 
hi ... f..aioa. FiIIdPl(ByVai padllile ..... f'ldlfile.. ByVai. AI Wrgcr. ByVai Np ..... Double, _ 

ByVoI A '" Double. ByVai 0 ..... Double.. 8yVai . AI Double. ByVaI ... IL AI Double, ByVai e'" DoubIe, _ 
ByVai Uq--'O As Double. ByVII zp()AI 00ubIc.. ByVai PJqlI AI Double. ByVai T .... AI DoubIe. _ 
ByVai pc() ..... 00<IbIc. 8yVaiI/;() AI Double, Byval CInItIIO AI Double, 8 yVai R As Double. 8yVai OIItfic:on As Double, _ 
8yVII iltllcon As Double, ByVai n>() As Doubk. 8 yVai pipcline)math As Double) AI Double 

--composition model--
om. oilDeasity. GasJ:leMity . ... V~ty As 00<IbIc 
om. XC). yo As Double 
om. L. V As Double 
DinlobjlAsNcw~ 
objI.Rur(plthIile, 0.5 . ... zp. l'Iepl , T ..... pc. Ie., -sa. R. OIItfiCOfl. irlOoon. m, Uqltlnd) 
GIISDaWI)' - obj l .GuIlcn$i1)' 
X - obj l .... 
Y -obj l .y 
L "obj l .L 
V_objI.V 
~- objl .oilDer>lity 
Oim ........ "' Ncw .......... 



liquidvis - Yiscman.nan(palhli ...... Ten, X. In. I. oilDellsify) 
~V"'fy - Yiscman.NJI(pIchf, .... II, T-. V .... O. GasOeMiIy) 

om !nO, ..... At Double 
om i At InlqCr 
F(Wi-OTo n . 1 

mo - mo+X(i) ' m(i) 
Nn. 
F(W i-O To ~-1 ..... -m,. V{;) ' m(i) 
Nm 
PI - oilDellsify 
P, - QuOmlify 
om Npo. NPI At Double 
Npo - Np ' L. 
N,,-Np ' V 
qI - CoIIvenNpToql(Npo. mo. PI) 
.. - eo....nNpTOQl(N\II.. .... PI) 
V.-ql I A 
V.- .. / A 
Vm _ VII + V'" 
Vms!- VII ' «(PI ' n) /(6J.37 ' 50» ~ (0.25)) 
V""" - VIII ' ({PI) 10.071) ~ (O.ll) , «PI ' n)/(ISU7 ' 50)) AO.H 
Dim bl At Double Dim bl At Double Dim b3 At Double 
bl -((lOll ' Vnul) " O. ln ll ) I I.96 
bl -(Vmsl / O.26J). I .IS 
b3 -70 ' «100' VmsI)" -9.151) 
Ir Vmsl>4 Thm 

lf V"",, < bIThm 
Call Bubblc(palhlile, PI, Pa, 0, a, dell., II, liq~idvit) 

EisdrV"",, _ b l Then 
Ir Vmli <16.5 Then 

Call Slua(padl1l1e, qI. qa, P~ Pa, D. IL 4dl., II, liqllidvit) 
Ebelf V .... _ 26.1 na. 

c.11 ~Ii ........ D. a, dell., e.1iq\Iidris) '"'. 
'"''' Ebel r VnuI .... 4 Then 
Ir V"",, < bl Then 

Coli Blbbl«palhr.lc, PI, P" 0 , a, dell., e, liquidvis) 
ElMlfV""" _ b l T1IctI 

IfV"",, < blTh ... 
Call SIu&(pIIhIlIe. q~ qa, PI, Pa, D. a, dell., e, ~ris) 

ElsdrV .... _ bl",., 

tr V"",, < blThcn 
Clil FfI)lh{pdIlil e. ql . qa. PI. Pg. D ... dell, e.l;quidvis) 

Ehel f VIIUfI_ bJ Then 
Coli AnnuJ.Mill(plc/llile, Ps. D, ,, delL, II, liquidvis) 

.... " 
'"''' ""''' .... " kdum PJop I .. (DdPr ' piptli _ _ .... SIh) 

e.d F...ction 
I'ri "lll~ Funclior. COIIvatNpToql(ByVoi npo As Double. ByVoi Mo AI Double, ByVoi po At Double) AI Double 

Dim ' 1.1l At Double 
,1-IIpO ' Mo 
12 -16400 ' po 
RcIunI ,1112 

End F___ Privat. FIIIICIioa CoavertNpToqs(ByVol .... As DooabIe. ByVIl M, As Double. ByVIl PI At Double) At Double 
Dim ' I, 12 As Double 
,I - "PI ' M, 
Il - N<l00 ' PI 
kdum ,1 11l 

Eod Func60rt 
Pri,,*, F.mo.. WriteOulpu( ByVol podtlil~ At htIlFile. ByVIl a As mlqCr. ByVIl Np At DoubIe. _ 

ByVai A At 00ubIc. ByVIl 0 At Double, ByVIl,Iv Double, ByVol delL. Iv Double., ByVol 0 Iv DoubIc., _ 
ByVII UqSlUld() AI 00ubIc. ByVIIl]l() As 00ubIc.. ByVall'tq>1 As Double, ByVai T .... AI DoubIe,_ 
ByVol pc() As DoWIe, ByVai tc() As Double. ByVII omtlIO AsDouble, ByVI! R As Double, ByVai OII,lIoon At DooabIe._ 
ByVIl iIoflt:oa AI Double, ByVai m() As Double, ByVIl pipclinc_1ctt&th As Double, ByVoI P2 AI Double) - ~r.~ __ _ 

Dim SIrdaIa AI SIrifIS 
om _ As N ..... WriloOulpod 

SIrdaIa· vbCd.r ao - Bcp. Pipeline Model - ao wbCrt.r 
SCn1ata ... • 1"I'Ul " ao ybeltf 
~.- -qo-" ao CSlr(qI) ao >bCrLf 
SIrdata - "qg-" ao CSIr(I]l) ao WCrLf 
SInIalI '" "1.-" ao CSIr(A)'" vbC,Lf 
Su<llll _ 'OiIDcnsity(pI)-- ao CSIr(PI) &. vbCtL.f 
5mb .. _ 'QMDmlity(PIl" ao CSIr(pt.) &. vbCtlf 
SIrdaII _ '0-' ao CScr(D) lit vbCtlf 
SIrdaa - -r" ao CSUWa: yberLf 
Strdu _ -.xl t.-- ao CStr(ckIL)ao vbCtLr 

S/tdaUo - "£-- ao CSu(c) ao vbCtl.f 
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ScnIaIa _ °liqui<Ml-"" C'Sfr(liqWcMs). vbCrU 
ScnIauo _ ·~ifte_~" CS!J(piperinc_laIph)& vbCrLf 
ScnIauo _ • output • &. vbC.Lf 
SInIauo _ ' Vm-" '" CSIr(Vm) It ~bCrl.r 
Scrdata _ · V ..... · ·.t. CSb(VmsI).t. >'bert( 
SIrdu _ ·V .... _" .. CSa(Vnuc) .t. vbCrLf 
Scrdata _ "EL-" A CSu{EL) A vbCrt.r 
Sttdaaa _ "DelPH·" &. CSIJ(OeIPH) &; >1>Crl.r 
SIrdau. _ "R .. " A CScr(Re)" vbCrl.f 
SInIaIa _ or,... .t. cstt(fmoady).t. .tICrlf 
SIrdau. _ 'OcIPflo" &: CStr(OclPf)A vbC,Lr 
ScnIaIa _ "1'2. - .. CSII(P2) .. obClLr 
$IrdMa .... • EIId Pipdiac Model • 01: vbCrLr 
om ICmpCI8tI As Saina 
1CmpIMI- ow.OctfiI<ContatI1(p.IIhlile_NewOulpulfil~) 

SmJoIi - ICmpdau .t. vbCrl.f 01: SIJdaD 
ow.5aveT"lTofiIc(Strdata. pllhfilc.N~lfil.) 

fad F...w;tioa 
_Rqioa "Rqima" 

", .. f...ctioe OooIpItRqjmn(ByVoI """ As R~) 
EL - daIa,EL 
Re - dlla,R. 
DelPH - dllLo.lPH 
DdFf- dala.DdPf 
fmoody. dlla.1'moody 

E.t funcao. 
Privale funcao.lkbbk(ByVII pIIIolilc: As P.mFilc, By"'. PI As DoubIe, _ 

By"'. Pa As Double, ByV .. 0 As Double. ByV .. , Iu Double, ByV" delL As. Double. ByV" E As Double, ByVllliquidvil As Double) 
Dim ObjR AI New Rqimc:I 
ObjR.Bubblc..,P(puhIiLc. Vm. PI. D." dell.. E.liquidvi.) 
OutputRcJima(ObjR) 

EBdr.-;o. 
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Pri>* F...mo. SIut(ByVaI pllblile AJ hdIf~c. ByValql AI Double. ByV .... AI DoubIc, By"''' PI AI Ooubk. By ............ DoubIe,_ 
ByV" 0 As Double.. By"''' 8 .... Double. ByV" dell AI DoubIc, By"''' E AI Ooubk. ByV .. liquidvi ..... Double) 

Dim ObjR As New R£f,inIa 
ObjR.SIua..p(plldl1i1c. ql. qa. Vno, p~ Pa. 0, .. dell.., E,liqlridvi.) 
OuIp,ItResima(ObjR) 

E.d F-woa. 
Pri""" F\IIIeIion ~.Mi.sI(ByV" pMhIilo AI P.mFilc, ByVlIIPa AI Double, 8y"'l11 0 Ju Double, ByV" 1M DoubIe, _ 
ByV" cldl AI Double, ByVai E .... Double, ByVa.Lliquic1vis .... Oooabk) 

'Din! fnIoocIy .... Double 
Dim ObjR .... N~w Regimes 
ObjR.AnII~l..MiSlJl{pothr.1e, V .. Pg. D,,, deLl. E. LiquicMl) 
OuIputRqima(ObjR) 

EDd Fanaioo 
Pri .... F-aon Frod(ByVai plthf,le As />IdIfik. ByVai qt .... DovbIc.. ByVa.L QI As Double, DyVIII PI .... Double, _ 
ByV .. PJAs Do\IbIe. ByVai 0 As Doubk. ByVaI' .... Double. ByVa.L dell As Double, DyV" E .... Double, ByVaI Liquidv;' As Double) 

Dim ObjR .... New Rqm.e. 
ObjR.FrochJl{palhIiIe, q~ <u. V .. '1m, VnuI, V/IUI. PI, P" D,,, deLl. E.liq~idvil) 
()u(pulRcpmc.(ObjR) EDdf __ 

fEDdRcP ... """ 
Rcter\'Oit modeL 
ImponI SySlml.MMh 
Public a.. RaorvoirModd 

PIitbIic So As Double 
PIitbIic 51 As Double 
P\IbIic Kra .... Double 
PubLic KIa .... Double 
PllbLic qo .... Double 
PubLic'll .... Double 
PubLic Npo .... Double 
PIIbIic Npa .... Double 
..... ic Np .... Double 
..... ic lp() .... Double 
Public Nk .... Double 
Public 1Io1:i() .... Double 
Public Zi() .... Double: 
Public: I"ra As Doubk 
Public s.....Npi .... Dooobk 
Public: Mo. M, .... Doubk 
Public pO, PI .... Double 
l'IIbIic l"ra_oId M Double: 
PIabIic FIODCtion nanModeI(ByV" plthflle As PalhFilc. _ 
ByVIII. As la",", ByV .. 'O .... DoubIe._ 
ByVIII prcaure .... Double. ByV" ~_R As Double. ByV" p«) .... DoubIe. _ 
ByV .. k() As Double. ByVai omtp() .... Double, _ 
ByVIII R .... Double, ByVa.L Uqlland() As Double. _ 
ByVai 0UI11«In .... Double, DyVaI ,"neon .... Double, ByVal mOAs Double. _ 

ByVai porosily .... Doable, Byv ...... As Double. ByVallOf .... Doubk._ 
ByVaI.,;l .... Double. By".I ........ Double. _ 
ByVaI .. As Double. Byv" h .... Do\IbIe. ByV" rc .... 000&. ByVai rw As Double,_ 



ByVIII pbIr As Double, ByV .. .,....,. ..... Double. ByVai dt Iu Double, Byvil mmbcn>lWeIl As Double, By"''' Area As Do.bIe) 
·~liooImodd-· 

Dim oilOensiry. QuDauity, oilViocosiry, ... Viocosiry At Double 
Dim xo. yo Aa Double 
Dim L V N lloubIc 
DimobjlluNcw~ 
obj l.R..y,.dI1i1c. 0..5, .. z, preaure, ~JI .. pc. Ie, omep It. oul!leon. innc... m. Liqand) 
Ql6Density • obj I.GasDauity 
X-objl.~ 

Y - objl.y 
L - obj l .L 
V-obj1.V 
oilDcasify .. obj I.oilDmsiI)' 
Dim viIocman AI New via:mIn 
oitviJcosity .. vitt:maa.Nn(padlIiIc, ... ~_R.. X. m. I, oilOcflsily) 
psViICOIiry" viJernaII.nu(pltlllik, Il,tempc .. IIn_R. Y, m. O. O",OclUity) 
'-a>d compositioa mocIel-" 
Dim po, ~ uoi~ up AI Double 
po .. oilDeMiIy 
pt;-GasOeooticy 
IIOiI .. oilViIoosity 
.... .. ""Vi ..... cy 

"-----" 
Dim i As In1t1ler 
F",i .. OToB·L 

Mo .. Mo .. X(i) • n(i) 
N~ 
Fari-OTon.1 

Ma " MB + Y{i)' m(i) 
N~ 
Dim ",tI, mil As Double 
ftIIIl-(Mo ' l) / po 
11112 -(M, ' ( I • t )l/PI 
So" mll /(mll .. l1li2) 
Sa - I·So 
KJv - «So· .or) / ( 1 • "" _1&1"» ~ nail 
!'II - «Sa ' ",)1(1. sew· .... )) ~ lIpS 

flo .... 
qo- (0.00701 ' 1< ' Klo ' h l .oil) · «(pbIr-pw1) /(Los(n: I ... ) - 0.1S» 
.... (0.00108 ' k ' Kr& ' h 1 ... 11) ' «(pbIr. pwf) /(l..os(rc ' rwj - 0.7')) 
Npo - (',61" qo ' po) I 1-10 
Nps - (U" • <18 ' JlS}1 M. 
Np - Npo+Npt 
1'«, - OTo--' 

Rd)irII PreJrnoe 4(l) 
4(l)- New Doubk 
lp{iJ .. «(Npo ' )((ill' (NPI ' Y(i))) I Np 
N~ 

N. 
Dim ~ All Double 
f'ra_oId " (t · po) .. (V . PI> 
r ... i -O To a . 1 

Mm .. Mra .1(i) • m(i) 
N~ 
NIl -(Area ' P'ra_oId • h· porosily) / hoi," 
"---'",--,-----­
f«i - OToII- 1 

R.Oim Prt_ Nl<i(i) 
Nl<i(i) - New Dollbl(; 
Nki(i) - r(i)' Nk 

Na' 
' _ Prod..a Mole ____ __ 

Dim pna() N Double 
fori - OToII_ 1 

lteDirllPre_ pm(i) 
pm(i) - New Doubl(; 
p-m(i) .. Np • Zp(i) • cit 

N~ 
- ---(()III product __ 

SumNpi -0 
f«i-OToII_1 

SomNpi - SIlmNpi. prm(i) 
N~ 
'--<leW raavoir mole­
Dim NkUONOoublc 
If~fWell > I Then 

f«i-OTolI_1 
RoOim I'raefv<: NkU(i) 
NkU(i)" New Double 
Nki I(i) .. Nki(i)- (lIumberofwcU • pml(i» 

Na. -

"" 
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Forl-OToII-1 
ReOim 1'reIcr<c NkU(i) 
Nki L(I) - N_Double 
Nk(I(I) - Nki(i) - prm(i) 

"~, ... " ----iOGI ~ ..... __ 

0;." SumNki I Ju DooobIe .. 0 
F(lti - OTo.- · 1 

SWtlN1ci I " S ..... Nki I ~ Nki [ti) 
Ne" · --
.. -.. raavoir compositiooI 
Fori · OTo •• \ 

ReOim Pmavc Zi(i) 
Zi(i) .. 1'1_ Double 
L{i) . NkU(i) / SumNkU 

"~, 
Dim "1""_--0 Iu Double 
FOI'i - OToI-1 

Rd>im Pmavc Mtq oww(i) 
Mre,,-,,coo(ij - New DOuble 
MrcI_lIC1'I'{i) - Z;(i)' m(i) 

"~, Dion 1UITU>\rft _ _ "'" Double " 0 

Fcwi - OToII - 1 
~_" __ . MRS -iiJ N"", " .. .. 

Pta .. (SumNkU • IiUmJrIfa_IICW)/ (AreII' ~ . potOSi!)') 
Wril~lhfile. "' .. preuure, 1l'm~_R, ~ Ie, .. orne" R.l.lqSWld.OVI~ infIcOD. m. porosiIy . .... .. 
_. DOi~ ...... k. h.""I'W. p..pw(dI. L, V • ...,;l, u~ X. V, pm!. Nki_ I, Mm __ . S~U. Ata) 

EadrlllK2ioa 
Pri .... r..nioa Wm..o.tPu!(8yVII podtfile Ju PiIlbFiIc, .. 
ByVIl n Iu I~., DyVIIiI z() AI Double, .. 
DyVa/ Pf1'ISU1C AI Double, 8yVaI ~_R As Double, ayV.1 po;() AI Double. .. 
ByVai ~ .... OoIoblc, 0 rVIl omeJ.'O AI Double, .. 
ByVai R .... Do\Iblc, ByVoI UqstaDd() AI Double, .. 
ByVIIIIIII1\coa Iu Doable, ByVII .. nco. .... Double, ByVaI m() Iu DoubIe, .. 
8)'Vol porosiIy Iu Doubk, ByVaI., 1u Double, ByVaI _ Iu DotIbIc. .. 
DrY" noil lu DooIbIc, ByVaI ..... AI DoubIe, .. 
ByVai k AI Double, ByVaI ~ At Double.. 8rVaI '" AI Double, ByVaI ow Iu Double, .. 
OyVai ph.- As Double, OyVai pwr AI Double, BrVI' d. AJ Double, ByVaI L As Double, BrVai V AI Double. .. 
ByVai uoil At Double, 8yVIll ..... As Double, OyVaI x() AI Double, ByVol yO A, Double,_ 
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ByVol pnr() '" Double, 8yVoi Nki_IO '" tIooIbIc, ByVoi Mra_KWQ '" Double, 8yVol.......w_1 As Double, 8yVoi Ar .. As Double) 
~ wri~ ru.,-'-_ _ ::": 
Dim S/rdIIII '" SaiIIa 
Dim 0'fII' As New WriteO\llplll 
Srrdm · vbCrl.t A • Besin Reservoir Model • A vbCtLf 
Srrdm _ • Input • &; vbCrlf 
Srrdm _ '1,-' A CStr(L) A vbCrl.f 
S/rdIIII _ ·v .. • A CSb(V) A >tIC,U 
SIJdaIa _ 'pcNOIiIy-' A CStt(pofotity) A >toCrLf 
S/rdIIII '" ...... A CSa{..-) A vbCrU" 
Strdau. _ 'Il0l''"' A CSII{_) A vbCrlf 
Strdlca '" ·no;I· · A CStr(l>Oil) A vbCrLf 
Strdau. ............ A CStJillpl) A >tIC,Lf 
Strdau. ... ·oilDauity-· A CSIl(po) A ,'bert( 
Strdau. ... "OMDrauiry-' lit. CSu(ps) A vbCrl.( 
Sudaca ... "'k-" lit. CScr{It:) Il >tICrU 
SudaIa "' ",-" 4 CScr(Io) Il vb(;rl( 
Strdau. ... 'oi IViIcoslry-' Il CStJiuoil) &; vbCrLf 
Strdlla '" 'psVitcosiry-' A CSlI{ugas) A vbCIL( 
Strdau. _ 're-' A CSlr(n:' A .bCrl( 
Sudaca _ '.-' A CStr(f'*)A \'bCrl.f 
Sudaca - 'P'*-' A~)A vbCrU 
Strdau. _ 'pwf'-' A CStr(poo1) A vbCrLf 
Strdau. _ ow.COIISIrarny( ... z.. "1:" 
Strdlla _ ow.Constrarny(n . .. 'x', 
Strdau. _ O'fII'.Coouer-a...y(n. y. ")I") 
SIJdaIa _ ow.C--..y(a. m. 'm") 
SIJdaIa _ 'Prer' A CSa{1"m oId)A.-bCrU 
SIJdaIa ... ......... A CStr(Ala) A vbCrlf 
S/rdIIII ... • 0\ItpU"--___ " &; "bCrLf 
Srrdm .. • "Mo-' A CSII(Mo)A vbCI"Lf 
Srrdm_ ·M ... • A CSII(M&) A vbCrL( 
SUdMa _ 'So-' A CSII(SO) A .tJCd.f 
SUdMa _ "s.-- A CStr(Sa) 4 vbCrl.f 
Sudaca '" 'Kn>-" 4 CStr(KnI) A ,"bCrU 
Strdau. ... ·K .. • • 4 CStr(K .. , A vbCrl.t 
Strdau. _ 'qo-' &; CStr(qo) A .tJCrLt 
Strdau. ... ' ... ' A CStr(QI:) A vbCrL( 
Strdau. ... ' Npo-' A CStr(Npo)A vbCrtf 
Strdau. ... ·N ... • A CSD{NPI) A vbCrLf 
SUdMa ... ·N,..· 4 CSa(Np) a .-bCrU 



SIrdaIa _ ow.C~( .. Zp, "zp1 
SCtdata_ ·N~.t CSa{N1I).t vbCrLf 
ScnIaIa _ ow.~ .. Nki. ·wn.! MoIe(NI<in 
~ _ ow.C-.ray( ......... "pnxIuccd mole") 

SIrdaIa _" ..... poodllCl m...: ...... Npi)-·.t. CStr(S .... Npi).t. vbCtt.f 
SIrdMI_ ow.ConsIrIrrIy( .. NIIi_ I , "new ~ocrvoi, mol.") 
S ..... tI _ "1OIaI rcscnoif ltIMI(aunNpi-+ I}-" .t CSb(JUmnkU) 4 vbC,tf 
SIrdaIa _ ow.Constrwray( .. Zi, °llCwrosavoir eompotition1 
SIrdaIa _ ow.CorIsrrarny( .. M .... __ • "Now I'QaVOir Mokaoa. ~"'I·) 
ScrdIa _ 0_ ruetYOir ~Pra)-· .t CStr{Pra) 4 \'bCrLr 
ScrdIa _ rlICtU .t • EoocI R.eteno;r Model -,--,---:----:" 4 """" 
0;.., ImIpbtI As Scrin& 1aI'IpdIg " ow.GctFiIeCoMalu(pathfiIc.NnoOIIlpuIFik) 
SIfdab - 1Cmpbla 4 .tOtf.t S ..... 
OW .s.vc T exIT ol'ile(SIJ'IIaIa, padlfilo.NC'fIIQurpulf ile) 

EAcI fllllCtion 

"'" Cbo --Ptablic 0.. $epInIo<Modd 
Public: LI AI Double Public XIO AI Double Pt.bIic VIO As Double l'IabIic U AI Double Public XlO As Dovbk Public YlO As 

"""" 
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f'IIbIic U AI Double Public Xl() AI Double- Public \/30 AI Double Publi<: .... AI Double Public)cSI() AI Double Public Vs() I'd 

"" ... 
Public P ........ Oouble Public OiIRlfe. AI Double I'IIblicGas.RMc1 As. Double: l'ubl.icOiIRll02 AI Double Publi<: (lasIbul As Double 
Public OiIRMeJ AI Doubk N>lic GuIWo3 AI Double PIIbIicOiUt.lCAtm AI Double Public OuR_AIm AI Doooblc fVblic Nin; As 

""""" l"uIIIic .U ..... QLOU\ As DoaabIc PubIX: ~j AI Double Public Zillj() .... Double 
l"IIbIic fllJlClioa nlIlMlillMookI(ByVaI I*hfile AI hdlFilc. ByV". Al lftleJ .... ByV .. Ptepl AI DoIIbIe. _ 

arVI! htpZ .... DoWIe, 0rVII hqIJ AI Double, DyY" S ..... Npi AI Double, ByVoI Zpi() As DoIIbI~ _ 
OrVal tempenlln_R AI DoubI~ ByVoI pc() AI Double, OyVAI tc() AI Double,_ 
BrVI! omtp() AI Double, OrVal R AI Double., OrVal owlkon AI Double., _ 
ByVIl blfkon AI Double. ByV~ M() AI Double, ByVai Qirljjnpul AI Doubk. ByVII LiqIlWld() AI DoubIe, _ 
ByVIII ~u AI Double. ByVai z...o AI DooibIc, ByVIII TIlDe$lepAl 001"') 

Dim .. I. m&l, mal .... AI DoIIbk Dim 1'&1. Pal. 1'&). PJIl AI Double 1'aDn " 14.7 "--,---
Iu Double Ir Taneaep" I ne. Zjap"" Zpi ElJe Zj ""," - z.. fad If 

Dim Objf Iu New CompoIicioaModd 
Objf.kua(pltbfile. 0-' ... z._iapu~ 1'IqI1, .............. c_R. pc:, Ie, ..... Po R. OUInDDOl, ialkoft, M, LiqIund) 
LI .. Objf.L XI .. Objb YI - Objf.), OilRalol - SumNpi 0 Ll OasRaloL - S~mNpi • (I - Ll l 1'&1 -Objr.oasOaui 
Fo.- llllu In., - OTo D' I "'3 1 .. "'II .. YI (ill) " M(iSl) NIOCI "--,---- Objf - New ComposilionModel 
Objf.Rw(pIIlhfile, 0.5 .... X I. hql2. ~_R. pc:, Ie. ornePo R. ou.lkon, iftnDDOl, M. Uqllalldl 
U - Objf.L Xl - Objb Y2 - Objf.y 
Oil~ .s..mNpi ' LI • U O..RMc2 - SwnNpi· LL 0 (I . U) l'J1 - Objf.O.,_""'_"C"_ 
For ill IuIII ... • OTo.· I m&2-~' Y2(iII)' M(is!) NIOCI "--, 
oto;f - New ComposilioooMocIeI 
Objf.Rw(pMhfiIe,O-', ... Xl, 1'Jq)3. ~_R. pc:, Ie, oonep. R. out/leon, iIIl1con. M. Uq-.nd) U - Objf.L Xl - Objf.x 

Yl-Objf.y OilRa.oJ - SumNpi ' LI " U " U QasRaltl - SumNpi 0 LI 0 U ' ( I • U) Pp - Obj f.O..oen,ity 
Fo.- ill AI In., - OTo D' 1 rn&l- mV' Y){ill) " M(iSl) NIOCI Dim Mill AI Double Dim PIli AI Double 
. -LIt Obj f - New Comp>IiciollModel 
Obj(~fiIc,0. 5 .... Xl. him. ICmpcnlUR_R. pc:, Ie. oonep. R. _11con. iaflcon. M, Uqlllncl) La· Objr.L x. - Objb 

YII _ Objr.y Pp - oto; f,OasOmsity OilRMcAInI· SwaNpi ' Ll " U • U " La 
O~- SwnNpi ' {I . Lll' SumNpi ' LI " (I -U).s.un. ... pi · LI ' U ' (1 _U) 
Fo.- ill Al lalqrr - OToa· I MIs! - MIll' X":ill) ' M[") N.... PIli - Objf.oilDensity Fo.- is! AI ..... I"' - OTo. - I 

"'III. "'III' Yll(ill) 0 M(ill) NUl Dim NP() AI Double Dim YfuWO Iu Double Dim SumNps AI Double " 0 
Fo.-i Iu lnleJer - 0 To n· I 

Dim n , n, n, n, n, T6 Iu Dollbl. 
TI -SumNpi ' ( I _ Ll) 1'2 - YI(il 
T6 " Y3(i) Rc:Dim P'mave NPS(i) 

Noo 

n O' SumNpi ' LI 0 (I • U) T4 - Y2(i) T~ - SumNpi' LI • U " (I _ U ) 
N..ci) - n 01'2 .. n o T4 +T5 'T6 SumNps - s..mNpo. Nps(i) 

Fe.; AllMc&cr - OTo a· I Rd);m I'racrve YflMl(i) YIiIlaI(i) - Nps(i) 1 SumN.... N ... I 
Dim NoiI()Iu Double Dim SwnNoiIlu Double -0 For i 1u1nlel"' - 0 To.· I Dim Tx AI Double 

n. - SumNpi , L I ' U • U • UI RcDim I'racrvc Noil(i) Noi1(i) - Tx 0 XJI(i) 
N~' 
Dim Nsum() AI Double: Dim SumNs...n AI Oollblc - 0 Fo.- i .... In ..... - 0 To n" 1 RcDim I'racrvc Nsum(i) 

Nswn(i) - NP(i)' NoiI(i) S\lmN_ .. SurnN""". N .. ~) 
Na. For i AlInIqcr - 0 To." I Rd)im I'ruerve Zlaj(i) ZiIIj(i) - Yfmal(i) N .... 
Dimqooan Iu DnubIo ...,.,.. -Convcr1NpTOQI(OilRaleAan, M", PIII) / ~.6 1 ~ Dim ...... AI Double 
Oimql, q2. ql, qlllu Dooobk q l - CoorvatNpTOCII(OuRattI, "'I I, 1'&1) 
ql- Co.valNpTOCUL(GuR.ol, msll'J1J ql - CoavatNpToqs(O.utMeJ, mal. Pal) ...... - ql .. ql' ql 
Irqplm .. QiaLinputThcn NiI\i - OaR-.AInI OuIQinj - 'IJIInI e se N;nj -Con...mq,ToNa(QiIIj.irIpw. "'Il. Pal) 

OuIQUti-QinLiftput fad If q<>_ou. -qoolnl <!L_-qglIlm 
WriteO"'"lu(padtfile. n. PIC"pI.I'IqI2. Psepl, SumNpi. Zpi, tempmlUU_1l. pc:, te.. CIlIIfI.l. R. OUInDDOl, intk:on, M. QinLinpu&. Uq$Und, N ..... 

Yfiaal, Noil. Ziaj. z... OutQinj. nwnberofwtll' qglI ..... numbcromll 0 .,-n) 
fad fl8lCliooo 
Pri .... f...mo. CoavatNpToqa(B)'VoI ~PlIu DnubIc, ByVoI M& AI DooobIc, OyVoI PlIu DoIobIo) Iu Double 

DimIl,t2IuOoubie II · .... · M' t2 -PI Roan.l l t2 EadF....:rioa 
Pri .... FIIKIioa Coa~ToNa(ByValQ&1u DooobIe, OyVoI M& At; Double, ByVoI PlIu Double) Iu Double 

0;"111, t2 AI Double II .Qa . PI t2 - M, R ....... ll1t2 
End f UIICIioa 
PriVlllc FIIIICtion WriteOutpu(ByVoIpMhfilelu P,th Filc. O),VaI n Iu In'CIC' , ByVai P"p1 1u OotIble,_ 

ByValhepllu Double. ByVai Poepl .... Double, ByVai S ...... Npi .... Double, ByVoI ~i() Iu Double, _ 
ByVai tanpcnIIft_R Iu Double. ByVoI pc() Iu Double. ByVallC()1u DoubIc, _ 
ByVoI"""'O Iu Doable, ByVaI R AI Double. ByVai 0IIIfIc0II1u DoubIe, _ 
ByV. ian-Iu Double, ByVIII M() Iu Double. ByVII Niajjapullu DoubIc. B)'vlII LOqSlllld() Iu DoubIc._ 
ByVIII NJMOIu Double. ByVai Yflllll(}lu Double, ByVoI Noil() Iu Double.. ByVIL Ziaj() Iu DoubIe, _ 
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ByV,", z...o AI ~ ~V'leal-:-c-:""':·c·_"'-,:Doubk. ByVal Qprm AI Double. arvl! QoMn AI Double) 

Dim SIrdau. AI Saiq Dim ow AI New W~I SIrdau. .. ~,u ol • 8e&ia SepInIor Modd ----
_ . .. vbCrU Strd&I ... • Inpul • ol vbCrLf 

SII"dIb - "",,",,1 - " <10 CSII(Pttpl).t. ¥bCrl.r SlIdiIa'" "J>xpl-- .t. CSIr(Psep2).t .1>OL( 
SIniId:I_ "PtepJ" • .t CSII(P.epl) a. YbCrl.f StrdMa ... "PJtm .. ·.t. CSII(PaIm) It. vbCrl.f 
Strdal.l- ·QinL~·.t. CSlr{NinLinpul) .t. \'be,Lf SII'<lMI .. • 'Np-·.t. CSII(SurnNpi).t vbC,L( 
SIrdala _ow.Cons!nnwy(1l, Zpi. OZP') SInbra _ _ .~a.Z .. , · Zsu"j 

SadaIa_· .. IIJIO. ·.t..tCrl..r Strdou ... 'U .. -.t. CSII(LI ),t; vbCr1..f 
Strdauo _ _ .~( .. XI. 'X l ' Strdou _ow.C~ .. VI . "'V I ') 
SInIu _ "0ilRMe1-- ol CSlr(OiIRlllcI) .. vbCtU SmIIao ... -o~I"· .t. cs..(G.sRaIcl).t. vbCrLf 
SIrdau. - 'u·-. CSIl(U) .t. YbCrU SIrdau. ... _.C~ ... Xl. "Xl1 
SIrdau. - ow.C.,...,....,.( ... n , 'V2") StnWa ... "QiIRalc2 .. - . CSIr{OiIRMel).t vbCtl.f 
SUdoIl _ "<luRacc2 .. -.t. CS/f(OasRa/c2) & >f>CrLf Sud ..... "U- ".I: CSIr(LJ) .t. vbCrLf 
SUdlII _ ow.Conscnmy(n. Xl, "XJ") SIrdauo ... ow.COI\AnITJy(1l, YJ, "n") 
SudltI _ "OillWe3- " A CS(r(OiIRaleJ).t. vbC,L{ SII'du '" "(iasR0te3-" ol CSIr{OasRMcJj .t. ¥be,Lf 
SIrdala '" . ...... .t. CStr(LsI) ok vbCrLf SIrdIta ... OW.COIlStrIrny(D. XII. "XII') 
SIrdala _ _ .CoasIr*'""Y< .. V .. -V., SIrdau. ... "OiIRlllcAlnl"".t CSCIiOilRalCAm J.t. .'bCrU 
SIrdau._"(j~' olCScr(GadtaI<AIDI)A vbC.lf SInbra - ow.c-.mrt .. 1'1 .... "Nps", 
SadaIa '" ow.~ .. Vii .... 'V(maI" SIrdoIa'" ow.~ .. Nail, "Noil") 
ScrdaIa - ow.CooutrIrny(Il, Zi.j, "ZiDj") s.m.u. +- ' OIII_Qiaj-' .. CSa{OIII_QinJ) '" vbOLr 
ScrdaIa - 'qgoan.' " CSII(QpIm) 4 .iIC,Lr Strd.u _ ' qDIIm-" '" CStr{Qo.an)'" . 'belLr 
SIrdILI - ° End Sepanror MQd.e1 _____ " '" vb(:, Lf 

Dim IarIp<Iaho AI Strine 
lanpdaIa-ow.GctFiIc:C~fiIc.N~ile) 
Scrdata - tempda:I'" vbCrLf 4 SIrda 
ow.$a\"eTUlTofilo:(Strdata. pefile.NC1'IOuq:Iu!file) 

EM f.....:a.. 

"" "'" 
"';Ie o.npu! vb 
ImpoIUSystem.Tut 
impoftI Sy....,.JO 
P\lbli1:a... WritcOulpUl 

P\IbIic f..:boa OccfiIcComenu(8yVoi FullPId! AI Suint. _ 
0pIKINI ByRd'Errlnfo At SlIin, .. OJ As SlIia, 

0;.., ..con_ AI Stridt 
0;.., objRudef AI S_R08der 
TO 

objRe8dcr - New StramRHder(fuIiPath) 
llICoeteIIIS .. objR"",",.R • .rroEad() 
objR'-'.CIoso() --""""""" c.clI Ex AI Ex .... 
Enlnfo - Ex.M .... 

""TO 
End FIIOICIioa 
I'IbIiI: f...roo.. SaveT."lTof ilo(ByVIllIttOIu AI Strift&, _ 
ByVIII FoaIlPMh All Striq. _ 
OpIiouIByVIII Enlal'o As SIIir!a - ' 0) As BooItlII 
Dim Commtt AI sn. 
Dim bAM AI BooIearI .. hi ... 
Dim objRudef AlSttamWri!er 
TO 

objR.-. - New StteemWriter(FuIiPath) objlklder.Write(IIfDltlo) objRnckr.C1oso() bAfts - True 
c.cch Ex As ExoepOon Enlnfo" Ex..M .... 
""TO 
JI.eIunI bAM 

fIod F..,;:rioa 
NlIic FUIICIioo Coascnmy(8yVII. AI bio~. ByVII iJIpd() AI Double. ByVIII ...... AI SttiaIJ AI sw., 

Dim I Al I~t16 Dim OIIl11f AI Sm~l " - Ir Not 15Nodlift&("IrIpuO Then 
Fori -O Ton-1 

011l1li' - 0_ ........ ' .. CSlI(i " 1) + '." + CSlI(inp.u(i)) . vbCfLf Nexl 

""" ...... -fIodf...moa 

"" "'" 
Viocrn. 
ImpMI System.Math 
Plabli1: 0... vilCnLlll 

P\IbIic viJc As Double 
~-o > S-

"lr-I>oiI 
Public f~ nu(ByVIl pldlfilc Iu hdLf"olc. 8yVIl..: AlIDIqa, ByVIII ~_R AI DoubIe._ 
8yV" gomp() All Double. ByVai n() All Doubk. _ 
ByV .. It AI InICS"'. DyV" dctuil)' A, [)ogbl~IAl Double 

Dim Idm, t AI Double 
Dim .... AI Double 
Dimilul~~ 
Dim ..,.... . .. II. e Iu Double 
Dia> yo Iu 00ubIe 
Idao - density 



I-~_R 
Fori - OTo-c:-l 

.... • .... +""""I'li} · m(i' 
N~ 
Ifk" I Then ~oil 

T-' 
"deMily" Uquid Demiry 
yo .. density I 62.37 
........ (1 4 1.S ' ~)- 1 3U 
If .,.... ", Sli10ea .,. .. -{S · ,,+-~)/6 
vUe .. 10 A (10 "(1.165).O.02W6 · II'*" -O.~ • loslO(I- 460))) - I 

""''' Ifll .. O'l1loen -tal .... 
"dauiry-
dcnli'Y" density' 0.01602 
. .. (9.379 +0.01607 · .... ' . (I A 1.3) / (209.2 • 19.26 · .... + 1) 
.. -(1'1' (9.379+ 0.01607 ' .... »)1(209.2 • 19.26 ' ..... 1) 
.. - . I Sqn(I) 
b" 1.4 ..... (916.4 1. , .. <mil ' 0.01(09) 
c· 2.447 -0.2224 ' b 
vi", ... ' ( 10 A.04 ) ' E><p(b ' (d(ns;ry A ell "",,, 

WrilA>utpul(lt. vise, pUhfi lc, ~ camp. m, "". ICIc~) -... EMF ........ 
Public: F'uncDoII Wri&e(MpIrI(B)'VIl II ~ 1Mt&cr. ByV. viII: N Double, e~v ....... filc At PIlhFile, ByV ... At Double. 
ByV. comp() ..... DooabIe. ByV" III{) As Double, 8yV"" AlImq .... ByV" demity As~) -

Dim Sa'dKI As Saina Oimow AI New WrileOulput 
SIJ'daQ " vbCrLr.l. • Vi""";ty _____ " 4 YbC,Lf 
Stnllla_ "·Input·- 4 . bCrU 
Stnlala.· -r,,-&0 CSII(I) a. vbC,Lf 
$(fdaIa _ ow.ConsInmy( .. ccmp. "campi 
$(fdIIa ... ow.Coasawtay( .. m. "m1 
SInSaIa'" "dcnsify-" a. CSa{dauiIy) II: vbCrLr 
S!rdata .... -<MIIpUI.' II. .tJCrt..f 
Ifb-OThm 

StrdIta"'"Gas viJcosi1ye" a. CS!J(vilt) a. vbCrLf El'" 
SIrdIIa"'"Oi1 vi~' ACStr(viJC) a. vbCrLf EIId If 

Dim IcnIpciIUI As Scrina 
1anpIIaa " ow.OctFileClIIIlmU(pachfiIc.NewOucputFiIc) 
ScntacI-1CmpCiMJo 4 vbCrt.f '" sw... 
ow.s..cTc,uTofilc(SlnIaIa. ..... filc.N"'O".p.nFilc) 

&>d 1'-00. 

"" "'" 
TllbiJtamodcl 
ImponJ S)'1IImI.MIth 
Public: a... ToobirI&MoOcl 

l'IIbIic V ..... Doubk I'IIbIle VIC .... Double f'ublic Vm .... Double I"IobIic Vms! A5 Double .... blic V ........ Double 
l'IIbIic Vb .... Double l'IabIic VI .... Daubk I'IIblic n .... DooobIe Public DdPH A5 Double l"IobIic Rc A5 Double 
Public Do:Jpf .... Double I'\IbIic ~ .... Double Private PI. Pz. q~ ..,liquldvil .... Double 
Public FIOIICtian nmmocId(ByVIlI pothfi lo .... PIlhFile, ByVaI" .... lllle!cr,_ 

ByVIlI A A5 Double, ByVai D .... Double, ByVIl I AI Double, ByVaI <kIL A5 Double, ByVII c A5 Double, _ 
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ByVIlI Np AI Double, ByVIl zp() AI Doubk, ByV.1 Np_inj AI Double, ByVaI "IUnj() A5 Double, ByVaI PI AI Double, ByVIlI TIIlnI A5 00IIIlIe. 

ByVIl pc() .... Double. ByVIl tc() AI Double, 9yVIl MqI() AI Double, ByVIl R .... Double. ByVIl 0""'<011 AI DoubIe, _ 
ByVIl inn.:.. AI Double, 9yVIl n() As Double, ByVIlI Uqou.d() .... Double, ByVaI TIlbinLIm&UI AI Double. ByV1l1ajcc1ioro1'oill1 A5 

""""", 
Dim p,..r As Double - 0.0 
Dim TIObinLJena!h_1 AI Double 
TutML ICfI&Ih_ 1 - lnjcclionPoinl 
Dim nL AllnleSCl" 
Dim TubinLJcnpII_2 A5 Double 
p,..r-PI 
In ......... ImP_1 >- 100 1lao 

Ill- FilI{1'ubif,.JaoP_ 1 I 100) 
For i AI bllqCr - I To nL 

I'wf .. Calbyl..crl&th(plltbfi le. II, Np jnj. A, D, .. <k1L. e. lp_inj. Pw( TIIm, pc, Ie, omep, R, o<ulkoft, illlIa:>n. In, Uq$l&'ld, 100) 

No' 
TubinLlen&th_2 - Tubin .. Jcn,th_ 1 . (100 ' nL) 
lfTubinLlm&lIt_2 > 0 Thea 

""'-CalbyJ..cacdoCplUlfile, II, Np_inj. A, D, .. <k1L. e,lpjllj. Pw( T-. pc, Ie, omep, R, 0UI1lcoII. iIInc.:.. In, LiqSIIIId, 
Tubiaa....Im&III_2) 

"''' "" I'wf - CIlIbyLenJll(plothme, II, Np jnj. A, D ... delL. e, ... _ iDj. Pwf. TIIm. PC. Ie, omep, R, owncon, infkoll, m, Liqllllld, 
TUbinL lcn&th_ l ) ... " Dim T..t.inLIcn&III_1 AI Double " T"'iaLJmalh · boja:rioooPoiN 

Dim T-"inLIaI&III_4 AlDoubic 
IfTub ..... Jell&!lt_l- 100Thcn 

ilL - Fill(TubiaLlcnP _l / IOO) 
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For i "'IDle, .. .. 1 To III 
.... '-CaIbyLcnad>(padlfile, II, /lip. A. D, .. doll. l. 'P. Pwf. T ...... pc. II<, onqa, R, OIII/klooI. ian-, .... LiqsIMd, 1001 

""" TlItli ... Je"l1ll_4 - Tubin • • )<qlh_l .(100· all 
In"bi",-'e",I11_4 > 0 n-

Pwr .. ColbylAllglh(pllhfoJe. ... Hp. A. D ... delL. c, "p, Pwf; Taint, P;. Ie, omtPo R. OUIfIcoo>. mOron. III. Uq_d. ThbiftL length _ 4) 

""" "" I'wf-CaibyLcaa1l(pottlmc, .. /liP. A. D, .. delL. e,:q>. .... r. T ...... pc. 1C.0<rI<!l' R,0II1n-, inl!coa.. m. Uqstanol. TDbinc.)eap_) 

""" W~file. ... A. 0 ... dolL, e. Np...,. Npj ,,;' zpj "j. PI. T.an, pc.1C. omep, R, _no.;., iBflcon. .... 1...iq-.d, T'IIbiJII...!eap.. 
InjeaionPaiolt.I"wf') .......... 

f.ad F-ao.. 
PriVile Function ColbyLcnad'(ByVaI pldtfile N PIlhFi!e, By"" n AJ [nit, .... 8yVal /lip AI Double. _ 

ByVal A AI Double, ByVai D AJ Double. By" ... AI Double, OyVal doll As Double, ByVIl e As o.:...bIc, 
Byvallp() N 00ubIc. ByV" PI AI Double, ByVIl TICnI As Doublc. _ -

ByV" pc() Iu Double, ByVoll<:() A, Double. By"" or....o IuDoabk, 8rVil R Iu Double. ByV.oI OIItllDDIII '" eo.bIc, _ By"" iIIlloaa AI Double, 8r"l11 n() '" Double. ByVaI Uqsa..cI() Iu Double. ByVIl TI>biaLIaoP AI Doubk) Iu Ooubk 
• ............... tioa ........ 1_· 
DmoilDensiTy. OuDauity,plV;""';1y AI Double 
0;", xo. yO .... DcMobic 
OWn L. V AI Dovble 
om obj I AI New COlllflOlitionMo&l 
abjl .R~Iik. 0.5,,, zp. PI. TMn!. pc.1C._JA, R. 0UIIk0a. iJlnc.o.., m. Ucpgnd) 
0asDmsi1y" abjl.GuOeruiIy 
X - objIJl y .. objl .y L -objI.L V_objl .V 
oilDauily .. objl .oilDensily 
Dim ..ua...n As New vilcnIMI 
liquidYis .. ..;"' ........ "(pathlile, ft. T .... X. m, 1. olIDmsiIy) 
plVilCOSilY,- vi.,~.non(paIhfile. ... TIItm, Y. m. O. OlSOensily) -Dimmo.ma"'Doubie Dimi"'lMqer Fori - OT",,· I mo-mooX(i) ' m(i) Nexl 
Fori-OTo.·1 m. - ..... Y(i) · m(i) Nex 
PI-~Iy 

PJ-QasDensiIy 
Dim Npo. Nps '" Double 
Npo - Np'L 
NPI-NpoV 
ql- ConWflNpToql(Npo. mo. PI) 
'11- ConvatNpToqa(N"" ...... Pal 
VtA-~II. 
VII-'IIIA 
Vm-VtA+V. 
VInIi - VII' ({{PI ' 72) 1{6U7' SO)) ~(O.25») 
VIIUI- V,.' {{PaJ l 0.07l) A (O,l) ' ({PI ' nJl(6U7 • SO}) A 0.2' 

Dim b l '" Double 
Dim b2 '" DotabIe 
Dim b3 '" Double 
b l -{(l0I) ' VmsI) " O. I72I I) I I.96 
b2 - (VIMI/O.26l) • 1.6 
b3 - 70 ' ((l0l)' VmsI) " ..0.152) 
IrVInIi » 4 Thm 

If Vm'l<bI Thm 
Call Bubblc(pathfile, PI. Plio D.1o dell., e, liquid";.) 

ElwlrvlIUI """ b l Then 
If VIIUI < 26..5 Then 

c.tl Slu&U*hfile, PI, .... D. 10 delL. c. liquidvis) 
Ebelrv .... """ 26.' Then 

CaU AMWarMis(ptIthr,1e, PI. PJ. D. 10 cIeIl., e. liquidvis) 

""" """ El.<'If Vms! <a 4 The" 
IfVIIUI < bl Then 

Call BubbIc(pa1hfile, PI. Plio D.1o cIeIl, e.1iquid .... ) 
E .... rVIIUI """ b l Theto 

IrV ..... <b2Theo1 
c.u SlqfplChfile. Pl Plio D.1o drl1.. c. Iiquid\'i.) 

El .. JfVmll _ b2 TheoI 
If VIIUI < b3 Thea 

CaU f roth(palhflle. Pl Plio D. 1o dell. e.liquid";.) 
El .. IrVIIUfI "" bl Then 

Call Annul.MiJ(jNtbfile. PI. Plio D.1o dell., e. liquidvis) 

""" """ ... " ... " R£Nm PI . (DeIPC ' TubUoLIca,th) + (DelPH ' Tubin.J""gth) 
EAd fW>Ction 
Pri...-e FIIIICtion WrileOulpu(ByVAI pllthfilc '" PatilFilc, ByVain '" 1"'lIIer._ 

ByVAI A '" Double, ByVAI D '" Oou.bk. ByYII. '" Double. ByYI! delL'" Doo&bk. ByYa! c '" 00\Ibk,_ 
ByYII Np '" Double, ByVaI ~'" I)oo&bIe, ByYaI Np) .. j '" Double, ByYa! zp_iDj() '" Double, ByVai PI '" Double, ByV.oI Tolm '" Double. 

DyVI! pc() '" Double. ByYallc(j '" Double, 8yYoI omcp() '" Double. 8yVI! R '" Double. 8yYI! "'lin""", '" DoubIe. _ 



ByV" inflooll AI Double, ByVai mOM Dooabk, 8 yVaI LiqstInd() AI 00ul>Ie. ByV" Tubilll.....ien, 1h AI Double. By ..... Injoocti...,p";,,, AI 
Ocubk. ByV" Pwf AI Ooubk) 

" _ _ "";lCfiIc..-____ ~r."" ___ _ 
Dim SIrdaIa AI Sain, 
Dim _ As New WrileOulp.U 
SlrdlII - .bert,.t· Begin TUbin8 Model • &; oberLf 
Scnlltl ... • lllpul • .t. vbCrLf 
Strdauo ... "ql- " &CStr(ql) ok wbCt1J 
Strdauo ... " .. ,," a CSlr(v,) a ~rU 
sero.u ..- °A_ " a CStr(A) A >'bC,U 
SIrdau ... "OiIDeasitrtPl,.o ... (:511(1'1) .t. obCrl.( 
SIJdac& ... ~I)'(ps)' A CSII{Ps).t. obCrLf 
Stnlatl .. • "0-"4 CSu(D).t vbCrLf 
SVdauo '" . . ... & CScr{a) &. .bCrtf 
Strdata ... "delt.-" 4 CSb'{deIL) It vbCrLf 
Strdata ... "E_O 

... CSa(e).t . 'bCrU 
ScrdalI _ "Iiquldvir" '" CSII(IiqllicM$) .t .tCtU 
ScrdIbo ... ow.COllllnfn)'( ... zp, 'zpO) 
ScniIU _ ow.Coasnrr.y( .. zpj "j, "Zsu") 
Stnbuo ... "Np-" .t CStr(Np) .t vbCrLf 
Stnbuo _ "Np_inj-".t CSII{Npj "Jl.t..tJCtU 
SlIct.t.o . - "InjectionPoi/ll-° & CSlI{lnj<eIioonPo;,II) .t .'bCrLf 
Strdala ... "Tubi..LImath- o .t. CSa(T1abinL~) '" .bCrLf 
SIJdatr. ... • DIItpuI • .t. ¥bCrLr 
SIrdau '" ·v .... ·.t CSu(VII) a.bCrU 
SIrdaIa '" ·V.,,".t CStr(V", & .te,U 
SIrdaIa '" ·V ..... ·.t CSlr(VmJ.t vbQU 
SIrdau '" · VmoI- ".t. CSIr(VmsI) .t. \'bertf 
Slnbtl _ · Vmli" " .t CSIJ(V""I.IA vbCrl f 
Slnbtl _ -Vb-" & CSII(Vb).t ¥\>C,L( 
SIniIII _ ·V,,- It CSI>(Vt) .t vbCrtf 
Strdlta ... "EV It CSII'{El) .t .bCrLf 
SIrdau ... "DeIPH-- ... CSa{OoIPH) a >bertf 
SIrdau '" "1tC!"" A CStr(Re) • .t.CrU 
SIrdau '" Ofp°.t CSa(fmoody)& >i>CrU 
SIrdau ... oDelPf-" .t CStr(DdP1).t vbCrLt 
SIrdaIa +- °Pw"" a cstr( ..... 1) 4 vbC,Lf 
Sh'dIlI_ " _____ End Tubins MOIkI -----".t. .bCrLt 
Dim lanpdata AI: Sui", 
~ - _ .GetfileCOIIkIIl.(pltt.!ile.Neo>OurpvIf ile) 
SIrdara - 1<mpCIIta A vbCrLr A SIrdu 
ow,SaftTnlTofik(StrdIta. pldlfile.NewOuIpulfilc) 

Eadf...mo. 
Pri~ functlo. Con..mNpT<lqI(ByVoi """As DoOIbIe, SyVoi MoAs Doooble, ByVoi p) As Double) As Double 

Dim II, tl As Double II - npo • Mo tl - 16400 • po Return II I tl 
End functioa 
PriYllc flll'lCtiooI C ... vcrtNpToqs(8yVoi nPi As 00IIb1e, SyVoi Ma As Double, 8yVII PI As Double) As Double 

Dim II . a As Double II - apt. M, a - 16400' PI Retun Il / tl End f omccion 
Pri ... f-non OucpuIR~yV.oI dJU. As RqirMJ) 

Vb - dMa.Vb 
VI - dau,.V, 

Et. - dIla.Et. 
R.. - dJU..Rc OclPH - dau..OcIPIl 
OcIPf .. dala.Octl'f finoody - dala. fmoody 

EadFunalo 
lIRqion "RCJimes" 

Pri ... fWlClioa Bubbk(SyV.oI pllhfilc As ...... File, ByVoi PI As DoubIe, _ 
ByVaI p. As Double, ByVII 0 As 00ubI0. ByVaI. As Do\IbIc, ByVaI dell As Double, ByVIl E As DoIIbIc, 8yV.oIIiqIoidviI AI Doubk) 

Dim ObjR As New Ilepne. 
ObjR..8ubbIe(P.mFiIc, v .... V~ 1'1. PI. 0, .. clrlL. E.1;q..;ch'i.) 
OutpuIRqimco(Objll) 
End F....ction 

Priv'" F..netion SIUjJ(8yVaI paahfile As I'lthFile, SyVoi PI AI DoubIe, _ 
SyVII 1'. AI Double, 8yVaI 0 As Do\IbIc, 8yVal i AI Double, ByV.oI dell.. As llmIb1c, SyVII E AI llmIb1c, ByV .. liquidvis As DINbIe) 

Dim Dlt;R As New Rqimel 
ObjR..St~filc, v'" Vm. Pl.'" 0 , .. ddt.. E,liq""his) 
OuIpootItqimtt(Objll) 
EndfunctK. 

PriYlle FIOnCtion AmulaMill(ByVal ,.u.filc AlI'.thFiIe, ByVaI PI As 00I0b1e, _ 
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ByVaI p. AI Oouble. ByVal 0 AI Double. SyVII, As Do""le. ByVII dell.. As Double, 8yVII E AI Double, ByValliquidv" AI Double) 
'Dim Iinoody AI Double 

Dim ObjR AI New R~ 
ObjR.ANl .... Mill(pdfilc, V'" VIII, VIC. PI. Ps. 0 , 10 delL., E, liquidvis) 

OuIpulReJimes(Objll) 
End f.-;boa 

PrinIC fllllCliooo fn>&h(9yVal pllhfile As 1'1Ihfi1e. SyVal PI As Double. _ 
ByVIl p. As Double, ByVIl D 

As Double, 8yV", As Double, llyVIl clrlL 
AI Double, ByV" E AJ Double, SyVll liquidvi, As Double) 

Dim Objll. As NcwlleJ,imos 
ObjR..Frod(pI1hfile, V., V .... VmII, V ..... I'I.I'J. D, 10 delL., £.1iqu;chis) 

OuIputIltpme(ObjR) 
Ead fwoctio.fEad Il..po..Ead CbM 
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