cl assdef BOObj < handl e

9BOChj . Black G| d ass

% BOObj represents a black oil nodel. In each property, there is a
% reference of the correlations used for the cal cul ation.

%

% Properties

% - P . pressure [ psi a]

% - T . tenmperature [F]

% - Thgsc : bubbl e point tenmperature gas @C [ F]

% - Thosc : bubbl e point tenmperature oil @C [F]

% - GOR : gas in oil ratio [1

% - WC © water cut [ %

% - gSG . specific gravity gas [-]

% - 0SG . specific gravity oil [-]

% - wsSG . specific gravity water [-]

% - RichardsonO : Richardson coefficient [-]

% - RichardsonW : Richardson coefficient [-]

% - FO1 : tuning factor

% - FO2 : tuning factor

% - FO3 : tuning factor

% - FO4 : tuning factor

% - FO5 : tuning factor

% - FO6 : tuning factor

% - FO7 : tuning factor

%

% Dependent properties

% - status . programm ng property

% - API : APl grade oil [-]

% - Bg : formation vol une gas [rcf/sthb]
% - Bo : formation vol une oil [rbl/sthb]
% - Bw : formation vol une water [rbl/sthb]
% - Co : oil conpressibily factor [1/ psi]
% - oCp . specific heat capacity oil [ BTU I b. F]
% - gCp . specific heat capacity gas [ BTU I b. F]
% - wCp . specific heat capacity water [ BTU I b. F]
% - Pb : bubbl e point pressure [ psi a]

% - Rs : gas/oil in solution ratio [ scf/sthb]
% - Z . compressibility factor [-]

% - grho . density gas [1b/ft3]
% - orho : density oil [1b/ft3]
% - wrho : density water [1b/ft3]
% - emu : dynami c viscosity enul sion [cP]

% - gmu : dynam c viscosity gas [cP]

% - omu : dynam c viscosity oil [cP]

% - wmu : dynam c viscosity water [cP]

% - Tsc : pseudo critic tenperature [R]

% - Psc : pseudo critic pressure [ psi a]

% - rhosc2ac : conversion matrix

% - gsc2ac : conversion matrix

%

%  Met hods

% - TuneVi scosity




% - ClearTuneVi scosity

% Devel opnent
% By: Ruben Ensal zado
% 2015
% Rev 00 151216 original rel ease
% Rev 01 160117 inclusion property: rhosc2ac, gsc2ac
% i ncl usi on nmet hod: TuneVi scosity
% i ncl usi on met hod: Cl ear TuneVi scosity
properties

p

T

Thgsc

Thosc

GOR

WC

9SG

0SG

wSG

Ri char dsonO

Ri char dsonW

FO1

F02

FO3

FO4

FO5

FO6

FO7

end

properties (H dden = true)
pcFO05
pcF06

end

properties (Dependent = true)
stat us
API
By
Bo
Bw
Co
Pb
Rs
z
gr ho
or ho
wr ho
gmu
omnu
wnu
emnu

9Cp




oCp

wCp

Psc

Tsc

rhosc2ac

gsc2ac
end

nmet hods (Hi dden = true)
% -- initialization nethod --

function BO = BOObj
BO. FO1
BO. FO2
BO. FO3
BO. F0O4
BO. FO5
BO. FO6
BO. FO7

[ e e N el e

BO. pcF05
BO. pcF06

[]
[1;
BO. gSG
BO. 0SG
BO. WSG

0. 64;
141.5/ (30 + 131.5);
1.02;

BO WC = O,

BO Ri chardsonO = 3. 215;
BO Ri chardsonW = 3. 089;
end
end

nmet hods
% - - dependent properties --

function status = get.status(BO
%St at us. | ndependent property verification

req = zeros(7, 1);

req(l) = isenmpty(BQO P);
req(2) = isempty(BO T);
req(3) = isenpty(BO GOR);
req(4) = isenmpty(BO VWO);
req(5) = isenpty(BO gSG;
req(6) = isenpty(BO 0SG;
req(7) = isenpty(BO wsSG;
if all(~req)

status = true;
el se

status = fal se;




end
end

function APl = get. APl (BO
%API Gravity. Definition

APl = 141.5/B0O. oSG - 131.5;
end

function Bg = get.Bg(BO
%asFor mati onVol ume. Mass bal ance

%nits
% T . F
% P . psia

% Bg : rcf/scf

Bg = (14.7/520)*B0O z*(BO. T + 460)/BO. P;
end

function Bo = get.Bo(BO
%0 | Formati onVol ume. Frick correl ation

%nits
% T . F
% P . psia

% Pb : psia
% Bo : rbl/stb
% Co : 1/psi
% GOR : scf/stb

SG = BO gSGE BO. 0SG,

if BO Rs <= BO GOR
F = BO Rs*sqrt(SG) + 1.25%*BO. T;

Bo = 0.972*BO. FO2 + 1.47e-4*BO FO3*F"1. 175;

el se
F = BOGOR*sqrt(SG) + 1.25*BO.T,;

Boc = 0.972*BO F02 + 1.47e-4*BO. FO3*F"1. 175;

Bo = Boc*exp(BO. Co*(BO Pb - BO P));
end
end

function Bw = get.BwBO

oaat er For mati onVol une. Frick correl ati on

%nits
% T . F
% P . psia

% Bw : rbl/stb

DP = BOP - 14.7,
DT = BOT - 60;

Bw = (1 + 1.25e-4*DT + 9.88e-7*DI"2)*(1 -

end

3e- 6*DP);




function Co = get. Co(BO
% | Conpressibility. Beggs and Vasquez correl ation

%nits
% T . F
% P . psia

% Pb : psia
% GOR : scf/stb

% Co : 1/psi

if BOP <= BO. Pb
Co = 0O;

el se

gSGh = BO gSG (1 +
5.912e-5*B0O. 0SG*60*1 0g10(14.7/114.7));
Co = BO. F04*(-1433 + 5*BO GOR + 17.2*BO. T -
(1180*gSGo) + 12.61*BO APl )/ (1e5*BO. P);
end
end

function gCp = get.gCp(BO
%Heat Capacity. (gas) Watson-Nel son (1933)

%Uni ts
% T : F
%Tbh : F

% gCp : BTUIDb.F

Tb = BO. Thgsc + 460;
K = Th”(1/3)/BO. 0SG

gCp = ((4 - BO.gSQ/6450)*(BO. T + 670)*(0.12*K - 0.41);
end

function oCp = get.oCp(BO
%Heat Capacity. (oil) WAtson-Nel son (1933)

%Uni ts
% T : F
% Th : F

% oCp : BTUIDb.F
% Th: bubbl e point pressure @14.7 psia

Tb = BO Tbosc;
K = Tb”(1/3)/ B0 0SG

Al = 0.055*K + 0. 35;
A2 = 0.6811 - 0.308*BO. 0SG
A3 = 8.15e-4 - 3.06e-4*B0O 0SG

oCp = AL*(A2 + A3*BO. T);
end

function wCp = get.wCp(BO
%1eat Capacity. (water) MIler (1976)
%nits




%T : F
%wCp : BTUIb.F

M
R

18. 0153;
1.986/ M

Al
A2
A3

8.712;
1. 25e-3;
- 0. 18e- 6;

wCp = R*(AL + A2*((BO. T + 460)/1.8) + A3*((BO. T +
460)/1.8)"2);
end

function Pb = get.Pb(BO
%Bubbl ePoi nt Pressure. Fick correl ation
%nits
% T . F
% GOR : scf/stb
% Pb : psia

A =9.1e-4*BO. T - 1.25e-2*B0O. API;
Pb = 18*BO FO1*( BO GOR/ BO. gSG ~0. 83* 10"A;
end

function Rs = get.Rs(BO
% nSol uti onOGRati o. Standing correl ation

%nits
% T . F
% P . psia

% Pb : psia
% Rs : scf/stb

if BOP <= BO. Pb
PRs = BO P;
el se
PRs = BO. Pb;
end
Rs = BO. gSG*(107(1.25e-2*BO APl - 9.1le-4*BO. T)*PRs/ (18
*BO. FO1) )~ (1/0.83);
end

function Psc = get.Psc(BO
%PseudoCritical Pressure. Standing correlation
%nits
% Psc : psia

Psc = 677 + 15*BO. gSG - 37.5*BO. gSG‘2;
end

function Tsc = get. Tsc(BO
%PseudoCritical Temperature. Standing correlation
%nits
% Tsc : R




Tsc =
end

168 + 325*BO. gSG -

function Z = get. Z(BO
% Conpressi bilityFactor.
(1973/1974)

Hal |

-A*Prn + (y + y*"2 + y*"3 - y*4)/(1 - y)"3 -

12. 5*BO. gSG'2;

& Yar borough correl ation

B*yA2

4*yn3 + yM)I(1 - y)n4 -

%Uni ts
% T : F
% P psi a
% Tsc : R
% Psc : psia
Tri = BO Tsc/(BO T + 460);
Prn = BO. P/ BO. Psc;
A = 6.125e-2*Tri*exp(-1.2*(1 - Tri)"2);
B =14.76*Tri - 9.76*Tri~2 + 4.58*Tri"3;
C=090.7*Tri - 242.2*Tri"2 + 42.4*Tri "3;
D=2.18 + 2.82*Tri;
fy = @y)
+ C*y"D;
dfy = @y) (1 + 4%y + 4*y"2 -
2*B*y + C-D*y*(D1);
y0 = 1le-3;
err = 1;
while err > le-8
y =y0 - fy(y0)/dfy(y0);
err = abs(y - y0);
yo =y;
end
Z = A*Prnly;

end

function emu = get.emu(BO
%/i scosi tyCal cul ati on.
%nits
% emu : cP
if BOWC < 60
emu =
el se
emu =
end
end

function gmu = get.gmu(BO
%/i scosi tyCal cul ati on.
%nits
% T . F

(emul si on) Ri chardson

BO. omu* exp( BO. R char dsonO*BO. WC/ 1e2) ;

BO. wru* exp( BO. Ri char dsonW BO. WC/ 1e2) ;

(gas) Lee correlation




%grho : Ib/ft3

% gr hoc: kg/ n8

% gmu : cP

grhoc = BO. grho*16. 0186;

Tr = BO T + 460;

m = 28. 97*BO. gSG,

dl g = grhoc/ 1000;

k =(9.4 +0.02*m)*Tr~1.5/ (209 + 9*m + Tr);
x = 3.5 + 986/ Tr + 0.01*m

y = 2.4 - 0.2*%x;

gmu = le-4*k*exp(x*dl gny);

end

function omu = get. omu(BO
%/i scosityCal cal cul ation. (o0il) Beggs and Robi nson
correlation

%nits
% T . F
% P . psia

% Pb : psia
% Rs : scf/stb
% GOR : scf/stb
% onmu : cP

3.0324 - 2.023e-2*BO. API ;
107y*BO. T~(- 1. 163) ;
visd = 10°x - 1;

y
X

if BO Rs < BO GOR
vRs = BO. Rs;

if ~isenpty(BO pcF05) && ~i senpty(BO. pcF06)
BO FO5 = pol yval (BO pcF05, vRs);
BO FO6 = pol yval (BO pcF06, VvRs);

end
A = 10. 715*(vRs + 100)~(-0.515);
B = 5.44*(vRs + 150)"(-0.338);

omu = A*BO. FO5*vi sd*(BO. FO6*B) ;
el se

i f ~isenpty(BO pcF05) && ~i senpty(BO. pcF06)
BO. FO5 = pol yval (BO pcF05, BO COR);

BO. F06 pol yval (BO. pcF06, BO. GCOR);
end
A = 10. 715*(BO GOR + 100)~(-0.515);
B = 5.44*(BO GOR + 150)"(-0.338);

vi sb = A*BO. FO5*vi sd*( BO. FO6* B) ;
z = BO FO7*(2.4*visb”"1.6 + 3.8*visbh"0.56)/1e5;
omu = visb + z*(BO. P - BO. Pb);




end

func

correl ation

end

func

end

func

end

func

end

tion whu = get.wm(BO

%/i scosityCal cal cul ati on. (water) Brown and Beggs
%nits

% T o F
% wru : cP

whu = exp(1l.003 - 1.479e-2*BO. T + 1.982e-5*B0O. T"2);

tion grho = get. grho(BO

%ensi tyCal cul ation. (gas) Definition
%nits

% Bg . rcf/scf

%grho : Ib/ft3

grho = (1.223/16.0185) *BO. gSG BO. Bg;

tion orho = get. orho(BO
%ensityCal cul ation. (oil)
%nits

% Rs : scf/stb

% GOR : scf/stb
%orho : Ib/ft3

% Rsc : nB/nB
% GORc : nB/ nB

Rsc = BO. Rs/b5. 615;
GCRc = BO GOR/ 5. 615;

if Rsc < GORc

orho = (1e3*B0O. 0SG + 1. 223*Rsc*BO. gSG / BO. Bo;
el se

orho = (1e3*B0O. oSG + 1.223* GORc*BO. gSG) / BO. Bo;
end
orho = orho/ 16. 0186;

tion who = get.w ho(BO
%ensi tyCal cul ation. (water)

%nits
% Sw : ppm
% Bw . rbl/stb

%who : |Ib/ft3

% WwWSG = 1 + 0.695*1e-6*Sw;
% Sw : solids in formati on water (ppm
% Col lins (1987)




end

met h

and FO05

end

w ho = BO wSG62. 37/ BO. Bw;

function gsc2ac = get.qgsc2ac(BO

end

%6t andar dToActual . Flow rate
%nits

% Bg: rcf/sthb

% Bo: rbl/stb

% Bw. rbl/stb

% Rs: scf/sthb

Bgc = BO. Bg;
Boc = BO Bo;
Bwc = BO. Bw,
Rsc = BO. Rs/5. 615;

gsc2ac = [Bgc -Bgc*Rsc O;
0 Boc o, ...
0 0 Bwe] ;

function rhosc2ac = get.rhosc2ac(BO

end

ods

%St andar dToAct ual . Density
%nits

% Bg: rcf/sthb

% Bo: rbl/stb

% Bw. rbl/stb

% Rs: scf/sthb

Bgc = BO. Bg;

Boc = BO. Bo;

Bwc = BO. Bw;

Rsc = BO. Rs;

rhosc2ac = [1/Bgc 0 0; ...
Rsc/ Boc 1/ Boc 0; ...
0 0 1/ Bwe] ;

function TuneViscosity(BO, nrmu, nrT)

%luneVi scosity. Tuning factors for viscosity cal culation
% TuneVi scosity provide with the fitting paraneters F05

%to adjust the viscosity calculation of the nodel with
% experinmental data.

T0
PO

BO. T;
BO. P;

n =length(nmT);
BO. FO5 = 1;

10



BO. F0O6 = 1;
BO. FO7 = 1,
A = zeros(n, 1);

B = zeros(n, 1);

C = zeros(n, 1);
domu = zeros(n, 1);
BOP = 14.7;

for i = 1:n
BOT =mT(i);

y = 3.0324 - 2.023e-2*BO. API;
X = 10°y*nmr T(i)"~(-1.163);
domu(i) = 10"x - 1;
if BORs < BO GOR
C(i) = BO Rs;
el se
C(i) = BO GOR;
end
A(i) = 10.715*(C(i) + 100)~(-0.515);
B(i) = 5.44*(C(i) + 150)7(-0.338);
end
pcmu = pol yfit(log(domu), log(mmy), 1);
VFO5 = exp(pcnu(2))./A
vF06 = pcmu(1)./B;
BO pcF05 = polyfit(C, vF05, 1);
BO pcF06 = polyfit(C, vF06, 1);
BO. T = TO;
BO. P = PO;

end

function Cl ear TuneVi scosi t y(BO)
%l ear TuneVi scosity. Clear viscosity tuning paranmenters
% Cl ear TuneVi scosity allows to clear the functions
devel oped
% for adjusting the paraneters of the viscosity
cal cul ati on.

BO. pcF05
BO. pcF06
end

1
—_——

end
end
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