cl assdef Vert Conpl eti onObj < handl e

%/ert Conmpl eti onQoj. Vertical Conmpletion Object

% Vert Conpl eti onCbj includes the information fromthe inflow
per f or mance

% relationships (IPR) in a vertical conpletion.

%

% Properties

% - | PRType : | PR nodel

% - ¢ : hydrocarbon flow rate @C [ SnB/ d]
% - Pws . reservoir pressure [ kPa]
% - Pwf : bottom hol e pressure [ kPa]
% - Twf : bottom hol e tenperature [

% - JonesA : Jones' nodel |am nar flow constant [1

% - JonesB : Jones' nodel turbulent flow constant []

% - JonesType : Jones' nodel phase type

% - Vel Pld : well productivity index

% - Vel | Pl Type : well PI phase type

% - Vogel Qrax : Vogel's nodel nmaximum flow rate [ SnB/ d]
% - FetchovitchQrax : Fetchovitch's nodel maxi mum flow rate [SnB/d]
% - FetchovitchN : Fetchovitch's nodel n coefficient [-]

% - BackPressureC : backpressure nodel c coefficient [1

% - BackPressureN : backpressure nodel n coefficient [-]

% - Cal cul ati onType : pressure or flow rate cal cul ation

%
% Dependent properties

% - status : progranm ng property (to be used in further
ver si ons)

%

%  Met hods

% - QCal cul ati on

% Cal cul ation of Qc using the selected |IPR nodel.

% - Pwf Cal cul ation

% Cal cul ation of PwW using the selected |IPR nodel.

% - Sol veConpl eti on

% Sol ve the conpl eti on dependi ng on the sel ected nodel,
cal cul ating

% either Pwmf or Qsc, according the conplation data.

%

% Devel opnent

% By: Ruben Ensal zado

% 2015

% Rev 00 151216 original release

% Rev 01 160109 remove Q Tsc, Psc, Zwf properties

% fix bug in error notification for BadArguments error
type
% i ncl ude AOFPCal cul ati on net hod

properties
| PRType
Qsc
Pws




Pwf

Twf

JonesA

JonesB

JonesType

Vel | PlIJ

Vel | Pl Type

Vogel Qrax

Fet chovi t chQrax

Fet chovi t chN

BackPr essureC

BackPressureN

Cal cul ati onType
end

properties (Dependent = true)
st at us
ACFP

end

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

function VC = Vert Conpl eti onQoj
VC. | PRType = "Wl PI';
VC. Cal cul ati onType = 'pwf';
VC. JonesType = 'oil";
VC. Wl | Pl Type = "oil";
end
end

met hods
% -- error verification nethods --

function set.|PRType(VC, ul PRType)
if strcnpi (ul PRType, "well pi") ||
strcnpi (ul PRType, 'vogel') ||
strcnpi (ul PRType, 'fetkovitch') ||
strcnpi (ul PRType, 'jones') []| ...
strcnpi (ul PRType, ' backpressure equation')
VC. | PRType = ul PRType;

el se
errrm= ['The avail abl e nethods are:";
- el Pl "
' - Vogel "
'- Fetkovcitch "
'- Jones "
' - BackPressure Equation "1;

error (' Vertical Conpl eti onObj ect : BadAr gunent ', .
"8 \n\t% \n\t% \n\t% \n\t% \n\t% \n',
errrm(1, ), errrm(2, :), errrm3, :),
errrm(4, ), errrm(5, ), errrm(6, :))

end




end

function set. Cal cul ati onType(VC, uType)
if strcnpi (uType, "pwf') || strcnpi (uType
VC. Cal cul ati onType = uType;
el se

q)

errrm= ['The avail able calculations are:";...

"- pwf: bottom hol e presssure T
- q : fluid inflow "1;

error (' Vertical Conpl eti onObj ect : BadAr gunent ',
"% \n\t% \n\t% \n', ...
errrm(1, :), errrm(2, :), errrm(3, :));
end
end

function set.Well Pl Type(VC, uWell Pl Type)
if strcnpi (uvell Pl Type, "oil") ||
strcnpi (uvel | Pl Type, 'gas')
VC. Wl | Pl Type = uWel | Pl Type;
el se
errrm= ['The avail able types are:";...

- oil P
'~ gas ok
error (' Vertical Conpl eti onObj ect: BadAr gunent ',
"% \n\t% \n\t% \n', ...
errrm(1, :), errrm(2, :), errrm(3, :));
end
end

function set.JonesType(VC, uJonesType)
if strcnpi (uJonesType, 'oil') ||
strcnpi (uJonesType, 'gas')
VC. JonesType = uJonesType;
el se
errrm= ['The avail able types are:";...

- oil P
'- gas 1
error (' Vertical Conpl eti onObj ect : BadAr gunent ',
"% \n\t% \n\t% \n', ...
errrm(1, :), errrm(2, :), errrm(3, :));
end
end
end

nmet hods
% - - dependent properties --

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

req = zeros(5, 1);




req(1)
req(2)

swi tch | ower (VC. | PRType)

case 'well pi’
req(3) = isenpty(VC \WellPIType);
req(4) = isempty(VC WellPlJ);

case 'vogel'
req(3) = isenmpty(VC Vogel Qmax);

case 'fetkovitch'
req(3) = isempty(VC FetchovitchQrax);

i sempty(VC. s¢) ;
i senpt y(VC. Pws) ;

req(4) = isenpty(VC FetchovitchN);
case 'jones'

req(3) = isempty(VC JonesType);

req(4) = isenpty(VC JonesA);

req(5) = isenpty(VC JonesB);

case 'backpressure equation’
req(3) = isenpty(VC BackPressureQC);
req(4) = isenpty(VC BackPressureN);

end
if all(~req)

status = true;
el se

status = fal se;
end

end

function ACFP = get. AOFP(VCQ)
%ACFP. Absol ute open fl ow perfornance
% Wl | performance when Pwf = 0.

CPO = VC. Cal cul ati onType;

swi tch CPO
case '('
CP1 = VC. Pws;
CP2 = VC. Pwf;
case ' pwf'
CP1 = VC Qsc;
CP2 = VC. Pwf;
end

VC. Cal cul ati onType = 'q';
VC. Pwf = 0;

VC. Sol veConpl eti on

ACFP = VC. Qsc;

swi tch CPO
case '('
VC. Cal cul ati onType = 'q';
VC. Pws = CP1;
VC. Pwf = CP2;




case ' pwf'
VC. Cal cul ati onType = 'pwf';
VC. sc = CP1;
VC. Pwf = CP2;
end
end
end

met hods
% -- cal cul ati on net hods - -

function Cal cul ateQ( VO)
%Cal cul at eFl owRate. Q cal cul ati on dependi ng on the IPR
nodel

swi tch | ower (VC. | PRType)
case 'well pi’
VC. Qnel | PI
case 'vogel'
VC. Qvogel
case 'fetkovitch’
VC. QFet kovi tch
case 'jones'
VC. QJones
case 'backpressure equation’
VC. QBackPressure
end

if VCQc <0
VC. @sc = 0;
| astwarn(' Pwf may be greater than Pws; Q was set to
zero!")
end
end

function Cal cul at ePwf ( VC)
%Cal cul at eBott onmHol ePressure. Pwf cal cul ati on dependi ng on
t he
% PR nodel

swi tch | ower (VC. | PRType)
case 'well pi’
VC. Pwf Vil | PI
case 'vogel'
VC. Pwf Vogel
case 'fetkovitch'
VC. Pwf Fet kovi t ch
case 'jones'
VC. Pwf Jones
case 'backpressure equation’
VC. Pwf BackPr essur e
end

if any(~isreal (VC. Pw))




VC. Pwf = 0;
| astwarn(' Pwf may be greater than Pws; Q was set
zero!")
end
end

function Sol veConpl eti on(VC)
%S0l veConpl etion. Cal cul ate Pwf or Qsc depedi ng on
cal cul ation
%ret hod

swi tch | ower (VC. Cal cul ati onType)
case ' pwf'
VC. Cal cul at ePwf
'q
VC. Cal cul at eQ

case

end
end
end

nmet hods (Hi dden = true)
%-- IPR nodels : flowrate --

function Qnell Pl (VQ)
%Nel | Productivityl ndexFl owRate. Well Pl | PR nodel

%nits

% J . SnB/d. kPa or SnB/d. kPa2
% Pws : kPa

% Pwf : kPa

% Qsc : SnB/d
J = VC el Pl J;

swi tch | ower (VC Wl | Pl Type)

case 'oil’

VC. @c = J*(VC. Pws - VC Pwf);
case 'gas'

VC. @c = J*(VC Pws"2 - VC Pwf"2);

end
end

function QVogel (VO
%/ogel . (flow rate) Vogel 1PR nodel
%nits
% gnax : SnB/d
% Pws : kPa
% PwWf : kPa
% Qc : SnB/d

Pwf_Pws = VC. Pwf/VC. Pws;
gmax = VC. Vogel Qrax;

VC. sc = gmax*(1 - 0.2*(Pwf_Pws) - 0.8*(Pw_Pws)"2);
end

to




function Qret kovitch(VC
%-et kovitch. (flow rate) Fetkovitch |IPR nodel
%nits
% grmax : SnB/d
% Pws : kPa
% PwWf : kPa
% Qc : SnB/d

Pwf_Pws = VC. Pwf/VC. Pws;
gmax = VC. Fet chovi t chQrax;
n = VC. FetchovitchN,

VC. c = gmax*(1 - (Pwf_Pws)”"2) " n;
end

function Qones(VQC
%Jones. (flow rate) Jones | PR nodel
%nits
% JonesA : kPa.d/ Snm8 or kPa2.d/ Sn8
% JonesB : kPa.d2/(SnB)2 or kPa2.d2/(SnB)2
% Pws . kPa
% Pwf : kPa
% QscC . Sn8/d

c1
c2

VC. JonesB;
VC. JonesA;

swi tch | ower (VC. JonesType)
case 'oil"’
C3 = VC.Pws - VC Pwf;
case 'gas'
C3 = VC. Pws™2 - VC. Pwf”2;
end

VC. sc = max(roots([CL C2 C3]));
end

function Q@BackPressure(VC
oBackPressure. (flow rate) Backpressure | PR nodel

%nits

% C : SnB/ (kPa) 2n
% Pws : kPa

% Pwf : kPa

% Qsc : SnB/d

c
n

VC. BackPr essur eC;
VC. BackPr essur eN;

VC. @sc = C*(VC. Pws”™2 - VC. Pwf~2)"n;
end
end

nmet hods (Hi dden = true)




% -- IPR nodels : bottom hole pressure --

function PwWVell Pl (VC
%Nel | Productivitylndex. (bottonhole pressure) Wll Pl |IPR
nodel

% J : SnB/d. kPa or SnB/d. kPa2
% q . Sn8/d

% Pws : kPa

% PwWf : kPa

J = VC Vel PIJ;
pws = VC. Pws;
g = VC (sc;

swi tch | ower (VC Wl | Pl Type)
case 'oil"’

VC. Pwf

case 'gas'

VC. Pwf

pws - q/J;

sgrt(pws™"2 - qg/J);
end
end

function Pw Vogel (VO
%/ogel . (bottomhol e pressure) Vogel |PR nodel

%nits

% gnax : SnB/d
% q . Sn8/d
% Pws : kPa
% PwWf : kPa

pws = VC. Pws;
g = VC (sc;
gmax = VC. Vogel Qrax;

Cl = 0.8;
c2 = 0.2
C3 = g/gmax - 1;

VC. Pwf = max(roots([ClL C2 C3])) *pws;
end

function Pw Fet kovitch(VC
%-et kovi tch. (bottomhol e pressure) Fetkovitch | PR nodel

%nits

% gnax : SnB/d
% q . Sn8/d
% Pws : kPa
% PwWf : kPa

pws = VC. Pws;

g = VC (sc;

gmax = VC. Fet chovi t chQrax;
n = VC. Fet chovitchN;




VC. Pwmf = pws*sqgrt(1 - (q/gmax)”~(1/n));
end

function Pw Jones(VC)
%Jones. (bottomhol e pressure) Jones | PR nodel
%nits
% JonesA : kPa.d/ Snm8 or kPa2.d/ Sn8
% JonesB : kPa.d2/(SnB)2 or kPa2.d2/(SnB)2
% q . Sn8/d
% Pws : kPa
% Pwf : kPa

A VC. JonesB;
B VC. JonesA,
pws = VC. Pws;
g = VC (sc;

swi tch | ower (VC. JonesType)
case 'oil"’

VC. Pwf

case 'gas'

VC. Pwf

pws - A*qgq - B*g"2;

sgrt(pws™"2 - A*q - B*g"2);
end
end

function Pw BackPressure(VQ)
oBackPressure. (flow rate) Backpressure | PR nodel
%nits
% C : SnB/(kPa)2n
% q . Sn8/d
% Pws : kPa
% PwWf : kPa

E

= VC. Pws;

VC. Gsc;

VC. BackPr essur eC;
VC. BackPr essureN;

= o We
TR TRT

VC. PwMf = sqrt(pws”™2 - g”(1/n)/0O);
end
end

end
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