cl assdef SingleWel |l Obj < handle
%851 ngl eVl | Qoj .

% Si
i nc
% co
%
%
%
%
%
%
%
%
%
%
%
%
%

ngl eVl | Qoj
[ ude

Single Wll C ass
represents a single well nodel. This object may

npl eti ons, tubings, esps and injection points.

Properties

- BOrmode

- Pwh

- itens

- flowrates
- props

- WC

- T

- nrmu

bl ack oil node
wel | head pressure [ kPa]
items conformng the system

matrix including itens's flowates [SnB/d, nB/d]

matrix including fluid s properties

water cut @sc [ %
reference matri x tenperature [ C]
reference matrix viscosity [cP or cSt]

Dependent properties

- status

ver si ons)

%
%
%
%
%
and
%
%
%
%
t he
%

- | temsCount

Met hods

programm ng property (to be used in further

nunber of systenis itens

- Sol veSi ngl eVl
Solving the single well structure, calculating all flowates

properties for a given well head pressure.

Remar k on properties
Matrix (n x 7) including itens flowates, where n is

<fl owr at es>

conpl eti on

%
%
%
d]
%
d]
%
d]
%
d]
%
d]
%
d]
%
d]
%
%
is
%

<pr ops>

nunber of itenms, and itemnunber 1 is always a
object. Flowates are as foll ows (columm i ndex
encl osed on parat hesi s):

(1) gsc : gas flowate @t andard conditions

(2) Qosc : oil flowate @t andard conditions

(3) Qasc : water flowate @tandard conditions

(4 gas flowate @ ocal conditions
(5) Q oil flowate @ ocal conditions
(6) Qw water flowate @ocal conditions
(7) Q@ total flowate (gas + water + oil)

is
[ SnB/
[ SnB/
[ SnB/
[ N8/
[ N8/
[ N8/

[ 8/

Matrix (n x 10) including itens properties, where n

t he nunber of itenms, and itemnunber 1 is always a




% conpl etion object. Flowates are as follows (columm
i ndex

% is encl osed on parathesis):

% (1) P . pressure

[ kPa]

% (2 T . tenperature [ K]
% ( 3) W . watercut @ocal conditions [%
% ( 4) grhosc : gas density @t andard conditions

[ kg/ n8]

% ( 5) orhosc : oil density @t andard conditions

[ kg/ n8]

% ( 6) whosc : water density @tandard conditions

[ kg/ n8]

% ( 7) grho . gas density @ocal conditions

[ kg/ n8]

% ( 8) orho . oil density @ocal conditions

[ kg/ n8]

% (9 who . water density @ocal conditions

[ kg/ n8]

% (10) emu . effective emul sion viscosity

[cP]

%

% Devel opnent

% By: Ruben Ensal zado

% 2016

% Rev 00 160117 original rel ease

% Devel oper not es:

% Gas flowate is not included in the total flowate at |ocal
condi ti ons;

% the current objects do not work with gas phase. Wen adapted for
t hat,

% locate the |ines:

% "SWflowates(i, 7) = sun(SWflowates(i, 4:6));"

% and enable them

properties
BOrodel
Pwh
itens
WC
nrT
nT mu
end

properties (SetAccess = protected)
flow ates

props
end

properties (Dependent)
st at us
I t emsCount




end

properties (Hi dden)

Qsci
end
properties (Hi dden, SetAccess = i mutable)
Pwher f
end
events
NoConver genceSi gn
NoConver gencel ter
end
nmet hods
%-- initialization nethod --

function SW= Singl eWel | Qbj
SW Pwh = 60*100;
SWitenms = {};
SW sci = 2000;
SWprops = zeros(1, 8);
SWflowates = zeros(1, 7);

SWWC = 0;
SWmrT = [];
SWmm = [];
SWPwherf = @Pc, Pd) (Pd - Pc)/(Pd + (Pd == 0));
addl i stener (SW ' NoConver genceSi gn',

@i ngl evel | oj . NoConver gencekFcn) ;
addl i stener (SW ' NoConvergencelter',

@i ngl evel | oj . NoConver gencekFcn) ;

end
end

met hods
% -- error verification nethods --

function set.BOrodel (SW uBO
if strcnpi(class(uBO, 'BOOj")
SW BOrodel = uBG
el se
error (' Si ngl eWel | Qbj : BadAr gunent ', .
"The fluid nodel object has to be class BOOhj ')
end
end

end
met hods

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




req = zeros

(9, 1);

req(l) = ~iscell (SWitens);

if all(~req)

st at us
el se
st at us
end
end

function |tensCount

I t enrsCount
end
end

nmet hods (H dden)
% -- private ne

= true;

= fal se;

= length(SWitens);

t hods --

function Sol veQbj ect (SW Obj, i)

%S0l veObj ec

t.

= get. I tensCount (SW

% Sol ve every object accoring to its type,
% properties and flow rate matrices.

% pr ogr anme

r notes:

% qgisc: qitem standard conditions
tem actual conditions

%qgiac: q i

switch | owe
case 'v

% Verti cal

r(class(nj))
ertconpl eti onobj’

swi tch | ower (Qbj .| PRType)

end
oj

i f

case 'well pi’

conpl eti on obj ect

and create the

switch | ower (Cbj.WVell Pl Type)

case 'gas'
hj . sC
case 'oil"’
hj . sC
end
case 'jones'

swi tch | ower (Cbj.JonesType)

case 'gas'
hj . sC
case 'oil’
hj . sC
end
ot herw se

hj . BCc = SWsCcCi ;

. Sol veConpl eti on

~i senpt y(SW nr T)
bmrT = SWmr T,

SW Qsci ;

SW Qsci ;

SW Qsci ;

SW Qsci ;




brrmu = SW nr nu;
SW BOrodel . TuneVi scosi ty(bnr nu,
conversi onT(SW bnmr T, "F));

end
SW BOmodel . P = 14. 7;
SW BOmdel . T = 60;

SW BOrodel . WC = SW VWG,

gi sc = [ nj . @Bc*SW BOmodel . GOR;
hj . Qsc;
Obj . Qsc* SW BOrodel . WC/ (100 -
SW BOnodel . WO) 1;

risc [ SW BOrodel . gr ho;
SW BOnrodel . or ho;

SW BOrodel . w ho] ;

SW BOmdel . P
SW BOmdel . T

conversi onP(SW bj . Pwf,
conversi onT(SW Obj . Twf,

gs2r
gi ac

SW BOnrodel . gsc2ac;
gs2r*qi sc;

SWflowates(1, 1)
SWflowates(1, 2)
SWflowates(1, 3)
SWflowates(1, 4)
SWflowates(1, 5)
SWflowates(1, 6)
SWflowates(1, 7)

gi sc(1);
gi sc(2);
gi sc(3);
gi ac(1);
gi ac(2);
gi ac(3);
sum( SWfl ow at es( 1,

OSW flowates(l, 7) = sun(SWTflowates(1,

rs2r = SW BOnodel . rhosc2ac;
riac = rs2r*risc;
SWprops(1, 1) = Obj.Pwf;
SWprops(1, 2) = CObj. Twf;
SWprops(1, 3) = SWBOmwdel . \;
SWprops(1, 4) = risc(1);
SWprops(1, 5 = risc(2);
SWprops(1, 6) = risc(3);
SWprops(1, 7) =riac(l);
SWprops(1, 8) = riac(2);
SWprops(1, 9) = riac(3);

SWprops(1, 10) = SW BOnodel . enu;

case 'injectionobj’
% | njection object

hj.Q = SWiflowates(i - 1, 2);
hj.Qv = SWflowates(i - 1, 3);

oj . Tb = SWoprops(i - 1, 2);

"psit);
"F);

5:6));
4:6));




oj . orho = conversionrho(SW SWprops(i - 1,

5), "kg/nB8");

oj . Bl endi ngRef erence

bnrmu = Obj . bnr nu;

brrT = Cbj. bm T;

SW BOnrodel . TuneVi scosi ty(bnrnu, conversi onT(SW
b T, "'F'));

SW BOrodel . P = conversi onP(SW SWprops(i - 1,
1), '"psi');

SW BOrodel . T = conversi onT(SW SWprops(i - 1,
2), 'F);

gisc = [SWflowates(i - 1, 1);

hj.Q + (bj.d; ...
SWflowates(i - 1, 3)];

gs2r = SW BOnodel . gsc2ac;

gi ac = Qgs2r*qi sc;
SWflowates(i, 1) = gisc(l);
SWflowates(i, 2) = gisc(2);
SWflowates(i, 3) = gisc(3);
SWflowates(i, 4) = giac(l);
SWflowates(i, 5) = giac(2);
SWflowates(i, 6) = giac(3);

SWflowates(i, 7) sum(SWflowates(i, 5:6));
BSWflowates(i, 7) = sun(SWflowates(i, 4:6));

SW BOrodel . WC = 100*qi ac(3)/(qgiac(2) + giac(3));

risc = [SWprops(i - 1, 4); ...
conversionrho(SW bj.brho, "Ib/ft3");
SWprops(i - 1, 6)];

rs2r = SW BOnodel . rhosc2ac;

riac = rs2r*risc;

SWprops(i, 1) = SWprops(i - 1, 1);
SWprops(i, 2) = SWprops(i - 1, 2);
SWprops(i, 3) = SWBOmwdel . \C;
SWoprops(i, 4) = risc(1);
SWprops(i, 5) =risc(2);
SWoprops(i, 6) = risc(3);
SWprops(i, 7) =riac(1);
SWoprops(i, 8) = riac(2);
SWoprops(i, 9) = riac(3);
SWprops(i, 10) = SW BOnpdel . enu;

case 'espobj’
% ESP obj ect

go = SWflowates(i - 1, 5);
gw = SWflowates(i - 1, 6);
gt = gqo + qw




ns');

ns');

5:6));

4:6));

qiac(3));

Pin = SWprops(i - 1, 1);
Tin = SWprops(i - 1, 2);
orho = conversionrho(SW SWoprops(i - 1, 8),

wrho = conversionrho(SW SWprops(i - 1, 9),
nrho = (go*orho + gww ho)/qt;

nSG = nr ho/ 1e3;

oj.vnu = SWprops(i - 1, 10);

oj . Q = conversionF(SW qt, 'nB8/d - nB/h');
oj . Vi scosi t yAdj ust nment

oj . FrequencyAdj ust nent

if any(Qbj.CurveHQne(:, 2) > j.Q

Pot = Pin + Obj.HnBG 9. 81,

SW BOrodel . P = conversi onP(SW Pot, ' psi
SW BOrodel . T = conversionT(SW Tin, "F);
gisc = [SWflowates(i - 1, 1);

SWflowates(i - 1, 2);
SWflowates(i - 1, 3)];

gs2r = SW BOnodel . gsc2ac;

gi ac = Qgs2r*qi sc;
SWflowates(i, 1) = gisc(l);
SWflowates(i, 2) = gisc(2);
SWflowates(i, 3) = gisc(3);
SWflowates(i, 4) = giac(l);
SWflowates(i, 5) = giac(2);
SWflowates(i, 6) = giac(3);

SWflowates(i, 7) sum(SWfl ow ates(i,

WSWflowates(i, 7) = sun(SWflowates(i,

SW BOrodel . WC = 100*qi ac(3)/(qgiac(2) +

risc [SWprops(i - 1, 4);
SWprops(i - 1, 5);
SWprops(i - 1, 6)];

SW BOnrodel . r hosc?2ac;

rs2r*risc;

rs2r
ri ac

SW props(i
SW props(i
SW props(i
SW props(i
SW props(i
SW props(i

1)
2)
3)
4)
5)
6)

Pot ;

Ti n;

SW BOrodel . WC,
risc(l);
risc(2);
risc(3);

"kg/

"kg/

")




SWprops(i, 7) =riac(1);
SWprops(i, 8) = riac(2);
SWprops(i, 9) = riac(3);

SWprops(i, 10) = SW BOnodel . enu;
el se

Y%sustituir con flag

SWprops(i, 1) = -1;
end

case 'tubi ngobj’
% Tubi ng obj ect

SW BOrodel . P = conversi onP(SW SWprops(i - 1,

1), '"psi');
SW BOrodel . T = conversionT(SW SWprops(i - 1,
2), 'F);
SW BOrodel . WC = SWprops(i - 1, 3);
oj . BOmdel = SW BOrodel ;
oj.Pi = SWprops(i - 1, 1);
oj. Ti = SWprops(i - 1, 2);
hj.Q = SWilowates(i - 1, 7);
oj . Sol veTubi ng
SW BOrodel . P = conversi onP(SW Obj.Po, '"psi');
SW BOrodel . T = conversi onT(SW Obj.To, 'F');
if SWBOmodel .P > 0
gisc = [SWflowates(i - 1, 1);
SWflowates(i - 1, 2); .
SWflowates(i - 1, 3)];
gs2r = SW BOnodel . gsc2ac;
gi ac = Qgs2r*qi sc;
SWflowates(i, 1) = gisc(l);
SWflowates(i, 2) = gisc(2);
SWflowates(i, 3) = gisc(3);
SWflowates(i, 4) = giac(l);
SWflowates(i, 5) = giac(2);
SWflowates(i, 6) = giac(3);
SWflowates(i, 7) = sum(SWflowates(i,
5:6));
WSWflowates(i, 7) = sun(SWflowates(i,
4:6));
SW BOrodel . WC = 100*qgi ac(3)/(qgiac(2) +
i ac(3));
risc = [SWprops(i - 1, 4);
SWoprops(i - 1, 5); ...
SWoprops(i - 1, 6)];
rs2r = SW BOnodel . rhosc2ac;
riac = rs2r*risc;




SWprops(i, 1) = conversionP(SW

SW BOmodel . P, ' kPa');

SWprops(i, 2) = conversionT(SW
SWBOnmodel . T, 'C);

SWprops(i, 3) = SWBOmwdel . \C;
SWoprops(i, 4) =risc(1);
SWprops(i, 5) =risc(2);
SWoprops(i, 6) = risc(3);
SWprops(i, 7) =riac(1);
SWprops(i, 8) = riac(2);
SWprops(i, 9) = riac(3);

SWprops(i, 10) = SW BOnodel . enu;

el seif i mag(SW BOnodel . P) ~= 0 ||
i snan( SW BOrodel . P)
Y%sustituir con flag!
SWprops(i, 1) = -1;
el se
SWprops(i, 1) = conversionP(SW
SW BOnodel . P, ' kPa');
end
end
end

function Sol veQbj ect s( SW
%S0l veCbj ect s.
% Loop for solving all itens in the single well.

for i = 1: SWItensCount
CurrentObject = SWitens{i};
SW Sol ve(hj ect (Current Cbj ect, i);

Y%sustituir por flag!
if any(SWoprops(:, 1) < 0)
br eak
end
end
end

end

nmet hods
% -- public nethods --

function Sol veSi ngl eVl | (SW
% fl ow at es
% 1 2 3 4 5 6
% Q@sc Qsc Qwsc Q Qv Q
%
% pr ops
% 1 2 3 4 5 6 7




% P T WC grhosc orhosc whosc grho or ho
wr ho emu

% pr ogr anmer not e:

% The resol ution nmethod take two points for calculation in
t he

% vertical conpletion: 0.95*ACF and 0. 05* ACF.

%

% sol ving nmethod: secant |ine

SWflowates = zeros(SWItenmsCount, 7);
SWprops = zeros(SWItenmsCount, 10);

VC = SWitens{1};
ACFP = VC. ACFP;

%ondl = O;
| oopmax = le2;
n = 100;

Pwhf a
Pwhf b
scfa
scfb

vACFP

IRNTRN T
eLeee

i nspace(0, AOFP, n);

% first point
for i =n- 1:-1:2
SW Qsci = VACFP(i);
SW Sol ve(hj ect s
if any(SWprops(:, 1) <= 0)
SWflowates = zeros(SWItenmsCount, 7);
SWprops = zeros(SWItenmsCount, 10);

el se
scfa = SWQsci ;
Pwhfa = SW Pwherf (SW props(end, 1), SW Pwh);
br eak

end

end

% second poi nt
for i =2:1:n - 1
SW Qsci = VACFP(i);
SW Sol ve(hj ect s
if any(SWprops(:, 1) <= 0)
SWflowates = zeros(SWItenmsCount, 7);
SWprops = zeros(SWItenmsCount, 10);
el se
Qscfb = SWQsci ;
Pwhfb = SW Pwherf (SW props(end, 1), SW Pwh);
if Pwhfb > 0
conti nue
end
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br eak

end

end

if Pwhfa*Pwhfb > 0 || ~ @cfa || ~ Qscfb
noti fy(SW ' NoConvergenceSign')
return

end

Pwhfc = Pwhf a;
| oop = 1;
dQ = abs((scfa - scfb)/2;

whi | e abs(Pwhfc) > le-2
m = (Pwhfa - Pwhfb)/((scfa - (scfb);

scfc = Qcfb - Pwhfb/m

SW Qsci = Qscfc;

SW Sol ve(hj ect s

Pwhfc = SW Pwherf (SW props(end, 1), SW Pwh);

if abs(Pwhfc) < le-2 || dQQ < 1
br eak
end

i f Pwhfa*Pwhfc > 0

dQlL = abs(Qscfc - @scfb);
el se

dQl = abs(Qscfc - Qscfa);

end

if dQl > dQ
scfc = (Qscfa + Qscfb)/2;
SW Qsci = Qscfc;
SW Sol ve(hj ect s

Pwhfc = SW Pwherf (SW props(end, 1), SW Pwh);

end

if Pwhfa*Pwhfc > 0

Pwhfa = Pwhfc;

scfa = Qscfc;
el se

Pwhf b = Pwhfc;

scfb = Qscfc;

end

dQ = abs((scfb - scfa)/2;
loop = loop + 1;
end

—h

oop > | oopmax

noti fy(SW ' NoConvergencelter")
return

end
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end
end

nmet hods (H dden)
% -- unit conversion functions --

% progranmer notes:

% integrating these functions as nethods, instead of |ist
t hem

% as separate fuunctions is 1.0%- 1.5%faster

function nT = conversionT(~, oT, type)
%conversi onT. Tenperature
switch | ower(type)
case 'c'
nT
case 'f'
nT

(oT - 32)/1.8;

oT*1.8 + 32
end
end

function nP = conversionP(~, oP, type)
%onversati onP. Pressure
switch | ower(type)
case 'psi'
nP = oP*14.7/101. 325;
case ' kpa'
nP = oP*101. 325/ 14. 7;
end
end

function nrho = conversionrho(~, orho, type)
%conver si onrho. Density
switch | ower(type)
case 'kg/ nB'
nrho = orho*16. 0186;
case 'l b/ft3
nrho = orho/ 16. 0186;
end
end

function nF = conversionF(~, oF, type)
%onversionF. Volunetric flowate
switch | ower(type)
case 'nB/h'
nF = oF*0. 1589873/ 24;
case ' bpd
nF = oF*24/0. 1589873;
case 'nB/h - nB/d

nF = oF*24;
case 'nB/d - nB/h'
nF = oF/ 24;

end
end
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end

nmet hods (Static)
function NoConvergenceFcn(SWrc, SWevent)
swi tch SWevent . Event Nane
case 'NoConver genceSi gn'
state = [' Singl el | bj: NoConver gence

"No sign change was found in the interva
[0, ACFP]. B
"Try decreasing the interval for
searching a sign change.'];
case 'NoConvergencelter'
state = [' Singl el | Ooj: NoConver gence

" Maxi mum nunber of iterations
reached. ;...
"Try decreasing the Pwh val ue. "1;
end
fprintf(* % \n % \n % \n', state(l1, :),
state(2, :), state(3, :));
SWrc.flowates = zeros(SWrc. ItensCount, 7);
SWsrc. props = zeros(SWrc. ltensCount, 10);
end
end
end
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