


Figure 7.1: The suggested integrated model flow chart
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MATLAB and R-PROJECT CODES

RM Model Codes

This code is under Matlab, the input to this code is the injection and production rates, the output
will be a plotting matrix contains the simulated and calculated values and the connectivities matrix
can be accessed by looking up the variable mlrlambda

PRD=prdmlr%csvread (' PRDB.csv');
INJ=injmlr%csvread (' INJB.csv');
nrowprd=size (PRD, 1);
ncolprd=size (PRD, 2);
ncolinj=size (INJ, 2);
nrowinj=size (INJ, 1)
injinj=cov (INJ);
%injprd cov

.

4

injprdcov=zeros(ncolinj, ncolprd);
for j=l:ncolprd
for i=l:ncolinj
tt=cov(INJ(:,1i), PRD(:,73));
injprdcov (i, j)=tt (1,2);
end
end
mlrlambda=zeros(ncolinj, ncolprd);
mlrlambda=injprdcov’/ (injinj);
mlrlambda=mlrlambda’;
%checking and plotting
predmatrix=ones (nrowprd, ncolprd);
for k=l:ncolprd;
for n=l:nrowinj;
temp=0;
for j=l:ncolinj;
temp=INJ (n, j) *mlrlambda (j, k) +temp;
end
predmatrix(n, k)=temp;
end
end
for 1 = l:ncolprd
subplot (5,6,1);
plot (PRD(:,1));hold on ;
plot (predmatrix(:,i),’Marker’,’.’,’LineStyle’,’none’,’Color’,[1 0 0])
rs= corrcoef (PRD(:,1),predmatrix(:,1));
title([’PRD’,num2str(i),” R=', num2str (sprintf(’%0.4f’,rs(1,2)))]);
%legend(’Calculated’,’Simulated’)
end
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CM Model codes

This code will calculate the CM model coefficients using the fmincon function in Matlab, the
input are the injection and production rates and the output will be a plotting matrix contains the
simulated and calculated values and the connectivities matrix can be accessed by looking up the
variable masterlambda

$This is the main CRM model

PRD=csvread ('PRD.csv’);

PR=csvread ('PR.csv’);

INJ=csvread (" INJ.csv');

nrowprd=size (PRD, 1) ;

ncolprd=size (PRD, 2);

ncolinj=size (INJ, 2);

nrowinj=size (INJ, 1)

nrowpr=size (PR, 1);

ncolpr=size (PR, 2);

masterlambda=ones (2*ncolinj+2*ncolpr,ncolpr);

for i=1l:ncolprd

%Calling the Matrices Subroutine

lambdas=matrciesll (PRD(:, 1), INJ);

masterlambda (l:ncolinj,i)=lambdas (2:ncolinj+1,1);

$masterlambda (ncolinj*2+ncolprd+l:ncolinj*2+2*ncolprd, i)=lambdas (ncolinj+2:ncolinj
+1+ncolprd,1);

4

end
tao=.01* (ones (ncolinj, ncolprd));
nopressmat=zeros (2*ncolinj+l,ncolprd);
$modified optimization
for i=1l:ncolprd
options = optimset;
options optimset (options,’'Display’, 'off’);
options = optimset (options,’Algorithm’, ’interior-point’);
options = optimset (options,’PlotFcns’, { Qoptimplotfval });
x0=tao(:,1);
lambda=masterlambda (2:ncolinj+1,1);
$tao=tao(:,1);
[x,fval,exitflag,output] = fmincon(@(tao)fnll (tao,lambda, INJ,PRD(:,1)),x0

(1,01, 11, [1,1b,ub, [],0ptions);
% [x,fval,exitflag,output] = fminunc(@(lambda)fnl (lambda, INJ,PRD(:,1i),PR),x0,
options);

tao(:,1)=x
for 3 = 1 : ncolprd

x0=x
% [x,fval,exitflag,output] = fminunc (@ (lambda)fnl (lambda, INJ,PRD(:,1),PR), x0,
options);
[x,fval,exitflag,output] = fmincon (@ (tao)fnll (tao, lambda,INJ,PRD(:, j)),x0

(L1, 01, 01,1],1b,ub, [],0ptions);

tao(:,1)=x;
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end

nopressmat (ncolinj+2:end, i) =x;

nopressmat (1:ncolinj, i) =lambda;
end

%Calcluating ghat after getting the parameters
predmatrix=ones (nrowprd, ncolprd);
for 1 = 1 : ncolprd;

predmatrix(:,1i)= checking(masterlambda(:,1i), INJ, PR);
end

$plotting
for 1 = l:ncolprd
subplot (2,2,1);
plot (predmatrix(:,1i));hold on ;
plot (PRD(:,i),'Marker’,”.’,"LineStyle’, none’,’Color’,[1 0 0])
rs= corrcoef (PRD(:,1),predmatrix(:,1));
title([’PRD’,num2str(i),’” R=', num2str (sprintf(’'%0.2f’,rs(1,2)))]1);
legend (' Sim’,"Act’)
end

This function calculates the value of § for any given set of injection rates, lambdas and pressures
using the CM model.

function fin = fnl (lambda, INJ,PR)
nrow = size(INJ,1);
ncol = size(INJ,2);
nrowpr=size (PR, 1);
ncolpr=size (PR, 2);
idash = zeros(nrow, ncol);
% Constructing the i.dash matrix
for 1 = l:ncol
for j = l:nrow
temp=0;
for k = 1:3j
temp= (1/lambda (ncol+i,1))*

exp ((k-7) /lambda (ncol+i, 1)) *INJ (k, 1)+ temp;

end
idash(j,1) =temp;
end
end
% Preparing the idash matrix X lambda matrix
lambdai = zeros (nrow, ncol);
for 1 = 1l:ncol
lambdai (:,1i)=lambda (i+1,1)*idash(:,1);
end

110



ghat = sum(lambdai,?2);
% Prepating the BHP matrix
bhplterm=zeros (nrowpr, ncolpr);
for k=l:ncolpr

for 1 = 1: nrowpr

bhplterm(i, k)=PR(1,k)*

exp ((1-1)/lambda (((2*ncol)+k),1));

end
end

o o°

preparing the 2nd term (Pwfkj)
bhp2term=PR;

oe

o

$preparing the 3rd term (P'wfkj)
bhp3term=zeros (nrowpr, ncolpr);
for k=l:ncolpr
for 1=l:nrowpr
temp=0;
for m=1:1
temp=(1/lambda (((2*ncol)+k), 1))
*exp ((m-1)/lambda ( ((2*ncol)+k), 1)) *PR(m, k) +temp;
end
bhp3term(1l, k)=temp;
end
end

oe

o

Swrapping up
bhpmaster=bhp3termtbhp2term+bhplterm;
bhpnue=zeros (nrowpr, ncolpr);
for i=l:nrowpr

for j=l:ncolpr

bhpnue (i, j)= (bhpmaster (i, J)*

lambda ( ((2*ncol) +ncolpr+7j), 1)) +bhpnue (i, J);

end
end
fin=ghat+sum (bhpnue, 2) ;
$fin=bhpmaster

return

This function creates the CM model sub-matrices and combine them into the master matrix. The
inputs are production, injection and pressures. The output will be the lambda matrix that has IxJ
values for connectives readings.

%$This is the matrices creation subroutine
function lambdas=matrices (PRD, INJ, PR)
nrowprd=size (PRD, 1);
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ncolprd=size (PRD, 2);
ncolinj=size (INJ, 2);
nrowinj=size (INJ, 1);
nrowpr=size (PR, 1);
ncolpr=size (PR, 2);
taop=ones (30,1).*.05; %this is the tao for the production Tk
taoipp=.2; %this is the tao for the injection Ti
ppmatrix=zeros (nrowprd,ncolprd);
ppvar=zeros (1,ncolprd);
cppi=zeros(ncolinj, ncolprd);
injinj=zeros(ncolinj, ncolinj);
ppa=zeros (1,ncolprd);
cigj=zeros(ncolinj, ncolprd);
lhs=zeros (ncolinj+ncolpr+2,1);
lambda=zeros (2+ncolinj+ncolprd, 1) ;
master=zeros (2+ncolinj+ncolpr,2+ncolinj+ncolpr);
iavg=zeros(l,ncolinj);
idash=zeros (nrowinj, ncolinij);
%preparing the BHP matrix
$Preparing the 1lst term (Pwf (n0)e)
bhplterm=zeros (nrowprd, ncolprd);
for k=l:ncolpr
for i=l:nrowpr
bhplterm(i, k)=PR(1,k)*exp((1-1))/taop(k,1);
end
end
$preparing the 2nd term (Pwfkj)
bhp2term=PR;
bhp3term=zeros (nrowpr, ncolpr);
%Preparing the 3rd term(P’'wfkj)
for k=l:ncolpr
for 1=l:nrowpr

temp=0;
for m=1:1
temp=(1/taop(k, 1) *exp ((m-1) /taop(k, 1)) *PR(m, k) +temp);
end
bhp3term (1, k)=temp;

end
end
$wrapping up bhp...
bhpmaster=zeros (nrowpr, ncolpr);
bhpmaster=bhpltermtbhp2term+bhp3term;
% preparin the idash values
taoi=csvread(’'taoi.csv’);
for i=l:ncolinj
for j=l:nrowinj
temp=0;
for k=1:j
temp=(1l/taoi(i,1))*exp((k-7J)/taoi(i,1))*INJ(k,1)+temp;
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end
idash(j,1)=temp;
end
end

$filling pp matrix for all producers
for j=l:ncolprd
for i=l:nrowprd
ppmatrix (i, 1)=PRD(1,1) *exp((-1i+1) /taoipp);
end
end
$filling the cov matrix for pp
ppvar=var (ppmatrix);
$filling the cov of cppi and its trans.
for j=l:ncolprd
for i=l:ncolinj
tt=cov(ppmatrix(:,1),idash(:,1));
cppi (i, 3)=tt(1,2);
end
end
cppit=transpose (cppi);
$filling the inj-inj cov
injinj=cov (INJ)

$filling sigmapp-qq matrix
for j=l:ncolprd
tt=cov(ppmatrix(:,J),PRD(:,73));
ppa(l, 3)=tt (1,2);
end
$filling the ci-gj matrix
for j=l:ncolprd
for i=l:ncolinj
tt=cov(idash(:,1), PRD(:,]));
cigj(i, J)=tt(1,2);
end
end
$preparing the BHP-BHP cov matrix
bhpbhp=zeros (ncolpr,ncolpr);
for i=l:ncolpr
for j=l:ncolpr
tt=cov (bhpmaster(:,1i),bhpmaster(:,73));
bhpbhp (1, j)=tt (1,2);
end
end
% preparing the bhp.avg matrix and trans
bhpavg=transpose (mean (bhpmaster)) ;
bhpavgt=transpose (bhpavg) ;
% preparing the cpp bhp and its trans
cppbhp=zeros (ncolpr, 1);
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for i=l:ncolpr
tt=cov (ppmatrix,bhpmaster(:,1));
cppbhp (i,1)=tt(1,2);
end
cppbhpt=transpose (cppbhp) ;
$preparing the C - BHP matrix
cbhpgij=zeros (ncolpr,1);
for i=l:ncolpr
tt=cov (bhpmaster(:,i), PRD(:,1));
cbhpgj (i, 1)=tt(1,2);
end
$preparing the ci-bhp matrix and its trans
cibhp=zeros(ncolinj, ncolpr);
for i=l:ncolinj
for j=l:ncolpr
tt=cov(idash(:,1i), bhpmaster(:,3j));
cibhp (i, 3)=tt(1,2);
end
end
cibhpt=transpose (cibhp) ;
% preparing the avg matrix for the i dash
iavg=mean (idash);
$preparing the master matrix
ncolmaster=size (master, 2);
nrowmaster=size (master,1);
master (1, 1)=ppvar(1,1);
: (ncolinij+1))=cppit;
master l 2+ncollnj ncolmaster-1)=cppbhpt;
master (1,ncolmaster)=mean (ppmatrix) ;

master

master(2: (ncolinj+l), 1)=cppi(:,1);

master ( (nrowmaster),l)=mean (ppmatrix);

master (2: (ncolinj+l),2: (ncolinj+1))=injinj;
master (2: (ncolinj+l),ncolmaster)=transpose(iavqg);
master (2: (ncolinj+l), ncolmaster)=iavg;

master (ncolinj+2:nrowmaster-1, 1)=cppbhp;

master (ncolinj+2:nrowmaster-1,2:ncolinj+1l)=cibhpt;

master ((ncolinj+2) : (nrowmaster-1), (2+ncolinj) : (ncolmaster-1))=bhpbhp;
master (2:(ncolinj+l), (2+ncolinj): (ncolmaster-1))=cibhp;
master ((ncolinj+2) : (nrowmaster-1), ncolmaster)=bhpavg;

(1
(
(
(2
(
(2
(2
master ( (nrowmaster),ncolmaster)=0;
(2
(
(
(
(
(
(

master (nrowmaster, 2:ncolinj+l)=1iavg;

master (nrowmaster, 2+ncolinj:ncolmaster-1)=bhpavgt;
$ filling the LHS matrix

nrowlhs=size(lhs,1);

lhs(1,1)=ppg;

lhs(2: (ncolinj+l),1l)=ciqgj(:,1);
lhs(ncolinj+2:nrowlhs-1,1)=cbhpqgj;

lhs (nrowlhs, 1) =mean (PRD) ;

$%%%%%1lambda
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lambdas=inv (master) *1hs;
return

This code is under R-Project and it solves the CM model. In order to access the values lookup
the file lambdaReplacement.csv in the working directory and the code also will generate some
comparison plots for the value of lambdas

#Bismilla-Reading the files and preparing the matrices---------—-—- CM Model
ptm <- proc.time()

PRD=read.csv (file="PRDCRM.csv")

INJ=read.csv(file="INJCRM.csv")

ms=4

PRD=do.call (cbind, PRD[ms])

INJ=do.call (cbind, INJ)

tao.p=.2
#Preparing the matrices
pp.matrix=matrix (ncol=ncol (PRD), nrow=(nrow(PRD))) #pp matrix

pp.var=matrix (ncol=ncol (PRD), 1) #pp variance matrix
cpp.I=matrix (ncol=ncol (PRD), nrow=ncol (INJ)) #cpp.I matrix
inj.inj=matrix (ncol=ncol (INJ), nrow=ncol (INJ)) #inj-inj matrix
pp.g=matrix (ncol=ncol (PRD)) #pp.q matrix
ci.gj=matrix(ncol=ncol (PRD), nrow=ncol (INJ)) #ci.qj matrix
lhs=matrix (nrow=ncol (INJ)+2,1) #lhs matrix
lambda=matrix (ncol=1, nrow=(l+ncol (INJ))) #lambda matrix
master=matrix (ncol=ncol (INJ)+2, nrow=(ncol (INJ)+2)) #master matrix
i.avg=matrix (1l,ncol (INJ))
i.dash=matrix (ncol=ncol (INJ), nrow=(nrow (INJ)))
Hh##########4Preparing the i.dash values#######t#####44444444HHHHHH444H4#4
# preparing the i’ values
tao=do.call (cbind, read.csv(file="tao.csv",header=FALSE))
for (1 in 1l:ncol (INJ)) {
for (j in l:nrow (INJ)) {
temp=0
for (k in 1:7){
temp=(1/tao[i,1]) *exp((k-j)/tao[i,1])*INJ[k,i]+temp
1
i.dash[j,i]=temp
}
}
Fhedddddd A4 44444444444 111ing PP MATRIX FOR ALL PRODUCERS#############4444444
for (3 in 1 : ncol(PRD))
for (i in 1: nrow(PRD)) {
pp.matrix[i,1]=PRD[1,1]*exp((-i+1)/tao.p)
}
HHEdF A AR F A4 #F#L111ing THE COV. MATRIX FOR PP#########FHFHFHHFHFHFHEFH

pp.var= var (pp.matrix)

FHEEHHEEHEE R E 44444411 1ing THE COV OF Cpp-I and its transpose########s##44
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for (3 in l:ncol(cpp.I))
for (i in 1: nrow(cpp.I)){
cpp.I[i,jl=cov(pp.matrix[,1],i.dash[,i] )
}
cpp.I1T=t (cpp.I)
thddddd AR A A A4 111ing THE INJ-INJ COV MATRIX########ttH4da4a44H#tt44444
for (3 in 1: ncol(inj.inj))
for (i in 1: ncol(inj.inj)){
inj.inj[i, jl=cov(i.dash[,j], i.dash[,i])
}
Fhed A4 444444444 E111ing SIGMA.PP-QQ MATRIX#####44444444HHHHHta444444444
for ( j in 1: ncol (pp.q)){
pp.q[l, j]=cov(pp.matrix[,j], PRD[,J])
}
HhEFEFA AR AR A A A L111ing CI-QJ MATRIX########HtH444444 4441444444 HFHE11S
for ( j in 1: ncol(ci.qj))
for (i in 1: nrow(ci.qgj)){
ci.qjli, jl=cov(i.dash[,i], PRD[, j])
}
Hhiddddddd444444Preparing the avg. matrix for i.dash#######44dttsttaada44444444
i.avg=colMeans (i.dash)
FHAFE A A A4 HHASSEMBLING THE MASTER MATRIX######44# 4444444445444 444444444
master[1, 1}—pp.var[l,l}

master 1),2:(ncol (master)-1)]=inj.inj
master [nrow (master), 2.(ncol
(master)-1)]=t(i.avg)
master [nrow (master),ncol (master)]=0
master[2: (nrow(master)-1), ncol (master)]=i.avg
FheddddA4ddd44EE A 444 L111ing THE LHS Matrix#####df###tsaaddddadd
lhs[1,1]=pp.q
lhs[2: (nrow(lhs)-1),1]=ci.qgjl,1]
lhs[nrow(lhs),1]=mean (PRD)
HhEddd et Lambda#t###tHd44 44 Resulststfdd4#4 T HE4HH 11
lambda=solve (master)%*% lhs
#for (1 in 1 : nrow(lambda)) {
if (lambdali, 1]1<0) {lambda[i,1]=0}
#}
write.csv(lambda, file="lambdaReplacement.csv")
FHEfHHEE AR p Lot tingh#HHHHd A R R
coff=read.csv(file="BETAS.CSV")

: (nrow (master

master[1l,2: (ncol (master)-1)]=cpp.ITI[1,]
master[l ncol(master)]—mean(pp matrix)
master([2: (nrow (master)-1), 1ll=cpp.I[,1]
master [nrow (master), 1]=mean ( pp.matrix)
[2 )=
[

png (file=paste ("CRM Lambdas",".png"),width=900,height=900)
plot (lambda[2:nrow(lambda),1], type="1",xlab="Injector No.",
ylab="Lambda", col="green",axes=FALSE ,
ylim=c (min (lambda,coff[,2] ),c(max(lambda, coff[,5]))))
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axis(2)
axis(l,at=1:(ncol (INJ)), cex.axis=.7)
par (new=TRUE)
plot (coff[,ms+l], axes=FALSE, type="1", col="red",xlab=FALSE, ylab=FALSE)
#axis (4)
box ()
title(main = (paste("Lambdas", lambda[l,1])))
dev.off ()
tHddd4ddtttttttchecking out#######HHHHH4444#HHHHEEEEHS
# Preparing the lambda X i’ matrix
lambda.i=matrix (ncol=ncol (INJ), nrow=nrow (INJ))
for (1 in 1: ncol (INJ)) {
lambda.i[,i]=lambda[i+1l, 1]*i.dash[,1i]
}
#Wrapping up to calculate Qhat
#preparing the on col ghat
g.hat=matrix (nrow=nrow (INJ),1 )
for (i in l:nrow(INJ)) {
g.hat[i,1]=sum(lambda.i[i,l:ncol (INJ)])+lambda[l,l]*pp.matrix[i, 1]

}
diff=matrix (nrow (INJ), 1)
diff=qg.hat-PRD
png (file=paste ("Qobs vs Qhat",".png"),width=2000,height=900)
plot (PRD, type="1", col="red", axes=TRUE,ylim=c(min(diff,PRD,q.hat),max (PRD,qg.hat)))
legend ('topright’, c("Q Calc." ,"Q Obs","Difference"),lty=c(1,1,2),
col=c("blue", "red", "brown"))
par (new=T)
plot (g.hat[,1], type="1", col="blue", axes=F)
par (new=T)
plot (diff, type="b", col="brown", axes=F,
ylim=c (min (diff, PRD,g.hat),max (PRD,q.hat)))

dev.off ()
Difference=colSums (q.hat)-colSums (PRD)
proc.time() - ptm
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CRM model codes

This code will solve the CRM model using an ad-hoc algorithm. The inputs are the production
and injection rates. The wells locations and names are also needed in order to plot the sectors. You
may want to zoom in in order to spot the sectors. tic

clear all

PRDI=readtable ('PRD_Org.xlsx’);
INJI=readtable (' INJ_Org.xlsx’);
prd=table2Zarray (PRDI(305:end,2:end-3));
inj=tablezarray (INJI (305:end,2:end-3));
XYII=readtable ('XYI.csv');
XYPI=readtable (' XYP.csv');
xyi=tableZarray (XYII(:,2:end));
xyp=tableZarray (XYPI(:,2:end));
inj=csvread(’ INJB.csv’);

prd=csvread (’'PRDB.csv’);

xyi=csvread(’'xyib.csv’);%rand(size(inj,2),2);

o° o o° o° o° o° o

xyp=csvread (' xypb.csv’);%rand(size(prd,2),2);;
%Calc. the initial values of f (which is the initial values of the
sconnectvity
distance=zeros(size(xyi,1l), size(xyp,1));
for k=l:size(xyp,1)
for 1 =l:size(xyi, 1)
distance (i, k)=((abs(xyp(k,1)-xyi(i,1)). 2+ (abs(xyp(k,2)-xyi(i,2))."2))).".5;
end
end

$creating the matirx of the connectivity
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fmat=zeros*distance;
for k=l:size(xyp,1)
for 1 =l:size(xyi, 1)
fmat (i,k)=(1/distance(i,k))./(sum(l./distance(:,k)))+.06;
end

end

jJ

y————————— Creating the matrix of taos------—-------------————-
tao=.06*ones (size(inj,2),size(prd,2));

gest=zeros*prd;

for j= l:size(prd,2)%to no. of prod.
for 1 = 1l:size(inj,1)%to no. of timesteps
for kk=1l:i%internal loop from 1-->i
for m=l:size(inj,2)%no. of injetors

gest (i, j)=gest (i, j)+(l-exp(-1/tao(m, J)))*...
(fmat (m, j) *inj (kk,m)) * (exp ( (kk-1) /tao(m, 3)));

end
end
end
end
§—————— Calc. the new sum of sequared errors between Qest and Qact.--—-

% This new SSE is after one increment of fmat to check the convergence
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$-—-Procedure of calculatin the optimum lambda for each injector
dfmat=.1;
si=1;
for j =l:size(prd,2)
for 1 = l:size(fmat,1) % taking every lambada
si=1;
= checking the convergence--——---———-————-—————-
fmatnew=fmat;% creating a new matrix
fmatnew (i, j)=fmatnew (i, j) +si*dfmat; %modifying the new matrix
lso=1s2 (fmat (:, j),tao(:,]j),size(prd,2),size(inj,2),prd(:,3),1inj);
1sn=1s2 (fmatnew(:, j),tao(:,j),size(prd,2),size(inj, 2),prd(:,J),inJ);
if (lso<lsn)% if true--> we are not on the track, flip the sign
si=-2%*si;
end
fmat=fmatnew;
m=1 ;
tol=mean (prd(:,j))*size(inj,1);
for tt = 1:5
abs (lso-1sn);
lso=1sn;
1so;
lsn;
fmat (i, j)=fmat (i, j) +si*dfmat; %$starin the iteration
Isn=1s2 (fmat (:, j),tao(:,]),size(prd,2),size(inj,2),prd(:,3),
inj);
m=m+1;
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my

end
1s0=0;
1sn=0;
end
end

0

% Calc. gest new from fmat and tao
1s0=0;
1sn=0;

Q [

§—————- Starting the procedure for optimizing tao-—--—-----—--------———~ 5
dtao=.01;

for j =l:size(prd,2)
for 1 = l:size(fmat,1) % taking every lambada

si=1;

[J

§————————— checking the convergence--————-——————————————-

taonew=tao;% creating a new matrix

taonew (i, j)=taonew(i, j)+si*dtao; %modifying the new matrix
lso=(1ls2 (fmat(:,j),tao(:,3),size(prd,2),size(inj,2),prd(:,3),1inj));

lsn=(1s2 (fmat (:,j),taonew(:,j),size(prd,2),size(inj,2),prd(:,J),inJ));

lsn-1so
% if (lso<lsn)$% if true--> we are not on the track, flip the sign
% si=-2%*si;
% end

tao=taonew;

m=1;
$for tt = 1:15
taotest=zeros (100,2);
while (lsn<lso) && (m<100)
abs (lso-1sn);
lso=1sn;
1so;
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lsn;

taotest (m,1)=tao(i, Jj)

tao (i, j)=tao (i, j)+si*dtao; %starin the iteration

lsn=(1s2 (fmat (:,j),tao(:,Jj),size(prd,2),size(inj,2),prd(:,3),1inj));
taotest (m, 2)=1sn;

old=1lsn-1so
m=m+1;
end
m
%$1s0=0;
%$1sn=0;
end
end
close all

for 1 =l:size(prd,2)

subplot (4,4,1)

gest=qgescal (fmat (:,1i),taonew(:,1),size(prd,2),size(inj,2),prd(:,1),1inj);
plot (gest(:,1))

hold on

plot (prd(:,1i),'r*")

hold off

xlabel (time (month)’)

ylabel (' rate (bbl/d)’)

legend(’Calculated’, ’'Simulated’,’Location’,’south’)
title(["PRD’,num2str(i)])

lsn=1s2 (fmat (:,1),taonew(:,1i),size(prd,2),size(inj, 2),prd(:,1i),in7);
end

toc
%$Sectors routine
xyi=csvread(’'xyi.csv’);
xyp=csvread (' xyp.csv’);
prdnames=csvread (' prdnames.csv’);
injnames=csvread(’ injnames.csv’);
angles=zeros(size(xyi,1l),size(xyp,1));
arrlength=fmat
axislimit=max (xyi(:));
if max(xyp(:))>axislimit
axislimit=max (xyp(:))
end
for 1 = 1 : size(angles,1)%filling per row for each injector
for j =l:size(angles,?2)
angles (i, j)=atand ((xyp(3,2)-xyi(i,2))/(xyp(3,1)-xyi(i, 1)))
if (xyp(3,2)-xyi(i,2))<0 && (xyp(3,1)-xyi(i,1))<0
angles (i, j)=angles (i, j)+180
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end

if (xyp(3,2)-xyi(i,2))==0 && (xyp(j,1)-xyi(i,1))<0
angles (i, j)=angles (i, j)+180
end

if (xyp(3,2)-xyi(i,2))>0 && (xyp(3,1)-xyi(i,1))<0
angles (i, j)=angles (i, j)+180
end
end
end
figure
for 1 = l:size(angles,1)
for j = l:size(angles,?2)
plot_sect (angles(i, j), (angles (i, 3)+10),xyi(i,1),xyi(i,2),arrlength(i, J),
axislimit)
hold on
end
end

for 1 =l:size(prdnames, 1)

text (xyp(i,1),xyp(i,2), [’ *P’, num2str (prdnames(i,1))])
end
for 1 =l:size(injnames, 1)

text (xyi(i,1),xyi(i,2),["I’, num2str(injnames(i,1))1])
end

This code is to solve the CRM method using the fmincon function in Matla. The output is the
matrix of lambdas and the input will be the rates, and well locations. The lambdas matrix can be
accessed by looking up the variable fmat clear all

PRDI=readtable (' PRD_Org.xlsx’);
INJI=readtable (' INJ_Org.xlsx’);
prd=tableZarray (PRDI(305:end, 2:end-3));
inj=table2array (INJI(305:end,2:end-3));
XYII=readtable ('XYI.csv');
XYPI=readtable (' XYP.csv');
xyi=tableZarray (XYII(:,2:end));
xyp=tableZarray (XYPI(:,2:end));

%Calc. the initial values of f (which is the initial values of the
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sconnectvity
distance=zeros(size(xyi, 1), size(xyp,1));
for k=l:size(xyp,1)
for 1 =l:size(xyi, 1)
distance (i,k)=((abs(xyp(k,1)-xyi(i,1)). 2+ (abs(xyp(k,2)-xyi(i,2)).72))).".5;
end
end
$creating the matirx of the connectivity
fmat=zeros*distance;
for k=1l:size (xyp,1)
for 1 =l:size(xyi, 1)
fmat (i,k)=(1/distance(i,k)) ./ (sum(l./distance(:,k)))+.06;
end

end

Q

¥————————— Creating the matrix of taos------—---------------——
tao=.06*ones (size(inj,2),size(prd,2));
gest=zeros*prd;

[J

g—————— Optimization section lambda---—----------——--—"—"—--——

% the process will be for each producer, so the filling for lambda matrix
% will be vertical

1b=0* (fmat (:,1));

ub=1+1b;

for i=l:size(prd,2)

for j=1:5

inifmat=fmat (:,1);

fmat (:,1)=fmincon (@ (fmat)crm(abs (inifmat), inj,prd(:,1i),tao(:,1i)),inifmat
101,11, [1,1b,ub, [],0ptions);
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inifmat=fmat (:,1);
end

end

Q

y—————= Optimization section tao----—---------------r——
1b=ub*.001;
for i=1l:size(prd,2)
for j=1:5
initao=tao(:,1);

tao(:,1)=fmincon(@(tao)crm(abs (fmat(:,1)),inj,prd(:,1),initao),initao
L1, 01,01, [1,1b,ub, []1,0ptions);

initao=tao(:,1);
end

end
Gm——— checking and plotting-——-------------------—
close all
for 1 =l:size(prd,2)
subplot (4,4, 1)
gest=qgescal (fmat (:,1i),tao(:,1),size(prd,2),size(inj,2),prd(:,1),1in7j);
plot (gest(:,1))
hold on
plot (prd(:,1i), r*")
hold off
xlabel ('time (month)’)
ylabel (" rate (bbl/d)’)
legend(’Calculated’, ’'Simulated’,’Location’,’south’)
title (["PRD’,num2str(i)])
lsn=1s2 (fmat (:,1),tao(:,1),size(prd,2),size(inj,2),prd(:,1),1inj);
end
G sectors routine-—---—--—--————-———————————
angles=zeros (size(xyi,1),size(xyp,1));
arrlength=fmat
axislimit=max (xyi(:));
if max(xyp(:))>axislimit
axislimit=max (xyp(:))
end
for 1 = 1 : size(angles,1)%filling per row for each injector
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for j =l:size(angles,?2)
angles (i, j)=atand ( (xyp (3, 2) -xyi(i,2))/ (xyp (3,1)-xyi(i,1)))
if (xyp(3,2)-xyi(i, 2))<0 && (xyp(3,1)-xyi(i,1))<0
angles (i, j)=angles (i, j)+180
end

if (xyp(3,2)-ryi(i,2))==0 && (xyp(j,1)-ryi(i,1))<0
angles (i, j)=angles (i, j)+180
end

if (xyp(3,2)-xyi(i,2))>0 && (xyp(3,1)-xyi(i,1))<0
angles (i, j)=angles (i, j)+180
end
end
end
figure
for 1 = 1l:size(angles,1)
for j = l:size(angles,?2)
plot_sect (angles(i, j), (angles (i, 3)+10),xyi(i,1),xyi(i,2),arrlength(i, J),
axislimit)
hold on
end
end
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