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APPENDICES

Appendix A Physical Data for a Hot-oil Heat Exchanger (Model A)

MO(kg/h) = FO(m 3/h) X Density (kg/m3)
FO(m 3/h) X (—0.60487,,i, + 875.12)
Imol 1000 L 1 kg
Met(kg/h) = Fet(Nm3/h) X X XMW (g/mol)
22.414 L 1 1000 g
1mol 1000 L 1 kg
Fet(Nm 3/h) X 29.9(g/mol
( )X 92414 Lx 1yns (0 " lo00 ¢

0.00367:,,1 + 1.8089

cp.et(kazkg °c) = -0.00687; 11+ 258

Cp.o(k)/kg °C)

“(m?2) = 46.1

((14V?772C)  =310.6
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Appendix B Data Reconciliation Source Code of GAMS for Model A (Random
Error Only)

Scan GDXXRW .EXE 3519E02z.xlIsx set=RI rng=A4:A4 Rdim=| set=A
rng=B3:B3 Cdim=| Par=Foil rng=A3:B4 Rdim=| Cdim=] set-B rng=D3:D3
Cdim=| Par=Fethprod rng=C3:D4 Rdim=1 Cdim=1  set=c rng=F3:F3 Cdim=|
Par=Toin rng=E3:F4 Rdim=1 Cdim=| set=D rng=H3:H3 Cdim=| Par=Toout
rng=G3:H4 Rdim=I Cdim=I set=E rng=J3:J3 Cdim=I Par=Tethprodin
rng=13:J4 Rdim=1 Cdim=| set=F rng=L3:L3 Cdim=| Par=Tethprodout
rng=K3:L4 Rdim=| Cdim=| set=G rng=N3:N3 Cdim=| Par=LT rng=M 3:N4
Rdim=I Cdim=I

$GDXin 3519E02z.9dx

Set RA1(*).A(*).B(*).C(*).0D(* ).E(*).F(*).6(*)
$load RIABCDEFG

Parameter Foil(RILA). Fethprod(RFB), Toin(RFC). Toout(RID),
Tethprodin(RFE). Tethprodout(RLF). (REG):
$load Foil Fethprod Toin Toout Tethprodin Tethprodout FT

Scalars
\ toil variance of oil flowrate /101.896044559869/
\ fethprod variance of ethane product flowrate /637.510161/
vtoin variance of oil inlet temp 1622.020220081312/
\ toout variance of oil outlet temp /596.7130598/

\ tethprodin variance of ethane product inlet temp/96.0122560103276/
\ tethprodout  variance of ethane product outlet temp /104.8419276/
vU variance of heat overall coefficient /649.4030321/

area heat transfer area of heat exchanger /46.1



Variable

min

froil

ilroil
frethprod
mrethprod
troin

trout
trethprodin
trethprodout

0
Ur

Equation

mint

mint

mo
methprod
qo
gethprod
ghx
conl
con?
con3

cond

. min

80

objective function

reconciled oil volume flowrate

reconciled oil mass flowrate

reconciled ethane product volume flowrate
reconciled ethane product mass flowrate
reconciled oil inlet temp

reconciled oil outlet temp

reconciled ethane product inlet temp
reconciled ethane product outlet temp

heat duty

reconciled overall heat transfer coefficient

define objective function

oil mass flowrate

ethane product mass flowrate
heat duty of oil

heat duty of ethane product
heat duty of heat exchanger
constraint 1

constraint2

constraints

constraint-!

=e (sum ((RILA).(Foil(RI,A)-

froil)/sqrt(vfoil)))** 2+ (sum ((R1.B).(Fethprod(RI .B)-
frethprod)/sqrt(vfethprod)))**2+(sum((R1.C).(Toin(RI.C)-troin)/sqrt(vtoin)))**2
+(sum((R1,D).(Toout(RI.D)-

troout)/sqrt(vtoout)))* *2+(

m(IR L.E).(Tethprodin(R1.E)-

trethprodin)/sqrt(vtethprodin)))**2+(sum ((RI.F).(Tethprodout(RI.F)-
trethprodout)/sqrt(vtethprodout)))**2+(sum ((R1.G).(U(RI.G)-Ur)/sqrt(vU)))**2:
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mo . mroil ze=  froil*((-0.6048*troin)+875.12):
methprod .. mrethprod =e= frethprod*(29.9/22.414);

o .q == oil* 18089*(troin-

troout )} 0.0018*(troin* *24 troout**2)))* 1000/3600:

(ethprod .. g =e=  mrethprod*((2.58*(trethprodout-
tretliprodin))+(-0.00340*( trethprodout* *2-trethprodin* *2)))* 1000/3600:
ghx  .q =e=  Ur*area*((troin-trethprodout)*(troout-
trethprodin)*((troin-trethprodout)+(troout-trethprodin))/2)**( 113):

conl . troin =(= trethprodout

con2 . troout =g= trethprodin:

cond . troin =g= troout;

cond . trethprodout =(= trethprodin:

froil.lo = 21.5688; froil.up =51.1992,
frethprod.lo = 24877.14 frethprod.up = 46200.4101
troin. lo = 118.601: troin.up =220.259;
troout. lo = 70.7784; troout.up = 1314456
trethprodin.lo = 11.0061; trethprodin.up =20.4399:
trethprodout. lo = 41,0284; trethprodout.up = 76.1956:
Urlo = 21742, Urlip —~SEES

Model reconciledall /all/:
Solve reconciledall using nip minimizing min;

display mind, froild. frethprod.l. troin.L troout.. trethprodin.l trethprodout.l. ql.
ldI'd:
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Appendix ¢ Data Reconciliation Source Code of GAMS for Model A (Random
Error with | Position of Gross Error)

Scall GDXXRW.EXE 3519E02zxlsx  set=RI rng=Ad4:A4 Rdim=| Set=A
mg=B3:B3 Cdim=l  Pal-Foil mg=A3:B4 Rdim=| Cdim=l  set=B mg=D3.D3
Cdim=l  Par=Fethprod mg=C3:D4 Rdini=I Cdim=l  set=c rng=F3:F3 Cdim=|
Par=Toin mg=E3:F4 Rdim=l Cdim=|  set=D mg=H3:H3 Cdim=  Par=Toout
mg=G3:H4 Rdim=I Cdim=I set=E rng=J3:J3 Cdim=| Par=Tethprodin
mo=I13.J4 Rdim=l Cdim=l  set=F mg=L3:L3 Cdim=I Par=Tethprodout
mg=K3:L4 Rdim=| Cdim=|  set=G mg=N3:N3 Cdim=l  Par=u mg=M3:N4
Rdim=I Cdim=|

SGDXin 3519E02z.gdx

Set R1).A)B(*) A1) [) O EFIH*)G*)
Sload RI ABc DEFG

Parameter ~ Foil(RI.A). — Fethprod(RI.B). ~ Toin(RL.C).  Toout(RLD).
Tethprodin(RLE). Tethprodout(RLF). U(RL.G);
$load Foil Fethprod Toil! Toout Tethprodin Tethprodout

Vol variance of oil flowrate [1312.397937/

\ fethprod variance of ethane product flowrate /637510161

Ytoin variance of oil inlet temp 1622.020220081312/
\toout variance of oil outlet temp /596.7130598/

\tethprodin ~ variance of ethane product inlet temp /96.0122560103276/
\tethprodout  variance of ethane product outlet temp /104.8419276/

W variance of heat overall coefficient /649.4030321/

area heat transfer area of heat exchanger /46.1/



Variable

mill

froil

Ol
frethprod
mrethprod
troin

trout
trethprodin
trethprodout

(
Ur

Equation

mint

tiol 1)/Sort( Vel 1))+ * 2+4(

mint

mo
methprod
V)
gethprod
qhx
conl
con2
con3
cond

.min

objective function

reconciled oil volume flowrate

reconciled oil mass flowrate

reconciled ethane product volume flowrate
reconciled ethane product mass flowrate
reconciled oil inlet temp

reconciled oil outlet temp

reconciled ethane product inlet temp
reconciled ethane product outlet temp
heat dut}’

reconciled overall heat transfer coefficient

define objective function

oil mass flowrate

ethane product mass flowrate
heat duty of ail

heat duty of ethane product
heat duty of heat exchanger
constraint 1

constraint®

constraints

constraint-!

=e=  (siimi(RLA).(Foil(RLA)-
(R1s).(Fethprod(R Ls )-

frethprod )/sqrt(vetliprod)))**2+(siim((RI .C).(Toin(RI ,C)-troin)/sqrt(vtoin)))**2
+(SUm((R1.0 )(TOOUtRLD )-

troout )/sqrt( vtoout )))**2+( ¥ ((RL,E).(Tethprodin(RI.E)-
trethprodin)/sqrt(vtethprodin)))**2+(sum((RI ,F).(Tethprodout(RI .F)-
trethprodout)/sqrt(\'tethprodout)))**2+(sum((R] ,G).(U(R1,G)-Ur)/sqrt(vU)))**2:



mo . mroil ze=  froif¥l-0.6048 *troin }+875.12);
methprod .. mrethprod =e= frethprod* (20.9/22.414);

o .q =e=  mroil*(( 1,8089*(troin-

troout )J+(0.0018*(troin**2-troout* *2)))* 1000/3600:

gethprod .. =e=  mrethprod*((2.58*(trethprodout-
trethprodin))+(-0.00340*1 trethprodout**2-trethprodin® *2)))* 1000/3600;
ghx . =e=  Ur*area* (troin-trethprodout * (troout
trethprodin)*((troin-trethprodout)+(troout-trethprodin))/2)**( 1/3):

conl . troin =(~= trethprodout

con2 .. troout =g= trethprodin:

cond . troin =g= troout;

cond . trethprodout =(= trethprodin:

froil.lo = 27,5688 froil.up = 51.1992;
frethprod. 1o = 24877.1439; frethprod. up = 46200.4101
troin.lo = 118.601; troin. up = 220.259;
troout. lo = 70.7784; froout.up = 131.4456:
trethprodin.lo = 11.0061: trethprodin.up = 20.4399;
trethprodout. lo = 41,0284 trethprodout. up = 76.1956:
Urlo = 217.42; Ur.up = 403.78;

Model leconeiledall /all/:
Solve lecongiledall using nip minimizing min;

display min i, froill. frethprod. troin.l. troout.l, trethprodin.l, trethprodoutd. gl
Url:
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Appendix D Data Reconciliation Source Code of GAMS for Model A (Random
Error with 2 Positions of Gross Error)

Seal | GDXXRW.EXE 3519E02zxlsx  set=RI rg=A4:A4 Rdim=| Set=A
mg=B3:B3 Cdim=|  Pal-Foil mg=A3:B4 Rdim=I Cdim=|  set=B mg=D3:D3
Cdim=I  Par=Fethprod mg=C3:D4 Rdim=| Cdim=l  set=c mg=F3:F3 Cdim=I
Par=Toin mg=E3:F4 Rdim=| Cdim=|  set=D mg=H3:H3 Cdim=I  Par=Toout
mg=G3:H4 Rdim=| Cdim=I set=E rng=J3.J3 Cdim=l Par=Tethprodin
mo=13.4 Rdim=l Cdim=l  set=F mg=L3:L3 Cdim=| Par=Tethprodout
mg=K3:L4 Rdim=| Cdim=l  set=G mg=N3:N3 Cdim=l  Par=u mg=M3:N4
Rdim=| Cdim=|

$GDXin 3519E022.qdx

Set R1(*).A(*).B(*).C(*).D(*)(*).F(*).G(*),
Sload RI ABC DEFG

Parameter ~ Foil(RLA).  Fethprod(RL.B),  Toin(RI.C).  Tooiit(RI.D),
TethprodinfR .Eh Tethprodoutl R LF). URLG):
$load Foil Fethprod Toil! Toout Tethprodin Tethprodout

Scalars
\ foil variance of oil flowrate [1312.397937/
\ fethprod variance of ethane product flowrate /637.510161
vloin variance of oil inlet temp 1622.020220081312/
\toout variance of oil outlet temp [596.7130598/

\tethprodin ~ variance of ethane product inlet temp /287.3308561
\tethprodout  variance of ethane product outlet temp /104.8419276/
I variance of heat overall coefficient  /649.4030321
area heat transfer area of heat exchanger /46.1!



Variable

. min

86

min objective function
froil reconciled oil volume flowrate
10il reconciled oil mass flowrate
frethprod reconciled ethane product volume flowrate
mrethprod reconciled ethane product mass flowrate
troin reconciled oil inlet temp
trout reconciled oil outlet temp
trethprodin -~ reconciled ethane product inlet temp
trethprodont  reconciled ethane product outlet temp
0 heat duty
Ur reconciled overall heat transfer coefficient
Equation
mint define objective function
mo oil mass flowrate
methprod ethane product mass flowrate
Vi heat duty of il
(ethprod heat duty of ethane product
qhx heat duty of heat exchanger
conl constraint 1
con2 constraint®
con3 constraint3
cond constraint-!

== (sum((RLA)(Foil(RLA}

froil)/sqrt(vfoil»)**2+(sum((RI.B).(Fethprod(RI.B)-
frethprod)/sqrt(vfethprod)))**2+(sum((RI.C).(Toin(RI .C)-troin)/sqrt(vtoin)))**2
H ((RL.D)(Tooiit(RID)-

troout )/sqrt( vtoout)))* *2+(sum! (RLE ).(Tethprodin(RI.E)-
trethprodin)/sqrt(vtethprodin)))**2+(sum((RL.F).(Tethprodout(RI.F)-
trethprodout)/sqrt(vtethprodout)))**2+(sum((RI ,G).(LT(RL.G)-Ur)/sqrt(vU)))**2:



mo .. moil ze=  froi¥((-0.6048*troin)+875.12
methprod .. mrethprod ze=  frethprod*(29.9/22.414).

© .0 =e=  mroil*(( 1,8089*(troin-
troout))+(0.0018*(troin* *2-troout* *2)))* 1000/3600:

gethprod .. g =e=  mrethprod*((2.58*(trethprodout-
trethprodin))+(-0.00340* (trethprodout**2-trethprodin* *2)))* 1000/3600;
ghx  .q =e=  Ur*area*((troin-trethprodout)*(troout-
trethprodin)*((troin-trethprodout)+(troout-trethprodin))/2)**( 13):

conl . troin =(= trethprodout

con2 .. troout =g= trethprodin:

con3 . troin == troou;

cond . trethprodout == trethprodin:

froil.lo = 21.5688; froil.up =51.1992:
frethprod.lo = 24877.1439; frethprod.up = 46200.4101
troin. lo = 118,601, troin.up =220.259;
troout. o = 70.7784: troout.up = 1314456
trethprodin.lo = 11.0061; trethprodin.up =20.4399;
trethprodout. o = 41,0284 trethprodout.up = 76.1956:
Ur.lo =217.42: Ur.up = 403.78:

Model reconciledall /all/

Solve reconciledall using nip minimizing min:

67

display minll. froii.l. frethprod.l. troinl. trooutl. trethprodin.l. trethprodoutl. gl

ur.1
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Appendix E Data Reconciliation Source Code of GAMS for Model A (After
Discarding | Position of Gross Error for I-position Case)

Scan GDXXRW.EXE 3519E02zxlsx  set-RI rng=A4:A4 Rdim=| set=B
mg=D3:03 Cdim=| Par=Fethprod mg=C3:D4 Rdim=l Cdim=| set-C
mg=F3:F3 Cdim=l  Pai-Toin mg=E3;F4 Rdim=l Cdim-1  set=D mg=H3:H3
Cdim=I  Pal-Toout mg=G3:H4 Rdim=| Cdim=|  set=E rg=J3.J3 Cdim=|
Par=Tethprodin rng=13.J4 Rdim=I Cdim=I set=F mg=F3:F3 Cdim=|
Par=Tethprodout rng=K3:F4 Rdim=| Cdim=I set=G mg=N3:N3 Cdim=I
Par=LJ rg=M3:N4 Rdim=I Cdim=|

$GDXin 3519E02z.gdx

Set RI(*).Bt*).C(*).D(*).Et) F(*) G(¥)
SloadRl BCDEFG

Parameter ~ Fethprod(RL.B).  Toin(RL.C), ~ Toout(RI.D).  Tethprodin(RFE),
Tethprodout(REF).  (RLG);
$load Fethprod Toin Toout Tethprodin Tethprodout

Scalars
Vlethprod variance of ethane product flowrate /637.510161/
\loin variance of oil inlet temp 1622.020220081312/
\ toout variance of oil outlet temp [596.7130598/

viethprodin -~ variance of ethane product inlet temp/96.0122560103276/
\tethprodout  variance of ethane product outlet temp /104.8419276/

W variance of heat overall coefficient /649.4030321/
area heat transfer area of heat exchanger /46.1/

iable
min objective function

froil reconciled oil volume flowrate



mroil reconciled oil mass flowrate

frethprod reconciled ethane product volume flowrate
mrethprod ~ reconciled ethane product mass flowrate
troin reconciled oil inlet temp

trout reconciled oil outlet temp

trethprodin -~ reconciled ethane product inlet temp
trethprodout  reconciled ethane product outlet temp

i heat dut}

Ur reconciled overall heat transfer coefficient
Equation

mint defing objective function

mo oil mass flowrate

methprod ethane product mass flowrate

4o heat duty of ail

gethprod heat dut} of ethane product

qhx heat dut} of heat exchanger

conl constraint]

con2 constraint2

con3 constraints

cond constraintd
mint ..mill =e=  (sum((RI.B).(Fethprod(RI.B)-

frethprod)/sqrt(vfethprod)))**2+(sum((R1.C).(Toin(RI.C)-troin)/sqrt(vtoin)))*
H{  ((RL.DMToouttRI.DI-

trooutysqiK Ytoout ))**2+( sum((R],E).(Tethprodin(RI.E)-
trethprodin)/sqrt(vtethprodin)))**2+(sum((RI.F).(Tethprodout(R1.F)-
trethprodout)/sqrt(vtethprodout)))**2+(sum((R1,G),(U(RL.G)-Ur)/sqrt(vU)))M

mo . mroil ze=  foil*((-0.6048*troi )+875.12)
methprod .. mrethprod ze=  frethprod*(29.9/22.414)
© .0 =e=  mroil*(( 1.8089%(troin-

troout))H0.0018*(troin* *2-troout* *2)))* 1000/3600:



gethprod .. G =e=  mrethprod*((2.58*(trethprodo lit-
trethprodin))+(-0.00340* (trethprodout* *2-trethprodin* *2)))* 1000/3600:
ghx . g ze=  Ur*area*((troin-trethprodout)*(troout-
trethprodin)*((troin-trethprodout)+(trooiit-trethprodin))/2)**( 1/3):

conl . troin =(= trethprodout;

con2 .. troout =g~ trethprodin:

cond . troin =g~ troout;

cond . trethprodout =(~= trethprodin:

foil, lo = 21.5688: foil, up =51.1992:
frethprod.lo = 248717.143 frethprod.up = 46200.4101
troin.lo = 118.601; troin. up =220.259;
troout. lo =70.7784; troout. up = 131.4456;
trethprodin.lo = 11.0061; trethprodin.up = 20.4399;
trethprodout. lo = 41,0284: trethprodout.up = 76.1956:
Ur.lo = 20742, Ur.up =403.78;

Model reconciledall /all/:

Solve reconciledall using nip minimizing min:

90

display min.l. foi 11 frethprod.. troin.l. troout.l. trethprodin.d trethprodout.l. g.l. Ur.l:
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Appendix F Data Reconciliation Source Code of GAMS for Model A (After
Eliminating 1Position of Gross Error for 2-position Case)

Scan GDXXRW.EXE 3519E02zxlsx  set=RI rng=Ad4:A4 Rdim=| set=B
mg=D3:03 Cdim=| Par=Fethprod rng=C3:D4 Rdim=l Cdim=| set=C
mg=F3:F3 Cdim=I  Par=Toin rng=E3:F4 Rdim=| Cdim=|  set=D mg=H3:H3
Cdim=l  Par=Toout rg=G3:H4 Rdim=| Cdim=  set=E mng=J3.J3 Cdim=|
Par=Tethprodin rng=13:J4 Rdim=l C'dim= set=F mg=L3:L3 Cdim=|
Par=Tethprodout rng=K3:L4 Rdim=| Cdim=I set=G mg=N3:N3 Cdim=|
Par=" rg=M3:N4 Rdim=| Cdim=|

$GDXin 3519E02z.qclx

Set R1)B(*)C0*) D(*JE(*) H ). G
$load RI BCDEFG

Parameter ~ Fethprod(RLB).  Toin(REC),  Tooiit(RKD).  Tethprodin(REE),
Tethprodout(RLF). (R1G):
$load Fethprod Toil' Toout Tethprodin Tethprodout

Scalars
\ fethprod variance of ethane product flowrate /637.510161/
vtoin variance of il inlet temp 1622020220081
vtoout variance of oil outlet temp /596.7130598/

vtethprodin -~ variance of ethane product inlet temp /287.3308561/
viethprodout  variance of ethane product outlet temp /104.8419276/

W variance of heat overall coefficient  /649.4030321/

area heat transfer area of heat exchanger /46.1/
Variable

min objective function

froll reconciled oil volume flowrate



12101l reconciled oil mass flowrate

frethprod reconciled ethane product volume flowrate

mrethprod reconciled ethane product mass flowrate

troin reconciled oil inlet temp

trout reconciled oil outlet temp

trethprodin -~ reconciled ethane product inlet temp

trethprodout  reconciled ethane product outlet temp

q heat duty

Ur reconciled overall heat transfer coefficient
Equation

mint define objective function

mo oil mass flowrate

methprod ethane product mass flowrate

0 heat duty of il

gethprod heat duty of ethane product

qhx heat duty of heat exchanger

conl constraint!

con2 constraint2

con3 constraints

cond constraint®

.mill ze= ( m((RI.B).(Fethprod(RI.B)-

frethprod)/sqrt(vfethprod)))**2+(sum((RI.C).(Toin(RI,C)-troin)/sqrt(vtoin)))**2
+(sum((R1,D).(Toout(RED)-

troout)/sqrt(vtoout)))**2+(sum((R L.E).(Tethprodim RLE)-
trethprodin)/sqrt(vtethprodin)))**2+(sum ((R1.F),(Tethprodout(RI.F)-
trethprodout)/sqrt(\tethprodout)))**2+(sum ((R1.G).(U(RI.G)-Ur)/sqrt(vU)))**2:

mo . oil ze=  foil*((-0.6048*troin)+875.12):
methprod.. mrethprod ze= frethprod*(29.9/22.414):
qo | ze=  mroil*(( !.8089*(troin-

troout))+(0.0018*(troin**2-troout* *2)))* 1000/3600:



gethprod .. g =e=  mrethproa*((2.58*(trethprodout-
trethprodill ))+(-0.00340* (trethprodout* *2-trethprodin®*2)))* 1000/3600;
gx . =e=  Ur*area*((troin-trethprodout)*(troout-
trethprodin)*((troin-trethprodout)+(troout-trethprodin))/2)**( 1/3):

conl . troin == trethprodout;

2 . troout =(= trethprodin:

cond . troin =(= troout;

cond ., trethprodout == trethprodin;

foildo = 27.5688: foil, up =51.1992:
frethproddo = 24877.1439; frethprod.up = 46200.4101
troindo = 118,601, troin.up =220.259;
trooutdo = 70.7784; troout.up = 131.4456:
trethprodin.lo = 11.0061; trethprodin.up =20.4399;
trethprodoutdo = 41,0284 trethprodout.up = 76.1956:
Urdo = 20742 Ur.up =403.78;

Model reconciledall /all/;
Solve reconciledall using nip minimizing min:

display mind, foil.l. frethprodd. troind. trooiltd. trethprodind. trethprodoiltd. qd. Id'd



Appendix G Physical Data for Utility Heat Exchanger Network (Model B)

14 heat exchanger in netw ork
Mn(kg/h) = FO(m3 XDensity (kg/m3)

ol ) (~0.604870sL+ 875.12)

Me[(kg/h) = Fet( X21m4LX199%LXMW Imol) 186(6}9
1000 7

= feh o« xa2iim x 1m3  2%-9(g/mol) 1&6(0gg
Cp.oW/kg °c) = 0.00367,,/,1+ 1.8089
Cp.etW/kg °c) = -0.00687~/,, + 2.58
Ajrim2) —46.1
1(IU/m2C)  =310.6

2-+1heat exchanger in network

MO(kg/h) = F(m3/h) X Density (kg/m3)
- m(m3ih) X (-0.60487 ML+ 875.12)
M, (~/)1) = Ftt(N,n-"/h) X Xijy XMW(gimol) 166%
17 1000 7 kg

Fe[(NmS/h)X224l47 1m3 X 29.9(g/mol) x10001
cp0(kdrkg °C) = 0.003670/, + 1.8089

Cp.et(kd/kg °C) = 0.06157¢f,, 1+ 0.40315

A2(m?2) = 16.7

2( Im2c) = 863.8
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Appendix H Data Reconciliation Source Code of GAMS for Model B (Random
Error Only)

$call GDXXRW.EXE 3519E02zzzz.XIsx  set=Rl rng=A4:A4 Rdim=|  set=A
mg=B3:B3 Cdim=l  Par=Fo mg=A3:B4 Rdim=| Cdim=|  set=B mg=D3:D3
Cdim=l  Par=Fol mg=C3:D4 Rdim=1 Cdim=I  set=c mg=F3:F3 Cdim=l
Par=Fo2 mg=E3:F4 Rdim=| Cdim=|  set=D rng=H3:H3 Cdim=l  Par=Fet|
mg=G3:H4 Rdim=| Cdim=I  set=E mg=J3.J3 Cdim=l  Par=Fet2 mg=I3.J4
Rdim=| Cdim=l  set=F mg=L3:L3 Cdim=I  Par=Tolin mg=K3:L4 Rdim=|
Cdim=  set=G mg=N3:N3 Cdim=l " Pai-Tolout mg=M3:N4 Rdim=T Cdim=I
set=H rng=P3:P3 Cdim=|  Par=To2out mg=03:P4 Rdim=| Cdim=l  set=l
mg=R3:R3 Cdim=|  Par=Tetlin mg=Q3:R4 Rdim=I Cdim=l  set=) mg=T3:T3
Cdim=l  Par=Tetlout rg=S3:T4 Rdim=I Cdim=l  set=K mg-V3:V3 Cdim=|
Par=Tet2in mg= 3:V4 Rdim=I Cdim=| set=L mg=X3:X3 Cdim=I
Par=Tet2out mg=3:X4 Rdim=I Cdim=l  set=M mg=23:Z3 Cdim=l ~ Par=Ul
mg=Y3:Z4 Rdim=I Cdim=|

$GDXin 3519E02zzzz.9dx

Set RI(*JAC)BCYCTDDC) L HPGCIHCMCII) KO MC)
$load RIABCDEFGHIJKLM

Parameter Fo(RLA). Fol(RI.B). Fo2(RI.C). Fetl(RI.D). Fet2(RLE). Tolin(RL.F),
Tolout(RL.G).  To2out(RLH).  Tetlin(RLI). ~ Tetlout(REJ).  Tet2in(RLK).
Tet20iit(RI.L). UI(REM);

$load Fo Fol Fo2 Fetl Fet2 To] in Tolout To2out Tel 1in Tel lout Tet2in Tet2ont UL

Scalars
vfo variance of ail flowrate /101.896/
Yib] variance of oil flowrate 1 [92.676/
vfo2 variance of oil flowrate2 [94.744/
\ fetl variance of ethane 1 [637.510161



vfet2
vtolin
vto lout
vto2out
viet! ill
\let Jout
Vtet2in
vtet2out
vUI
areal
area?

Variable
min
fro
mro
frol
fro2
mro2
fret1
mretl
fret2
mret2
trolin
tro lout
tro2out
tret 1in
tret lout
tretin
tret2out
ql
0

variance of ethane2 [672.7382207/
variance of oil Linlet temp [622.0202201/
variance of oil Loutlet temp [596.713/

variance of o 12 outlet temp /597,558
variance of ethane 1 inlet temp 196.012/
variance of ethane Loutlet temp 104842/
variance of ethane2 inlet temp [101.148/
variance of ethane2 outlet temp ~ /91.803/
variance of heat overall coefficient1 /649.4030321/
heat transfer area of heat exchanger 1 /46.1/

heat transfer area of heat exchanged 716.7/

objective function

reconciled oil volume flowrate
reconciled oil mass flowrate
reconciled oill volume flowrate
reconciled o 22 volume flowrate
reconciled ol 22 mass flowrate
reconciled ethane 1volume flowrate
reconciled ethane 1 mass flowrate
reconciled ethane2 volume flowrate
reconciled ethane2 mass flowrate
reconciled oill inlet temp
reconciled oill outlet temp
reconciled oi 22 outlet temp
reconciled ethane L inlet temp
reconciled ethane 1 outlet temp
reconciled ethaned inlet temp
reconciled ethane2 outlet temp

heat duty of heat exchanger 1

heat duty of heat exchanged

%
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Ur] reconciled overall heat transfer coefficient of heat exchanger 1
2 overall heat transfer coefficient of heat exchanged
Equation
mint define objective function
mo oil mass flowrate
mo2 oil mass flowrate2
met] ethane product mass flowrate 1
met2 ethane product mass flowrate?
Fb oil volumetric flowrate balance
gl heat duty of oil 1
et 1 heat duty of ethane product 1
qhx 1 heat duty of heat exchanger 1
02 heat duty of oi 22
(et2 heat duty of ethane product?
qhx2 heat duty of heat exchanged
conl constraint 1
con2 constraint2
con3 constraints
cond constraint-!
con5 constraints
con6 constrain (6
con’ constraint/
cond constraints
. min == ( ((RLA)abs(Fo(R1

fro)/sqri(vto)))**2+(  ((RI-B)abs(Fo(RLB}
frol )/sqrt(vfol )))**2+(sum((R1.C).abs(Fo2(RI.C)-
fro2)/sqrt(vfo2)))**2+(sum((RI ,D).abs(Fet LRI .D)-
fretl ) sqritvfetl )))**2+(sum((RI.E).abs(Fet2(R1.E)-

fret2)/sqrt(vfet2)))**2+(sum((RIl.F).abs(Tol in(RL ,F)-trol in)/sqrt(vtol ill)))**2



+(sum((RLG).abs(To lout(RLG)-

trolout )/sqrt(vto lout)))* *2+(smut (R 1.H).abs(To2out(R1.H)-
tro2out)/sqrt(vto2out)))**2+(sum((RI.1).abs(Tetl in(RI .1)-
tret 1in)/sqrt(vtet Lin)))**2+(sum((R LJ).abs( Tet lout(R LJ)-
tret Lout)/sqrt(vtet lout)))* *2+(sum((RLK).abs(Tet2in(R1.K)-
tret2in)/sqrt(vtet2in)))**2+(sum((RLL).abs(Tet2out(RI.L)-
tret2out)/sqrt(vtet2out)))**2+(sum((R1.M).abs(UI(RL.M)-Url )/sqrt(vUl)))**2:
mo.mmn =e= fro*((-0.6048*trolin)+875.12).
mo2  ..nuo2 =e= fro2*((-0.6048 *tro Lout)+875.12);
metl .. mretl =e= fret 1%(29.9/22.414):

met2 .mret2  =e=fret2*(29.9/22.414).

Fb fro2 =e=0.762*fro:

@l .qgl =e= mro¥(( 1.8089*(trol in-trolout))+(0.0018*(trol in**2
tro lout* *2)))* 1000/3600;

tl g =e=  mretl *((2.58*(tretl out-tret lin))+(-
0.00340*tret lout* *2-tretl -~ **2)))* 1000/3600:

gxl .. ql =e= Url*areal*((trolin-tretlout)*(trolout-
tret Zin)(<tro Lin-tret lout )+{tro lout-tret 1in))/2)**( 1/3);

2 .Q2 =e= mro2*(( 1.8089*(trolout-
tro2out))+(0.0018*(tro lout* *2-tro2out* *2))j* 1000/3600;

2 .02 =e=mret2*((0.40315*(tret2out-
tret2in))+(0.0615* (tret2out**2-tret2in**2 )))* 1000/3600:

qh\2 . Q2 =e= U2*area2*((trolout-tret2out)*(tro2out-

tret2in )*((tro lout-tret2out )+ tro2out-tret2in ))i2 ) *(1/3);
conl .tolin  =g= tretlout;

con2 .trolout  =g=tretlin

cond .tolil  =g=trolout;

cond . tretlout  =g=tretlin

conb .trolout  =g=tret2out;

cone .tro2out =g tret2in:

con? .trolout  =g= tro2out;

cong . tret2out  =g=tret2in:

%



frodo

fro 1do
fro2.10
fret 1do
fret2.lo
trol indo
trol outdo
tro2oi.it.lo
tret lindo
tret loutdo
tret2in.lo
tret2out.lo
Url do

27.5688;
6.5688;
21.0000;
24877.1439;
24524.3521;
118.601:
70.7784:
63.0070:
11.0061;
41.0284:
20.4428:
34.8894:
217.42:

Model reconciledall /all/;

fro.up

frol lip
fro2.up
fret Lup
fre(2.up
trol in.up
trolout.up
tro2out.up
tretlin.up
tretlout.up
tret2in.up
tret2out.up
Url.up

Solve reconciledall using nip minimizing min;

51.1992;
12.1992:
39.0000:
=46200.4101;
= 45545.2253;
220.259:

= 131.4456;

= 117.0130;
20.4399:

= 76.1956:
37.9652:

= 64.7946:
=403.78;

9

display mind, t'ro.l. froid. fro2.1. fret 1.1 fret2.l. trolin.l. trolout.l. tro2out.l. tret]in.L
tret lout. 1 tret2ind. tret2out.l. gl 1. g2d. Url.l
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Appendix | Data Reconciliation Source Code of GAMS for Model B (Random
Error with 2 Positions of Gross Error)

Seal IGDXXRW.EXE 3519E02zzzzxIsx  set=RI rng=A4:A4 Rdim=]  set=A
mg=B3:B3 Cdim=l  Par=Fo mg=A3:B4 Rdim=I Cdim=l  set=B mg=D3.D3
Cdim=l  Par=Fol mg=C3:D4 Rdim=l Cdim=I  set=c mg=F3:F3 Cdim=I
Par=Fo2 rg=E3:F4 Rdim=I Cdim=l  set=D mg=H3:H3 Cdim=l  Pai-Fetl
mg=G3:H4 Rdim=| Cdim=|  set=FE mg=J3.)3 Cdim=]  Par=Fet2 rng=13.)4
Rdim=I Cdim=l  set=F mg=L3:L3 Cdim=I  Par=Tolin rmg=K3:L4 Rdim=I
Cdim=l  set=G mg=N3:N3 Cdiin=I  Par=Tolout rg=M3:N4 Rdim=I Cdim=I
set=H rng=P3:P3 Cdim=l  Par=To2out rng=03:P4 Rdim=| Cdim=l  set=|
mg=R3:R3 Cdim=l  Par—TFetlin mg=Q3:R4 Rdim=l Cdim=l  set=) mg=T3.T3
Cdim=l  Pai-Tetlout mg=S3:T4 Rdim=| Cdim=l  set=K mg=V3:V3 Cdim=I
Par=Tet2in mg= 3:V4 Rdim=l Cdim=| set=F mg=X3:X3 Cdim=|
Par=Tet2out mg="3:X4 Rdim=l Cdim=l  set=M rng=23:23 Cdim=l  Par=Ul
mg=Y3:Z4 Rdim=| Cdim=|

$GDXin 3519E02zzzz.qdx

et R1C)AC*).B(*).CC).DC*)E()H*) G HCJC).JC) KC*).LC) M)
Sload RIABCDEFGHIJKLM

Parameter Fo(RLA). Fol(RI.B). Fo2(RI.C). Fetl(RI.D). Fet2(RLE). Tolin(RLF).
Tolout(RL.G).  To2out(RLH). ~ Tetlin(RLI). ~ Tetlout(RU).  Tet2in(RI -K).

Tet20iit(RLL). UI(RL.M);
$load Fo Fol Fo2 Fetl Fet2 Tol in Tolout To2out Tetl in Tetlout Tet2in Tet2out UL

Scalars
vfo variance of ol flowrate [1312.395529/
vfol variance of oil flowrate 1 192.676/
vfo? variance of oil flowrate2 [94.744/
vfet1 variance of ethane 1 1637510161/



Vfet2
vtolin
vto lout
\to2out
vtetlin
\let lout
Viet2in
vtet2out
vLil
area 1
area2

Variable
min
fro
mro
frol
fro2
mro2
fret 1
mretl
Iret?
mret2
trol in
tro lout
tro2out
tret 1in
tret lout
tret2in
tret2out

ql
q-

variance of ethane2 [672.7382207/
variance of oil Linlet temp [622.0202201/
variance of oil 1outlet temp [596.713
variance of OU outlet temp 597,558

variance of ethane 1 inlet temp 287.336401/
variance of ethane Loutlettemp ~ /104.842
variance of ethane2 inlet temp /101.148/
variance of ethane2 outlet temp 91.803
variance of heat overal 1coefficient 1 /649.4030321/
heat transfer area of heat exchanger 1 /46.1/

heat transfer area of heat exchanged /16.7

objective function

reconciled oil volume flowrate
reconciled oil mass flowrate
reconciled oill volume flowrate
reconciled oil2 volume flowrate
reconciled of 12 mass flowrate
reconciled ethane 1volume flowrate
reconciled ethane 1 mass flowrate
reconciled ethane2 volume flowrate
reconciled ethane2 mass flowrate
reconciled oill inlet temp
reconciled oill outlet temp
reconciled OUR outlet temp
reconciled ethane L inlet temp
reconciled ethane Loutlet temp
reconciled ethane? inlet temp
reconciled ethane2 outlet temp

heat duty of heat exchanger 1

heat duty of heat exchanged

100
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Url reconciled overall heat transfer coefficient of heat exchanger 1
U2 overall heat transfer coefficient of heat exchanged
Equation

mint define objective function
mo oil mass flowrate
mo2 oil mass flovvrate?
lietl ethane product mass flowrate 1
met2 ethane product mass flowrate2
Fb oil volumetric flowrate balance
qol heat duty of ol 1
(etl heat duty of ethane product 1
ghxl heat duty of heat exchanger 1
102 heat dut) of i 2
(jet2 heat duty of ethane product?
qh\2 heat duty of heat exchanged
conl constraint 1
con2 constraint®
con? constraints
cond constraintd
con5 constraints
con(> constraint))
con’ constraint?
con8 constraints

. min =e=  (sum((RL.A).abs(Fo(RI

fro) sqrt(vfo)))**2+(sum((RI.B).abs(FoltR1.B)-

frol )/sqrt(vfol >))**2+(sum((R1.C).abs(Fo2(RI.C)-

fro2)/sqrt(vfo2 )))* *2+(sum((R 1.D).abs( Fei IR 1>

fret 1) sqrtt\ let 1)))**2+(sum((R LE).abs( Fel2(R].E>-
fret2)/sqrt(vfet2)))**2+(sum((R1.F).abs(Tol in(RI .F)-trol in)/sqrt(vtolin)))**2



10

H  ((R1G).abs(To lout(RLG)-

tro lout )/sqrt(vto lout)))* *2+(sum((R1.H).abs(To2out( R 1-H)-
tro2out)/sqrt(vto2out)))**2+(sum((RL.1).abs( Tetl in(RL.I)-
tret in)/sqrt(vtet Lin)))**2+(sum((RI.J).abs( Tetlout(RI.J)-
tret lout )/sqrt(vtet lout))**24(  ((R1,K),abs(Tet2in(R1K)-
tret2in)/sqrt(vtet2in)))**2+(sum((RI,,L).abs(Tet2out(RI.L)-
tret2out)/sqrt(vtet2out)))**2+(sum((RI.M).abs(UI(RI .M)-Ui L)/sqrt(vUl )))**2:
m - mro =e= fro*((-0.6048*trol in)+875.12).
mo2 .oz =e= fro2*((-0.6048* tro lout )+875.12):
metl . mretl =e= fret 1%(29.9/22.414).

met2 .mre2  =e=fret2*(29.9/22.414):

Fo  fro2 =e= (.762*fro:

gl qi =e= mro*(( L8080%(tro Lin-tro lout ))+(().0018
trolout* *2)))* 1000/3600:

getl g =e=  mretl %((2.58*(tretl out-tretl in))+(-
0.00340*(tretlout **2-tretl i11*2))* 1000/3600;

glixl gl =e=  Ur*area 1*((tro Lin-tret lont ) tro Jout-

tretl in)¥((tro Lin-tret lout }+{tro lout-tret Lin))/2)**( 1/3):
02 g =e=  mro2¥(( L8089*(trolout-
tro2out ))+(().0018*(trolout**2-tro20ut**2)))* 1000/3600:
2 g =e=  mret2*((0.40315*(tret2out-
tret2in))+(0.0615* (tret2out**2-tret2in* *2)))* 1000/3600;
gx2 Q2 == 2%area2*((tro 1 U-Te2ONt)*(tro20Ut-
tret2in ¥((tro lout-tret2out }+{ tro2out-tret2in )2 **( 13):
conl .trolin =0-= tretl out;

con2 .trolout  =g=tretlin:

con3 .trolin  =g=trolout;

cond .tretlout  =g=tretlin:

cons .trolout  =g= tret2out;

con .tro2out  =g= tret2in;

@L7 .tolout  =g=tro2out:

QI8 .tret2out  =g= tret2in;



frodo = 27.5688;
fro1do = 6.5688:
fro2.10 = 21.0000:
fret 1do = 24877.1439;
fret2.10 = 245243521
trol indo = 118.601;
troloutdo = 70.7784:
tro2outdo  =63.0070:
fretlinlo = 11.0061:
fretloutdo  =41.0284:
tref2inlo  =20.4428;
fret2outlo = 34.8894;
Url do =217.42;

Model reconciledall /all/:

fro.up

frol lip
fro2.up
fret Llip
fret2.up
trol in.up
trol out.up
tro20ut.up
tret Lin.up
tretlout.up
tret2in.up
tret2out.up
Url.up

Solve reconciledall using nip minimizing min;

=51.1992,

= 12.199;

= 39.0000;

= 462004101
= 45545.2253
=220.259;

= 131.4456;
= 117.0130:
=20.4399;

= 76.1956;

= 31.9652;

= 64.7946:
=403.78;

104

display mind. trod, fro 1L fro2.L. fret LL fret2.1. trolin.l. troloiit.l. tro2out.. tretLinl,

tret out. 1 tret2ind. tret2out.l. gl .1 21 Url.l 2%,
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Appendix J Data Reconciliation Source Code of GAMS for Model B (After
Discarding 1 Position of Gross Error)

Seal] GDXXRW.EXE 3519E02zzzz.XIsx  set=RI rg=A4:Ad Rdim=|  set=B
mg=D3:03 Cdim=|  Par=Fol mg=C3:D4 Rdim=l Cdim=l  set=c rng=F3:F3
Cdim=l  Par=Fo2 mg=E3:F4 Rdim=l Cdim=  set=D mg=H3:H3 Cdim=|
Par=Fetl mg=G3:H4 Rdim=| Cdim=I  set=E mg=J3.J3 Cdim=|  Par=Fet2
mo=13.04 Rdim=l Cdim=  set=F mg=L3:L3 Cdim=l  Par=Tolin mg=K3:L4
Rdim=| Cdim=l  set=G mg=N3:N3 Cdim=l  Par=Tolout rng=M3:N4 Rdim=|
Cdim=I  set=H mg=P3:P3 Cdim=]  Par=To2out mg=03:P4 Rdim=I Cdim=|
set=I mg=R3:R3 Cdim=|  Par=Tetlin mg=0Q3:R4 Rdim=l Cdim=[ set=J

mg=T3:73 C'dim=| Par=Tetlout mg=S3:74 Rdim=I Cdim=| set=K
mg=V3.\v3 Cdim=| Par=Tet2in rng= 3:V4  Rdim=[ Cdim=| Set=L
mg=Xx3:X3 Cdim=| Par=Tet2outrng= 3:X4 Rdim=I Cdim=| Set=M

mg=23:Z3 Cdim=l  Pai-LH mg=Y3:Z4 Rdim=I Cdim=|
$GDXin 351 §E02zzzz.9dx

Set RA(*DBC).COmPDC*PEC)H)GERHCMCME )KL M)
Sload R1IBCDEFGHIJKLM

Parameter  FORRILB). Fo2(RI.C). Fell(RED). Fet2(RLE). Tolin(REF).
Toloiit(RL.G).  To2out(RLH).  Tetlin(RLI). Tetlout(RLJ). Tet2in(RLK).
Tet2out(RLL). UI(RI.M);

$load Fol Fo2 Fell Fet2 Tolin Tolont To2oiit Tetlin Tet lout Tet2in Tet2out in

Scalars
vfol variance of oil flowrate 1 192.676/
vfo2 variance of oil tlowrate2 194,744/
vfetl variance of ethane 1 [637.510161/
Vet variance of ethane2 1672.7382207/

vtolin variance of oil Linlet temp 1622.0202201/



vtolout
vto2out
viet! ill
Ytetlout
Vtet2in
viet2out
vUI
area 1
areaz

fariable
mill
fo
mro
frol
fro2
mro2
fretl
mretl
fret2
mret2
trolin
tro lout
tro2out
tret in
tret lout
tret2in
tret2out

qi

q-

Url
2

106

variance of oil L outlet temp [596.713/
variance of OLR outlet temp /597.558/
variance of ethane 1 inlet temp 1287.336401/
variance of ethane Loutlet temp  /104.842/
variance of ethane2 inlet temp /101.148/
variance of ethane2 outlet temp ~ /91.803/
variance of heat overall coefficient 1 /649.4030321/
heat transfer area of heat exchanger 1 /46.1/

heat transfer area of heat exchanged: 716.7/

objective function

oil volume flowrate

reconciled ol mass flowrate
reconciled oill volume flowrate
reconciled oi 22 volume flowrate
reconciled OLR mass flowrate
reconciled ethane 1volume flowrate
reconciled ethane 1 mass flowrate
reconciled ethane2 volume flowrate
reconciled ethane2 mass flowrate
reconciled oill inlet temp
reconciled oill outlet temp
reconciled 0i 12 outlet temp
reconciled ethane! inlet temp
reconciled ethane Loutlet temp
reconciled ethane2 inlet temp
reconciled ethane? outlet temp

heat duty of heat exchanger 1

heat duty of heat exchanged
reconciled overall heat transfer coefficient of heat exchanger!
overall heat transfer coefficient of heat exchanged



Equation

mint define objective function
10 oil mass flowrate
mo2 oil mass flowrate2
met 1 ethane product mass flowrate 1
met2 ethane product mass flowrate2
Fb oil volumetric flowrate balance
aol heat duty of oil 1
(jetl heat duty of ethane product!
ghxl heat duty of heat exchanger 1
02 heat duty of o1 22
(et2 heat duty of ethane product?
qhx2 heat duty of heat exchanged
conl constraint 1
con2 constraint2
cons constraints
cond constraintd
con5 constraints
con6 constraintb
con/ constraint?
cond constraints

mint ..min == ( ((RI.B).abs(Fol(RI.B)-

As(Fo2(R1,C)-

abs(Fet(RI.Di-
abs(Fet2(R1 B>
abs(Tol in(RL.F)-trol in)/sqrt(vtol in)))*

frol>st(vio 1))**2+(  ((RL,c
fro2 )lsqrt(vio2 ) *2+(  ((R1D
fret )/sqrt(vfetl )))**2+(sum((RL.E
fret2)/sqrt(vfet2)))**2+(sum((RI F
H ((RLG).ahs(To lout(RLG)-
tro lont)/sqrt(vto lout)))* *2+( (R1.H).abs(To20ut(RIL.H)-
tro2out)/sqrt(vto2out)))**2+(sum((R1-1).abs(Tetlin(R1.1)-
tret1i ysqre(\tetzin)))**2+( (R 13 ).abs(Tet lout(R L.J)-

~— S

S S—



tretlout)/sqrt(vtetlout)))**2+(sum((RI.K).cibs(Tet2in(R.K)-
tret2in)/sqr(vtet2in)))**2+(suin((R1X).abs(Tet2out(RI.L)-
tret2out)/sqrt(vtet2out)))**2+(sum((RI .M).abs(UI(RI .M)-Url )isgrt(vU 1)))**2:
mo .mmn == f0*((-0.6048*trol in)+875.12);

mo2 . mro2 =e= fro2*((-0.6048* tro lout)+875.12)

liietl . mretl =e= fret 1%(29.9/22.414),

met2 . mret2 =e= fret2*(29.9/22.414).

oL fro2 =e=(.762* fro;

@l .qgl =e=  mro*(( Lsoso* Urol in-trolout))+(0.0018*(trolin**2
tro lout **2)))* 1000/3600:

getl g =e=  miretl *((2.58*(tretlout-tret Lin))+(-
0.00340%(tret lout**2-tret Lill**2))* 1000/3600;

gxl . gl =e= Url*areal*((trolin-tretlout)*(trolout-
tretl in *{(tro Lin-tret lout>+(tro lout-tret Zin 2 *( 1/3):

2 .02 =e=  mro2¥(( 1.8089*(trolout-

tro2out )} 0.0018*Ltro lout* *2-tro2out* *2)))* 1000/3600:

2 .02 =e=  mret2*((0.40315*(tret2out-

tret2 in ) }H 0.0615 *(tret2oiit* *2-tret2 in**2))* 1000/3600:

g2 .q2 =e=  U2*area2*((trolout-tret2out)*(tro2out-

tret2ia ( (tro Jout-tret2out J+{ tro2out-tret2in ))i2 ) *( 13).
conl .tolin  =g=tretlout
con2 . trolout  =g=tretlin
cond .tolin =g=trolout;
cond . tretlout  =g=tretlin
conb .trolout  =g= tret2out
cone . tro2out  =g= tret2in:
con7 .trolout  =g= tro2out:
cong . tret2out  =g= tret2in;

tolo = 21.5688: to.up =51.1992;
frollo = 6.5688: froLlip = 121992,
tro2.lo = 21.0000; fro2.up = 39.0000;



fret 1do = 24871.1439; fret Lup = 46200.4101;
fret2.lo = 24524.3521, fret2.up = 45545.2253;

trolinlo = 118.601. trolinup ~ =220.259;
troloutdo = 70.7784: troloutup = 13L.4456;
tro2outdo = 63.0070; tro2outup = 117.0130:
tretlinlo = 11.006L; tretlinup  =20439%;
tretloutdo  =41.0284; tretloutup = 76.1956:
tret2indo  =20.4428: tret2inup = 37.9652:
tret2outlo = 34.8894: tret2outup = 64.7946;
Url.lo = 21742 Url .up =403.78;

Model reconciledal I /all/:

Solve reconciledall using nip minimizing min:

display mind, t'o.l. froid. fro2d. fret 1.1 fret2.l. trolin.l. trolout.l. tro2out.l. tretlin.1
tret lout. L tret2in.l. tret2out.l. q 1.1 g2.1. Urll  2d:



Appendix K Data Reconciliation Source Code of GAMS for Model B (After
Discarding 2 Positions of Gross Error)

Seal | GDXXRW.EXE 3519E02zzzz.XIsx  set=RI rng=A4:Ad4 Rdim=l  set=B
mg=D3:03 Cdim=l  Par=Fol mg=C3:D4 Rdim=I Cdim=]  set=c rng=F3:F3
Cdim=l  Par=Fo2 rg=E3:F4 Rdim=l Cdim=  set=D mg=H3:H3 Cdim=|
Par=Fetl mg=G3:El4 Rdim=| Cdim=|  set=E mg=J3.J3 Cdim=|  Par=Fet2
mg=13.J4 Rdim=| Cdim=l  set=F rng=L3:L3 Cdim=l  Par=Tolin mg=K3:L4
Rdim=l Cdim=|  set=G rng=N3:N3 Cdim=I  Par=Tolout mg=M3:N4 Rdim=|
Cdim=|  set=H mg=P3:P3 Cdim=|  Par=To2out mg=03:P4 Rdim=I Cdim=I
set=) mg=T3:T3 Cdim=|  Par=Tetlout rg=S3:T4 Rdim=I Cdim=I  set=K
mg=V3:V3 Cdim=I Par=Tet2in rg=U3:V4 Rdim=I Cdim=| Set=L
mg=X3:X3 Cdim=l  Par=Tef2out mg= 3:X4 Rdim=l Cdim=| set=M
mg=23:Z3 Cdim=I  Par=Ul mg=Y3:Z4 Rdim=I Cdim=|

$GDXin 3519E02zzzz.qdx

Set R1(*)B(*).0*) D(*).£C). () GCPHCIIRCILI)MC*)
Sload R1BCDEFGHIKLM

Parameter  Fol(RI.B). Fo2(RI.C). Fell(RED). Fet2(RLE). Tolin(RLF).
Tolout(RL.G).  To2out(RLH). Tetlout(R1.J). Tet2in(RI.K). Tet2out(RI,F).
UIRLM):

$load Fol Fo2 Fetl Fet2 Tol in Tolout To2out Tetlout Tet2in Tet2out UL

Scalars
vfol variance of ol flowrate 1 192.676/
vfo2 variance of oil flowrate2 194,744/
vfet1 variance of ethane! 1637.510161/
\Tet2 variance of ethane? [672.7382207/
\tol'in variance of oil Linlet temp 16220202201/

\to lout variance of oil Loutlet temp [596.713/



\to2out variance of oi 22 outlet temp [597.558/
\ let Jout variance of ethane Loutlet temp ~ /104.842/

Vtet2in variance of ethane2 inlet temp /101.148/

\tet2out variance of ethane2 outlet temp ~ /91.803/

vUl variance of heat overall coefficient 1 /649.4030321/

areal heat transfer area of heat exchanger 1 /46.1

area? heat transfer area of heat exchanged /16.7/
Variable

min objective function

mro reconciled oil mass flowrate

frol reconciled oil Zvolume flowrate

fro2 reconciled oi 22 volume flowrate

mro2 reconciled OUR mass flowrate

fret1 reconciled ethane 1volume flowrate

mretl reconciled ethane 1 mass flowrate

fret2 reconciled ethane2 volume flowrate

mret2 reconciled ethane2 mass flowrate

trol in reconciled oill inlet temp

tro lout reconciled oill outlet temp

tro2out reconciled OUR outlet temp

tret 1in reconciled ethane L inlet temp

tretlout reconciled ethane Loutlet temp

tret2 reconciled ethane? inlet temp

trel2out reconciled elhane2 outlet temp

gl heat duty of heat exchanger 1

- heat duty of heat exchanged

Url reconciled overall heat transfer coefficient of heat exchanger 1

112 overall heat transfer coefficient of heat exchanged
Equation

mint define objective function



mo oil mass flowrate

mo2 0il mass flowrate2
metl ethane product mass flowrate 1
met2 ethane product mass tlowrate2
Fb oil volumetric flowrate balance
qo! heat duty of oil 1
(jetl heat duty of ethane product 1
glix| heat duty of heat exchanger 1
02 heat duty of oi 22
Qa2 heat duty of ethane product?
qh\2 heat duty of heat exchanged
eonl constraint 1
con2 constraint2
con3 constraint!
eond constraint4
con5 constraints
con6 constrainth
con’ constraint?
eond constraints

mint —..mill =e=  (sum((RI.B).abs(Fol(RI.B)-

fro>lsort(vio 1))**2+(  (R1C).abs(Fo2(R1,c )-

fro2)/sqrt(vfo2 )/ *2+(sum( (RLD).abs( Fet (R L))

fret 1)/sqrt(veetl )))**2+(sum((RI .E).abs(Fet2(RI E)-
fret2)/sqrt(vfet2)))**2+(sum((RI .F),abs(Tol in(RL.F)-trol in)/sqrt(vtol in)))* *2
Hsum((R1G).abs(To Jout(RLG)

tro Jout)/sqrt( Yto lout)))* *2+(sum(( R 1.H).abs(To2out( R LH >

tro2out )/sqrt( vto2out ))J* *2+(sum( (R LJ).abs( Tet lout( RLJ
tretloiit)/sqrt(\letlout)))**2+(sum((RFK).abs(Tet2in(RI.K)-
tret2in)/sqrt(\tet2in)))**2+(sum((RI.L).abs(Tet20ut(RI.L)-
tret2out)/sqrt(\tet2out)))**2+(sum((RI.M).abs(UI(RL.M)-Url )/sqrt(vU 1)))**2
mo ..mm ze=  fo*((-0.6048*tro 1in)+875.12):



mo2 . 02 =¢= fro2*((-0.6048*tro lout}+875.12 )
metl .mretl  =e=fret1%(29.9/22.414):
met2 liiret2  =e=fret2*(29.9/22.414):

Fho fro2 =e=0.762*to:

o gl =e= mro*(( 1,8089*(trol in-trolout))+(0.0018*(trol
trolout* *2)))* 1000/3600;

getl gl =e=  mretl *((2.58%(tret lout-tet Lin)>H-
0.00340¢\tret lout* *2-tet 1 **2)))* 1000/3600;

gxl gl =e=  Ur1"area 1(ttro Lin-tret out }*(tro lout-tet Linj*i
tret Jout )+(tro Jout-tet 1in))/2)* ~ 1/3):

2 Q2 =e=  mro2*(( 1.8089*(trolout-
tro2out))+(0.0018 *(tro Joilt**2-tro2out**2)))* 1000/3600;

B2 o2 =e= mret2*((0.40315*(tret2out-

trel2in ) 4(0.0615*t tret2ont **2-tret2in**2)))* 1000/3600;

g2 .q2 =e=  2*area2*((tro lout-tret2out J*(tro20ut-

tret2i *{(tro lout-tret2out )+ tro2out-tret2in ))/2)**( 1/3);
conl .tolin  =g= tretlout:

con2 .tolout  =g= letlin;

con3 .trolin  =g= trolout:

cond .tretlout =g= tetlin;

cons trolout  =g= tret2out:

cono .lIro2out  =g= tret2in;

con? .tolout  =g= tro2out;

conS .tret2out  =g=  tret2in:

froFlo = 6.5688: frol.up = 12.1992;
fro2.lo = 21.0000: fro2.up = 39.0000:
fret 110 = 24871.1439:. fretl.up =46200.4101.
frel2.10 = 24524352 fret2.up =45545.2253;
trolinlo = 118.60L: trolinup  =220.259;
toloutlo  =70.7784: troloutup  =131.4456;
tro2outlo  =63.0070; tro2outup = 117.0130:
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tretlinlo = 110061, tretlinup  =20.4399;
tretloutlo  =41.0284; tretloutup = 76.1956;
trei2indo  =20.4428; tret2inup  =37.9652;
tretoutlo = 34.8894; tret2outup = 64.7946;
Url =217.42: Url.up =403.78:

Model reconciledall /all/;
Solve reconciledall using nip minimizing min;

display minl. frol.l. fro2l. fretll fre21. trolin.l. trolout.l. tro2outl. tetlinL
tret Jout L tret2in.|. tret2out.l. g 1.1 q21 Urll. U21;



Appendix L Chi-squared Distribution Table
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Appendix M Normal Distribution Table

Tf

3.1

-30

-20

-lo

P

23

30

116

Standard normal distribution: Table Values Represent AREA to the LEFT of the z

SCOreS.

z
-3.9
-3.X
23!
-3.6
-3.5
-3.4
-3.3
-3
=31
-3.0
-2.9
-2.8
27
-2.0
-2.5
2.4
-2.3
22
21
2.0
R
-1.8
-1
-1.6

15

00
0( W
00007
00011
00016
00023
011054
00048
00066
00007
00 135
00187
00256
00547
00466
00621
00820
01072
01360
HI 781
02275
(2872
03563
04457
05480
06681

01

00005
00007
00010

00015

(022

00052

0004'

.00066

011004

00131

00181
00248
00336
00455

00604
00768

01044
01555
017-15
02222
02807

03515

04363
05370

06552

02

.00004
.00007
00010
00015
00022

00031
00045

.00064

00060

00126

00175

00240
00326

00440

00587
00776

01017

01321
01700
02160
(2145
03458
04272

05262
06426

03
00004
00006
00010
00014
(((©1
00030
001>
00062
00087
00122
00166

00233
00317
00427

00570
00755
00660
01287
01650
02118
02680
03362
04182
05155
06501

04
00004
00006
00006
00014
00020
00020
00042
00060
00084
01 18
00164
00226
00307
00415
00554
00734
00064
01255
(+1618
02068
02610
03288
04003
05050
06178

05

.00004

00006
00006

00013

00010
00028
00040

.00058

00082

001 14

00156

00210
00208
00402
00530

00714

00030

01222
01578
02018

02556
03216

04006

04047
06057

06

.00004
.00006
.00008
00013
00016
00027
00030
00056
00070

00

00154
00212
00280
00361
00523
00665
00014
01101

01536
01070

02500

03144

03020

04846
05038

07
00004
00005
00008
00012
00018
00026
00038
00054
00076
00107
00140
00205
00280
00370
00508
00676
00886
01 160
01500
01023
02442
03074
03836
1(4746
05821

00003
00005
00008
00012
00017
00025
00036
00052
00074
00104
00144
00166
00272
00368
00404
00657
00866
01130
01463
(1876
02385
03005
03754
04648
(15705

09
00003

00005

.00008

00011

00017

00024

00035

00050

00071
00100
00139
00163
00264

00357
00480

006.39

00842

01 101
01426
(1831

02330

02938

03673
04551
05592



-14
-13
-12
-11
-10

038
07
06
0.5
04
03
02
01
0.0
0.0
01
02
03
04
05
0
0.7
08
0.0
10
LI
12
13
14
15
10
L7
18
10
20
21
22
23
24

08076
00680
11507
13567
15866
18400
210
24190
271425
30854
54458
58209
42074
40017
50000
50000
53983
97920
01701
05542
09140
12575
15804
18814
81594
84134
80433
88493
00320
91924
03310
04520
05543
06407
07128
07725
08214
98610
08028
00180

07027
00510
11314
13350
15625
18141
20807
23885
21003
30503
54000
51828
41683
45620
40601
50300
54380
58317
62172
65910
69497
72907
76115
79103
81859
84375
86650
88686
00400
92073
93448
04630
95637
96485
07103
97718
98257
98645
98956
00202

07780
09342
11123
13136
15386
17810
20611
23576
26763
30153
33724
31448
41204
45224
40202
50708
SATT6
58706
62552
66276
69847
13237
16424
70380
82121
84614
86664
88877
90658
02220
03574
04738
05728
06562
07257
07831
08300
98070
08083
00224

07636
(10176
10035
12024
15051
17610
2037
23270
26435
20806
33360
37070
40005
14828
48303
51197
55172
50005
62030
66640
70194
73565
76730
70673
82381
84849
87076
80065
00824
02364
03600
04845
05818
06638
07320
07882
08341
08713
00010
00245

07403
00012
10740
12714
14017
17361
20045
22965
26100
20460
32007
36603
40517
44433
48405
515%

55567

90483

63307
67003

10540
13891

17035
10055

82639

85083

87286
89251

90968

92507
03822
04050

.05007

9712
07381
07032
08382
98745
90036
90266

07353

08851

10565

12507
14686
17106
10766
22663

25785
20116
32636

36317
40120
44038
48006
51004

55062
59871
63683
67364

10884
14215
1337
80234

828%

85314
87493

89435

91149
92647

03043

05053

.05004

26}

Q744!
07082
08422
08778

00061
00286

07215
08601

10383
12302
14457

16853

10489

22363
25463
28774
32216
35042
39743

43644

47608
52392

96356

60257
64058
61724
11226
14537
11637

80511

83147
85543
87698

89617
91309

92785

94062

95154
06080

06856
07500
08030

08461
08800
00086
00305

07078
08534
10204
12100

14231

16602
10215
22065
25143

28434

31918
35560
39358
4351
47210
52790
96749
60642
64431
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11566
14857
11935
80785
83398
85769
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91466
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94179
95254
%L(4
96926
07558
98077
08500
98340
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99324

06944
08379
10027
11900
14007

16354
18043
21770
24825
28096
31561
35197
38974
42858
46812
53188
57142
61026
64803
68439
71904
5175
78230
81057
83646
85003
88100
89973
91621
93056
04205
05352
96246
06005
07615
98124
98537
%71
99134
00343

0681 1
08226
09853
11702
13786
16109
18673
21476
24510
21760
31207
34821
38591
42465
46414
535686
5753
61409
65173
68793
12240
75490
18524
81327
83801
86214
86298
90147
91774
93189
94408
95449
96327
07062
07670
96169
98574
98899
99158
99361
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25
26
27
28

30
31
32
33
31
35
30
37
38
30

00370
00534
00653

09744

09813
00865
09003
0003 1
00052
00066
00077

06084

00080
00003

99995

00306
00547
00664
00752
00819
09869
00006
00034
00053
09068
00078
00085

00003
00005

00413

00560
00674
00760
90825
90874
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00036
00055
00060
00078
00085
(0
00003
00006

00430

00573

00683
00767
99831
00878
00013
00038
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00070
00079

00086
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00006

00446
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09603
00774
90836
90882
99016
00940
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00071
00980

00086

00091

00004

00006

00461
00598
00702
09781
90841
00886
00018
00042
00960
00072
00081
00087

09004
9999

99417
90600
00711

09788

00846
00880
99921

00044
00061

99973
09081
00087
00092

00004

00906

00402
00621
00720
9979
99851
99893
90924
99946
99962
00974
99962
99988
99992
99995
99996
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99728
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99948
99964
99975
99983
99988
(1110
00005
90907

09520
99643
99736
99807
99861
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99929
99950
99965
99976
90083
09080
(e
99995
00007



CURRICULUM VITAE

Name: M:r. PathompongKongchiiay
Date of Birth: June 20. 1088
Nationality: Thal

University Education:
2007-2011 Bachelor Degree of Engineering. Major of Chemical
Engineering. Faculty of Engineering. Kasetsart University. Bangkok. Thailand

Work Experience:
2010 Position: Student Internship
Company name: ~ Siam Research and Innovation Co.. Ltd.
2011-2012  Position: Operation Engineer
Company name: ~ SCO Cement Co.. Ltd.
Proceedings:

1 Pathompong. K.; and Kitipat. . (2014. April 23) Data Reconciliation with Gross
Error Detection using NLP for a Hot-oil Heat Exchanger. Proceedings of the 5th
Research Symposium on Petrochemical and Materials Technology and the 201
PPC Symposium on Petroleum. Petrochemicals, and Polymers. Bangkok.
Thailand.

2. Pathompong. K. and Kitipat. . (2014. May 7) Data Reconciliation with Gross
Error Detection of Utility Heat Exchanger Network for Validating Energy
Consumption. The International Conference on Environment and Renewable
Energy. Paris. France.

Presentations:



	REFERENCES
	APPENDICES
	Appendix A Physical Data for a Hot-oil Heat Exchanger (Model A)
	Appendix B Data Reconciliation Source Code of GAMS for Model A (RandomError Only)
	Appendix C Data Reconciliation Source Code of GAMS for Model A (RandomError with I Position of Gross Error)
	Appendix D Data Reconciliation Source Code of GAMS for Model A (RandomError with 2 Positions of Gross Error)
	Appendix E Data Reconciliation Source Code of GAMS for Model A (AfterDiscarding I Position of Gross Error for I-position Case)
	Appendix F Data Reconciliation Source Code of GAMS for Model A (AfterEliminating 1 Position of Gross Error for 2-position Case)
	Appendix G Physical Data for Utility Heat Exchanger Network (Model B)1st heat exchanger in netw ork
	Appendix H Data Reconciliation Source Code of GAMS for Model B (RandomError Only)
	Appendix I Data Reconciliation Source Code of GAMS for Model B (RandomError with 2 Positions of Gross Error)
	Appendix J Data Reconciliation Source Code of GAMS for Model B (AfterDiscarding 1 Position of Gross Error)
	Appendix K Data Reconciliation Source Code of GAMS for Model B (AfterDiscarding 2 Positions of Gross Error)
	Appendix L Chi-squared Distribution Table
	Appendix M Normal Distribution Table

	CURRICULUM VITAE

