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Heavy oil and tar sands resources comprise about 70 percent of the world's oil reserves and this
reservoirs can offset the declining production from conventional reservoirs. Thermal enhanced oil
recovery (EOR) methods are employed to exploit the huge reserves of heavy oil due to their high
viscosity values. Thermal processes aim to increase its mobility in order to improve its production.
Among these methods, the steam-assisted gravity drainage (SAGD) is one of the most efficient
techniques. In this method, two horizontal wells are drilled and hot steam is injected from a well to
move oil toward the other well. Optimization of operating parameters during this process is very
important. The injection rate or pressure control of wells are the most common EOR methods. In this
paper for the first time, in addition to the injection rate of the injector and production wells, the steam
injection temperature is also optimized. It was shown that there is an optimum amount for the
temperature of injected steam. In addition entropy generation analysis was performed for different
cases. To simulate the process, a commercial software was used and optimization of operating
parameters is performed using the pattern search algorithm. Entropy generation calculated based on the
results of numerical simulations using a computational code has been written for this case. The results
show that the maximum oil production corresponds with the minimum entropy generation number and
thus the entropy number can be used as an appropriate objective function in order to enhance oil
recovery.
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Fig. 1 SAGD mechanism shown in the cross section of a well pair[4].
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Fig. 2 Pattern search algorithm performance [37]

[37] 551 iy o 55 o o s b 2 JSi

0dgase (gl 0 A 5y (COPl) Sl grexd gl Bas &l (g5, »
odgaze 5 o8 Gl ax,0 350 U 220 oy 5,5 sbeo el ol pess
Oeed 3 59y 5 wwaSeyie 300 B 80 o b )5 (o sl Sl
odds 418§ LAl 1o 59, )0 caSeyie 400 b 240 (sooguze jo il oo
odds yulads By (s ogdle gudyi olx yo aSpl 4 4z g L [39] ol

! Cumulative oil production

10 o lesis 16 093 1395 5o ()3 SHlse (Swiie



Ubled 9 iiglus Suzxo (SAGD) )iy So5ay A5 3o 3T 8 )3 ks ©)le Il bl g 34351 Hghiiods Woly (23 9 IR 32935 Slod Swding 9 9T g5 Julxs
500000 o)
I I
— i 0.8 R krw
“g 400000 [~ 27 \ - = = krow
= - S I\
5 7 D o6l \
o - 6
S - ST
[ -
-§ 300000 = Sengel [38] i Y
s A Present work % 04y
5 - 0 A
2 200000 - < b \
= | “I \
= 3 L \
g = L
100000 H iR T TR
(@] | 0 0.2 0.4 0.6 0.8 1
[} w
. . . Fig. 4 Oil-water relative permeability
%9 1000 2000 3000 4000

Time (day)
Fig. 6 Cumulative oil production comparison
L ez g dunlie Jlogel 6 S

Woly (29 9 )b 32,5 oo gjlwaiute =2-5
4 pladl SAGD anlp b o 55w 5l o i el Bae b
GF @0 Ozt 5 )Bu B3 sles el wil B gl el (g5luae
Ol osise oS ggzinr (g, 5l ool b sudsi oly S (0 5 510
2 Jpir 57 US55 5 o 005 o Sl o ot sl (s 3latnnd
Cbloy (29 )bu G,5 (20 OBu G5 slabes sl e catloy ol
el 00l &3l )) aliBee > iy o

bog sl B3 20 9 Lo Gl L aS o500 Jlaml Gl S jsko &
2ol Rl d adg Gl s oy ol 0 Gl L
Dgd oo ol (559 2 Joux o oad eols igled > 5 ulul e
w by 5053 bt ey nl polie o iul3él Ws, o a5
iliee s sz wiysS Gl el bl cessy ange Sy
Syry gy Jlaie Sy js5de byl (eled sl a5 09l e easlie
Sl b3 all il cws cllsy i ols alies jo g 0l
5,50 G5 slp oS tle (g4 ,0 290 sles o jo aS 54 o Jol>
Sl (o jlake izres g ) a5 Sl sy s oS e 255 oo
Selsi 4y e polie (nl s ool oad aid 3 L )0 59, )0 eSe e 381
S el gl 00,5 e Jlo 4 b 40 i cSieyie 186492 nozs
5 e o0 Jlem sles 5 et ig 2 gz 5o ead 1) b
@59 Slo,glS oy 4 "9 58 laSa” 08 JIE cw) 0590 (Sl

190000

185000

180000

175000

COP (m®

170000

165000

160000

155000

L T T T - L
150000 - L L + <
Case number
Fig. 7 Cumulative oil production in different cases

calizee SY> sl 4 i ez adg lpee T S0

10 o losis 16 ©)93 1395 s codde Sulle Swaiie

i o e sl Ol i loges 4 5B

| /
[ /
0.8} /
P — kg 1
s [ - = = krog /
[+
“E’O.ej 1]
g [ /
[ /
=04l
50,47 !
q‘TJ_ I /
= 0.2 /
3 /
i \A_;
ol v 4 g 2 —
0 0.2 0.4 0.6 0.8 1
]

Fig. 5 Oil-gas relative permeability
i )8 s ol Ol loges B SR

W5
Oy prlSe b culey ol anTb (siluand 5l Jol> mli aslsl o
i liel 4 pladl il jo 08,5 oo 1) (SAGD) b oS w i
o 55 Led iluaiae U Ol 51 G giee 500 Siloand
aig Led @is sl )sHls B Lo T bl s od walss oy ki g
5ol s odl ooz cloy Gliee Slid Jloged (5 (99,0 b gl
obey e b s pley b ol g e ey (00 Sl iores
oz 5l 9581 Jelod 5l ol @l coledys ool oad dilf (g5lares
ot laalie g o0 i)l 55 S 99,51 ke 5 95T i sleysls
s alosiny U 9,5 o ©y50 S 055 Glies 5 19,51 s Ol
Iy cais cdloy obojl Pl siluding 53 (29,50 Julow 2T Glie

D903 ()2

Olowlxo (Zouwylsel -1-5
oads allyl zls 51 SAGD anld (o l8le s (giluand (g )38 ams ly
S8l g slwands 5 odal Cews 4 ls g ool oolatwl [41] Jowiw lawgs
6 IS jo el oad anglie dlie ol 5o oads &l s b (> ol oo
10 Sgd> Glo » .\.Jy OL? )l R @i}‘éﬁ s (S ».\.Jﬁ.\ u'r-" 4...»4[.0.4
Ll 0ad oo odmline 4 b jlas .l 0uls ools ioled (g5lwans Sl
[41] &=y ;o o &l GL"’ b olin cillae )‘)B‘f)" 3 VY IR
Pl s y0r 3805 cnl o (iludd T &5 CaS g e g il

ol 00

398



Ubed 9 gl Saxe

(SAGD) jlsey SoSay i b ja) 3T 8 )3 i gjle Hl bl 3 3L Hglaiods ol (23 9 )k 52935 Sl Gilwding 9 9T Sulgs Julxs

47 | p
40 o=
£ 30fF \
N F f |
2 IE_ ?c % lo\ \ / o J
10F - ‘-’\’f,,& 0.45 6@@ @
S : SIS
£ \ .\.\“m AT A B
20 40 60 80 100 118
X(m)
Case 1
47: r\\ X
a0 L] NS
Z 30F \
SN
o J]) 8
u ot S} J
n p o
10 2% \ / g/ )|
. \ \\ T 045" © /
:lllll\ll[ll.lllllllll\
20 40 60 80 100 118
X(m)
Case 2
47
s} Q‘AB\\ ( /
s P VL AN
£ wof r
N s 5 0.45 J
e 0¥
2F O é
s o [y <
10 B
0.45
40 60 80
X(m)
Case 3
47 <
40 57}«
£ 303— \
NF o 0.45>
20F 3 =
E 087
- S\ @
“F \\ i‘}\\
s 0.45
SRR R .\1 N
20 40 60
X{m)

Case 4

o )

60 80 100 118
A(m)

Case 5

Fig. 9 Oil saturation distribution for different cases
@liee Y gl s glasl m 595,505 9 K&

S AlEse =5 50 5 55 3 Sl Y S ol cs gldl mujei g Leo
a5 g8 led i o lis SAGD il )b 5,0 5l Jlo 4 cdS 5l am
Wb % 03,0 @ 5B oy @0 Ol edee salive LSSl o
ey 3585 (e 3| 55mber slociand & sty Sl &5 a5l (sl 4
Sl oo Hsbiren g Los (ol Ll cudils y ola Coonw i |y cdd g 0S8
O3 lide ooy 4 Ol gl 358 e leely sy 5 By
554 sl jo Ll oo dclol pouw <l b &gy cpl g b o (a8l

399

alizee slacdl il a4 oo culils y i 50 2 J9uz

Table 2 Cumulative oil production for different cases

Casel Case2 Case3 Case4 Caseb

Tini(°C) 220 260 290 315 350
Ratein 80 143 225 286 302
Ratepro 238 317 381 389 397

-3
COPx10 153 168 186 174 169

47
40
E 20
N E
20
- > 8
= 2 S
10 2\% 180 &/ N /
:..K.l..\.\..l/../..‘l...‘
20 40 60 80 100 118
X (m)
Case 1
47F —
ok EN (3\
£ s0fF / \
~ \
20F
: \ ]
°F 2 \s \._L/i/‘e |
= o £/ 7 () ~
E s A NAYNY .K'.‘Q’....A.‘..
20 40 60 80 100 118
X (m)
Case 2
47 ¢
40F
Esox
N : >
- =4
20:—%’ 2 S
3 2% S/ 120
PR 5///]
L IIXI\\I\I\IIIIIII}III 74 IRV AT
20 40 60 80 100 118
X(m)
Case 3
TN AN BT E]
40 60
X (m)
Case 4
N
| RS R R
20 40 60
X (m)
Case 5

Fig. 8 Temperature distribution (°C) for different cases
alizee Y (gly o5 Ol 4z )0 i 350 sled &35 8 K&

10 o lesis 16 093 1395 5o ()3 SHlse (Swiie



Oben 9 hglw Sume  (SAGD) Jlky S5 &y S i i) STrd )3 S5 iR I alild 33 3L Ygkiiods Bely (52 9 HLR: §2) 35 Blod iwaia 9 90T Sulgs Julxs
200 Sz yesd daolr Glaod jsbimer 5 w31y leo LllEl osz sl

i
al
o

i
o
o

Oil production rate (m3/day)

oL L L L L 1
0 200 400 600 800 1000 1200 1400

Time (day)
Fig. 10 Oil production rates for the 5 different cases
alisee Cdl gy po i Cubls e (o0 10 JSCH

350

300

- _0- 0-0 0~
—o 0~ ®© —
_ e w—v Y =F—a—— Caselv

~

N N
o a
o o
UL L DL L

=
o
o

Water production rate (m*/day)

ol
o

o L L ]
0 200 400 600 800 1000 1200 1400

Time (day)
Fig. 11 Water production rate for the 5 different cases
Gilizs cllo gty o ol clsle ez o0 11 IS

200000
I v/v/

s I A

S L v

N—r

< 150000 | L

2 H x

6 L -,

>

= L

o L Z

2-100000 .

= L

o r 7 —s—— Casel

> L

= i ——— Case2

S 50000 - -9 -- Case3

% - --0-- Case4

®) r ——— Caseb
67\\\I\\\\I\\\\I\\\\I\\\\I\\\\I\\\\I\
0 200 400 600 800 1000 1200 1400

Time (day)

Fig. 12 Cumulative oil production for the 5 different cases
il Sl gty 50 i e oy 12 S

10 o losis 16 ©)93 1395 s codde Sulle Swaiie

Ol & ez bosd el onalin 35 sles e 9 o gledl qje o
@ S ol p ]y ek By b (20 Ol BT Ol s
Qb o 5l Jlw clley (o0 a5 s o plis @bl pl oS saalin
ObalS sl 4 yze il ol ol Jlade 31155 wgh obeil o yoa
Ol g oad lils y ola o 4y 35 sladY 5l dgks g jLid wuuld
oS o ciloy oo S 0gd .\...'—l)s Sl el was cél cely Ll
O S S e S8 lp e Se 9 g (Sl i Bk
Sl Ol lsges Gl ey "11 510 Gla JSa" 09 o paly
o 53 gla s g bles lil & silwand Jlo sz (b o Ty of 5 i
JKo 50 a5 agF led a0 L 2 Jeaz 0 0ad lo Cdb iy sl
Ngy o b 943 sbadl gl cws el F5 ved oo cunlin 10
Sl 50 4 S pge s a5 b j0 S o (b ) cs eSS s
59 ol el olan ol 59, 1200 b jo (s i i ades F5 L K
P Mg IS @ sbomes g b BF 20 g Lo & Cwl Jl>
a0 By 3,5 2L Glply el 3 Cll> ) i 5 g4 slacdl>
Gy B 5l ol G &5 Wil Sl Koo 5o 5 e 3
LS 4 Bao aSopl ek B g 4 lacdle o e 3 4 eals
2 Nghie T adgelr Sl eediee jaba wish Cd o050
g Lo aS T w8 e < Jsl 55,800 sgax b 0 552 51 slacdl>
S35 (29 Ol Ll el el plo 5l S adsi (o0 9 )b o)
e ol o] s a5 Wb e el cd adg (LSL sba
Sl edle il 0y ol 5l b pufiese T~ Sly oas 05U
915050 50 O oy oyliae g o oadline 11 K" 0 a5 b ylen
S a5 aes oo lid gadge (pl il adly alS 55,800 sgax 5l as 2
el 4B ) 3P 4 09> Ol Jl gl (BB cenyd nd 55
3B bawd g oad plads S Jie o3e a1y 095 O ylm (o ST,
@l ols .céb el il ades ol 5l OT ades Ldleie g 09 ca ol
@090 Julos 55,500 g kate 5l lgee |, 11 510 (la S 0 oas
olis 12 S s oS amsT llas ool sud ools las "13 512 la
Jhw o 50 500 lajle e o] 51 o Lol ol Lol plo 5l jias
SeolS Gl oreod Odgl cod oL 4y ases o g adly ulidl sadys
Ol 51 pow b e adg (g, 1100 sgas 5l s 4S5 sboas sl o
oanlive Zgoga 13 K& 10 sad @l @l 4 ax g b0 pS o (i
553 slacdlo sl sy ol (s Sl 5l (595 ik &5 S50
Ol py Sl 50 ooz Sk 05 Gl 4z STo s O 5w olazs]
3y ol w31 0l i o0 s 51 Ll el ol s
sled oo 5l i Gl a5 axes oo ol s cpl s e JuSis ol
Slg S 4y e Wl ced S adgl g Gyl slaes b b Gy
38 O jgods pudadl 5l am oal 5,5 ,Bu ) ol Gise Sl 0sd o
Bl Gy B @0 ol am 0 osdiee @l wdg ol 1
ol> o0 plad O 9w |y zg > oyl s a4 aib ol slojluslay

D plaisl o 4 1) cuils

400



Ubed 9 gl Saxe

(SAGD) jlrs SoSdy it b oy aTpd ) i 9ilre Hl bl p3 3L Hghbiods Loky (23 9 )Lk §2055 SloS GIwding 9 (29 55T Sulgs Julxs

Casel

\

47 )
40 600
E 30 /
N 400
20 »
<

LARS REREN RERRE RRRRE RN

6,
g
10 %\§J /%0/

N

,.,I..\.\(.mo\.l...\r/?'@.\l‘.‘
20 40 60 80 100 118
X(m)
Case 2

ULESS REREN RERRN RRRRN RRRI

Case 5

Fig. 14 Total entropy generation distribution for different cases after 4
years(Jm1K?)

Jlo 4 cdS 5l am dilizee SV (gl oo adgs JS 9,5 aose 14 S

Cnsl US.M 9 ‘\*“lﬂs‘“ wl.u.a.‘> 4¢J5| o> & 5§J| (8 9T ﬁ,.i.l)ﬁ| C"L:"
chlae jo Lol oy llas asgy alals 4 g way plo 4y Jlowe aigy LGS (o
2l b anlie 0 angy abi 4 gaew, ¢lp ol @l Kes ey
5 (9 PSO S5 55 (9man) (g8 (SalST 5 (LalSS (slaei 551

401

400000 [~
A
I b
[ o A
350000 [~ s
E r —a—— Casel oY
E/ 5 . Case2 O’OV/V
© 300000 [~ ~
= E --v-- Case3 o X
_g [ - —-0-- Case4d /O’/v
OZSOOOOT Case5 / V/V
= [
S [ s
— B ~
@ 200000 |~ v
© : ~
N 7
s | %,
@ 150000 |~ (54
£ 3
«© r /,v/
= 100000 [~
1S a 4
= [
O 0000 4
Obe b b b b b b 1

200 400 600 800 1000 1200 1400
Time (day)

Fig. 13 Cumulative water production for the 5 different cases
alizee > 2ty 0 ol ez 0y 13 Sl

2951 Juloxi -3-5
5 WS o0 &8> el (y35e 0950 Sl comly SLid GLolS 4 az g b
U 529,51 @55 45 dgdige el ol mad il (G502l ey Il
ool 5l e e wdgi 99T 5wl 52l e co e (LIS
Dl oo YL gleo

2 Jled Se slan 0557 adg 4 by e (slaysnils 14 IS8T o
B USE cpl 0 & sbilen sl ond oals lis Slgss el iy
a5 5,5y gabrize glajre ,0 oud ol ogy5T e el svalie
ol 0 a5 YL ples (LolS sabanlsay col a8 IS 55 (09,0
Olyee b 00,55 395 Jlon a5 bla ;o Ll el iy o)l 0e2s 2le
S 29551 05 liae oansl odms; 095 Jlaia i 4 U Sgis
sl 3uzrls

ol s 4z o) bl "14 IS8" Gilise oYl gaglio 5
2 5 2les BLaLS (e 0 A )b GayP gles g 20 Gl L oS
Lol o aelss sty 505 U (q9,5] 0 Jlaie 5 Whoo SRl (3%
Sugr 398 Jolod 4 el (g pgo (9B Sl jlange Lulyd (3L sl
308 il s 5 ol 272 Gis o &S jsblen a5 s (Ns) (29,51 oy
G5 95l Ol 5 dgdiee dm 9 EyE bS5l edliad b
5 0350 3yln o3e JBb 4 eas 35 sleS Gl b coslite
3l o 21 (i) sl slin Jlore lgi oo

a5 g a8l sae Sld g, e sl glglie 15 IS
Sole i sl Ol Jloged calite OV gl cd orens
lp g wbbioe mersSle jlade 4 oSl (soain o ol (2l Koo ddu )b
sl 00 dslire Cilidee SV s 9,5 dae Jlade yig g pSazs

oanlive g oo Cii razs adgi (gl ool W1 olie ganglie
L oS 5925 4 el 5135 bl 50 cnl o osSae BLS Sy a5 9503
mabats 5 ol asled S o9yl adei sae il cllo e ol iy
ol Bl Gl rder b el 0y sas logel aneS
JOMRATS

10 o lesis 16 093 1395 5o (e Suille  Swiiie



Ued 9 Sbglw Sazxe

(SAGD) by SoSay i (i) 3T d ) s g jre JI bl 3 L)1 Hglhinds oly (533 9 )L 32935 SloS G)lwding 9 95T Sgs Julxs

SOl 5 b Gy sl ey ady g G5 o0 @ baye
3bojl 55 2 ol JiS 2b 5 <85 13 bl 0y5e Sldee el
Baa b apw, Gldl a4 Sl clyy obojl ol d b s e el
S a S sorter ilaainge il Cd (e 0y leane
Ol s (il s de Jabl aw 5w S Gl )l e
36w @5 b Glp s s G5 slecly (29 ogdle 45wl ol
olr (@3 b Jlu B, 5 (90 9 5l G G0l S92 e Hlaie SO
Mg g 3,5 olr o 0ad 0L (Gla e Sbml o WilgS o S0y
sl ez 50 098w ole Gl L e e 4 e g ond
390 ,Silo 093 a5 wb e el s ol 0y F i S a5 wb soalie
Sl sl Gl i pae g (5 By 56l ! sl SIS ol
dei g Cadi i Wad alS e Wlgi o 35 By P bes w3l i
Sl a1 sy end wdg olx 5l T g5 5 o5 slaal 4 By e
b it (gl codleds cayle Soii i cloaY oled a4y gFar Wl
S 90 Seelinage i pgo el Shaie I gl cldls p obesl Al S
890 aslp (il 0,8kes quy iz slp sz Slre 5 8515 L)
03e) (9,500 sae p,%eS 45 a eanlive altus (pl 48 .0d (b yme axlllas
G o & oad G5 65 4 95T B (e S 5145 Sams
3fbes Syl ly eelie Jlre Olsiear Wlgies i sl o

Sy oolitul 5l cudls bl slaas] s

e S yed -7
(kPa™) (s piseSly wurs C
(bbl) cis oxezs adys  COP
(ms?) a5 b
(Im¥) Jui

WMK™Y) 5 coloa o s

= & > 9

<3

s 2ol
(M) sl
TPt ISW A R
(ko) s

T =2z R

(W) a5 bS5 §

glsl S
(day " mK™) sas ot o951 &5 Sn
() oloy ¢
Kls T
(K) oeSibos sl Tayg
(K) b0 3llas sbes T,

(MS™) (osls e o

u
() G340 U
X j92e X
Y9y
Z )y Z

g e
A e 0

10 o losis 16 ©)93 1395 s codde Sulle Swaiie

1200
1150
=] :
re)
X 1100 [~ —&— PSO
o i ——A—— Pattern search
@) i
O l
1050 [

1000

1 1 1 1
20 60 80

950 20

Iteration

Fig. 15 Convergence history of target function with two algorithms
Sl dinte w0 b Bas b ol San 4z 515 b

T T 0.00016
1160 n ]
i —{0.00014
1140 - ]
= [ - o.oong
g 1120 - —=a—— COP 1 c
o L —h— Ns N E
Q 1100 700001
(] B 1 o
B o
[ ] 8
1080 |- —8E-05 ©
r B L
1060 {4 Jecos
1040 H ]
! ! 4E-05

20 60

®
S

40
Iteration
Fig. 16 Comparison of variations of entropy generation number and
CcopP

i 2028 Og g 9,0] adgi sae Ol anslie 16 JSCh

Ot LSS i GlolS e Slapi)sSl jsbises
ol ez ST a5l o] (LS8 5 (el slap 58l slac e
o e bl o ol ol pls 4 Jlaml ol (rali8l by 631
# Gehie Lol mls a5 cils lpebl olgioe 5 e plalS Saday
b oS (sominr (b9, 4 (5ilutinge b anlllas (nl )5 ol (3l aige
ipes) 5o 35 anglie 55 PSO (LalSST 8 o501 L (5ludinte @l
39 ol ol Kod 4z b 4 bgy e ol 3 0 oslitul 0,3 30 olass 51 PSO
58 o ool plas polie el ool ools Lioles 16 JS&" o w95l
b 52 85 Cesl Comer ainge laie 4 bpye PSO 0,680 (sl S0 0
O Sl S8 4 gV 090 [ Ken 3llas ainge aball 4 b wboo Sone e
3 S Iy Sl iluand 4550 5 aieils Sl Gomina By, o5 2
Ol 9 955 o0 Dge (Gilwdned 4550 30 PSO (g, o5 j2 y0 Lyl
2 90 ol &S pobiles el p3Y Al J> 6l 6 A sl
@Yk Olaebl oo b (lgiee 9 Wlowd [Ken Sl jlade 4 (b 99

285 ks 55 Blhae a4 Glreds | e

S xo=-6

o B ) ey & Sl Gl sley sbajl anlp Gk ol
boahly ;56 ) »oodle 5 235 (5iluand SAGD Ly S

402



Ued 9 Sbglw Sazxe

(SAGD) by SoSay i (i) 3T d ) s g jlre JI bl 3 L)1 Hglhinds oly (533 9 )Ly 33935 SloS G)lwding 9 95T Sgs Julxs

[15]B. W. Orr, P. Srivastava, V. Sadetsky, B. J. Stefan, Reducing
steam oil ratio in steam-assisted gravity drainage (sagd),
Proceeding of the Canadian Unconventional Resources and
International Petroleum Conference, 19-21 October, Calgary,
Alberta, Canada, 2010.

[16]T. N. Nasr, H. Golbeck, S. Lorimer, Analysis of the steam assisted
gravity drainage (sagd) process using experimental/numerical tools,
Proceeding of the International Conference on Horizontal Well
Technology, 18-20 November, Calgary, Alberta, Canada, 1996.

[17]J. L. M. Barillas, T. V. Dutra Jr., W. Mata, Reservoir and
operational parameters influence in sagd process, Petroleum
Science and Engineering, Vol. 54, No.5, pp. 34-42, 2006.

[18]J. Chen, Y. Ito, Effect of oil-viscosity-gradient presence on sagd,
Journal of Canadian Petroleum Technology, Vol. 51, No. 2, pp.
95-105, Mar. 2012.

[19]A. Bejan, Entropy generation minimization: The new
thermodynamics of finite-size device and finite-time processes.
Journal of Appleid Physics, Vol. 79, No. 3, pp. 1191-1218, Mar.
1996.

[20]F. Civan, D. Tiab, Second law analysis of petroleum reservoirs for
optimized performance, Proceeding of the SPE production
operation symposium Oklahama, 1989.

[21]A. C. Baytas, Entropy generation for natural convection in an
inclined porous cavity, International Journal of Heat Mass
Transfer, Vol. 43, No. 12, pp. 2089-2099, Jun. 2000.

[22]S. Mahmud, R. A. Fraser, Magnetohydrodynamic free convection
and entropy generation in a square porous cavity, International
Journal of Heat Mass Transfer, Vol. 47, No. 14-16, pp. 3245-
3256, Jul. 2004.

[23]R. S. Kaluri, T. Basak, Entropy generation due to natural
convection in discretely heated porous square cavities, Energy, Vol.
36, No. 8, pp. 5065-5080, Aug. 2011.

[24]1Q. Sun, I. Pop, Free convection in a triangle cavity filled with a
porous medium saturated with nanofluids with flush mounted
heater on the wall, International Journal of Thermal Science, Vol.
50, No. 11, pp. 2141-2153, Nov. 2011.

[25]1. Zahmatkesh, On the importance of thermal boundary conditions
in heat transfer and entropy generation for natural convection
inside a porous enclosure, International Journal of Thermal
Science, Vol. 47, No. 3, pp. 339-346, Mar. 2008.

[26]R. Anandalakshmi, T. Basak, Analysis of energy management via
entropy generation approach during natural convection in porous
rhombic enclosures, Chemical Engineering Science., Vol. 79, pp.
75-93, Sep. 2012.

[271M. Moghaddami, S. (Ehsan) Shahidi, M. Siavashi, Entropy
generation analysis of nanofluid flow in turbulent and laminar
regimes, Journal of Computational and Theoretical Nanoscience.,
Vol. 9, No. 10, pp. 1586-1595, 2012.

[28] M. Siavashi, M. Jamali, Heat transfer and entropy generation
analysis of turbulent flow of TiO2-water nanofluid inside annuli
with different radius ratios using two-phase mixture model,
Applied Thermal Engineering, Vol. 100, pp. 1149-1160, 2016.

[29]M. Siavashi, H. R. Talesh Bahrami, H. Saffari, Numerical
investigation of flow characteristics, heat transfer and entropy
generation of nanofluid flow inside an annular pipe partially or
completely filled with porous media using two-phase mixture
model, Energy, Vol. 93, No. 8, pp. 2451-2466, 2015

[30]K. Milani Shirvan, M. Mamourian, Numerical investigation of
effect and optimization of Square Cavity inclination angle and
magnetic field on heat transfer and Entropy Generation, Modares
Mechanical Engineering, Vol. 15, No. 8, pp. 93-104, 2015. (in
Persian ()

[31]H. Aminfar, M. Nasiri, M. Khezerloo, Numerical investigation of
entropy generation of nano-fluid in vertical sinusoidal channel
with magnetic field, Modares Mechanical Engineering, Vol. 15,
No. 9, pp. 87-94, 2015. (in Persian ~_\8)

403

(kgm's™) (Seolps eyl
(kgm?) J&= p
L gy )
Jbw f
856 g
iy inj
b o
CA.,.';':L)J.g PrO
K r
Sl T
&xip-8

[1] M. J. Choobineh, M. Siavashi, A. Nakhaee, Optimization of oil
production in water injection process using abc and sgp algorithms
employing streamline simulation technique, Modares Mechanical
Engineering, Vol. 15, No. 8, pp. 227-238, 2015.(in Persian ~_\4)

[2] J. G. Speight, Thermal methods of recovery - Chapter 7, Enhanced
Recovery Methods for Heavy Qil and Tar Sands, New Jersey ,Gulf
Publishing Company, pp. 221-260, 2009.

[3] R. M. Butler, G. S. Mcnab, H. Y. Lo, Theoretical studies on the
gravity drainage of heavy oil during in-situ steam heating, The
Canadian Journal of Chemical, Vol. 59, No. 4, pp. 455-460, 1981.

[4] R. M. Butler, Thermal recovery of oil and bitumen, pp. 285-313,
New Jersey: Prentice -Hall, 1991.

[5] P. M. Odell, Optimum Steam Zone Pressure, Proceeding of the
conference on SPE Annual Technical Conference and Exhibition,
8-10 October, San Antonio, Texas, USA, SPE-159157-MS, 2012.

[6] V. A. Kamath, S. Sinha, D. G. Hatzignatiou, Simulation study of
steam-assisted gravity drainage process in ugnu tar sand reservoir,
Proceeding of the SPE Western Regional Meeting, 26-28 May,
Anchorage, Alaska 1993.

[7] P. Li, M. Chan, W. Froehlich, Steam injection pressure and the
sagd ramp-up process, J. Canadian Petroleum Technology, Vol. 48,
No. 1, pp. 3641, Jan. 2009.

[8] M. Mojarab, T. Harding, B. Maini, Improving the sagd
performance by introducing a new well configuration, Proceeding
of the Canadian International Petroleum Conference, PETSOC-
2009-207, 16-18 June, Calgary, Alberta 2009.

[9] C. Shen, Numerical investigation of sagd process using a single
horizontal well, Journal of Canadian Petroleum Technology, Vol.
39, No. 3, Mar. 2000.

[10]A. S. Bagci, Experimental and simulation studies of sagd process
in fractured reservoirs, Proceeding of the conference on SPE/DOE
Symposium on Improved Oil Recovery, 22-26 April, Tulsa,
Oklahoma, USA, 2006.

[11]M. Y. S. Chan, J. Fong, T. Leshchyshyn, Effects of well
placement and critical operating conditions on the performance of
dual well sagd well pair in heavy oil reservoir, Proceeding of the
Latin American and Caribbean Petroleum Engineering Conference,
30 August-3 September, Rio de Janeiro, Brazil, 1997.

[12]M. R. Tamer, I. D. Gates, Impact of different sagd well
configurations (dover sagd phase b case study), J. Canadian
Petroleum Technology, Vol. 51, No. 1, pp. 32-45, Jan. 2012.

[13]Y. Gao, H. Wang, D. Shen, E. Guo, X. Li, J. Zhou, Research on
improving thermal efficiency of sagd process, Proceeding of the
SPE Heavy Oil Conference Canada, 12-14 June, Calgary, Alberta,
Canada, 2012.

[14]W. Li, Improved steam assisted gravity drainage (sagd)
performance with solvent as steam additive, Ph.D., Texas A&M
University, United States, Texas, 2010

10 o)leuis 16 093 1395 53 (yurdw SuilSe Lwire



Ued 9 Sbglw Sazxe

(SAGD) by SoSay i (i) 3T d ) s g jre JI bl 3 L)1 Hglhinds oly (533 9 )L 32935 SloS G)lwding 9 95T Sgs Julxs

2010.

[37]P. E. Gill, W. Murray, M. H. Wright, Practical optimization.
London ; New York: Emerald Group Publishing Limited, 1982.
[38] M. Fallah Nafari, M. Hessami Kermani, Optimization of water
distribution networks by using pattern search algorithm,
Proceeding of the 1st International Conference on Plant, Water,

Soil and Weather Modeling, Kerman, Iran, 2010.

[39] M. Mojarab, Improving sagd performance by modifying the well
configuration, M.Sc Thesis, University of Calgary (Canada),
Canada, 2009.

[40] Computer Modeling GroupLtd, STARS 2012, Computer program,
Calgary, Canada: Computer Modeling GroupLtd.

[41]A. Sengel, Development of artificial neural networks for steam
assisted gravity drainage (sagd) recovery method in heavy oil
reservoirs, M.Sc Thesis, Penn State University, Pennsylvania, USA,
2013.

10 o losis 16 ©)93 1395 s codde Sulle Swaiie

[32]H. Khozeymeh-Nezhad, H. Niazmand, Analysis of effects of
geometrical and operational parameters of viscous micropump with
the approach to entropy generation minimization by LBM,
Modares Mechanical Engineering, Vol. 16, No. 3, pp. 67-78, 2016.
(in Persian )

[33]W. C. Lyons, Standard Handbook of Petroleum & Natural Gas
Engineering, pp. 332-443, New York: McGraw-Hill, 1996.

[34]1Z. Zhu, M. R. Thiele, M. G. Gerritsen, Thermal streamline
simulation: steam floods, Proceeding of the SPE Reservoir
Simulation Symposium, 21-23 February, The Woodlands, Texas,
USA, 2011.

[35]A. C. Baytas, A. F. Baytas, Transport Phenomena in Porous Media
111, London, Oxford: Pergamon, pp. 201-226, 2005.

[36]P. Vasant, N. Barsoum, Hybrid pattern search and simulated
annealing for fuzzy production planning problems, Computers &
Mathematics with Applications, Vol. 60, No. 4, pp. 1058-1067,

404



