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1. Liquefied Petroleum Gas
2. Gas Seal
3. Flaring
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In this research, the simulation of the LPG flare of South Pars
Refinery in industrial dimensions was carried out in order to
investigate the effect of the flare tip geometry on the combustion
characteristics of the flare, including the shape and position of the
flame, using CFD technique. In order to prevent numerical errors,
a suitable hybrid grid was used. The results of the developed
model (CFD) include the temperature and velocity profile, the
concentration profile of the components of the gases sent to
the flare, as well as the concentration profile of the components
of the combustion products. The results of CFD simulation show
that in the LPG flare in operating conditions, in some points of
the flare tip, the increase in the temperature of the flare tip body
(523-350 °C) due to the direct impact of the flame is significantin a
limited way. Therefore, the performance of the flare in operating
conditions is not suitable with the current amount of sweeping
gas. With the continuation of this process and the increase in
the surface temperature of the flare type body, it will eventually
lead to its complete destruction and replacement. Therefore, the
amount of sweep gas injected into the flare should be increased
to improve the combustion performance. In addition, due to the
presence of sectional gusts and the increase in wind speed up
to 110 km/h, the effect of sectional gusts on the performance
and combustion characteristics of the LPG flare was investigated.
The results of the CFD model showed that the flame deviation
in the direction of the wind direction is high and as a result the
flame is drawn into the flare tip and the temperature of the gas
seal and the flare tip body and the wind shield increases up to
850 °C and finally to Complete destruction of the wind shield. In
order to avoid such dangers (when the wind is strong), the fuel
gas injection should be adjusted to a level to prevent the flame
from returning to the flare tip.
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2. Haar Wavelet Decomposition

3. Adaptive Multiscale Entropy

4. Surface

5. Empirical Mode Decomposition

6. Sigmoid

7. Heaviside

8. Bayesian Gibbs Sampler

9. Vector Autoregression

10. Mixed Data Sampling

11. Unrestricted Mixed Data Sampling
12. Reverse Mixed Data Sampling

13. Reverse Unrestricted Mixed Data Sampling
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1. Mixed Frequency Vector Autoregression

2. Nonlinear Least Square

3. Multivariate Multiscale Entropy (mvMSE)

4. Multivariate Sample Entropy

5. Variable-Based Principal Component Analysis (VPCA)
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1. Long-Short Term Memory

2. Gated Recurrent Unit

3. Adaptive Moment Estimation
4. Days Below Percentile

5. Heating Degree-Days
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1. Fuzzy C-Means Clustering (FCM)
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1. Fuzzy Partitioning
2. Cascade Deep Neural Network
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1. If (temperature is cold) and (hour
ismorning) then (gas_consum ption is
low)

2. If (temperature is cold) and (hour
is night) then (gas_consumption is
low)

3 If (temperature is cold) and (hour
isnightl) then (gas_consumptionis
low) 4 If (tem perature is cold) and
(hour isnoonl) then >
(zas_consumption islow)

5_If (temperature is cold) and (hour
isnoon) then (gas_consumption is
hugh)
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48 rules
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1. If (temperature is cold) and (hour
1smormng) then (gas consumptionis
low)
2. If (temperature is cold) and (hour
is night) then (gas_consum ption is
low)
3. If (temperature is cold) and (hour
isnightl) then (gas_consumptionis
low) 4. If (tem perature is cold) and
(howr isnoenl) then —
(gas_consumption islow)
5. If (temperature is cold) and (hour
isnoon) then (gas_consumption is
high) o
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1.If (temperature is cold) and (hour
1smormng) then (gas_consum ption is
low)

2.If (temperature is cold) and (hour
isnight) then (zas_consumption is
low)

3. If (temperature is cold) and (hour
ismnightl) then (gas_consumptionis
low) 4. If (temperature is cold) and
(hour isnoenl) then —
(gas_consumption islow)

3. If (temperamre is cold) and (hour
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Gas consumption, as one of the most consumed energy carriers
in the country, is very important in crisis management, production
management, allocation and consumption, preventing wastage
and reducing environmental pollution. However, due to the
oldness of the measuring equipment, it is not46 possible to record
data continuously, and the available information about gas
consumption is usually limited to the periodic gas consumption
reports of consumers. Therefore, real-time forecasting of gas
consumption is associated with high uncertainty, and it is not
possible to check the accuracy of the forecast due to the lack of
real-time data. The aim of this research is to intelligently predict
gas consumption in three-hour intervals based on its periodic
consumption information. The method presented in this research
includes three steps.In the first step, using the fuzzy clustering
algorithm, the gas consumption data of household consumers
are divided into three categories: low consumption, balanced
and high consumption. In the second step, using a deep neural
network, the temperature is predicted in three-hour intervals. In
the third step, using a system based on fuzzy logic, the three-hour
gas consumption of household consumers is estimated based
on the predicted temperature, day of the year and time of day.
The implementation of the proposed method on the data of the
city of Birjand shows that the total instantaneous consumption
predicted for all three low-consumption, balanced and high-
consumption clusters follows the average periodic consumption
of the consumers of those clusters with an acceptable error.
Also, the presence of a strong negative correlation between
temperature and gas consumption, especially for balanced
consumers in cold seasons, confirms the influence of gas
consumption on temperature.

How to cite this article

I. Mohammadi, M.Taghavi, Intelligent Prediction of Gas Consumption in Three-Hour Intervals, Using Data Recorded in
Specific Time Periods. /ranian Journal of Gas Engineering. 2024; 11(1): 46-70. ( https://www.ijge.irangi.org/article_722819.html)

* Corresponding Author.

E-mail address: iman2960@gmail.com, (. Mohammadi).

Available online 01 September 2024

25885-5251/© 2014 The Authors. Published by Iranian Gas Institute.
This is an open access article under the CC BY license. ( https://creativecommons.org/licenses/by/4.0 ) @

II‘O}”UMU.M)JQJ)J.?.JyOJLD_ﬂ'J.MbJ"g d;m 4-ooooooo-ooooooo-ooooooo-ooooooo-oo.

©
3

0000000000000 000000000.



% oo

9 6ol Jlow (2lod 0=y (S
ooliiuwl b Guos SOT o (g5l o (555 SO o

ilo 6 pS3b sl 555l 5

Tolylas jLII Siwgs dozxo

&
..

Sl 5 i (Saio oKl GE g Sl g 008l wls )| ol IS (ggzeiils )
Ol oS ki ginio oK1 GIE S psiges 00l letils Y
khodapanah@sut.ac.ir :oLslSe Jgtue oo gi iy 2SIl gy o y0]
Ry - (ole gallio
AP -V axio

VEYOIY i b VY YIS sl s g

oduS>

~c

5% skl (am 4y Cel (60L5 sla iz 5 Slils (sl Grae lacT o 55 Sliues glaaijls o (s le>

ot Bulyy (s 3 o Gees ool 5o )l sl )l Sl (les 0y s Bl (rghy 0
9 orel Oy e lkeraiz g I ile (6 T0k w)esl g9 Sl esliul L 535 Sl yaee LSS sles
O 3l dsdiee el 6yl Jlw (oo 0 et (sl iU (i «MATLAB o llaiz (g
F s ol (eilen by ol e aldy (6318 Sl ST slo sirgter sl 2 gy il
7 sl etle 6250k Slapt s L (sania )3 eized )18 0l (o) sl Ole yo 1) 285 G UL
JAVEY R Jlado b /9) (pgarms (539 b 63 S 5 w35 (st ilizie slaogate (55 b 3 S S

s L Gt 5o PO Legate (35 b 58 oS F g labezaiz a5 ool b (ot )0

3

000000 eecccc0c0000000 0

“ececcccsccsccsccscsccsccsccccccccse>

asssls I) S8 Q...JSUL? 4.1U..\.;_-5 09y 33

O%"‘")f) w.‘;.;.)sfﬂ (Buos 6'@9" I L5)1.{1.'> ‘Lg)l.b JL.....; u;lL‘") 0 iy ‘&5""'J° )’lf 6L‘”Q‘)‘-\#‘° :Lboj‘g..\.ﬁ.ls

Slealne GLaS 5 0s2s (V) 08 o0 S0 UL (slojLis
#3579 (V) 5 GI) ()8 aeaSTisn 5 oL eloe Juls
lools g (1 JS5) 0l 5L (gale b)) o 51 IS
ol ogzg s e plad 1, UL yo o oLl Lol Lo au
ol jod LSt s 50050 L o] BLS | 5 ol 4
Jols ol jam saims JSas ol 5 5l S D] sgts oo
el o [Y] asb o H,S 4CO, «C,H, «C,H, «CH,
oo ol Ll 1 o a5 aias Jbiay S LS 5 518
wiile (3 Dl mlie 555 oo SO UL Jlid g by

alaiz g o 55 glabozaiz

doudlo .)
sl tle gl se SLLS 5 Oljae gl Jbuw S
‘)waﬁs_iiuT‘sLbJjngu—l)odddud_mja&_:zg
4 i ol 09,8 Olostes slasSge g dimd ge JuSis
Sl cpl DS 5 cpl 0590 50 ax g5 LB 4355 asloslidl slo
3979 Ol 9 Olotes SladsNge (r (95gm g 4S5
J3s 0 aS s ojT lege sloJ5Sg0 2 8ly 4o 6o lus
JoSi5 a3 2 lsee sladsSge sl oud xSl (la i
() e by ds 2 395 00 00eli Slyam a5 LS 5 ()
5 ol sbles jo Lol jase «)Lisd g Loo 3l cwlio oS 3

1o Gliuwli. s> jgs s> . Jgl 6 jlo—ik . s jL J—w



il eiml i oo Gl ol (6 ) Lo 5 (551>
O 3 8 Sl 4520 0090 4525 55 Sl jaee 09, o0
4l ol yor 4y (glaulg>U glasly wlss oo 5 la> Slles
o golul bl s UL cownl sanms ylid a5 ol
6oL polie 029 Jdo 4y 635 slasl o coul g8
S5 amie G plsrear (2l yd Sl (o 05mga 15D
banglio j0 cpiored Wigd o a2 5 La5 o oaxs| ;0 ogill
4,25 Jgone 15 5 Cdi (e sl adsi 5 6 e slacolled
Jds 4 Logas 6 i Sl L3]I 3525 6555 Sl e
Gy Sldas Job j0 il g ol> bl o jLis Sz
Ll 3Ll ol palas S oo 3985 35 ai3lw (9,0 ol 4y
5 e 3 boln 43 5 59, Sl &2l o
Wl oo Lo iab ol 50y 095 b (sdite O (590
Al )0 g0 Dlyae g5l8 Joles s Bl ol el
(oplpln 00,5 o ilas e o calize ol das oboul el
xS sl 958 Sl (5 5l Fhe cblis g laten,
S50 j0e (g )la SLUST (gl e o Ol jue SCS&
o Sy9e 3Laidl 43,0 g (Sl Sl sl Baday il
il (5 i Jlw ol izen [V o] 5,5 18
i (> 3 48 GligTa Jlow (ples 0y ol
RO VR O LGl PRV URE | PO D RV SRV e
Lyl Jdo as cenlio bl )i 0 aS el g o J8los oy
03,5 6,55l s lax Jhw o ol JSns il oles
@l 535 (5 Slhae JSis sles (i lp &S
@M‘ol)o 45st'~"5) n.\J).»fLSA)I)B e )90 ol 00
o LS5 )Lt 4y azgi b Logos wg s o 0,5 )]
6)1? wff)m 6‘)—5 ‘) L;)'Lf C;bd.:.s‘o J..f_....: Lng) ‘nglf
ol e ead il bl 1S o o ol b oS (o0 (aion
Lyls 10 S 50 g0 b eolainl gl ) cols Layl,d ais
Al oo dio oyl )0 laasie bols se¥5ly cols
Jhw 5l calie slal8 slac]jone S_oolST olalllas
Ao ol jo s .28l 4l AT b el gollwe YYYA
&deidlﬁLgoﬁ)lfso).ij\%é\oo/;ﬂé)lqdoowwl
Sladllas £9,8 sl 2Rl Slllas s S ol b o
e 1 o Sladllas 09y pie 535 sl joun Sio
2 (oote S5 .8l aalol VAPO L g 5leT sl VYT

lFOP"UU.AM.'IU.M)JSJM?.LJSIOJLD_{A‘J.M)JL! LJ;*” 40oo.ooooooo.ooooooo.ooooooo.ooooooo.

Sz mhw o g o (s 5l pf g oos Jluil BB &
3hasloads ms395 (slo )l anil> 5 el GaceS by, jo
(ol ol Oljaas OloS 5 ad asliod el st LUs
Sligsy 03 Jme 10555 (sl 18 (65,51 m B3 4 5 o0
oo 3 335 )81 S 31yl 5 U g5, IS o 3anS
5 spids adlate 1o Ol yaie B3 selcubise iolesl adgs
S S oo Sy T Lo 3 5 7 gz
ool ade a4y I ol bacul asly, roli8l oljos aslis )
03 00l (5 lam slaol jeam el adg (lenil 5 4l
adgi gl o3l sl Lo algs cad (555 o wijls

Lo-v] aiss 00 5T ol ol 511, ylie 55 (sl

D] Slyoud JuSid ol jlro duw 1) S

Sl 5o 3 LAl joians GraliSl 4 az i L cnl o

AL e et Llie Jdo an (b 55
ssboles Bk 5lo)ls (s slac g plw & Comd
S slaaluwe jo s ol b 55 ai o Lilas
Sl 5, 84 pastie S5 S el sl ugiore
Sl 5l s o LS 5 Gl e St Gl
glos Lyl 48 aS 5 gbas il o o1 55 Il 4 Sl jon
S Hlad g ol 5 il ax 0 yao sles Jm) o lalinl jlas
B S 1P a4 5 slacl sl caSe e S (L
S Jo nl b LF] wia g 4325 O CaaSa e TA 5 e
S Sal)oud d (pw iwd sy 4S5 gl
Slyase wilw s olx (g e jo (B Eols pac o ls 05>
S e wsle ;5 6 )li> ol Grae glacT o 55
055 s 8 ol slyo Sl 5 Lol L Ugono
&80 slas3d iy ol baasls ol jo (55l wlilas
@isej (=l )3 99290 Lol 5l (S ail s 59,4 5
3 S el (6 i e alio g i Jans ]
Ol JSis dains Wl (6516 (> 3 mos 3 l9—o
e los pr JalS 5 383 Sl g, ! 5 ol Lod o3l
Ll Cestl Sl (g la Sldos ;o (g5l Sl lod 55

Sldos (50 635 Sl 35t slod Jsore joboas

©
3

0000000000000 000000000.



©
3

log(P)+1— 0.25
T:\/‘)g( )+1-p 025 -
0.0497k k’

3 ol g0 il Lot i dlolas (pf jo aS jebylea

Sy50 50 3B aiSs aies 38,5 alal, ol o 5k
6599 Oy MPa > p jLad oS ol ol alolas ()
D9 5o dumwlrs “C iy oo 9 055 o0 00ls alal)
(F 5 1) SUslae 3ollao 5 00 o)Ll Clsh miman

k =—-0.006+0.011y + 0.011y° )

B =2681-3811y +1.6797° \p
e Gy Olsmear Y bl Hlade kg focly
Slod Slusbre aloil (gl g cul 5105 ,55 58 oS 5
509 polee (P LB (V) Lalg, sl oolaul b ol josn LSas
b (b sl | ooz adobe VAAZ Jlw o
(F 50) baly, 00,5 a5l o368 slac]uw JSis
033 9,48 5l b Oygoa 55 Slae JSis gleo
By 2 pgate (y)g LAt 03gde g0 40 5 paadte

[\f] Gl 00

0.555<y<0.58

T =-96.03+23.57x In(P) — 0.64 x In(P)’

4

7 —0.555 1.16x10
+ % (80.61x P + ————

0.025 P +599.16

e 0,20 Slalllae bl 5 VAYF Jls o susciaUL]
Dgd oo JoSid o) bglas (5 a5 slal> oly jlas aS o
ol Sldlas gy Gl p Sl IS plas e Ol jas
SBiz g o JoSid 5l 6 S sl jslaiedy Csio 0518
las,sld o bl olss leslaiul g algd las s lagl
wbos Ll s o iy jebaieas [NV 05 slow! Galises
e slaghy, cod Sl 636 slachue S
Ol gy diloa s 0ol dx g g (Byxe S AS
oolitnl (pizme 5 ALalojl 5 0205 Ly, ol Lo b,
Lajlg, ol sl die ol )0 00l 0ol dawgs sl l53le 5 5l
So P sla Ty sloan s oS Lulb 6l (22
shlsy oxdgl 5l ol yale alayl ) aSloaus 00ls drg adlaie
Sled cmiin sl B8 () Lawgi VAYE Lo jo a5 o
8o alayly plas @) Al bl yl jo Sliae JLSCas
59,005 635 slacluue Jsos sbos pmian o UL
DY] cailons @il 55 & 900
T =89xP"™ M

5 slea T 9 pSi s o 5L Sl P UL alal) o
Al F iz 55 lyoe

Slply sladaly 15 55565k YAAY JLuw jo g dalol yo
Q—z‘ Wl 4_§|)| djlf 6me;|).xz.m Jesis sleo S
D] gt oo cin a5 (V) Wolas gollas ala,

)

~96.03 +25.37 x In(P) — 0.64 x In(P)’)

-1.23x10" +80.61P —2.1x10" —

1.22x10°  1.71x10°
¥ —0.535

y —0.509 )

T =
15.18

P -26042-——
¥ —0.535

.QQA:J‘SA 4.»_“[.7:4 °F LSL»-M » L5>5)> L$L°‘> 9 A_.a:l)‘_s.n kPa > 1 (69959 )l—MAB sJa.g‘B) &)“‘ 9

oS 5,8 al) 658 Slhas LSs slod i ies sl az s b sla el sl U (glabal, " L5LslS DAY JLs

D10] 595 0 oylo (V) Jolas gillas

T =1/[a +a, xIn(y)+a, xIn(P) +a,xIn(y)" +a, xIn(y)x In(P) +a, xIn(P)’

+a, xIn(y)’ +a, xIn(y)’ xIn(P) +a, xIn(y) xIn(P)" +a, xIn(P) +a, xIn(y)’ )

+a, x In(y)’ x In(P) +a, x In(y)’ xIn(P)" + a, xIn(y)x In(P)’ +a, x In(P)"]

“eeccccccccscscscscsocscscscsccccocd>

1. Berge
2. Kaboyashi

1o Gliuwli. s> jgs s> . Jgl 6 jlo—ik . s jL J—w



dwlrs (slod (59 )lae y0 g0 luil) iU cdo ( Labals lawgy  canload ool (LS (V Jgo) o a5 ba; culss polie

@ b Oygon Jlo i ogae (g g LS Sl oot plgisa I (ogate (g 9 PSI e L2 el (0l 5o

st Sllore jo abaly ol 5l el pls sl e s i lod 40 5 el oas 418 )5 LA )5 (594,9 yal )b Koo
Dol sgi s solitul 635 sl us LSes slos ot il alal ) o aseie Sowe jl e 95 oo dewlons °R

D] 0AAY) oy 80n g ol 9l alaly colgs ) Jgur

099 Sl el @b 099 Slus ras &l glaal

SYAYVAYAYXY T ay AR AT R a
SY/PAE - YOAKY Lo a, SYIVAYYYAxy . a,
/85 - B0xy ¥ a, OIS EAYAAXy .7 a,
BIBBFYY Yy ¥ a, S /YAABAYKy LT a,
SVEVYYVEOKy L0 a, VEYY Y axy LY as
VYAY A Axy .0 a, VIVAOY Y Exy .- a,
VIFAAD ) +xy Lo a; VAY - YAFxy L ¥ a,
OIAYYAYY Oxy L ¥ ag

3 egaze 555 )Lid 5l (oali &j50a 65 ol jaun LSS slod (i 6l slalal, VA Lo o e
DVF] sls a6l (A) aolas 3ollas

T = -283.24469 + 78.99667 x log(P) — 5.352544 x (log P)’ "

+349.473877 x y —150.854675 x y* — 27.604065 x log P x y
2ol °C o 3 Lod 5 KPR ey L alaly ) o
&3 Do St slos (i ln ladal, 5 0050d ol | (Sge adall, T bl g ;g5 Y0 Jlw o
DIV] 0,5 @1l 58 ogase )39 5 ,Lad 51 onli & g0
T =13.47xIn(P)+34.27 xIn(y) = 1.675x In(P) x In(y) — 20.35 )
sl OF sy Los 5 P8I sy )L el ol 5o

5 e Al 4 (g5 e 03,8 W1 55 sl LS s sled it slp a5 alls, 5T 51 s aalel o
Sl 655 o LSt sles dnlne CBs e aseive Culsd iy a5 b abaly ol 5o ged o)Ll YAV E Lo 43T San

3

DAL a2 o a1y alasly ol Clsh (V Jgur) 5 09 oo iy o5 125 g0y (1) abagly Billas alolas ol sl aidly

b 2 h
T =a+—+cxIn(P)+d xexp(y)+exIn(P) +f xIn(P)xexp(y ) O-)
4

Ml)tsnoF W)JLAQBPSIWJJ)L.\JU[)AJGJ‘))Q

(VAT olyt5a 5 o ity calgh oY Sy

o el oo ol
RV e BRI a

JFEY f SYYIVYA b
RIARE g YYAFY ¢
SV h — IYYA d

1. Motiee
2. Towler and Mokhatab
3. Ghayyem et al.

0000000000000 000000000.

“‘:0}”UUMHU-M)JS:’)J-?-(JSIOJLQ—GJ-MQJLE LJ;‘” 4«oooooooooooooooooooooooooooooooooo.



©
3

“eeccccccccscscscscsocscscscsccccocd>

s MATLAB oS G oyl oysioman 050,58 Sl 658
b 6,5k 5l UL ey 2l sl Jiis (6 5 gupalS 40l 2
oo isged slml (Hib 5 g3l o)1l 5 slaatas
03ls s gaze VFPA bl playl o9 ian cac 4
w15 pogate ()9 9 Les I o fSas )Lsd
el e sl Sl ] IS b el 0
Ol j9izme 5 /N FO G llae LS (5 Sike o)
JSis gles PRy Glplyas,s o[ VY glas Ol e
Iyl a2 oo i 38 olue

slop,s 51T STshle o TSy VoYY Jlw o
slashaee JoSas bl 5 (ot slp oetle 6 2500
Ol 285 g ULy Gllos aise p ade gl (b 58
JSim slapi 65l 5l 095 Jaa o o] .asoges sl ul
oy oy ile s NB) ool 50 «(RFY 8olas
oauds Sz Ol jawe SCas bl b s 6l (SVR)™
e A3 g05 oolaiwl bl ¢ Lalls slal lawgs
&l C-G" Jawe jloanles (Sealinoge i Jow S5 lgieas
S50k sloadas cds 5 Glwlre LIS Joloxign 2
ot oy sloools b eile 5,50k sla Jas 5 C-G
8 g e s 0 SVR g NB (sl Jowe 5l 7o RE Jow ols
Ol 52,75 sosls 4y az g b auS co Jos Dllrs
Je s VISY C-G Jos Lo asgs 00 dwsleo AADP
Jowe g0 L alie jo wiols ol layT.owl ccws 4 RF
UL 35 LRF Jos 59, oo Jal opuile 6,0l S50
bylyd 5o b 55 Sl JSCi5 bl il oien 5o
Iyy] Sgs ool glae

25,8 @l Jae T Ken g g Y YY L yo
95 i |y ol sles 5 )Lt a8 w0 45
Los i b oy e |y Sl joge S5t glag S
Blie 555 s S5 iote el S5 5 Lt

&l 385 Lol cooles slalasl, )53 15e YoV O Sl jo
abal) cpl ol 4l (38 lyue JSCis sled (ot
DAl oo oo 58

T — 194.681789 x 7/0.044323 x (ln[P ])0.189829 (\ \ )

b o K ey Lod g kP cows y Jlizd o] o a8
S sbadlnee el Slidss 3l gl )
Sl s5 sy ran Lben sl 5l ooliiul Craus 4,
Ll 00 )5 iy G (mas SloASd g (edle (5 50k
&y edle 6550k sl ;oS 51Tl Yo YN Lo o
ssbiody Lyyo G I S g0me (S gisf e
Ol g 5 535 Slyae (gl Al 50,5 dga s
Slaie 5l Le gin i So— o (59 )15 3905 colaiul
Sleslaully 6315 wliae (s 5l loe adsi 5 om0 S
el (Ll 1 bl ol il (6 S0k sl ;55
g ol dbyo S TS Glez aie 3l el st

Ivlos 68 slealus

@l 1, lalal, sg 5 Slidss o7 lee Y+ VY Jlu o
B alize glsil sl 3 Sl JoSas slos (s
Ol 05 &l i e 5 el (i glo3lE ol ol
Olse b edle 65050k SlacSeiss 5l (S bl 2 alad
YV ol 5l ko ! plonil (slys 55 rel Canss 4 GEPY
adlas ol ol 0,8 el @muj 5 2= ool
Slas ) Olaes 155 sles i (6l colin ploxnd
o Lausgs ond a8l | alal, s slas (o Sile e 3l
oo st o 1y QUL Cdo aS 0sy s, - NTAY
I T ass oo olis ol us JLSas

clasS sl p o), Sen 3% gogigl Y- YY JLu 59
2l adolae Lol o psl> Joo SO (5an (oae
oo J:Sas slos (i Jrted sl of Bl

1. Saharkhizan

2. Runyan

3. Amar

4. Gene Expression Programming
5. El-hoshoudy

6. Zimeng

7. Hailong

8. Random Forest

9. Naive Bayes

10. Support Vector Machine
11. Chen-Guo

12.Duan et al.

1o Gliuwli. s> jgs s> . Jgl 6 jlo—ik . s jL J—w



o] iomen Wbse yiols JLadas s sal
Co stz P BB b B Dlhane LSis adl o
Oil8l 45 5 y9bas il anbs S5 ogata 039 b
slashue joluwl JSis 4 yxie G5 (ogase )9
Slidos aolls o bas (F Jga) [VF] 055 o 555

wes oo lis |y ldlae 51

&8 2 S Jelss 9 atoged i |, Slyoee JoSis
&8 Slhow gl Wil o as ol ol Les g ,Lud
Loy T 5 ot 0o ges cus )y pr Col 00 oSS g (5l
Gg Sl sloo wolz 1515w gy ali8I L ol olis
lacal 5o 55 ol Jlow Jlid (351 5l sl o 2l
wlive jobar by oo 28l (e 5l Lol tsb oo (A1)
Sial3dlolz Jlw sboos i ol 5l ol adgs (anlidl L

G35 Ol doo )5 iy GRS 1 (5 950V Jour

e i o g o
b 2B b 55 wlioie LSa5 gled piajin ¢lp slakal, 1) ool el Vary

oS5 3l 655 sl jelaieds (6518 Sl juen SCis lod (i sl slakal, 1) _
55555k 1A

Jodse S slaaY o Sljaus

55 esase (i slaep & (5 Shaan LSas glod (ot ¢l slak, 4l
alal) pl 5 aimen 390 2l Fal UL CB5 L alal) B 395 s mandl 250 95 4 S VaAY
QS o 0 bl (gl PSI o jLid dle & jgo 40

ol 2 a8 ol i VO b (58 Sl a5 glod (i sl sl 1))
oled 035350 ;3 (gl alal, cpl imen .l sowlansds (g S (hg, SO b -y VAAY

A3 o Cewd VL /DO pgase (59 VO O psi Lus &+ -v¥ °F

359 9 s Hlad waz g b o8 ol jas LS8 Gles sim i Gl sladal, 4l

B B B ) . =LY 144
&8 Clhoe LSS axivs 35 oS 5 pgase
(VRAY) Fge ably 4 az g5 b (655 Slhase LS5 slos simin lp gl €11 Cbolbe g Jgs AR
Ahgl)dj)Ls'ilz.:;c.a.?flg:.‘»‘l_)d)‘lf&l)%bdﬂi.ﬁjLgl.oo‘s;.ﬁuﬁ.ﬁ‘_g\ﬁd‘d@bdﬂj
’ OHSen g v Y f
alagi YY ‘_;L;.,.a).gs}lf Qb.\:,.mul,:s..’:.}bgl.ao SR 5‘)‘" o0dls odluws Lgl:da.ﬂ) 431)\ )
ulﬁ")"“‘ YN

VU /00 o 638 OlaS 5 ogase ()5 g 0ols

SLETITR

5 @l Jow (oles ooy (St je-biied
Sl p3U g )i (e 3 Sl yoen JoSi5 5l 6 S sl
sloosls zl5uul g ;1o 90 lal53le 3 51 olaiwl L
S50l slap oL (g3l Jow 5 (g 5wancd ccwlin
G35 oS 5 aiges VF ol jslaie pay 0sd plosl piile
005 dalone (pgatie ()9 Hlade oS 5 diged 1 (sl
2550 OF) akaly Gllae 5 S 5 2 Gog—ae ()
A0 8 awle
MW Dy MW,

y = aY)
¢ 28.97 28.97

lFOP"UUJAA.'IU.M)JS:’)J.?.LJSIOJLQ_I:A'J.M)J"! LJ;‘” 40oooooooooooooooooooooooooooooooooo.

S,k aad aslllas pl (§ad s 4 axgi Ly ol ol
Slyaee il g le> sl g la> Jlow lod ooy
ot Orle (57250 o e5l 58 Sl ool L) 6518
o> o> Jlew s o Co pae b glgn L ass
Gl o 635 Olyae LSas sl daas;lw cpl s e
@ sy sleall o os2ee 38 Sliae an i Ly
D905 (655 gl (6 la> Sldee 51 AU les il38 s
S jlid cans Lo 5L 0,90 slaools CI):;'L';..»\ om
Sled b Sl aluly (S ES w ez Ll
G50l sl ;65! 5l eolaiwl b 38 wlyjoue LS
6)Ln> JL..M) 6‘)" wL_A (5.’.L°‘> oojm ‘5,...;&.,‘.1 5‘_’.»....:Lc
Ded g0 pll 535 Sljae wisle g ke e

©
3

0000000000000 000000000.



ol (5l Jlow (2lod 0ymty (i sl le
A ) Gz ol plomil s 51 (S il SO s
<l Jye 00,0 L IPY ol (ST aly (sl Jlws 285
2oy ATY 5 5 g olbs Sl oo LS5 arly (s
aBbge Shaea JSas oIl plyeas Jolie (Jos
S 5 sladised sl 3o Sles B 85 L o b
Obis ) 658 S 5 gl po SLellll (F Jga2) 38
CIFOYY [EVAY DAY pgasa oy molie b (aas oo
i Sl mgiaali g VYT g < IVED (- [FYVA
oL bl lase 50 (655 Ol o LS5 Ll
sloacgorman | So plyed Gladoraiz G55
Olseas MLP) allaiz (g5 525 5 Geile (556590
b y0 (ghan omar GladSed sladegeme ) 5l (S
bl 5l esliul Uy ¢ioman o aloxil MATLAB
dged gl o35 ol JSus jles i CSMHyd
e 0oy jLid aliwsgdy g 0l (yeend (5 oS
by 55 o LSid pas gz 5o a0 Lo
S o adie (etle 5,50k slapt S L (b

Lev-vel as aalys asls ol 4 aalsl s

S MW, I8 oy 9 Sk 7, UL alad, o
P egate (g odanlis 5 3 25z o (JeSdse (339
Fse oy YAAY suie (puizman 0l oo 555 55>
[vol a3 oo Lad 1) ((5emS]
Sl 55 505 52 01100 SIS 132 5 S 5 o
Lyl s s PVTsimnova 1 15 8le 5 o ly (g 5lwancds
O F sleo ¢l58le 5 il o (g 5lmancis (gl o lasli ]
79> A b 4 L 0 VFIPA psi JLas g cules 6
O g Shaas Jolas gla jlaged 133l 5 o (g5lwancd
2 ol 5L3 0 )90 Sliaes LS5 sles slaosls
Aol 10 (635 oS 5 diged o (gl (s LA (0 diges
lasl gaoma 4o g Wiad ]Sl GetData Digitizer
PVTsim l58ls 5 jo (g5lawancds 3l Lao—,Lid ools YOAD
J58le 5 50 (glaels pr (w508 L aalsl jo oel s s
O S 5230 ol mwsds slaools sl ,» MATLAB
Ot G5 Do LS i glod iy 6l 4t
éjlf MS)} d..:}o.:? 6‘1.) 0 ‘_éjx.o J‘”‘E)g)—""’)l RI
6253k slapi o8l 5l glite (ogasie (39 polis L

[YA] (obools 5 (g5l (51 (535 Sl pod S driamn (635 a8 5 VF :F Jgu

$ aiges 0 ges ¥ digos ¥ &iges Y diged ) diges
G =52 » Fig vy S 5 el
‘/‘.A\/ ./Hfﬂ ./Hf} o/ .9 '/"O? ‘/H‘? N2
YYD <[+ OAF NN SAVY .J-Yay e Co,
JIAYYS JIYA-$ SIYYYO JIABYA JAY A <JAFAN C,
A EAS /- AQF I AVY oFVE RN YD C,
NEAYN) YTy JeYYE eYYY RN e 5F C,
[ [+ Y\ [+ Y0 [+eY$ e [+ VA iC,
ey YN STy [+ ooy [++14 nC,
NERAE RS I e FF ¥ [+ee0 Jee A iC;
JoNY [0 [+ 59 [+ YA deeef [+eef nC;
[ ¥ [+ OY [+« A$ [+ %0 feeeq [+ C,,
Joo ¥ C,
[oo oY C,
[oone) C,
SIVED S IVEYY -15YVR - [POTY SSVAN < JOAY st 3

“eeccccccccscscscscsocscscscsccccocd>

1. Multilayer Percepteron

1o Gliuwli. s> jgs s> . Jgl 6 jlo—ik . s jL J—w



byl il mdie (V JSL3) jl a5 e bilen
FSeis slod (Gt Sz VAR L 0 a5 S
o |y sl oy 5UL sl 0 1,1 (6518 &l jasm
o o by, cus i an ol 5l o )l UL by,
655 ot slbS Sl e 5 5 g era
Jlo yo a5 s g ols e alal; Coled)o 5 931
s gla (xSl Hlade 0 yeS 0o S &SLIY N0
Ol B slakaly 5 0,00 azs,) [ an Luly, o |,
b 6B Slas JSis sles gt ¢l
sl sl e (L 5 ols o a5l b
anlol jo ol eolaiwl adllas ol o ile (6 0L
Oisle (5 ,250L slaei oS 5l sael Cwoas muls
D55 50 LB o 090
slep,sl Gl Gom Sy sl (e giaS
73lie b 38 oS 5 At sl e oetle s 2 S0L
clasl (Gobal ©)poa 4S5 Dslite (pgate ()9
plasl Ol ) mpaelin oo 5o wiud
S e 5 2 sl les - )lad (oo G 0D
ey Gloo—,Lid glaools Lo I s, wlBlos & g0
iz p Seslesliiwl L 655 v 5 e sl ot
slosliiwl biced Sonlay ol (3515 99 az )0 slalexr
S50k el &S Gladezaiz Heew )5, o5
ol SllS g, 4 ele (553 51 0l e
ety llas (5315 S 5 it Slpan JS5 Ll
o)) cpl Colgh iomen el Cews 4 (V0) pgo ax o
S e 56 oS 5 S sl (@ Jeu2) o

el o0l 43|)| djlf Qb%&:
T =aP’ +bP +c¢ a®
slos s kPa sy (5055 ,Lad UL alal, o
by JS2) eized Sl K cnz (29>
Loo— L8 o0l ) pgd 4250 (a5, Hlosi (7
Ol (0 Jgaz) 53 oud o)Ll (55 BleS 5 10 )

.MQ‘SA

G g mls .Y

Slyoee LSad sles pmion dally) dedie iz (o

lpabaly 5 a8l s cnl o ol (Byme 538
o &ll Lallg) o 51 (650 Slyoes JeSi5 sled (i
zloeesl laosls 4y ax g5 b lais j g0 alal ) 098 0 (st
Iy 638 Sljone LSid astinn (30w 35 oS 5 aS oad
05,l05b ol yor T (5l Jlow Lol (6l 5 s 0 Lt
e, 63l 5l eolaiwl b et 5 ol co s & ¢ Jgilie
i sln ) soba Jhw (plod 02 (edle 650k
T S8 (Gl pmmgh S 0505 Lo Ol yue wijl
a5 b .o sl MATLAB [l53le 5 o s jee Jaslg,
bod jlade G ogats (595 )b (5399 slayel )b @
¢t -3 duolis 0310 VOAQ (gl y 518 Sl jose LS
slbs Sk s RE)' s slhas basly; anaz g L
6led 500 m i sled polie o MRE) i
oz oo cwilodelewods mosls 5l aS o5lmancds ol
o s Sl polie ael Cws a abal) yo gl
oa ools s (V JSo) jo alal) ,o (gl ool o
ez Slolae «(VF) 5 (VF) sloalal, o con ol

DAL ams o s 1) s sl oSl g cons

. 'xexp pre
RE === " O

exp
"X —X
z | exp, pre,
i=1 X AP
MRE = —
n

sloosls X, g a8l slaosls X, ) UL Laily), ,o

J5 Slows )il.q M oo A8 o ULN I) 0dd g

Ll osls
0.9 0.84
0.78

08
3 07 0.63
W 0.58
"% 0.6 0.53
4 0.49
3 05
9 oa
§j 03

0.2

01

0

¢ £ & & & S
& & N 5 ¢ R
< & & & < &
& & N
& i
&

i bulyy (6l 0 Al (o (SUaS (pSileor ¥ S
G Olyuad Jusis glos

1. Relative Error
2. Mean Relative Error

lFOP"UU.AM.'IU.M)JS:V)J.?.LJSIOJLQ_I.}J.M)J"! LJ;‘” 40oooooooooooooooooooooooooooooooooo.

©
3

0000000000000 000000000.



Gladozraiar (gaw 5 ) b oo gl sl pgs az )0 Luly) a5 3590 socali:0 Joua

c

b

a

S 5 pgate 39 oSy oyl

ALSYARN

VIYYOAA

-Y/a-£40

<[OAN \

YAV/IYEN

AREARY

-Y/A-EVY

<[FYAN Y

YAVIY .-

VIYEYSY

RIAYZN’4

< [FOYY Y

YAY/- VA

VIYOARS

-Y/-YENY

</FYYA ¥

YAYN QD

VIYVEQY

RV

AALS A

YAY/OYS

VIYFEOA

YYELA

CVEYY s

(<) (ally
18000 4 18000
16000 16000 4
‘ﬂ 14000 - ~ 14000 4
©
= £
@ 13000 =~ 12000 -
3 )
£ 3
10000 4 10000
5000 8000
6000 6000
287 o8R8 289 290 291 292 793 794 286 287 288 289 280 201 202 203
Las (K) Les (K)
(<) (&
@
() =
18000
18000
16000
16000
9 <] 14000
4] 14000 3,
- ~
= ©
© 8 12000
8 12000
£ <
10000
10000
8000 8000
6000 6000
287 288 289 294 295
288 289 290 291 292 293 294 295 290 Lz‘“ K w2 23
L (Ky > (K)
[©)) @)
() ©
18000 18000
16000 16000
ﬂ 14000 ﬂ 14000
3 >
& 12000 3 12000
o o
x ~
10000 10000
8000 8000
6000 6000
289 290 291 292 293 294 295 296 297 289 290 291 292 293 294 295 296
L (K) L (Ky

(9 (»)
20lio b (6318 Sl 35 50 ol yad oS Ll s (512 (y952y 50 oal Cwd 4y 90 4250 ¢y ylogei: ¥ IS
IVEYY (9) g+ /VFD (@) o/FYYA (2) +[FOYY () +/FYM (&) [ BM (&) Logazo (39

L.[yy] a2 o i ly Uas Slay po aolas aalsl ;o (V7))  sloo jlade coads oy (sloo—)Lid jloges 5l oolasl b

doaﬁt}gjwﬂ)auowﬁpjmww GWarg b pelS az 0 o p S 5 2 ol Sl
CSMHYA 3l 3 55 Sl yans LS5 o i iy i3
Sloslaiwl b cim s i lhs polie 090 ,5 awlxes
RY) ez Sl o Jolos a5 Slsioty (ygam )55 o 595!

alayly Ll oo ooly ylzd BB (P Jgaz) o il oo

e e g 5 sl 2 s i ol
eSis (Sealiyoge s byl o i sl CSMHyd
oS 5 oS ki Jhw oS 5 hl by 68 olune
2R el Jlew) ccwlsanlie LB (Y Jguz) 4o Q—l

000000 eecccc0c0000000 0

1o Gliuwli. s> jgs s> . Jgl 6 jlo—ik . s jL J—w

“ececcccsccsccsccscsccsccsccccccccse>



Iy 638 alae JSis sl lade oles o CSMHyd
3 iz 55 Dl 5 gl as (V0) alayly 4 ez L
O polie 4 3503 (dm s cilodds pntd (O Jsoz)
o LS5 gled iSTam) ol Jlows Se Shes
P 6B Sl S5 jlaS 09 oo iy 5 (ab S8
slaaisle o gyl Sllee o 0 ol 4L 5 li> Jlw
xS ol Gaes slacl o 55 Ol youe LSis dxise

RE

ookl by jl38le 5 ol jo ol eolaiul (gl jo 0ud
ke g si2 o (Joo a0 s g ;a0 50 (655 S 5
295790 (el Sled (90,8 D jmod) (6955 sled
Slyoed LS25 L2 (63 oS 5 e sln ¢ Jso2)
J992) 09-dioe (Gmen 00d (yme bl o (58
3063 Slhone LS sad i L8 Jlade (F
oot ol a4l (5,la> Jlws ;0 (5555 Shoe oS 5 Lyl
AFie pgae Gis L 635 SleS 5 sl ) st
IPle 5 53 00t (S JLAS 4 az gl b sms oo LS

CSMHyd ;13810 55 3 553l 3 (glalomain (ygmmw )55 b (655 Ol youd JoSid bl o o gian 31 ool Comsas gulis # Jgaz

Sl JoSid glos Ol JoSis L

y .. o . 2 ke gloo s Slzy o Pyass (39
eI b oad (i I3l 50 e dwlxe
- (K) o 5 R?) A9 90 S
(K) slabosdiz ygaw,S,  (CSMHyd kPa)
YAQ/¥ ArFH/aN ) YAQ/FNO DAVAR <JOAY -
YaV/A \YOOFIV- ¥ Ya-/YAY </AVYFY AV
ya-./4 aryvs/s-o Ya-/YO0 <[AVYYY < [FOYY
Ya-/y YAQY/FAY Yayv/-vy </AVY. </FYYA
yav/g afV#/aA- yYav/yva ANAR DA
yav/y V-YYY/AAP Yav/og- ANART <IYEYY
Ol S 0ud103b oylgreas Joilio b ol o T 4 (6 li> Sl S 5 1V Jgux
SFgo w2y £
LYYy (H,0)
pYY (MeOH) Jsilo
& ppois Lo g St (slmosls ciiin (55 oS 5 i 4l AN r 2
et bed g )Lis ¢ . sbesSiMdely p _Z(Yi -Y)) 0%
S ,Lad glaosls 1yl by s S oS 5y sl e i=l

oS 5 sled (slaosls g (635,900l lgieds 55 S 3
w03 I b st (gl ol Sl Buw ools (lgiea
5 i bl (slaosls ¢ 5ol (slaosls o he g a5l
slrosls JUL Coonl 4y azgi b 0gld aseive Cund glaosls
d52g0 (slaosls 5l (6 iy g S glrosls 4 st)}a]
oo, 00 jelate (s .8l plaislosls 9o g4l ay
ool 5l oo o Yo ols JSis ijg0] (slaosls |, Lassls
osls oaile Bl g uis a8 F jla3 (o ol glaools laicay
8l plaislojae o licl glaools 4y 5.5 (0o )0 10)
& e (5 oS 5 2 slaosls (sl aSs gzl 5l
W attie gwas dSD gl g i ¢l Soe
22 OS5 Jloged 9 008 dalne (ot sl Jlade

el s a0 (F JSE) & gt 4l

lFOP"UU.AM.'IU.M)JSJM.?.LJSIOJLD_I:A'J.M)J"! LJ;‘” 40oooooooooooooooooooooooooooooooooo.

A

Y, g00s g,Sojlailools Jade ¥V, «(VF) adolas 4o
s oo plid Uas ailbs o 1) oa8lgools jlade

Slyose JoSis glos s i dsllas cplaslsl o
S5 5l s xS ok ln )l Sl (lod 02y 5 5
Wil o gl o gyl Jlw o (e (555 Sl
MLP oyl adiwsgas el jup JeSid st 535
G5k g (Fman mas slaaSl | Ll Glsiea
2S5 B (s 590 eile
S o alai g otys8 sl osliul L
Eyean omac b ;5 ganaib oo Lot 5!
(atia (ogatie js L S S it sl i
o 2y5= 3 el Cad & b 5 0 plovl L o iy
alaiz g n b (Gt Lol polaiedy 28 5 )18

©
3

0000000000000 000000000.



Test: R=0.99989 (2l All: R=0.99984

293 203
~ S
5 292 ; 292
:? <
- 291 T 201
) 5
.E 290 5 290
- e
n 289 ~— 289
1 ¥
5 288 + 288
g a
S 287 5 287
o &)
286 286
286 288 290 292 286 288 290 202
Target Target
Test: R=0.99989 (<) All: R=0.99988
N 293 & 203
'_: =]
+
5 292 5 202
& 201 £ 201
£ g
=
y 290 = 290
! !
3 280 5 289
3 288 g 288
o [s]
287 287
288 290 292 288 290 292
Target Target
Test: R=0.99962 (E) All: R=0.99965
5 204 g 294
o o
T 293 < 293
- -
g, 292 & 202
<) =
d O
L: 291 L: 291
¥ 290 ¥ 290
-] ]
B 289 2289
=3 3
© 288 O 288
288 290 202 204 288 290 292 294
Target Target
Test: R=0.99985 ) All: R=0.99984
295 295
~ 3
- 294 a. 294
T 203 + 203
[ k)
5 292 2 202
=
k3 IS
-~ 201 ~ 291
! Y
+ 290 L 290
B =
S 280 5 289
© IS}
288 288
288 200 292 294 288 290 292 294
Target Target
Test: R=0.9998 () All: R=0.99983
~ 296 o 296
3 s
S 205 S 205
+ +
5 294 5 294
o =
& 293 s 293
I L
— 292 ~ 2092
] !
5 201 5 291
g2 =
S 290 5 290
S S
289 289
290 292 294 296 290 292 294 296
Target Target
Test: R=0.99984 (3) All: R=0.99983
«— 296 2 296
o P
2 T
+ 95 T 295
5 -
& 204 g 204
il
= 203 L_‘“ 203
-
¥ 202 ‘I.T 292
2 201 3 201
2 5
O 290 S 290
290 292 204 296 290 292 204 296
Target Target

VL 951 3 ooliiol b &1y JuSCET oo o285 gl P IS
() pgase (39 yoolae b (o8 wluS 5 olioe  leieas Target jo o (5 U cadl slo JSTi) (o local
(=) /PYYR (0) /POYY () /PVAY () IOAY - Sl (29,5 Olomeas Output (sog0e j5xe 5 Bud U

e o ‘;,u SIVEYY (9) o +/VEO. LSis sleo JPEserg Gl oSl ) (s o)

0000000000000 000000000

.ooooooooooooooooooooooocoooooooooooD H‘:DI“"UMU.M)JSJA]?.JS'OJLD_{Q.MAJQU;W



Ll 0 5 oS5 ln b sllas polie g o)l
Gaxg b Jlse olgeas ol oo Cddy 00l Cay ya3
b 535 S 5 45 9 (i OlySee d Sl o
k6 los gzl ke (1S VD (ogasie (5
[y oo (dmian adgl slod 4y cod | Wl o LSS
ot Slas po (peSilee oo amy a5 b (ppizman 0l 5L
IPOYY pgate (35 L 3 w5 eiS pleSoe
S bl a sl Sl 5 pla o 1y asil i Wilgs o
Sl b slalazaiz g )5, b o o i i dslo]
ot s lade (53955 sles lyear (koo sLos
A Jg92) 50 ol b a8 o dusloee MLP alcsgas oo
slos lgieds oSl sles Koo & leds .l 0ds 03 o
25 48, 15 55 (1Y) okes 3 5 e 5 52 s 4y
dowle MLP (2,81 5l oolainl b ol jase JSCis gles 4
Bl Jlade (A Jguz) ;o 0ol acwle oled (slos s
wl gl Jlw jo led o] jo a5 aas e Lt ], oled
139 god St (55 lyan Jgilio oIl ol e
oAFie pyae Gis b 3 S Su sl ol
Ol 3929 s I ljae LSS setiess Wil yo 4
Jhie lg5 oo elymiile (g S0l (gl oSl 5l ool wl b
Sged i 5,50 |5 5, Jlw culio (glod 02y
005 (55 ol (5 la> Bldee (> Sl jae LS5 5laS
Sl o Plas 4 aljae wilw g la> @l bl o
o Wil 3850 ()l ad> el et L e 5
ol ol (b S gl 5w sl o Bl oo

Sl a8 was l wloS 5

azgi L1 UL cdo b conlin olos b Hlade (VY) ala
ot Sl s slaosls bl 5 ool Cawdds iy
&l ol gl Jhw bulys 50 655 Slaue LSas gles

Tf =T +d A\Y)

il Glo T g 2l sleo T L akaily j8 (rioren
Oz Nigd oo dalome (1S A )0 Cons A we
S S5 it sl (A Jooz) o aolas (0ld el

Sl 0055 5 &3l ol oLl

3l ool b (1F) alayly d ol s duwlono liio A Jguz

Al (g i o 593!
deol jladie (G55 oS )i (pgaso (s e 0jled
YIv I \
\IY “IZYAN Y
«IAY < [FOYY Y
-VIY </FYYA s
c[+YY AN N
=Y\ < IVEYY 7

SIAMLP L i 5l Jol s s ey

@l 00t (gt sLes ol ed (353 35 SLS 5
&l J 5o 638 Sl LS 5l s nS ol 6l
J9oz )2 45 5 blen ol 0ol (5)510,5 (4 Jgoz) 5o
Sy slos 00l sim i polie 053 oo cdaline
Ul cBs allaca gy o sl aliwgar Sl o

Uiz b9 e yy oo )5531 31 oolistnl b (St a5 9 (S LS A Jour

sl slodsladie oSl glod ladie (Sl ylado R PpaRe (39
) oo (Gufy  (K) Sy JuSCils s wla o S Sy
Yar/ o YAY/F\O <[+ \ YA LAY S YN
YAV/FAVSY Y4 /YAY NERAYON; -2 “IFYAN
YAV/FYOVE YA /Y00 “[e YV SLELYV - I7OYY
YAQAVYY) YA /- VY SRRV Y -133350 <IFYYA
Yay/Yee Yavy/vye <[+ YAYA -/AAF <IVED
YA 5 Yav/os- <[+ < \OAA -[A29AY SIVEYY

=

RS @Lu u.w:Lc d)job (_ngp.bu)ei” )l oolaw! L ‘_g)’lS

ol S A ) O g0ty

lFOP"UUJAA.'IU.M)JS:’)J.?.LJSIOJLQ_I:A'J.M)J"! LJ;‘” 40oooooooooooooooooooooooooooooooooo.

S5 e ¥
0,70 Sy Baal oud plowl adlllas wlwl
Q|)..\:,.b Lng..xj)’Lw 6)l.6.'> 6‘)-.’ Ls)U:: JL..,..; %A_M.»L;.a ‘S{Lao

©
3

0000000000000 000000000.



“eeccccccccscscscscsocscscscsccccocd>

Shaed JSid sles palie i85 5 SLS 5 sl
oS 5 Sl ol e 0005 (e (5 la> b o
ot @l sbed Jlade IFOYY (ogate (139 b 535
O elS YAVEYD Jlade g lax Jlow jo Sl o JSis
g yidan < TAY S0 1Sl (sloo Jladie 5l aS okl Cws
050 sl Bl lade (35 oS 5 5o sl ecnl b
Shoee ples bl & Lo oy Lo (1 b a5 (5,le> Jlows

Aol s 4y Do g0 JuSias

19588 9 S

oy plosl s 3 2 285 Sl b 3.8
oot SBT3 o S5 5 asgarme ) QS at i e
Jote (s ol )l s 5 ()l (i3 Jgie (oS>
iled ge (10,08 5 ST 559l g Lragh S

&zl
[1]. Carroll, J. (2020). Introduction. In Natural
Gas Hydrates (pp. 1-26). Elsevier, pp: 12-
15. DOI: https://doi.org/10.1016/B978-0-
12-821771-9.00001-X.

[2]. Englezos, P. (1993). Clathrate Hydrates. In
Ind. Eng. Chem. Res (Vol. 32).

[3]. Yang,M.,Zhao,J.,Zheng, J. nan, & Song, Y.
(2019). Hydrate reformation characteristics
in natural gas hydrate dissociation
process: A review. In Applied Energy
(Vol. 256). Elsevier Ltd. DOI: https://doi.
org/10.1016/j.apenergy.2019.113878 .

[4]. Wang, X., Pan, L., Lau, H. C., Zhang,
M., Li, L., & Zhou, Q. (2018). Reservoir
volume of gas hy-drate stability zones
in permafrost regions of China. Applied
Energy, 225, 486-500. DOI: https://doi.
org/10.1016/j.apenergy.2018.04.125 .

26 sleahus (YA s ek oS s ol
Yoo\ Slio (Jgl o) Gaos slacs]
[6]. Li,J.fa,Ye,J.liang, Qin, X. wen, Qiu, H. jun,
Wu, N. you, Lu, H. long, Xie, W. wei, Lu, J.
An, Peng, F., Xu, Z. giang, Lu, C., Kuang,
Z. gui, Wei, J. gong, Liang, Q. yong, Lu, H.

L 5000 VOAD (gl oasl sty mollas a g L
OpreS 5By o UL TN oo Gl 1 S0l Jlade b
S Shaee J5a5 les (st Bally; om0 ) e
eles Jlate L (VAAR) & o dlal ) o) cioean 0lo LS
Sbed simiim slm ) B0 yiaS IAFE i Gl
6[@;».1{)@‘ 6‘)?‘ 6‘)—5 ‘Q-.‘.‘)fb-% €39 |)L> CJ)M J..L».:
Al ool (Y1 0) oyl5u8 o alaly 51 piile (6,500

@lr ogRly e ) lalezraiz (g5, Sl
b g0 a0 labaz iz SO oui o)Ll (58 oS 5 i
woils Hlai s jee saosla LTy Bllay o yige a5 la el
L3 S 5 ols oy Lits ool Cowdas e S JES W
S JAVEY I R laie L +IPVAY ogatte (59
Sl (St 6l @ SlaS F plw 1) e i
CSMHyd 13816 5 51 eolazwl b (e 205l &lyogn LSS
ol o 638 SluS 5 olp olyjaue JSas Las laas
b ovgaze 1o Las (1Kl lgicay a5 ase i sleo
Cewd &y s 38,5 5 o S 5 e gl oljoe LS
olrs (wlwl p Olyoe LSis glos il gy g Al
o] oty gl . IS A g S ) 5l oael Cwoay
SIS S5 sl St eSS sty csles ol (L
@led S Glgiear a8 el UL adl oSk Lo
6 li> Jlww 30 35 Slyaen Los 1 0 45 055 o iy a5
e 09 o LSt Jgilie 0 lo3L ol pen T 0l
Slyoen oo ] 0 4 g la> Jlw L5 5,90 sled J3las
‘_g)l.é.> Jl.....: 4_1..,.»54.3 ‘_g)l.é.> ULLA.CL)_D)OM)U/
Al oy

clas s o aslons )9 oot 33 ‘aLz.il L [FERT IV
GaLu wLw‘ » W) |OL’>U‘ Jaj.aJ.e uL»-wl;u ol o)Lw‘ ‘_g)lf
oz o yo j9dome Jlade (0 yimion MLP 5l ool cowsa
Lol S5 sl Do Sis gloo iy 5o
o @ 00 el alasly el s @y lod s i
oo, lid Jovie 10 5Kl los 25,8 jgboas a5 4y
e ol 0l e anlg s OBl 58 oS e

1o Gliuwli. s> jgs s> . Jgl 6 jlo—ik . s jL J—w



Gas. Penn Well Publishing Company,
Tulsa, p. 237.

[14].Berge, B.K. (Norsk Hydro). Hydrate
prediction on a microcomputer. SPE 15306,
Presented at the Society of Petroleum
Engineers Symposium on Petroleum
Industry Applications, Colorado, USA,
Silvercreek, 1986, 18¢20 June.

[15]. Kobayashi, R., Song, K., Sloan, E., 1987.
Phase behavior of water/hydrocarbon
systems. In: Brad-leyy, H.B., Gipson
Fred, W. (Eds.), Petroleum Engineering
Handbook. Society of Petroleum Engi-
neers, Richardson, TX, USA.

[16]. Motiee, M., 1991. Estimate possibility of
hydrate. Hydrocarb. Process. 70 (7), 98-99.

[17]. Towler, B.E., Mokhatab, S., 2005. Quickly
estimate hydrate formation conditions
innatural gases. Hydrocarb. Process. 84 (4),
61e62.

[18].Ghayyem, M. ali, Izadmehr, M., &
Tavakoli, R. (2014). Using an eclectic
approach, developing a simple and accurate
correlation for initial estimation of hydrate
formation temperature of sweet nat-ural
gases. Journal of Natural Gas Science and
Engineering, 21, 184-192. DOLI: https://doi.
org/10.1016/j.jngse.2014.08.003.

[19]. Safamirzaei, M. (n.d.). Predict gas hydrate
formation temperature with a simple

correlation. www.GulfPub.com.

[20]. Runyan Lee, T. (n.d.). A machine learning
approach to predicting seafloor properties
and their ap-plication in estimating a global
methane hydrate inventory. 2021 https://

scholarsjunction.msstate.edu/td

[21].Menad Nait Amar, Prediction of hydrate
formation  temperature  using  gene

expression program-ming, Journal of

II‘O}”Ul.'haqU.M)_ng)l?.dﬂOJu.mb_j'g LJ;*” 40oooooooooooooooooooooooooooooooooo.

feng, & Kou, B. bei. (2018). the first offshore
natural gas hydrate production test in South
China Sea. China Geolo-gy, 1(1), 5-16. DOI:
https://doi.org/10.31035/cg2018003.

[7]. Merey, S. (2016). Drilling of gas hydrate
reservoirs. In Journal of Natural Gas Science
and Engi-neering (Vol. 35, Issue Part A, pp.
1167-1179). Elsevier B.V. DOI: https://doi.
org/10.1016/j.jngse.2016.09.058.

[8]. Yakushev, V.S., Collett, T.S., 1992. Gas
hydrates in Artic regions: risk to drilling and
production. In: Proceedings of the Second
(1992) International Offshore and Polar
Engineering Conference, San Francisco,
USA, 14e19 June 1992.

[9]. Collett, T., Bahk, J.J., Baker, R., Boswell, R.,
Divins, D., Frye, M., Goldberg, D., Husebg, J.,
Koh, C., Malone, M., Morell, M., Myers, G.,
Shipp, C., Torres, M., 2015. Methane hydrates
in nature-current knowledge and challenges.
J. Chem. Eng. Data 60 (2), 319¢329.

[10]. Wei, N., Pei, J., Zhao, J., Zhang, L., Zhou,
S., Luo, P, Li, H, & Wu, J. (2022). A
state-of-the-art review and prospect of
gas hydrate reservoir drilling techniques.
In Frontiers in Earth Science (Vol. 10).
Frontiers Media S.A. DOI: https://doi.
org/10.3389/feart.2022.997337.

[11]. Kozhevnykov, A., Khomenko, V., Liu,
B., Kamyshatskyi, O., & Pashchenko, O.
(2020). The histo-ry of gas hydrates studies:
From laboratory curiosity to a new fuel
alternative. Key Engineering Ma-terials,
844, 49-64. DOL: https://doi.org/10.4028/
www.scientific.net/KEM.844.49.

[12]. Hammerschmidt, E.G., 1934. Formation
of gas hydrates in natural gas transmission
lines. Ind. Eng. Chem. 26, 851.

[13].Makogon, Y., 1981. Hydrates of Natural

©
3

0000000000000 000000000.



©
3

“eeccccccccscscscscsocscscscsccccocd>

MS/1742567/spe-131663-ms.pdf/1.

[29]. Sarker, 1. H. (2021). Machine Learning:
Algorithms, Real-World Applications and
Research Direc-tions. In SN Computer
Science (Vol. 2, Issue 3). Springer. DOI:
https://doi.org/10.1007/342979-021-00592-x.

s s o A5 £ 5 ye e sl 2 Y]

585 ol 53 00 &l o (Sohan (oras

.https://ai-center.ir A\ f-\ ¢ 5g.lls

[31].Mahesh, B. (2018). Machine Learning

Algorithms-A Review. International Journal

of Science and Research. DOI: https://doi.
org/10.21275/ART20203995.

[32]. Sarker, I. H. (2021). Machine Learning:
Algorithms, Real-World Applications and
Research Direc-tions. In SN Computer
Science (Vol. 2, Issue 3). Springer. DOI:
https://doi.org/10.1007/342979-021-00592-x.

[33]. Deepak K., Mayukh Ch., Gurmehak K.,
Suchitra V., Deep Learning for Medical
Applications with Unique Data, chapter3-
Deep learning applications for disease
diagnosis, pages 31-51, 2022, DOLI: https://
doi.org/10.1016/B978-0-12-824145-
5.00005-8.

Natural Gas Science and Engineering,
Volume 89, May 2021, 103879, DOL: https://
doi.org/10.1016/j.jngse.2021.103879.

[22]. El-hoshoudy A. N., Ahmed A., Gomma
S., Abdelhady A., An Artificial Neural
Network Model for Predicting the Hydrate
Formation Temperature, Arabian Journal
for Science and Engineering 47(6), 2021,
DOLI:  https://doi.org/10.1007/s13369-021-
06340-w.

[23]. Zimeng Yu, Hailong Tian, Application of
Machine Learning in Predicting Formation
Condition of Multi-Gas Hydrate, Energies
2022, 15(13), 4719; DOI: https://doi.
org/10.3390/en15134719.

[24]. Xinyue D., Jiagiang Z., Jiadong Li, Yu T,
Chuanyong Zhu, Liang G., Prediction of
Gas Hydrate Formation in the Wellbore,
Energies 2023, 16(14), 5579; DOI: https://
doi.org/10.3390/en16145579.

[25]. Abdullah Hussein, Essentials of Flow
Assurance Solids in Oil and Gas
Operations, Chapter 12 - Flow Assurance
Solids Prediction and Modeling, pages 503-
577, 2023, DOIL: https://doi.org/10.1016/
B978-0-323-99118-6.00018-6.

[26].PVTsim Nova. A leading PVT software.
Available online: https:/www.calsep.com/

pvtsim-nova/ (ac-cessed on 2021).

[27]. CSMHYD. Publicly Available Software.
Auvailable online: http://hydrates.mines.edu/
CHR/Software.html (accessed on 2 July
2021).

[28]. Rajnauth, J., Barrufet, M., & Falcone, G.
(2010). SPE 131663 Hydrate Formation:
Considering the effects of Pressure,
Temperature, Composition and Water. http://
onepetro.org/SPEEURO/proceedings-
pdf/T0EURO/All-10EURO/SPE-131663-

1o Gliuwli. s> jgs s> . Jgl 6 jlo—ik . s jL J—w



IRANIAN JOURNAL OF GAS ENGINEERING

Volume 11/ Issue 1/ NO. 19 / Summer 2024 / Pages 71-86

Journal Homepage: www.ijge.irangi.org

Prediction of Drilling Fluid Temperature Window and
Formation of Gas Hydrates During Drilling in Deep
Water Using Machine Learning Algorithms

Mohammad Dousti', ElInaz Khodapanah®

1. M.Sc,, Faculty of Petroleum and Natural Gas Engineering, Sahand University of Technology, Tabriz, Iran
2. Associate Professor, Faculty of Petroleum and Natural Gas Engineering, Sahand University of Technology, Tabriz, Iran

ARTICLE INFO

ABSTRACT

ORIGINAL RESEARCH

Article History:
Received: 05 June 2024
Revised: 20 July 2024
Accepted: 10 August 2024

Keywords:

Natural gas hydrates

Drilling fluid temperature window
Deepwater drillin

Polynomial regression algorithm
Multilayer perceptron algorithm

DOR: 20.1001.1.25885251.1403.00.00
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water drilling, after examining the relations of predicting the
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1. Hybrid Process
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1. Bacillus Licheniformis

2. Pseudomonas aeruginosa

3. Aeromonas sp.

4. Chlamydomonas Reinhardtii
5. S. Almeriensis

6. Tribonema sp.

7. 1,2-Dichloroethane (1,2-DCA)
8. Typha Angustifolia L.

9. n-alkane

10. Alcanivorax borkumensis SK2
11. Nannochloropsis Oculata

12. Isochrysis Galbana

13. Neochloris

14.Chlorella

15. Monoraphidium

16. Scenedesmus

17. Dictyosphaerium
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1. Microbial Fuel Cells, MFCs

2. Enzymatic Fuel Cells, Efcs

3. Microbial Electrolysis Cells, MECs
4. Microbial Solar Cells, MSCs

5. Substrate
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1. Xylene

2. Bioelectrochemical System, BES
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