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Abstract:

Today, various methods used to increase oil extraction in the world, which differ from each other
according to the characteristics of each oil reservoir. In this research, FOPID control approach and
neural network used in the direction of gas injection and production flow control of Rumaila oil field.
In the neural network, the ten selected features that have the highest influence among the primary
features include total volume, maximum well pressure, initial pressure, compressibility, pure to gross
depth ratio, shear wave fraction, porosity to height ratio, shale to height ratio and permeability were
noticed and used. The results by Matlab software showed that the MLP neural network with the
training function trainbr and the number of neurons 10 and the number of layers 20 has an accuracy of
91.36% and the RBF neural network with SPREAD equal to 1, the number of neurons 26, and DF
equal to 25 has an accuracy of 94.63% in gas injection control and They are the production discharge
of the field. The MLP network with an accuracy of 97.46% and the RBF network with an accuracy of
98.97% optimize the gas injection and production flow rate of the field.

Keywords: flow rate control, oil field, neural network, FOPID controller.

Received: 24 May 2025
Revised: 12 Aug. 2025
Accepted: 19 Aug. 2025

* Corresponding Author: Farideh Allahverdi

Citation: F. Allahverdi, J. Abdolkazem, “Control of gas injection and production oil flow of
Rumaila oil field using FOPID controller and neural network”, Journal of Novel Researches on
Smart Power Systems, vol. 14, no. 2, pp. 73-84, August 2025 (in Persian).

vy


http://jipet.iaun.ac.ir/
mailto:jjjwad.77@gmail.com
http://dx.doi.org/10.82362/jeps.2025.2.550
https://jeps.dezful.iau.ir/article-1-550-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-24 ]

[ DOI: 10.82362/j€ps.2025.2.550 |

Journal of Novel Researches on Smart Power Systems - VVol. 14 - No. 2- Summer 2025

uac a0l 5 FOPID ouss’ J S 5l eolazl L RUMaila i lase gadss o0 o 55 &, Jss

31 eolistul b RUMAINA (25 oo (sadgd (29 9 31 G233 J
, !s.:.s I:OPID° ..SJ ...5

al )| bl )5 7 ol 02 Plase WL Slga )b sbuwl ) 55,94l 0wy 48

fa.allahverdi@iau.ac.ir | ,! «Siasail ¢ oDl o1 sl8ils « Koy sl Ay 5, 05,5 -V
jijwad. 77@gmail.com 1,51 Jsd50 ¢ oMol ol31 olKiils ¢ Js8350 axlg ¢ 3 09,5 -

Lo o33 2 o Sy plo a5 098 oo planl Lis )0 o glseial Rl sl (aiske slaby) o9l oSy
S sras 458 9 FOPID (658" 4 o inin (JLR0) (ool 00iaS J308 51 gy (ol 5o it Soglicie 150080
Sl a5 e Sy 00 (omas aD 50 Cawl sal solazol RUMAINA i lowe sodgs o0 JyuS o 55 G,
B S S ypST5 sl jlad vl jlad iSlas (S e Jels whog 4l sla T oles s 56 VY
1 eslital g azg50 00 (s el 5 gl 4 Jod Cond el 4 JHS S (A p e S AL 4 Al
Vo G99 olaws g trainbr yogel sl L MLP  cac aSis ols olis Matlab 15381 o 5 50 sods (o3l 4t mls 0uzd 5
YO U, DF Y8 59,55 ol o) b 1,y SPREAD L RBF cas a5 5 awoys AVYE s gl Yo 4 olass
S g doyd AV/FF o b MLP a8t aiiibion ol sodss (00 9 5 Goyp J,uS 50 aoys AF/SY s sl b

S oo a1y lawe gadgs 00 938 G, w0 AAAY s LRBF

FOPID ouisS J S o gmas a5l o 25 Hlowe 00 S 1 goudS Slods

VECEIOIYY 1655530 g )b
VE-FIOIYA b pdy gl

63,9 Al oy )8 1355 1 ) ghamnn 0l o o 3
B 09,5 «Scias il axlg oDl o1 oLl « Sion il 1 ghomno Skianns 93 3L

\A


http://dx.doi.org/10.82362/jeps.2025.2.550
https://jeps.dezful.iau.ir/article-1-550-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-24 ]

[ DOI: 10.82362/j€ps.2025.2.550 |

Journal of Novel Researches on Smart Power Systems - Vol. 14 - No. 2- Summer 2025

VEF Lol g0 o)l — o0 laz Jlo —diadigh & 508 Glapiuns )0 (g5 Dlibod &y pis

doddo —

5 b 5l adg glaanl b le ag el p BB (S8 RIS (o pus 2l 5 6551 slp Sl ol mIBIL
OB B 8,5 el cuslop obssl slats; Ol cnl jo Sl 0ol Joa 5 5 e cane Sla Ml (n e 5l S &
E5 S IS S Wl 28 slaplase golal jas falfl g CBLL oyt dsete (3P (LS Lk 3l
Jlo s N el 5 S sl glides slaan o (20lS 5 s )l (soniitone 13U ol ag (23 5 55 32,53
asllas 030 S 03letul BB 55 (59 Ol 0 CO2 ()35 Sl il il 595 aine Sz Joo S5l (chmgly o Vv
& 07> o2 5 (S35 Sl Gl el oo o wites wiie CO2 (i Caz (B slaolz a5 ol LS o]
OF Silwors33 5 S 90aSlsd Goy55 ompp a2 Vo o0 Jlo o IV] (uil)San 5 )5 0138 i oo 00 0235 (2,5 S|
el Wlgs oo 35 55 60,bad BouF 9 958 0,5 Wiy se o 32,5 CO2 5l o ys £ Ly a8 wisls plis 5 asls
5 o) 0pd cuzr 1,CO2 )5 alises slads YooV Jlo jo [¥] 2l Kan 5 cpur 098 (55lwo 3 Cud b il
CO2 liee Gialsdl cazr 5 ool Lryo pdylinel S5 a5 in)S (558 Loyl (slostnd 30 05 (o) pp 25 a5 a8
ol Sy odw 3C02 Goyp 4 Yoo Jlo o [F] 3, Ken 5 pogsS s w05 Lai> cowlio MMP cuasl o o0 0,53
s bl iSTas aS ol ol LQOT Jelos b asls u,..Jla.,...‘—Ir: P u.,..Jla,..,T S 3y culile y sbssl e
axo Veog b Aol S ile axpe 00 S5 sleylas g bl yo pdlawl cas LYl LB COz Jew L
Cawddy L VFe g ol S il ax o A b aslie [0 (V2 090 )50 590 (e (Shlo s Dglis yey) L VY /0l S il
S o et wlu,S Of bwgs o, SanSTes silwersd 4 Y Jlo o [8] (ul)Ken 5 wigns ot ol oo
CWI ol oais sy o ol (o9 5350 31 (SO 50 adgs calizes glagy L cllin ol jo auzslo o)l o 5l
ool oad b5 Sl GyF g sk 4l e 50 CO2 el ilulaz U5 5 adgs (ualiEl o ol o Slae ull 5
435 5 Al 0T B3 a Cend g 05800 e 2ol Gl sl CO2 w3l n2d  ogdle S ol (las b
S 0op)lS 4 YV Jlo o [7] e 5 08 walss 5 ¥sb b adg 5 01 sk e sl ek
Ol Sy 5h Bres (S oy 0 CO2 ilulaz (gilue i3S LS st 0 ANN) egran ras
iy $wosie 15 CO2 oy ilwoytd S (i sl |y (ANN) egias e aSd 015" anlllas
Ean (omae S 50 (255 5 6995 SlRGge Olyieds & (Lhigel ool oSl slml gly S e ) H5h Geoe
oad plnil oue (ilwand b (st ol Gl Sy 0285 Sl o b byl )l Colus oo 5 4528 5800 ool
cadib g cd bk cwmiie 6l ANN) egtas cuac aSi 0,5 @ YoY- Jlo o [V] o)Ken 5 b ool
5 o bl cwiie &lp (ANN) egias mae aSis 00, @lis opl jo asls,, WROZ 6 CO2 (g5lwe psd
oly Sllee 5 owlidipme; Joloe Jold conbid pac sla ol conl o0l 8,50 ROZS 3 COz (s3luo s )b
(o7 gy els g o (silend (5308 Wiged YOV ggerme 5 e el ond oslitial (23550l oSl s (sl
o Slee glyls adlanwgs ANN Jow a5 ol lis ol sl a3 5 )18 )0 0550 20 CO2 g (205 CO2 0,58
Vol S e jedome (ke ggeme 9 ¢/ 5l G (B polie b anglie 1o Vb (S cupo b o sniion
2 CO2 silulas jslainds egias mas aSd Joo G &l 4 VoY Jlo o [A] o) Ken 5 Sigu .ol 039 Sy
ol els o sl jasls sleesls ANN-GCS Jow jiolejl § (590l 6l .axisls y (ANN-GCS) 50 O sloe i
Jlows g ayso0 a4 YoVY Jlo o [A] o) Ken 5 sllagddl ool onds adgs egian olom ol SO 5l el 5 onilo 3L
Slagby, 3l ekl b conlad pue Lulyd cov res 38 ol Slrojis po S unSles luop>S 5 Gy Ol
sloslanal b (85 Glas oddgs (29 9 38 Go,5 &5 Olojee Sy i cnl o waiiBlo n (5le aine 5 eBle 65500
sl Slyieas FOPID 008 J 208 025 oo )3 (o) 9,50 FOPID (iite 1Sl (ool (5508 45 50 00205 8
G 5o VL QUly it JISl la i 5o (S s0li] Sl 09381 b KDl PID oaiis’ 87 il

2310 @l )8 Lot 0atd Juo 5 otz slaSinlis L

Vo


http://dx.doi.org/10.82362/jeps.2025.2.550
https://jeps.dezful.iau.ir/article-1-550-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-24 ]

Journal of Novel Researches on Smart Power Systems - VVol. 14 - No. 2- Summer 2025

[ DOI: 10.82362/jeps.2025.2.550 |

smac 4.l 5 FOPID ouss’ J S 5l eolazwl L RUMaila a5 lase gaddss o0 o 55 &, Jyss

s gzl pianl jo ygo Jolge-Y

Slobg, (V) JSb 0903 (goispends ()l e g ()l slaghy, awd 90 4 (g oo 1) il 8L vge sla by,
Ly-an] A o slid |y cudls  obsl

[Ve ] coilo s o3l sla g,y (V) S
Figure (1): Methods for increasing gas recovery
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Table (2): Data used in the research
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Vb [ 5623545630 | 5331338805 | 7648741411 | 3388726867 | 3763895304 | 2364031299 | 8140718368
Pwell 177 160 198 153 178 175 162
Pinit 108 111 107 116 111 112 116

A 34.9 41.7 125 7.3 11.7 17.4 14.6

Cb 28%107% | 111 x107° | 316 x 10~° | 3.36 x 109 | 2.85 x 10~% | 1.58 x 10~% | 3.59 x 10°

Fb 0 0 0 0 0 0 0
delP 5 5 5 5 3 3 1
N/G 0.17 0.75 0.48 0.65 0.97 0.31 0.08

Phi 0.67 0.30 0.60 0.15 0.44 0.01 0.23

Sw 1 1 1 1 1 1 1
Vsh 0.64 0.29 0.32 0.16 0.39 0.9 0.89
phi*H 44.35 39.40 49.60 34.91 36.13 9.04 15.40

Vsh*H 28.40 20.31 3.65 6.39 4.12 25.98 1152
K 2672 1633 1253 2675 888 659 2044

Ic 27 33 25 29 30 40 28
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phi*H 5.60 27.92 20.29 18.55 29.78 13.33 52.10

Vsh*H 7.51 22.33 38.20 26.86 28.27 11.54 10.55
K 915 641 974 1036 216 840 2076
Ic 32 32 38 25 37 33 25
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Figure (2): Fractional and classical order PID
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Table (4): The impact coefficient (priority) of each of the studied indicators on gas injection control and field production
flow rate
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Table (5): Sensitivity analysis of permeability parameter
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Table (6): Sensitivity analysis of the maximum well pressure parameter
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Table (7): Sensitivity analysis of the total available pore volume parameter
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Figure (3): The effect of wave fraction on gas injection control and field production flow rate
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Figure (4): The effect of scaling parameter on gas injection control and field production flow rate
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L wsin)
! Total available pore volume
2 Maximum well pressure
3 Initial pressure
4 Scaling parameter
5 Compressibility
6 Flux boundary condition
7 Pressure change
8 Net-to-gross thickness ratio
9 Shear wave
10 Shaliness
1 Porosity
12 Injectivity Index
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