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Multi-objective optimization for oil production process with
compensating model error

LIU Tan, GAO Xian-wenf, WANG Li-na
(College of Information Science and Engineering, Northeastern University, Shenyang Liaoning 110819, China)

Abstract: Through analyzing the oil production process, we build an optimization model for maximizing the oil pro-
duction of block and minimizing comprehensive energy consumption for per-ton oil as the performance index. Considering
the large difference between the model output of comprehensive energy consumption for per-ton oil and the actual value,
we adopt a Gaussian mixture model (GMM) to describe the error characteristics of comprehensive energy consumption for
per-ton oil hybrid model. The model error compensation is first implemented, and then the comprehensive energy con-
sumption for per-ton oil is introduced into the built optimization model to make the optimization results further closer to
the actual optimum. On this basis, a fast elitist non-dominated sorting genetic algorithm (NSGA-II) is adopted for solving
the established multi-objective optimization model. A production process in a block of an oil production operation area
is taken as an example for simulation; the results show the effectiveness of the built model and the proposed optimization
algorithm.
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Fig. 1 Basic flowchart of oil production process
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Table 1 Performance comparisons of two models
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Table 2 Comparisons of optimization results obtained
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Pz Aekt/(kg -t 1)
FMERTIRALERL  40.7534 71.5411
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FEIRZEAME R 2 H AR AR () LAk 5 SR B 200 51
Broct 2, HEmiEe s T R I T SR AR SR
Kt 2 2 B AR 515 ) A SR Al gk S 14
PERE AR ATAT 7 58, &I AT AR AN ] = g = H
Fr B = i B 2R G BB H bR SR & BRIR B A
J5 %, AR S BCAR (41.8730 t/d, 73.3123 kg/t) F1(8.1397
t/d, 54.1278 kg/t) 73 il Rl J8 HEAR 7 ity e dge v T FRLAS,
MR ZEA BEFERAT I H bR, R T 488~ 2= 4
41.8730 /d H18.1397t /dMITH AL T, Foa3 ATV IR BRIk
BT PR R SR RERE(E A 73.3123 kg/tR154.1278 kg/t,
AN AEH AL B 20T 10T A4 = i i B 2R e FE K
PRV HPRE LR, 75— M ebs i3 2004k, SCBl 744
KRG Z HiriAl.

7 %8 (Conclusions)

ASCAEIRN 3 W Rt sk R AL, [R] B DA A
S ORI A P il R 2R S Re AR IR o HAR L T
K AR 2 H AR, I F GMMU A7 = i
LA AR SR KR ZE R AT RO, SR
TV 5 SRR 2 AR ZE A M, K AME2 IS 1 B =il
HERG REFE SRR B H AR T TSRS
REFERZEAMEIN 22 HARIRAAR L. 0 R X 3
SRR BT A BT B g R a7 oRH
NSGA-THFRARARINAT B T A AR = i
I3 KT Y. () B A A P I R 2R BEAR M, H S A% 8
PR ZEAMEPACRAR L, JE T 27 B BERER ZE4ME 1)
% H bR A 25 S S e S b AL, 25
TAA s R ] SR, 3R T AT A
A TT A AT DLl 2 A P e R A R K, g HL
R AR I ) S AL TR S W) T,
X RAAT M ) A2 7 BA S AZAT M 1) A Al T 22 (1)

FeE X

S ik (References):

[1] A<, XS M. REFEIRIRHIR R B A IImE ST N ] 0. 41
AR, 2007, 28(2): 129 - 132.
(ZHENG Haijin, DENG Jibin. Research and application on design-
ing method of sucker-rod pumping system with the least energy con-
sumption [J]. Acta Petrolei Sinica, 2007, 28(2): 129 — 132.)

[2] HEHELS, TERERS, RN, 55, € T Al R g 2 Hii e

[3]

[4]

[51

[6]

[71

[8]

[91

[10]

[11]

[12]

[13]

[14]

B RITESRL (7). AR, 2008, 29(1): 120 - 123.

(DONG Shimin, WANG Shenjie, LU Dongfeng, et al. Simulation
models for optimization design of suction parameters for rod pump-
ing system in directional wells [J]. Acta Petrolei Sinica, 2008, 29(1):
120 - 123.)

I, TR, A, A, MU XA G S5 2
T (31, AR, 2010, 31(3): 475 - 479.

(DONG Shimin, ZHANG Xishun, WU Changjie, et al. Simulation
and optimization method for the integral energy-saving suction pa-
rameters of rod pumping wells in an oilfield [J]. Acta Petrolei Sinica,
2010, 31(3): 475 - 479.)

DRATMEABEEEAR, 2009, 33(3): 73 - 74.

(HE Fengyun, WANG Zuozhi, ZHAO Yuzhen. Oil-gas gathering
and transportation parameter optimization for electrical heating about
ramiform net with single pipe [J]. Journal of Daging Petroleum Insti-
tute, 2009, 33(3): 73 - 74.)

WU Y G. A Study on optimal operation and energy saving of super
heavy oil pipeline [C] /2011 International Conference on Computer
Distributed Control and Intelligent Environm-ental Monitoring (CD-
CIEM). Changsha: IEEE, 2011: 400 —403.

BORRAZ-SANCHEZ C, HAUGLAND D. Optimization methods for
pipeline transportation of natural gas with variable specific gravity
and compressibility [J]. TOP, 2013, 21(3): 524 — 541.

FEUEH, 2 AR A i AR B AR B DL SR ARSI 0],
PEhlELie S5, 2011, 28(9): 1130 - 1134,

(LTANG Ximing, LI Shanchun. Optimization model and algorithm
for set point in oil production process [J]. Control Theory & Applica-
tions, 2011, 28(9): 1130 - 1134.)

DEB K, PRATAP A, AGRAWAL S, et al. A Fast and elitist mul-
tiobjective genetic algorithm: NSGA-II [J]. IEEE Transactions on
Evolutionary Computation, 2002, 6(2): 182 — 197.

LR, MW SEOTT SN RS R G M]. dbat: £
P HRREE, 2003: 52 - 103.

(DONG Shimin.
of Rodpumping System and System Optimization [M]. Beijing:
Petroleum Industry Press, 2003: 52 — 103.)

TR IR, S G ok, W [H X, &5, A AT 523 28T LAY (7], A 9 24 417,
2013, 34(5): 989 — 994.

(WU Xiaodong, WU Yangiang, HAN Guogqing, et al. A new leakage
model for rod pump [J]. Acta Petrolei Sinica, 2013, 34(5): 989 —994.)
B, X3, AR, MRS BRVK SRR R G SR (1]
FEAR, 1997, 18(1): 104 - 110.

(ZHAO Hongji, LIU Yang, GAO Linsen. Gathering and transporta-
tion parameter optimization for mixing hot water about tree net with
double pipes [J]. Acta Petrolei Sinica, 1997, 18(1): 104 — 110.)
KR, BEE, TUEIE. SRR IR (3], I 5 N
1, 2014, 31(9): 1198 — 1205.

(ZHANG Jun, MAO Zhizhong, JIA Runda. Real-time optimization
for gold cyanidation leaching process [J]. Control Theory & Applica-
tions, 2014, 31(9): 1198 — 1205.)

FHHROR, @SS, K. FE TR (o) Fe 200 (R 20 5 A% ek s /N —
Fesc R B (3], YRR, 2014, 63(16): 160508-1 — 160508-9.
(TIAN Zhongda, GAO Xianwen, SHI Tong. Combination kernel
function least squares support vector machine for chaotic time se-
ries prediction [J]. Acta Physica Sinica, 2014, 63(16): 160508-1 —
160508-9.)

XN, TS0, RO, AU R LR S BRI A BT (0], AR
JERF=AR(EAREIERR), 2013, 34(11): 1525 - 1528.

(LIU Tan, GAO Xianwen, WANG Lina. Hybrid modeling method of
comprehensive energy consumption for oil and gas production pro-
cess [J]. Journal of Northeastern University (Natural Science), 2013,
34(11): 1525 -1528.)

Computer Simulation of Dynamic Parameters



622 7o o5 N A W32 %
[15] ks, ¥ DA%, Tk BA. 2 H b5 2 23 304 70 B0 5L A7 43 1 o 1) ternational Journal of Advanced Manufacturing Technology, 2014,
A 0. RIS R, 2010, 27(7): 897 - 902. 73(5/6/7/8): 981 — 988.
(YAO Feng, YANG Weidong, ZHANG Ming. Multi-objective differ- [20] . — 23T UL 74 S R T k- S (B2 (0], 22 Tl
ential evolution used for load distribution of hot strip mills [J]. Con- KE223 2010, 27(4): 409 — 412.
trol Theory & Applications, 2010, 27(7): 897 — 902.) (CHU Yuezhong. A k means clustering algorithm based on Bayesian
[16] SRINIVAS N, DEB K. Multi-objective optimization using non- information criterion [J]. Journal of Anhui University of Technology,
dominated sorting in genetic algorithms [J]. Journal of Evolutionary 2010, 27(4): 409 -412.)
Computation, 1994, 2(3): 221 — 248. [21] HUANG Z K, CHAU K W. A new image thresholding method based
o on Gaussian mixture model [J]. Applied Mathematics and Computa-
[17] KANNAN S, BASKAR S, MCCALLEY J, et al. Application of tion, 2008, 205(2): 899 — 907.
NSGA-II algorithm to generation expansion planning [J]. IEEE
Transactions on Power Systems, 2009, 24(1): 454 —461. .
e Y A Y N > » - — e /M;% 'ET] 4]\:
(18] AAESF, B, Lkl &5 IRGHATHLIEIL IR B 2 HARRAL ALY e N
J S0k (3. PERIEA SN, 2014, 31(11): 1510 - 1516, X (19850), B, BELOTIUE, HATRSOT oY SO TAL R4
(FU Yaping, HANG Min, WANG Hongfeng, et al. Multi-objective B AL 55, E-mail: liutan 0822 @ 126.com;
optimiz.ation model and algorithm for hybrid pa‘rall.el machine BEESC (1955-), B, L. WL S0, H s AT
scheduling problem [J]. Control Theory & Applications, 2014,
31(11): 1510 - 1516.) Wt R, 514k, E-mail: gaoxianwen @ise.neu.edu.cn;
i 5 2 SRS T 1] 5 4
[19] GHOLAMI M H, AZIZI M R. Constrained grinding optimization EHE  (1985-), &, LW, HEwrooyim b E s

for time, cost, and surface roughness using NSGA-II [J]. The In-

Ky 5 52 47, E-mail: 87170119@qq.com.



