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ABSTRACT: The work aims to improve the maintenance strategy and service life by studying the prediction model for in-

ner-corrosion of metal pipelines. The causes and factors for inner-corrosion of pipeline were analyzed and summed up. The cor-
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rosion factors were filtered by the principal component analysis. Those factors related to each other but contributing to low cor-
rosion were abandoned. The causes for corrosion were characterized at maximum and some unnecessary analysis processes were
reduced. The factors contributing to large corrosion were used as the input variables to the support vector machine prediction
model, and the corrosion rate was used as the target output to build the pipeline corrosion prediction model Aiming at parameter
selection of support vector machines, catfish particle swarm optimization algorithm was applied to improve the prediction accu-
racy. 20# pipeline was taken as an example to verify the model. The model was contrasted and compared with other prediction
models. The main factors for inner-corrosion of pipeline selected by the main component analysis were H,S, CO,, Cl', pH,
pressure, medium temperature and current velocity. The average relative error between the predicted value of support vector
machine model improved by catfish particle swarm optimization algorithm and the actual value was 2.82% and the correlation
coefficient value was 0.9955, which were better than those in the other three prediction models. The inner-corrosion of pipeline
is formed by multiple corrosion factors, and the inner-corrosion rate can be predicted accurately by the support vector machine
model adopting main component analysis and particle swarm optimization, which provide a reference for the maintenance and
management of the metal pipelines.

KEY WORDS: inner-corrosion; corrosion factors; corrosion rate prediction; principal component analysis; support vector ma-
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Tab.1 Factorsfor pipelineinner-corrosion

Categories

Inner-corrosion factors

Properties of
oil and gas

Operating

parameters Water content

H,S, CO,, CI', Sulfide, pH, Shear force between liquid and pipe wall, Shear force between gas and pipe
wall, Surface tension, Viscosity, Density of liquid, Density of gas, Flow state, Oxygen content, Wax content

Pressure, Temperature, Velocity of flow, Velocity of gas, Gas-liquid ratio, Oil-water ratio, Liquid holdup,

Pipeline properties Dip angle, Difference in elevation, Diameter of inner-wall, Surface temperature of inner-wall

Bacteria
Other

Sulfate reducing bacteria (SRB), Saprophytic bacteria, Iron bacteria

Adhesion of corrode, Suspended solids, Deposition rate, Salinity, Corrosion inhibitor mass concentration
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Tab.2 Eigen value and cumulative variance contribution

Component  Eigen C:]l:;?;ﬁzi:e Component Eigen CE:;?;ESZS Component  Eigen CE:;?;ESZS
number value contribution/% number value contribution/% number value contribution/%
1 9.7743 32.73 9 0.5194 92.43 17 0.0799 99.54
2 7.5370 57.98 10 0.4987 94.09 18 0.0405 99.67
3 4.3233 72.49 11 0.4153 95.48 19 0.0362 99.80
4 3.1216 82.91 12 0.3738 96.72 20 0.0285 99.89
5 0.7144 85.30 13 0.2990 97.72 21 0.0267 99.98
6 0.5192 87.03 14 0.2585 98.58 22 0.0035 99.99
7 0.5120 88.74 15 0.1122 98.96 23 0.0027 100.00
8 0.5866 90.69 16 0.0946 99.27
=3 ERIMEFLERE
Tab.3 Eigenvectors of principal components
Corrosion factors PC, PC, PC; PCy Corrosion factors PC, PC, PC; PCy
H,S 0.8198  0.3992  0.0041  0.0194 Dflfeeizgcoeni“ -0.4335 04652 02923  0.2897
CO, 0.9459 0.0692 —0.1359 -0.1572 Pressure 0.0648 0.5607 0.8082 —0.5167
Cl” 0.6154 0.9637 0.3477 0.3885 Temperature 0.5625 0.0681 —0.2597 -0.8553
Sulfide —0.1851 0.0746 —0.2409 —0.1675 Velocity of flow 0.6359 0.1834 0.9309 0.4558
pH 0.4225 0.8351 0.3777 0.3258 Velocity of gas 0.3001 0.4583 0.4235 0.4072
Surface tension 0.1358 0.1488 0.1540 0.2881 Gas-liquid ratio 0.4952 0.4080 0.4150 0.4693
Viscosity —0.4401 0.5862 —0.6229 —0.0175 Oil-water ratio -0.3212 —0.2709 —0.2551 -0.1462
Density of liquid 0.2065 —0.1551 0.5577 —0.5380 Liquid holdup 0.5503 0.5522 0.3447 0.4662
Density of gas 0.0472 —0.1463 —0.0612 0.5058 Water content 0.4367 0.5188 0.5864 —0.4020
Oxygen content 0.5087 —0.4285 —0.1728 0.5795 | Suspended solids 0.5164 —0.4408 —0.5022 0.3757
Wax content 0.0269  0.0104 02397  0.1148 i‘;rsrs°jlo‘;‘l£1t’r1;‘1to"; 02388  0.4808 04397  0.2652
Dip angle 0.4790 0.4955 0.3311 0.5097
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R F§ MATLAB Libsvm2.98 T BAS 1 T4mAE, B
FRAT T RIR 7 A EEN SVM A SEL,
55 SHURAUE , TINZRAE N 2501 E N7 A el S 15 0
AR g Je FH AR I 44 SF 3 TIEASE AR 1 S0 500K o AR A
PERT AR R T AR X 222, IR R 3iE CFPSO-SVM Y
AR, =X . BP M& M4 (Back
propagation neural network, BPNN ), M1k
B SVM Fligt £ 55 7% ( Genetic algorithm, GA) fiifb
) SVM, HHr, BP M2k 3 2™ 4, HimA
JRGE SBOR T, BE RS RO 4, R AR ERR 2000 XK.
RIS RIEXN S C. e, o WBUEIX AR 5324 100,
T 100 G5 GA-SVM AR Y [ MR R34 v L
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Tab.4 Predicted values of different models and measured values

BPNN SVM GA-SVM CFPSO-SVM
Measured
values/(mm-a™") Predicted . Error/% Predicted . Error/% Predicted . Errot/% Predicted . Error/%
values/(mm-a™") values/(mm-a™") values/(mm-a™") values/(mm-a™")
0.2282 0.3203 40.36 0.2483 8.81 0.2246 —1.58 0.2269 -0.57
0.1853 0.2265 22.23 0.1732 —6.53 0.1524 -17.75 0.1732 —6.53
0.2052 0.1772 —13.65 0.2398 16.86 0.2261 10.19 0.1817 —11.45
0.3762 0.4954 31.69 0.4023 6.94 0.3618 -3.83 0.3659 —2.74
0.2782 0.1826 -34.36 0.2565 —7.80 0.2654 —4.60 0.2748 -1.22
0.0507 0.0338 -33.24 0.0527 3.93 0.0549 8.21 0.0496 -2.14
0.1904 0.1467 -22.95 0.1989 4.49 0.1973 3.64 0.1923 1.01
0.2867 0.2003 -30.14 0.2999 4.59 0.2894 0.93 0.2856 —0.38
0.1854 0.2054 10.83 0.1918 3.45 0.1957 5.55 0.1847 —0.37
0.1788 0.1642 —8.14 0.1662 —7.05 0.1732 -3.14 0.1820 1.81

F 4 T, BP M2 [ 28 A5 R RO 235 SRR R
2R, G HAMTRIEIAR LY, IRZELR S T — 4L
W, XKW BP BIIE D) A R E G A B b . A

XFF BP B, (S R SVM AT GA-SVM W 4%
PR A FROMAS B8 A T 8 R p 4 T, S A R 22 43l
A 7.04%F1 5.94%, HH, GA-SVM A G0 R $
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