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method of corrosion characteristics of submarine pipeline based on mixture distribution model is proposed. Based on the
measured data of corrosion damage of aging submarine pipeline, through the statistical analysis of corrosion damage charac-
teristics of submarine pipeline under different service years, the optimal distribution model of corrosion damage of submarine
pipeline is determined, and the random process model of corrosion damage of submarine pipeline based on mixture distribution
model is established. Further, Arima method is established to continuously modify the model parameters and predict the pipeline
corrosion damage. The results show that the optimal distribution of corrosion damage is different under different service time.
Weibull, Gumbel and Gamma distribution models have good goodness of fit, and each distribution model shows different
change trends with the increase of service time, and the corresponding distribution model parameters show dynamic changes;
Combined with ARIMA model correction method, making full use of the measured data can continuously reduce the uncertainty
of the model. The corrosion damage of submarine pipeline has obvious characteristics of polymorphism and randomness. It is
difficult to use a single distribution model to generally describe the pipeline corrosion damage data. The application of the
existing corrosion damage model has certain uncertainty and limitations. The analysis method based on the mixture distribution
model can more accurately reflect the actual distribution law of long-term corrosion damage of submarine pipeline.

KEY WORDS: submarine pipeline; corrosion damage behavior; mixture distribution model; Anderson-Darling test; parameter
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Step 1: Statistical analysis of corrosion data

IR €13 IR N YA MR | AN VI B g i )
FrEE 5B IE, DI R S BT iAo TR
B T R R PR RS RE R R

1 FHiRGRiE

FFIRA o0 A A5 (06 R4S T A i RE Y e M
PmARWME 1R, BARIR .

1) A R A BRI G o0 . (AR A BRI
P A T b A S I R, X IR B A T
GEVTAr T, 0 16 HE VARG T ol A %) B A A A AR AR

2) IRE AR ST MR I 1 H G ik 5 105
A AARIRY ST RS A I TR A 40 S A BE AL R
PR, BRSPS BE PR R e M, E—2B 45 G
ARIMA B P8, X% 8 iR S50 T RSB IE
RARARRE 76 2 00 0 AN S 1

3) BN FH o A 2R A A 18 il R3S
HEAT IR B TR

Collection of corrosion measurement data of
aging pipelines

Data analysis

Corrosion data
17
Statistical analysis

v
Selection of best-fit ]

=

probability density function

Step 2: Establish the mixture distribution model

50
v .8
.
y =
| a
| ° 3
Corrosion damage evolution . R
Model parameter correction =
Formulation of coefficients of B .%
probability density function as a . b g E
function of time + Stationarity test =
* Model identification &S
> L Qe
[ Time-dependent empirical corrosionJ * Model parameter estimation 3 -%
model v ?%)-
ARMIA error model ] ! 8

[ Mixture distribution model } |

Step 3: Application W ‘
Application to corrosion prediction of pipclinch

Pl L TR o0 A T e A % 2l 25 ]

Fig.1 Mixture distribution corrosion damage model and dynamic prediction
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Fig.2 Service condition of the detected pipelines

TEIY X3, 4545 BE AN RE T PN BE AT b 7™ B A [X 3 i
BE A0 FH A4 P BT P B ERORE A 8 Ak 1 S ok = g A T
EDS Wig%, i X SFZAT 6T Py BE RIS MEE (1) J5 ik
FEPHEA TR A AT, Mo T A R s F A A
KA B ANEE h = L) Fe MBI N £ 11
KA B e DL Fe REALY o, Fim e
PN BE 14 85 ol 7= ) R 350 FeCOs, X Ui B 45 18 P AMEE 1Y
J b A VA = Ay T Y PR S B AR e

B B A B I8 ot 45 oy BH S )45 3 A O %o AT
A5 RE JELJE (0 BORE ARSI, VA4 4% 1) B 10 em iG—~
TR, B E TP M) A 90°( 0°, 90° ., 180°, 270° )
SO AT R I, (1 3 TR ) L SR P S G I
F AR T A BE R HEA TN o, BRI T8 AMEE S T B AT R
A%, AR 761 N B0 A5 RE D v I i 5 R DL 2%

Service time/Design life

14
12F
LOFTTErrr 11t f--m-"""""="-
0.8
0.6
04

02

0 8 10 12 14 16 18 20 22
Pipelines no.

0 2 4 6

BRI AE I 14 BB 15 B

1o 30X EE AT G T o0 b, A5 B[R] 45 B X
of B JE AR I G TR WL 4. B 5. it gh R
WoR: (1) RS E K E A F—HIX, ik
BeIRBEIAL, BN [R5 T8 2540 1 B 1) 22 5 e A
JIT R B S 4 it AN [R] , ] BB 235 | R A5 T A A e R
ANE, SEAREWEYE Z M HBKk2ES; (2) 753K
B 10, 11, 19 a BB JE B 5 s R
B IBURE 1 5718 A AE A B sl g Ry e E A, Hrh
FRAE 10 a A4S T8 Jey s b B h 28 FLAE IR, X mT g
B SRR R F RN (3) S
PR bR 25 B B, b 048 B (R i B2 (B P 0, G
Oy FEONAEXI R A A, (4) BEE IR
o T) P B, S ot 453 2 ABE 238 4 A1 4K 1) A Bl £ %
oy, BV il 4 e I A BT [ A A T

b EIES

% 3

a JEhAE SNIE S

=

90° 270°

180°

c BEJRLI AL

T M 99 B 25

Fig.3 Corrosion morphology of the pipe wall and the position of wall
thickness measurement point: a) example of corroded pipeline; b) corrosion
morphology of the cross-section of corroded pipeline; c) position of wall
thickness measurement point
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Tab.1 Statistics of corrosion damage of submarine pipelinewall at different servicetime
Servicetimela ook ays  Memvaueim S D.vaueimm (BRI L Ulmm valuam
9 82 1.569 0.924 1.772 0.155 4,795
10 81 1.969 1.916 2.393 0.415 10.395
11 79 2.127 1.808 2.532 0.040 6.300
12 72 2.147 1.249 2.440 0.010 6.075
14 89 2.109 1.004 2.321 0.670 5.848
16 85 2.292 1.122 2.534 0.625 5.340
18 88 2.154 1.069 2.380 0.245 4.385
19 93 2.321 1.363 2.601 0.700 5.805
20 92 2.384 0.945 2.579 1.030 6.690
12 )
10F Pipeline perforation 2.3 ﬁ#ﬁ*ﬁﬁ*uﬁ&&%ﬁ*ﬁ
g ol TEFE G i 1Y e 5 Y 2 R AT IR Tl 4 e T HE
& 0 4 R DG Pl T T DV A T A T o AT R K
LIL I : ; B, BRI DO A 24 A
Satop 0 ; AR 0 T 22 220 0 A0 AT, L
E Ll 5 ] E PRIER B L, GETE AT —T0 A LR, K7
” R : SRS A 8 PEHEA T 00T o A SCE T A A
o .-, . .., A4 SHOE A4 . Weibull 5375 .3 24 Weibull
8 10 12 14 16 18 20 22

Service time of the pipelines/a

4 JE i A s o3 A

Fig.4 The distribution of corrosion damage
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Fig.5 Statistics of corrosion damage of submarine pipeline wall at different service time
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Tab.2 The Anderson-Darling test results of measuring goodness of corrosion damage data

Servicetime

Distribution function Mean value
9a 10a 11la 12a 1l4a 16 a 18 a 19a 20a
Normal 141 255 6.07 0.97 0.40 2.27 0.62 422 0.53 212
Lognormal 342 050 165 7.97 1.19 0.42 246 172 0.45 2.20
Weibull 197 115 266 271 0.36 1.69 0.85 2.77 0.61 1.64
3-parameter Weibull 171 044 252 109 0.43 08 078 1.19 0.29 1.03
Gamma 251 068 255 438 0.77 0.80 143 240 0.33 1.76
Gumbel 220 078 455 163 1.04 0.54 1.18 276 0.53 1.69
Exponential 784 787 298 7.76 1698 13.78 9.00 10.36 20.53 10.79
2-parameter exponential 589 2.06 2.838 7.85 8.31 6.93 6.47 1.99 7.76 5.57

®3 BEBEMBRGEEN AD UELERIEER
Tab.3 The Anderson-Darling test results of measuring goodness of total corrosion damage data
Number of Normal  Lognorma  Weibull 3-parameter Gamma  Gumbel  Exponential 2-parameter
measurements Weibull exponential
722 1.77 10.68 1.75 1.85 1.90 0.37 75.75 75.071
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Tab.4 Parameter estimation of distribution model of corrosion damage

Servicetime

Distribution function ~ Parameter Mean value
ISirtbution THnet 9a 10a 1la 12a 14a 16a 18a 19a 20a va
Weibull a 204 187 126 178 342 253 216 203 3.66 2.30
S 165 181 212 211 209 236 240 240 248 2.16
Gumbel U 109 120 126 145 158 170 161 161 193 1.49
B 068 064 107 092 056 065 094 079 057 0.76
Gamma o 284 343 155 183 863 6.35 323 395 11.60 4.82
S 195 215 079 095 460 304 152 187 518 1.72
®5 BOHESGRENSHYMEITE FAAERTE O, S IR G 20 A1 T P O A Y, SR GR O -
Tab.5 Parameter estimation of distribution m
model of total corrosion damage data f(x)= prfi (x,0)
Parameter Weibull Gamma Gumbel ’;1 4
a 1.978 3.154 F(x) =) p,F,(x,0)
B 2.188 1.626 0.818 . . .
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Tab.6 Approximation of Weibull, Gumbel, Gamma distribution parameters

Distribution function

Formulation incorporating time

Fitting results of coefficients of the function

A1)

a(t)-1 7{ x TV
} e

a =0.002 3r*-0.101 3¢> +1.508 4t —5.423 7
4 =0.001 3* -0.062 1> +1.020 9r —3.438 9

Weibull . :ﬂ X

eibu fIx;a(t), B()] 50 {ﬁ(x)

Gumbel fh:ﬂ@%;40]:7%5e4w%emﬂ
Gamma f[x;a(t),ﬂ(t)] = an(t)—le_xﬂ(,)

40)

= 0.001 4¢° —0.064¢% +1.018 61 —3.942 1
B =0.000 6:° —0.028 8> +0.440 2/ —1.341 9

a =0.021 6> —0.916 3¢* +12.944¢ —56.386
B =0.008 7¢* - 0.084 8 +1.740 6
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Tab.7 The weight of each distributed model

o . Service time
Distribution function Mean value
9a 10a 11la 12a 14 a 16a 18a 19a 20a
Weibull 0.37 0.24 0.38 0.30 0.56 0.16 0.43 0.32 0.25 0.35
Gumbel 0.33 0.35 0.22 0.51 0.19 0.50 0.31 0.32 0.29 0.33
Gamma 0.29 0.41 0.40 0.19 0.26 0.34 0.26 0.37 0.46 0.32
A W R RAE, REfE R, ALK A 06l  —* Weibull ~— Gumbel —— Gamma
0.15~0.55, [&] 8 2y 5 T~ S A4l #0065 TR & o3 A 1 8
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n 021
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Fig.7 The weight variation of each distributed model
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Tab.8 The Eryse Of mixed distribution model based on measured data and fitting values

Model Eruse
Weibull Gumbel Gamma Mixture distribution model

Mean value 0.018 0.014 0 0.003

Mixed distribution model S. D.vaue 0.048 0.050 0.055 0.033
based on measured data Mean value +S. D. value 0.033 0.064 0.055 0.036
Mean value +2S. D. value 0.080 0.114 0.111 0.068

Mean value 0.083 0.049 0.084 0.035

Mixed distribution model S. D. value 0.297 0.096 0.091 0.090
based on fitting values Mean value +S. D. value 0.365 0.129 0.135 0.110
Mean value +2S. D. value 0.660 0.222 0.215 0.201
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Fig.9 Error prediction of each distribution model parameter: a) shape parameter of Weibull distribution;
b) scale parameter of Weibull distribution; c) location parameter of Gumbel distribution;

d) scale parameter of Gumbel distribution;

€) shape parameter of Gamma distribution;

f) scale parameter of Gamma distribution
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Tab.9 The modification of each model parameters

Service time

11a 12 a 14 a 16 a 18 a 19a 20a

1.62 215 3.30 2.58 2.08 2.07 3.65
2.06 2.08 211 2.36 2.43 2.38 2.48

1.32 147 1.63 1.66 161 1.64 191
0.88 0.86 0.56 0.69 0.95 0.82 0.55

*9 BE
Distribution function Parameters
9a 10a
. a 1.58 1.87
Weibull
B 1.67 1.87
i 1.06 1.23
Gumbel
B 0.73 0.79
o 1.57 2.99
Gamma
s 1.69 1.76

2.80 4.26 8.26 6.60 3.07 4.38 11.12
1.65 2.08 4.02 2.92 1.19 211 5.18
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Tab.10 The Eryse Of each distribution model parameter after error correction
. Mixture
Weibull Gumbel Gamma distribution model
Parameters
Before After Before After Before After Before After
correction correction correction correction correction correction correction correction
Mean value 0.083 0.058 0.049 0.021 0.084 0.043 0.035 0.002
S. D. value 0.297 0.181 0.096 0.069 0.091 0.073 0.090 0.065
Mean value+S. D. value 0.365 0.231 0.129 0.087 0.135 0.076 0.110 0.078
Mean value+2S. D. value 0.660 0.412 0.222 0.156 0.215 0.162 0.201 0.142
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Tab.11 The predicted values of each model parameters
R ) Service time
Distribution function =~ Parameters
2l1a 22 a 23a 24 a 25a 26 a 27 a 28 a 29a 30a
Weibull a 3.23 2.57 3.26 4.87 5.34 511 6.28 8.50 9.69 10.15
eibu
p 2.68 2.85 2.99 3.22 3.61 4.02 4.42 4.96 5.67 6.44
Gumbel I 2.25 2.44 2.50 2.75 3.31 3.96 4.47 4.95 5.68 6.76
umbel
p 0.77 0.92 0.80 0.83 1.08 1.23 1.30 1.53 1.87 2.15
G a 13.99 13.05 1642 26.27 3532 3998 4692 6150 7850 91.59
amma
p 5.48 3.34 2.40 4.64 7.10 6.46 4.23 4.49 7.48 9.20
0.5
12 }—=— Mean value ——2la —<+26a
g 10 |—— Mean valuetS. D. value 204 ——22a —27a
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Fig.10 The prediction of mixture distribution model of corrosion damage: a) mixture distribution
model before parameter correction; b) mixture distribution model after parameter correction
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