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A corroded natural gas pipeline reliability evaluation method based on
multiple intelligent algorithms

HE Lei, WEN Kai, WU Changchun, GONG Jing

College of Mechanical and Transportation Engineering, China University of Petroleum-Beijing, Beijing 102249, China

Abstract Natural gas pipelines have complex geographical environments and varied operating conditions. Uncertainty simu-
lation represented by Monte Carlo methods has become the main method for pipeline corrosion reliability assessment. However,
the high-order simulation problems caused by the high design reliability of natural gas pipelines make Monte Carlo simulations
very time-consuming. In order to solve this problem, this paper uses a neural network algorithm rather than Monte Carlo
simulation to establish a nonlinear model of basic pipeline parameters and reliability. Because of the difficulty of combining
prior information in the modeling process, this paper proposes an innovative method that combines an intelligent optimization
algorithm and a neural network algorithm. This method can incorporate the pipe corrosion reliability variation into the modeling
process. An integrated computational flow from the selection of feature variables, the generation and processing of sample data,
the construction of neural network models and the evaluation of model prediction effects are proposed. Under various working
conditions, the neural network model constructed by the method proposed in this paper predicts the reliability of pipeline
structures. The results show that the model can obtain the calculation results highly similar to Monte Carlo simulation in a very
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short time. Compared with the traditional neural network model, the model established by this method has greatly improved the

reliability of prediction and the ability to reflect changes in reliability.

Keywords corroded gas pipelines; reliability; artificial neural network modeling method improvement; simulated annealing

algorithm; Latin hypercube sampling; genetic algorithm
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Fig. 1 The flow chart of corrosion pipeline reliability
methodology based on ANN

Ey (Vary (R| X_)) HEIAS R x A, R A A
TE AR A B PRI e 3R A5 1) P 5 B T 22 AR5
UM BT ERCH

IR RUE T/IMER R AT B SRR 2 A
PR REAH 2, AR RBC R . S ER E SRR A
BRI EROR, A SCR AL T T T ik 2 i
FIREARS AT RERE TR, DASCHR [8] T Bl a5
PUUECR 10° U, 43 BIR 0 B H SRR % FIh T T
DA T X I IS A T AT R B AT S0 AT, IR Y
WEATRERE TR bR 2 AR 2 R . MR A LA
FEAH R AR BT, T ST 7 SR T3 28 Sl
FREEIR T B R R P B

2.2 HEREHEALIE
TE AR 22 I 25 Y it B P AFAE Z RO 2 PR IR &R 3

Mg AR TN 25 2, I P I AR S HE Y 2 5 i) A
RZ—, EESERIMZ MGt BB P e I —
Fb B BE LR 23U 2Rt SR A I X e AR 2R 47 Bl AL
He e AR IE T o 3 I A oo R4 (X 9)
XA AT 5 A TR U, ] 3O L TS [ i A
T YINZAAREAR FRAG A Aot 222 ) 2 A 150 St 3 2 A AR A )
SR S — RIS S AT T SRAS A b 25 D 2%
BEAXH AR FEA B DR E RECH 0.988 31, 45 T
90174 01,

0.0010
s T~ e
ClasssroEn -
0.0008 +
Hd _
4
115 ]
'@ 0.0006 | o
i
il | |
T 0.0004 |
o
Te)
0.0002 +
0.0000 .
10 1

5 . 20 . 25 . 30
BT )/ £
2 TR TR R AR A E R b

Fig. 2 The comparison of reliability standard deviation

obtained by two different sampling methods

V vv v v
1000 - A X A A 4 4 44 a AN 4, A AA A
vVae v ve?® . MR *3 v
’ v aea
0.975 ] Y
. v = E3
0.950 + o TN
A EI2
0.925 |- " v W2
i . . .
i 0.000 |
fe I
0.875 |
0.850 |
| [ ]
0.825 |
I [ ]
0800 n 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1
0 2 4 6 8 10 12 14 16 18 20
Wi EHERRS

B3 AREIIZEEAHES T RGH ANNE R K £ R T
BUEES
Fig. 3 Test sets reliability results by ANN models obtained

under different training sample arrangements



314

FIMELEER  20194F9 H SH 4B 3 )

Fopre o deE 280, NOWISEREA S RO TSRS
PRARE R s R, o 28 R 4 1] S R A

SR, 38 I P 2R BORH AR A 1) Tt INAS B A TP
BT AL Gt 38 L, Joik R AEBIR G 0] 5 4 AR
L LA Y S RE S, T 4 %5 He TR AR e e R BCH
0.986 27, 0.973 45 fY 7% Fh BP 4 22 [0 28 4 10 f A % &
4G 2 () T v SRR OSSR . T DU H AR
FE FR U R AR 1 G S WRAE T T A B R] Y
PR . R A PR — A ,  AR SCTESEA T i 20 P 4 A5
HINAREARL AR BRI . ARG ZF0 T 00 J6 T g5l o
ATEE P A IR IR AR . SUANTHG A2 n] SE PR B
FI ) A2 F R AR 8 T 057 S8 a5 DA TR AR b 28 1)
2 BRI (14 ] S R AR Y 2 TR 1 O 22 B S
SABERIME AL B RS, XY ZRRE A B i HE S I
JFiE At

X F N GRFE A 1 s AN 000 (] R AR SCR A
IR, BRI T 4 R G R R B R R
B2 N e R HES 1) A SR A o i 2o, Horp &
Bowhntl . AR eRE AL DA K S B TR S At
R SR CHE R, A SO IIGREALES T PG
HEGWUT 47 2t 5 VE MR G R ST XHZT T I 25
A2 07 FH o 22 I 28 B LA TN R, N FH YIRS A 22 )
LR INASE 1 ] SERE ST TN . 4 ol 25 D) 2% A

—=— {571 r=0.986 17
—o— %72 r=0.973 45

1.000

q
0.998
0.996

0.994
#
{¥ 0.992
@

0.990

0.988
0.986

0.984 0

0 5 10 15 20 25 30 35 40
T B/
E 4 A[EH BP LM &R BN EE Al & E T4 R
Fig. 4 Pipeline reliability assessment results based on

different BP neural network models

BTN 5 R B R A5 O R A
R, I T o R A A
.52 .52 50 B2 R 1
BB LR R AR HEF 3 A 5 TR A HE P
S0 PRI AL O BRI TR 5 0r, e
B SE BN R A, AR SO FH Metropolis #E 1 D
exp( L | oA 52 L TIALS, I
BACUCH R A REE A, A EIA T IR ik
PEATA A BRI, SRR A R HEI T

Sto AL R FARR A A 5 FR
LA R, IR BRI ML A A

[ FF a6 j
v
BEIESK ¢

Y
BWANNEETI RS T < g>
IEET2

v 2
SUBEHL 2 AL | 2
A BOHEBIIR R T1 4642 >
BYILALE, RS

i A 4

BRTIPEERD
WHEHEANNE, <@
TR HT RS2

v

XK AMBRE IEE
X BT 1)1 2%

v

o

=
N REERS 23 {70 Y
W, EAS1),/(S2) KBRS
y Y
df=f(S2)-f(S1) ( &R ]

I

B5 ETFEIBAEZRSRREINEEOIEERERIR
R

Fig. 5 Training samples sequence optimization based on
Simulated Annealing algorithm and Extreme Learning Machine

algorithm training samples



HT 2R RES IR M 1 KRR S T TSRV D vk

315

P2 28N G5 o BN R BP X i 5 28 4
2%, BRI ML AT 5 B 2 22 ) A AN
HREHL= A, HAE Gt B A TR, B2
S A2 Z A B AU 2 (10)~(13) TR AR . SC
ik [28] 2 A B 27 = BILIAL 1 BB A% 7 ¢ St 1sf [ P B )|
It 5 BP AT U I ZRRCR . BRI A SCHE I st
PR O VB R R (R b 2 R 45 530
B=H'T (10)

T=[t,tgluo (11)

— l T
Z/Bilg(wixj +b;)
i=1
=l o= e (j=1--0) (12)
/
mx1 Z,Bimg(wixj +b;)
| i=1

dmx1
H(wl ---Wl’bl ..nbl,xl ---xl)

gmx, +b)---g(wx, +by) (13)
gwxg +b)---g(wxg +b)

Hoils KR S R 2 R B m 15
A AR 2 S s QRSB AR
g () T A w S A R AR R
o, Z IR b, 5 i Ko R A%

2.3 WEGIZERMAL

Shy ST 22 AR B T ol o T ) A AR R
PERATY, e AT B o > D RE A R 5 EA T I 2 3C
HIR (207X 1 A [7) 288 B ot 2 ) 2 A5 1 f4 300 o A 32
51 BP B2 R 28 0 BN ACR e f, HIA SCR A BP
2 25V AT 1 BN IR A i A
IR KA A 22 AR AT Y S5 . 72
B Zrad B b AS B i AR 2 RS R 1 i =,
B2 12 TCHPIRZSERRS B — A R ECRIIR (. 3¢
SE TR L A 0N 205 2015 S R AR AG 1wl S P
T B A AT 2 2R 22, A e k21 B T3
SER R T BRERE, WEE ARG R 2R iR
N g o], B R T RUE, e =
IR 2R BB E 20K

TERPE LU GRad R A, R AAASUE AN B (i LA BB AL
AR T7 O A, AR —RE BN EE . AR SR Al
B X e 2 O 2% SR ) 40 e AL R IR (A T L
S T X 2 I 2% R AT H NS AR AR e (B M

M, BARRIAAINT .
S=nxQ+0xm+Q+m)x6 (13)

e SHYEMIREIVE, n. mo3 il 2 W 2% i
NZ | FEMETT G Q MRS EMETT A

Xof Y AT B i B — S T R IR TR RN L,
SR B A 2805 B R 2 28 AR TR A AREAR I
SRR, RN R AR AVINZR IS IR A T ] S i
T D) AR EE IO A5 R 5 SRR B RIS R 1R 22
S5 A R PRI (2 (14)~(15)) AR FhRF 11335 137
BETHEA A, RIUTE P PR 6 2 T — 1Rk 5t %
FIRGE . T8I 53 AR SR AR AR MR . R
JHSRAE . A2, SO I REA 1, BRAFA 2 0 2% 1Y fie
FERCE R

2y =)’

e@:—l—;——— (14)

F =| exp(—e)xexp(-0)+ (15)

1
(exQ)
Hrr: d, Fid, 53 51 R IR A 1 8 AT S PR Tl
H 5 HAE I E ;s e() AR P — DMK Y
W2V QAT EM AT FoIE I R
.

TEM 2 8 B RUAT R MRSk 7 T, R T 2.2
TR AR B, M ZFh T LR BRI I 45 5, Xfa]
SETRAS AL R Y S e ) S 5 AR L R TR Y 1R 22
PN A FE X B R A TP o

3 5l

3.1 MMEMKEIE

AR SC DL 6 ik gl B A X80 A B Ok il R
AR SCHE I 07 i AT AT AR R PR A . A I BT E
12 MPa, §iEAME 1219 mm, BEJE 184 mm, XS
BOR A ARRANZR | FiR . FE R BIHL T #8377 fhkE
TECT, X IEBAT 30 4FJ5 1Y Al 52 B2 4T 100 it
B SR AR R RIS R YRR AT RO 45 51 I
4438 I ] B BEAT AT HLANIEL 6 F R o HERAE SRR  ,
FRE BRI 100 YR T8 T Bl e 1) T 48 B3 150 485 S
TRE, BEE IR EU B RS R e BT 25
B2 BT E R AR E PRI AR, AR h 54
R DB 10° K o

225 SCHR [33] TP T SRR 43 A 45 SR K Bizs
FIFE L, PEEUE BEw)4h BB VR B (1.54~3.95 mm) . Ji§



316

ESRlE R STE(

20194F 9 H 4 4 555 3 )

ot % 3 186 K % (0.05~0.2 mm/a) . i b 1 E 1K
F(3~6 mm/a), I 4 6 B 1< B (35~50 mm)., iz 17 R
71 (8~12 MPa), i IR 3 & (558~690 MPa) . Pt 4 5% &

®1 EEAXSHSHHE

Table 1 The distribution model of pipeline parameters

(703~728 MPa)8 W) FLAS 5, >k H] Sobol 4= Jry fi Rk 45

BT ORI T, THRERINGR 2 P, A4l Sobol
2R UBHR RO A R AT M IR SR E IR EE | T Ik R

SUBS ¥E 5 R I3ATEARY EaBN
B IE N P/MPa 0.993P 31 0.034 yZavin [30]
BT i IR 0,/MPa 600 0.0417 EA [6]
IR 0,/MPa 703 0.0412 EAS [6]
WA BB IREE d/mm 3.68 0.092 B [31]
HIH I K1 1,/mm 50 0.5 EEA7 ]
R TR 1 K % vy/(mm/a) 0.1 0.5 JEAT IR 53 AT [32]
I B I K % v/ (mm/a) 3 0.15 XROERS [13]
SR PR EE 52 I R BE L 2.08 0.5 HPEEZS [31]
e 1.04 - EH [31]
e -0.000 56 0.001 469 ESS [31]
e 1.17 - EH [31]
e —0.007 655 0.006 506 IEAI R [31]
0.9948 50
- 0.994 69 S MH1E425%~75% T $9E+1.5SD 46.505 72
0.9946 - S HIFE1ES25%~75% T #9{E+1.5SD 1 45
S2 HHHE1E625%~75% T & +1.5SD
0.9944 S HHH1ET25%~75% T & +1.5SD
- R 8] 140
0.9942 -
By 13
# 0.9940 |
EJ _0.993 86 %0 %
::"‘—< 0.9938 T _,:
fg‘_ 0.993 62 0.993 55 ﬁl-;t
o 0.9936 == - 25 11
S )
e 0.993 59 E % 0.993 57 0.993 57 oy
g 0.9934 0.993 52 0.993 52 0.993 54 420 BF
Jm)
i 09932 |- | 099318
-4 15
0.9930
- 10
0.9928 -
0.992 50 5
0.9926 4.652 N
N 0.067 88 0.458 65
0.9924 L L L L 0
1E4 1E5 . 1E6 1E7
AR I

Blo HTBIAHMHFLERBEERITERESR
Fig. 6 The stability and efficiency analysis of Latin Hypercube sampling method

®2 EEMEXSH Sobol 2 SHKMIEE

Table 2 The Sobol global sensitivity index of pipeline related parameters

YIRS WA Y iR

HOURJEY JRER  WHIREE KIS 21771 JE R

PUHsRE s E]

Sobol #6%¢  0.163 0.579

0.008

8.64E-05

0.194 9.14E-06

0.001

0.639




HT 2R RES IR M 1 KRR S T TSRV D vk

317

R HOR | A8 1T R ) S s AT E] 4 S48 5 9 Sobol 48
BORAN T A 75510 99.4% , PR IHCET RHZ A 1 R E
W 4 AR AR AR 2 AR i A2

MR 1 PSS B AR, SRAHL T T
Dy A i 28 I 2% I R SE RN PR L B TE 4 o SR FASE4
B KN B AT R RS . AR R s
FIHEFIY , WU 10 ZHAEINAEE, SRR
BP #I M4 pn bn S E A, fifad #an il 7 B
No

3 SR P AR SCHRE HH 1) 5 VA B ) o 2 Do) 28 A 78 e
1 55 7 9 ¥ 8 1Y) BIP 1 22 190 4 A5 7R St 55 2 2 3 4 vh
PRI T PTRERETTR . A3 il RS AR T 0 45 2R 5
SRR USRI T L (B 8. 3 3), ML TFE45
D7 AR B2 SRR SR FHASSCHE Y A A B 3t 7
ARAG A 2 LB BEFRIRE 5% 5 x 5 x 21 Ffp T T o] 5 JiF

O &35 SR 5 S s B R S AR 2250 AU 2 i Y
0.0023 F#AIKE] 0.000 17, SR A SCHR 0 7 ik M dE A
R XS ] B O 45 SR TC S A, iR
B 7 R A 1) BP i 28 X 5 B S 5 223K 55 4~ 7
AR 1H, P2 SRR 2625 F T.00 B AT S
B TR B 1B] A A 39.19s, 1 XA ] 000 sk R F 2 T3
SEJTHIRE D R T 106 RS2 R B BT 7 s )4 ik
29 076.026s.,

3.2 MHEZMEETN B

T FH 74 Sk 2 1 A 28 R 45 A5 R 25 5 K B g 5
Xf—B 260 km, BitHJih 12 MPa, 18 ®1219 x
18.4 mm 1% 45 Be I 428 b ke g A 1) T 5 32 Bt A8 I GB A 7
(R (R AR AR B HEA T T o 2055 T VT 245 T Tk B 2
BanE 9 s

REFE S
2
L L I R L I R R

o

25 50 75

100 125 150 175 200

AR

(a) BALR K EAM A FILLTRR

0.07

0.06 —

0.05

RILENE
P IE N

0 10 20 30 40

50 60 70 80 90 100

BERE

(b) B EEREMREL LT

7 RERERE
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Fig. 8 The comparison of reliability assessment results obtained by ANN models established by two different methods
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Table 3 The comparison of reliability assessment results of two models under various operation conditions
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Fig. 10 The variation of each defect point reliability with operation time
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Fig. 11 The variation of pipeline vulnerable point reliability with operation time
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