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Serviceability Assessment of Corroded Subsea Crude Oil Pipelines

Yushi Cui'- Dong Woo Kim?-Jung Kwan Seo" T - Yeon Chul Ha'-Bong Ju Kim'- Jeom Kee Paik’
The Korea Ship and Offshore Research Institute (The LRF Research Centre of Excellence), Pusan National University1
Daewoo Shipbuilding & Marine Engineering co,, Itd.?

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons,org/licenses/by—nc/3.0)
which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

Pipelines are one of the most important structures in subsea equipment, It is the main equipment for transportation of crude oil and
natural gas to the downstream facilities, Crude oil and natural gas leak will be carry out not only political and financial issues but also
pollution to the environment, Inaccurate predictions of corrosion behavior will make hazardous consequences, The serviceability
assessment of corroded structures is essential especially for subsea pipelines, As corrosion is concerned, the effects of failure due to
significant reduction will make it hard to the pipeline operator to maintain the serviceability of pipelines, In this paper, the serviceability
assessment of corroded crude oil pipeline is performed using the industry design code (Shell92, DNV RP F101, ASME B31G, BS 7910,
PCORRC) and FEA depending on corrosion area, In last step, the future integrity of the subsea crude oil pipeline is assessed to predict
the remaining year in service of crude oil pipelines,

Keywords : Corrosion(54)). Subsea crude oil pipeline(chA] & THO|Z21Q1), Burst pressure(It& Z=), Serviceability Assessment(A=
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(DNv, 2010), ASME B31G (ASME, 2009), BS 7910 (BS 7910
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Collection of Corrosion Measurement Data

<>

Assessment of Corroded Pipeline Burst Pressure
(Single Corrosion Defect)
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Industry FE
DNVRP F101 Code Analysis
ASME B31G 0 ANSYS 145
BS7910
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Yes Pcorr>MAOP No
e LN )

Remaining Year of Operating Subsea Crude Oil Pipeline

Linear Corrosion Rate
(. J

Fig. 1 Procedure of fitness for service (FFS)

Table 1 General information of target pipeline

Pipeline data
Crude QOil
Type of pipeline pipeline,

Operating
Outer diameter (mm) 323.8
Wall thickness (mm) 12.7
Length (km) 3.87
Age (year) 15
Material grade APl 5L X60
Max. Allowable operating pressure 13.1
(MAOP) (MPa) '
Date of pipeline commissioning, 1996
(year)
Report date 18.10.2011

Fig. 2 Magnetic Flux Leakage (ROMSTAR) (MIT, 2011)
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Table 2 Failure pressure models used to compute the pipeline failure pressure P,

Criteria Characteristic Failure pressure expression Corrosion defect shape
2t 17Ad((71)
P=r, XSMTSX(D_t )x T4 (3)
The code not only e
considers the internal Q= “1+0'31(W)
DNV RP pressure, but also !
F101 considers the p|pe axial and| "m = partia| Safety factor for |Ongitudina| corrosion
bending load (Shuai et al., | model prediction, -, = partial safety factor for corrosion (DNV RP F101. 2010)
2006). depth, SMTS = specified minimum tensile strength, ’
@)= length correction factor, d=depth of corrosion,
t = total thickness of pipe, D= outer diameter of pipe,
[ = length of corrosion
d,
1 e
p =00 5 Q.= ,/1+031( L )2 !
= D= c = e ol
BS 7910 have 3 order of (D-5) (17 d L) 'z ¢ ,l
evaluation. Rating with B, @,
Bs | (4)
7910 materials, data, and ¢ \'\’\,\/\ 3
accuracy has a close | B = total thickness of pipe, d, = depth of corrosion, ’
relationship. (Ding, 2008). | ¢ —length correction factor, o, = ultimate tensile (BS 7910, 2005)
strength, D= outer diameter of pipe, | = length of ’
corrosion
2d
o LT3 LD
P, =5SMYS —| ————— | M=(1+082)% z=— (5 L
ASME B31G is the method | Dl 124 It \Aﬂ . ;
ASME | of measuring longitudinal M3t / T
B31G direction corrosion. SMYS = specified minimum tensile strength, d = depth
(Belachew et al., 2009). |of corrosion, A/= bulging stress magnification factor, L <+/20Dt L > 20Dt
t = total thickness of pipe, D= outer diameter of pipe, (Belachew et al., 2009)
L =length of corrosion "
This simplification allows a oL
complex defect to be o d o J;i(mn
modeled with fewer Pf:o'%“*fw‘fx(f)X Imxime (6)
PCORR elements than a full Rectanaular
C three—dimensional analysis ¢
but is only a good o, s = Ultimate tensile strength test, D= outer
approximation in specific | diameter of pipe, t = total thickness of pipe, d= depth
cases. (Cronin, 2000). of corrosion
1— d
. e 2
It uses a predicted lower 3:1.8@2 —t = iJirosesis (7)
bound burst pressure of Dl _d, 4
L o t
Shell9? plain pipe as the upper limit Rectangular

of the failure equation for
corroded pipe. (Fu et al.,
2001).

o, = ultimate tensile strength, D= outer diameter of

pipe, t = total thickness of pipe, A= bulging stress

magnification factor, d = depth of corrosion, L=
length of corrosion
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Table 3 Material properties of APl X60 steel

Yield
strength
y (MPa)

422.5

Tensile
strength
u (MPa)

589.6

Young's
modulus E
(GPa)

200.0

Poisson's
Ratio v

0.3

700 =

600 —

500 —

-

S

=
|

w

=

=
|

True stress (MPa)

200 —

100 —

0 T T T T T ]
0 0.07 0.14 0.21
True strain (mm/mm)

Fig. 3 Ture stree-strain curve of APl X60 steel

Fig. 4 Finite element model and boundary conditions
of corroded pipe
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Fig. 5 Corrosion data of subsea crude oil pipeline
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Table 4 Burst pressure criteria depending on corrosion length (case study 1)

Depth Length DNV PR F101 ASME B31G PCORRC Shell92 BS 7910
(mm) (mm) (MPa) (MPa) (MPa) (MPa) (MPa)
35 20 42.22 35.34 37.58 36.2 42.22
3.5 40 41.58 34.65 36.54 35.01 41.58
35| 60 | 07 | 338 | 361 | L1 | 07
3.5 80 39.75 33.15 34.78 32.58 39.75
3.5 100 38.84 32.58 34.05 31.67 38.84
3.5 120 38.01 32.12 33.39 30.96 38.01
3.5 140 37.28 31.75 32.81 30.4 37.28
3.5 160 36.66 31.45 32.29 29.96 36.66
3.5 180 36.12 31.21 31.83 29.61 36.12
35 200 35.66 31.01 31.42 29.31 35.66
Table 5 Burst pressure criteria depending on corrosion length (case study 2)
Depth Length DNV PR F101 ASME B31G PCORRC Shell92 BS 7910
(mm) (mm) (MPa) (MPa) (MPa) (MPa) (MPa)
5 15 42.23 356.37 37.37 36.21 42.23
SR TN NSSE: < S 458 | 3468 | M| 94 | 418
5 45 40.65 33.8 34.96 33.38 40.65
5 60 39.55 32.91 33.92 31.87 39.55
5 75 38.41 32.11 32.97 30.56 38.41
5 90 37.32 31.42 32.11 29.47 37.32
5 105 36.3 30.85 31.33 28.59 36.3
5 120 35.39 30.37 30.62 27.87 35.39
5 135 34.58 29.97 29.97 27.28 34.58
5 150 33.86 29.64 29.39 26.8 33.86
5 165 33.23 29.35 28.85 26.39 33.23
5 180 32.67 29.11 28.36 26.04 32.67
5 195 32.19 28.9 27.92 25.75 32.19
5 210 31.75 28.72 27.52 25.49 31.75
5 225 31.37 28.56 27.16 25.27 31.37
5 240 31.03 28.42 26.82 25.08 31.03
5 255 30.72 28.29 26.52 24.9 30.72
5 270 30.44 28.18 26.25 24.75 30.44
5 285 30.2 28.08 26 24.62 30.2
5 300 29.97 27.99 25.77 24.49 29.97
Table 6 Pit depth and length prediction using linear corrosion rate
Time 5 years 10 years 1byears 20years 25years 30years
Depth | Length | Depth | Length | Depth | Length | Depth | Length | Depth | Length | Depth | Length | Depth | Length
(mm) | (mm) | (mm) | (o) | (om) | (mm) | (o) | (om) | (mm) | (mm) | (om) | (mm) | (mm) | (mm)
4.45 97.00 4.95 97.50 5.45 98.00 5.95 98.50 6.45 99.00 6.95 99.50 7.45 100.00
4,32 87.00 4.82 87.50 5.32 88.00 5.82 88.50 6.32 89.00 6.82 89.50 7.32 90.00
4.06 87.00 4.56 87.50 5.06 88.00 5.56 88.50 6.06 89.00 6.56 89.50 7.06 90.00
4.06 100.00 | 4.56 | 100.50 | 5.06 | 101.00 | 5.56 101.50 | 6.06 | 102.00 | 6.56 | 102.50 | 7.06 103.00
3.94 | 129.00 | 4.44 | 12950 | 494 | 130.00 | 544 | 13050 | 594 | 131.00 | 6.44 | 131.50 | 6.94 | 132.00
3.94 | 129.00 | 4.44 | 12950 | 494 | 130.00 | 544 | 13050 | 594 | 131.00 | 6.44 | 131.50 | 6.94 | 132.00
3.94 88.00 4.44 88.50 4.94 89.00 5.44 89.50 5.94 90.00 6.44 90.50 6.94 91.00
3.81 94.00 4.31 94.50 4.81 95.00 5.31 95.50 5.81 96.00 6.31 96.50 6.81 97.00
3.81 86.00 4.31 86.50 4.81 87.00 5.31 87.50 5.81 88.00 6.31 88.50 6.81 89.00
3.81 84.00 4.31 84.50 4.81 85.00 5.31 85.50 5.81 86.00 6.31 86.50 6.81 87.00
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Fig. 8 ERF results of Shell92 code along the corroded
crude

Table 7 Failure year prediction with the details of KP
location based on Shell92

Predicted failure year 2039

KP (m) 117.56
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