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Internation:

In Line Inspection of transmission pipelines

detected
=» Origin of detected features : defects

— —I .
— : 5 .
= 1 h|'f-L"i_'1|{'I-|'I

/\ » External interference
L » Corrosion, ...
Need for a methodology to:

v’ Assess the integrity of ageing pipelines

v Determine preventive repair programs and re-inspection intervals

GADIline® methodology and associated
5 softwares



*‘IGRC 2. Defining preventive repair programs using a
Seoul 2011 probabilistic approach (1/8)
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At the date of inspection
Corrqsndtﬁ features are , Acceptable™ (no need to repair)

b but corrosion features size may grow

Defect evolution due to

| !
corrosmn‘grovvth rate

- /

Not acceptable
domain

Acceptable

yidap 109)8@

Defect length

Preventive repair programs using a probabilistic approach based on:

« Remaining external corrosion features
« Corrosion growth rates distribution

4 < Risk level to prioritize the defects to repair
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 Limit-state functions

2 limit-state functions:

(LIMIT-STATES)
FUNCTIONS « failure due to internal pressure leading to burst

Burst pressure .
? * a limit on the depth

Feature depth
\ ) a/e
A
100% -
- G2
r / G1
/Failure area
7 |
Limit on the depth
(%) i.e. BS 7910
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(LIMIT-STATES)
FUNCTIONS

Burst pressure

Feature depth

2. Defining preventive repair programs using a
probabilistic approach (3/8)

—____/

/~ INPUT )
PARAMETERS

Corros

Defect size
Pipe ‘I

characteri=tics

\.

* Modelling of input parameters

 ILI features

» Parameters modelling
—Statistical distributions

 PARAMETERS )
MODELLING
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 Corrosion rate calculation

e

G ™ _ ILI feature depth at inspection time

7 Cr= _
\"\ Age of the corrosion

1. Thelog-normal paramaters are calculated from
local corrosion rate distribution :

Then

The user may divide the pipe into homogeneous
sections depending on environmental conditions, pipe
— Or age, coating, cathodic protection efficiency, ...

‘/\ 2. Log-normal parameters are directly filled in by the user :
‘ The user must be experimented in pipeline integrity

(ground corrosivity, cathodic protection, ...)

7
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(LIMIT-STATES)
FUNCTIONS

Burst pressure

2. Defining preventive repair programs using a
probabilistic approach (5/8)

Feature depth
____
/"3 OUTPUTS
(~ INPUT \ (PARAMETERS\ (G ~ | PROBABILITY
Defect size S POF : punctual
Pipe "}f JARN ‘ Monte Carlo ‘I per defect
characteristics| | 1 /) random draws | '| pOF : per year
per defect
Corrosion rate
\_ _/ \§ \_ J POF : per year
\per km Y,

 Failure probability calculation

» Calculation of 3 types of POF using :
v Monte Carlo methodology
v’ various failure scenarii
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LIMIT-STATES)
FUNCTIONS

Burst pressure

Feature depth

2. Defining preventive repair programs using a
probabilistic approach (6/8)

—

/~ INPUT )
PARAMETERS

Defect size

Pipe
characteristics

_ i\;

' R
I\
[

\

‘
f
‘
|

* Result Interpretation

* POF/km/year compared with target values

» Which year and defect(s) make a km of pipeline
becomes critical?

— Integration in a preventive intervention program

 PARAMETERS )
MODELLING

Corrosion rate
\_ Y,

(CALCU LATION\

Monte Carlo

‘ ‘, per defect
random draws

\_ J

/~ 3 OUTPUTS \
PROBABILITY
OF FAILURE

POF : punctual

POF : per year
per defect

IlPOF : per yearJH
per km

. -

OF THE RESULTS

Comparison with

Preventive repair

program

.

/INTERPRETATION \

target safety levels

J
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2. Defining preventive repair programs using a
probabilistic approach (7/8)

* GADIine ® software — GADpro module

& GAD Line 1.3,1.0000 - TP2_GADpro.gad
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The table shows
when the failure
probability of a
feature exceeds the
criteria
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2. Defining preventive repair programs using a
probabilistic approach (8/8)

 GADIline ® software — GADpro module
- | AAAAAAAAAAAAAAAAAAA | GADIine 3.0

S .
- — :

FFFFF | — The diagram shows the
number of defects for
which the failure

® probability exceeds the
criteria, for each year
_ . over a period of time

11
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A gas transmission coal tar enamel coated pipeline
was inspected in 1999 and in 2009

« Diameter: 24 inches
* Inspected Length : 125 km

Matching between 1999 features and 2009 features is the
starting point to determine :

»Corrosion growth rates
> Preventive repair program

> Reinspection interval
12
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3.1. ILI data matching

ning Process

Comparison of the 2 pipetally files

Y

Distance offset calculation

B

!

Y

{ New offset, or next feature } [

Search for the identical defects by

distance

13
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Offset (m}l

h A b v B kR, N W oA !

No
0K ?

Yes l

L
L 4 ,
O 50 100 150
*
*

Kilometric position (km)

[ Defects o’clock position check

No

0K ?
Yes

[ Final list
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« 3 calculated average corrosion rates

A 1999
Assumption for | 1. First Run |
external corrosion _ [1(1999) A
defects initiation s S §
time: b @6@" |
To (building date) + % g
10 years N 2
\\_, :
Time >
3. Features
A 2. Matched ﬁ@\i@ | that didn’t 2% 2009 |
features | (et 5 ~
(2" run) ” (o= ; match (2nd | :
s < run)
3 . g .
° 2° - | Conservative -
5 \ 2 L treatment: &
4+ > . Q-
5 © | considered as newly
w L | created features
14 ‘
Time | | > Time
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CORR. RATE CALCULATIONS RESULTS

Rate Description Mean Value
1 Run «1999» 43 umly
2 Matched features 38 um/y
3 Not matched features 69 um/y
Conclusions

« Similar average corrosion rate for the matched
features between 2009 and 1999 — Delayed time to
corrosion initiation assumption validation

* Features that didn’t match show the highest
corrosion rate (as expected according to
assumptions)
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 If applied in 1999: * In

(Considering Rate 1)

3

3.3. Inspection/re-inspection interval (1/2)

0

15

10

Number of defects to be repaired
N

Number of defects to be repaired

12345678 910111213141516171819202122232425

*1999 program:

«2009 program:

16

Number of years

1999

2009

2009:

T (Considering

Rates 2 & 3) 16

123 45 6§7 8 910111213141516171819202122232425

Number of years

2024

7 features

® All of them are now ®

repaired

16 features

5 of them are matched
defects not yet repaired

2009

2018

20244

Mo
feature

56 features
> 3 times more than

1999 forecast




&’SLEEBOE 3.3. Inspection/re-inspection interval (2/2)

sImportant increase
of the number of
d efeCtS 1999 2009 2024
. _ )
Mainly due to | — 1
performance gap between 7 features § 16 features)
the two inspections ® All of them are now e 5 of them are matched
(detection threshold’ repaired defects not yet repaired
decreased from 10% to
5%) 2009 2016 074
\ |
Date of the first — Mo [ 56 features
ir - 2016 feature Wﬁngore than
repalr . 1999 forecast
7 years after the re-
inspection

Consequently, we have set a 15 years limit for
) re-inspection interval

17
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4. Conclusion

The study highlighted :

*The importance of making the appropriated choice for the

corrosion rate calculation

*The importance of the matching process

*Re-inspection programs shall be limited in time (15 years after an
ILI) to take into account uncertainty due to the creation of new

corrosion features
*The 10 years delayed initiation time assumption seems to be valid
Further assessments on other pipelines are in

progress ...
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Seoul 2011

Thank you for your attention.

Do you have any questions?
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Appendix

 Calculation of failure probability:

The methodology can take into account different failure modes according to the surface
covered by the corrosion defect

2
Defect diameter given by: ﬂ(d (T)j — wW(T) xI(T)
2

Probability of failure using Montecarlo random shots:

2w, * 1[Royest < Pop))

Pj (Ti) = P
Total number of random shots

We obtain:

« the punctual probability of failure by small leak (P (T))
« the punctual probability of failure by medium leak (P (T))
« the punctual probability of failure by large leak (P2 (T))

Then, the punctual probability of failure is given by:
20 PO (T) =P (T) + P#(T) + P3(T)
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Appendix

 Calculation of failure probability:

Then the annual probability of failure for each defect is calculated :

P (Tiy)—p;(T})
f [T ]=—"— :
pOJ[TI ] 1_pj(Ti)

The annual probability of failure of a defect (j) represents the probability that (j) reaches
the failure area in the course of the [Ti ; Ti+1] period. This probability is calculated for
each defect. It is calculated with the punctual probability of failure in each failure
mode that is considered as well as with the total punctual probability of failure.

Finally, the annual probability of failure per kilometer of pipe is calculated :
POF[T;;T..]= 1_1__[(1_ pof , [Ti ;Ti+1])

This result corresponds to the probability that a failure occurs on one kilometer during the
[Ti; Ti+1] period. In this formula, (j) represents all the defects that belong to the
considered kilometer.

21
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Appendix

 Threshold values:

Those values are determined based on a french methodological guidebook related to
safety studies.

The guidebook, recognized by the regulator, gives a risk matrix, in which different
threshold probabilities of reaching points in the environment of the pipeline are given
depending on the context.

For our need, these thresholds are converted to obtain probabilities of failure due to
corrosion.

It finally leads us to a range of threshold probabilities of failure per kilometer and per year
between 102 and 107, depending on the context and scenario (pressure,
diameter, location, safety distance around the pipeline, leak size,...).
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