W TEXAS A&M

UNIVEIRSIT Yo

Homero Castaneda, FNACE

Professor
Director of the National Corrosion and Materials
Reliability Laboratory

ol “

"h ~nv i N "“$~'
R (LI
&2

ACICOR- Colombia, Bogota 2023
Soluciones Sostenibles en el Mantenimiento y
Rehabilitacion de Infraestructuras Corroidas

tees.tamu.edu %


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.neonickel.com/alloys-for-oil-and-gas/&ei=rcE2Va6RF5L7yATlsoG4Cw&bvm=bv.91071109,d.aWw&psig=AFQjCNF-GtPyfpmmwtgLneZi5JVaU0bglA&ust=1429738190955248
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.voestalpine.com/blog/en/automotive-industry-puts-confidence-phs-ultraform-voestalpine/&ei=A9A1VbO_FezfsAT7roGgCA&bvm=bv.91071109,d.cWc&psig=AFQjCNHtrM5Ymj3slhsyFflGNkFkjvCfQA&ust=1429676347036032

AJM | ENGINEERING Background

TEXAS A&M UNIVERSITY

* Production of Metals stands for
* 40% of all industrial greenhouse gas emissions
* 10% of the global energy consumption,

e 3.2 billion tones of minerals mined (2 billion of metals produced
daily) and several billion tones of by-products yearly.

[Raabe et al, Chem Rev. 123 (2023) 2436-2608]

A circular economy model does not work (yet) because market
demand exceeds the available scrap currently by about two-thirds.

What can we do?

CO, reduction by CO,-free production and by increasing the lifetime
of products. Time-dependent treat Corrosion Science and
Engineering



Data drive modeling —“When to
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SIS IS

* |tis not how itis where and when.
When | can repair it?

Where | can repair it?
Kim et al, JESP, 2023.

We will cover the QA
concepts, '
technology, and
solution in one
strategic
application:
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Toxic liquid spills from pipelines, by county _ 4.5 million gallons
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Current corrosion assessment methods (analysis)...

- cannot quantify to prioritize digging sites.
- are subjective depending on experiences.
- do not consider uncertainties

comprehensively.

COUNTY, TEX. HARRIS COUNTY, TEX. and distribution nexus.

Third-highest Houston's county, had Jefferson Davis Parish had the

volume, with the highest volume, with second-highest volume, with 3.2

2.9 million 4.5 million gallons in million gallons. Plaguemines Parish

ga"ong_ over 200 Spi“s was the fourth, with 2.8 million
gallons.

Source: Department of Transportation, Pipeline and Hazardous Materials Safety Administration (http://phmsaﬂ'ot.gov/)



O A sustainable repair/maintenance should be approached with fundamentals

For example, ECDA is a four-step process for B3
assessing the integrity of a section of a pipeline: [
-assessment (Electrochemical
undamentals and Modeling)
Indirect inspections (Defined
electrochemical system- Modeling for
technologies)

* Direct examination- based on modeling
Post-assessment- based on modelin
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ECDA (NACE SP0502)- modifications

Sl Indirect Inspection Define ECDA
1) PRE-ASSESSMENT Corrosion [™| Data Collection - P .
Tool Selection Regions
Threat
Severity Inspection Data Conduct Indirect
2) INDIRECT INSPECTION Classification Alignment ¢ Inspection
Dig and Data Remaining
3) DIRECT INSPECTION Set Dig Priority Collection == Strengjch
Evaluation
il Define Interval Remaining Life Root Cause
4) POST ASSESSMENT | Effectiveness| < of Reassessment ¢ Calculation y Analysis
Measure
2 Holiday Holiday Holiday
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| |
110 km
457.2 mm
6.41 mm
API S
XS52

52 ksi

Coal tar

Impressed
current

Case of Study -ECDA

Gas pipeline

Elevation
Min 98m
Ave 876m
Max 2548m
Slope
Max 35%, -35.2%
Min| 5.2%, -5.7%

. & I8 w
~68mile: @J ) — Pigging in 2005, 2010, 2011
200 | 200 200 I 200
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Soil survey every 200m, total of 559 survey
points in 2012
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Corrosivity Map based on Macro-parameters
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Constructing pipeline segment database

Raw Data GIS Data Synthesized Data

I I
I Pipeline right-of-way _ Object based data structure '
| / Field-based data model Key Elements: I
I [ Pipeline direct ) Geographic information Pipeline segment ID [
| assessment '
S J |
, —e \ Target Features (direct info) [
I Pipeline indirect | |
: | assessment ) | Pipeline condition :
' Soil chemical ) [
: properties \ Geo-referenced layers Object I
\. J |
1, - - N Segment xy I
I Soil physical | | I
I properties n
I \ J I I
s “ |
I |Geology, land cover, and / \—/‘ - Land cover I
[ topography |
1 L y Input Features (indirect IMfo

Data captured from physical space Data processed in cyber space
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Task 1 continue

P_ S g t & head_list - List (60 elements) - [m] X
Index Type Size Value ~
] str 1
A BB df - DataFrame — O x
1 str 1 st| " . |
. Se ment ID Index id  tartStetior ind Statior ne diame srial and g talation D rication d line Resist: Longitude | wall thick
— Material and grade
2 str 1 Enl 0 1 a 725.39 18 5l - 24838 1455.82 725.39 8.252 n
3 str 1 pil 1 2 ] 725.33 18 52868 25204 24833  1455.82 725.39 8.252 n
B 4 str 1 Mal 2 3 e 725.39 18 S2e00 25204 24838 1455.82 725.39 8.252 I
Head mileage number A s |1 |zow |mees |ewess |sese.sz res.m |easz |0
5 str 1 In|
4 5 a 725.39 18 52068 25204 24838 1455.82 725.39 8.252 n
B str 1 Fal
5 6 a 725.39 13 52000 25204 24338 1455.82 725.39 8.252 n
7 str 1 Pi
H H 6 7 e 725.39 18 S2e00 25204 24838 1455.82 725.39 8.252 n
)
Tail mileage number o = B
7 B8 2.8l 725.39 18 S2000 25204 24838 1455.82 725.39 8.252 n
9 str 1 Or|
8 L] a.e1 725.39 18 52068 25204 24838 1455.82 725.39 8.252 n
i =t i 8 9 10 8.56 725.39 13 52000 25204 24338 1455.82 725.39 8.252 n
N |LI data (datafral I le) 1 str 1 6P| 10 11 .66 725.39 18 S2e00 25204 24838 1455.82 725.39 8.252 n
hll 12z .66 725.39 18 S2000 25204 24838 1455.82 725.39 8.252 n
12 13 a.9 725.39 18 52068 25204 24838 1455.82 725.39 8.252 o
13 14 1.4 725.39 13 52000 25204 24338 1455.82 725.39 8.252 B
|
DCVG_data (dataframe) .
- < >
Format_||_Res= Smeri

1 CIS_data (dataframe)

Sample screenshots of the data frame
1 Structural_information

1 Corrosion_environment




MULTISCALE INFLUENCING VARIABLES ON PIPELINES

| PARAMETER Macro
(units) Variables

Precipitation
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MAC-MIC
Transition

Temperature e R o

Moisture
distribution

Particle size

Application: same segment in
different seasons —indirect

technologies

Inspection for maintenance

Soil
classification

Moisture

saturation

Resistivity

FALL SUMMER SPRING
CIS + DCVG CIS+DCVGH+ACVG CIS + ACVG
Reflectometr
\ Reflectometry | Reflectometry
High humidity /\—/\

Pipeline totally immerse
Fall season
DC based technologies

partial distribution
summer season

No immersion
Spring Season
DC+ AC based technologies |  AC based technologies




Analysis before direct assessment
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The clustering results
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 DATA Alignment and Integration

High Consequence ILI
Area \ MFL and UT

/ ~
Soil Survey

Soil Moisture



Indirect inspection-Direct Inspection

. i Check
Soil Survey Train and test model Estimate cluster distribution of

Data based on soil data of defects metal loss %
for clusters

Rank clusters

by corrosivity
In-Li Interpolate soil Categorize metal loss into Test the level
n-Line- conditions at m groups (1= no corrosive, number of obs
Inspection Data defects m=most corrosive) and expected
values
Clusters formation
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Soil Resistivity

Empirical CDF
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Metal loss vs the location
clustered
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M 3D topography location

®

‘(KO San marcos
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Soil Crrosivity Rating

1 a =

No Corr@ E ‘ --Iy Corrosive

GMM Clusters
Y . More defects found, but
' ' = ] the growth rate is lower.

Elevation
L‘“ y
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o
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Defects locations along pipeline
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Reliability Analysis

Probability of failure (or fragility) is defined as the conditional
probability of attaining or exceeding prescribed limit states
given set of boundary variables.

P (t)=P{g, <0]|t}

where [gk < 0] = failure event and gk = limit state function for the
kth failure mode. Two limit states. Small leak

g, =d, —d(t)

where dw = pipeline wall thickness, and d(t) = the maximum depth
of a corrosion defect. For the large leak,

92 :Cp(t)_ D,

where Cp and Dp = pressure resistance and pressure demand,
respectively. 18



Probability of Failure
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Probility of Failure
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Direct assessment
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Examples of sites selected based on the
methodology

Characterization of the defect and location sites

*Coating defects,
*thickness measurement 0.254 in

*pH=6; re5|st|V|ty at Im= 1,948 Q-cm.

syce g e .
ey "2 B
2 < PERET
_—
» S

R

Defect located at 42+ 463.51 km and 42+ 463.61

21
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Direct assessment

" Characterization of the defect and location sites

*Coating defects,
*thickness measurement 0.254 in

*pH=6; resistivity at 1m= 1,948 Q-cm.

Defect located at 42+ 459 km and 42+ 461

22
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Defect located at 42+ 459 km and 42+ 461 at 6 oclock



Corrosion pipelines repair TechnologieS ., | sanTEDIRT € CriERlrE

Frnd bext i document

Table 4 Acceptable Threat Prevention and Repair Methods
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'II1|r-l:|-P'|r'|l||' Damage Related Equipmant Dperation Related Manulacture Canstrudlion O-Fedce mEnl
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Barial patred i ® i ... i K % A i
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i
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Manutacturer indpection e X
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Presenvdoe bydmstatic test % e e e e . . . .
Public edscabon i e e e ean
O&M procedures i XK K i X i % i T ... K i i i ks
Operator tradning B e e e e e e . s .
Ingrease marker Bequenty i .

Hom .
R

:
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:
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Strain mositoring .
Exgemal profection %
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‘Warning tape mesh X

CP manivor) mainlain e eee eee Ko Ll . cas x
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Leaiage comnal moasures . X X X X x x E X ceeaee e .. R
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Table 4 Acceptable Threat Prevention and Repair Methods (Cont'd)

Corrosion Incorrect Weather Enviren
Third-Party Damage  Related Equipment Operation Related Manufacture Construction O-Force ment
Prevention, Detection, Gask/ Strip/ Cont/ Sealf Pipe Fab
and Repair Methaods TPD(F} PDP Vand Ext Int Oring BP Rel Pack 10 CW L HR/F Seam Pipe Gweld Weld Coup WB/B EM sScC
Repairs
Pressure reduction X X X . X X X X X .. - X
Replacement X X X X X X X X X X X X X X X X X X X
ECA, recoat X X X
Grind repair/ECA X X . X X X X X
Direct deposition weld X X
Type B, pressurized sleeve X X X X X X X X X
Type A, reinforcing sleeve X X X X X X
Composite sleeve .. X . .
Epoxy filled sleeve X X X X X X X X X
Mechanical leak clamp X
Cont/Rel = Control/Relief Equipment Malfunction
Coup = Coupling Failure
CW = Cold Weather
EM = Earth Movement
Ext = External Corrosion
Fab Weld = Defective Fabrication Weld
Gask/Oring = Gasket or O-Ring
Gweld = Defective Pipe Girth Weld
HR/F = Heavy Rains or Floods
Int = Internal Corrosion
10 = Incorrect Operations Company Procedure
L = Lightning
PDP = Previously Damaged Pipe (delayed failure mode)
Pipe = Defective Pipe
Pipe Seam = Defective Pipe Seam
SCC = Stress Corrosion Cracking
Seal/Pack = Seal/Pump Packing Failure
Strip/BP = Stripped Thread/Broken Pipe
TPD(F) = Damage Inflicted by First, Second, or Third Parties
Vand = Vandalism

wB/8

= Wrinkle Bend or Buckle



Repairing and Maintenance
Inspection intervals
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Failure probability , p, ()
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Figure 2: Time-dependent failure probabilities associated with scenarios | (solid lines) and Il
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Unification of modeling with integrity ENGINEERING
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Summary and Conclusions

Based on the analysis of data in the case study, it was concluded that the
clustering approach can accurately estimate the severity of soil corrosiveness
severity. It is also more flexible in terms of the range of the factors it can
incorporate. Instead of categorizing the factors at within certain ranges, it
considers the distributions of the environmental factors and the correlations
between those factors.

The data alignment from field filed measurements can mislead the
characterization (or severity) of defect indications along the right of way. Data
treatment influences the data reliability and robustness.

Modeling the corrosion rate using environmental factors is very complex
because of many unknown factors. Nevertheless, we intended to connect the
environmental corrosivity to the metal loss rate by using statistical approach.

We could prioritize the number of indications based on parameters that relate
the corrosion mechanisms, the total number of characterization selected sites
were less than 1% from the ILI and indirect measurements and results.
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