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Corrosion

Corrosion is a natural process, which converts a refined
metal to a more chemically-stable form, such as its oxide,
hydroxide, or sulfide.
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“Pipeline integrity is the ability of the
pipeline system to operate safely and
withstand the loads imposed during the
pipeline lifecycle”

DNV-0S-F101

Pipeline Integrity

Corrpro definition:

Total integrity of a system exists when,
under the operating conditions it was
designed for, and taking into account the
current condition of the pipeline, the
predictable risk of its failure (endangering
the public, property and the environment)
is acceptable.

.‘ AEGION corrpro

Stronger. Safer. Infrastructure.”




Direct Assessment History

... where it all began:

= Battelle expert team

» Formed in 2000, operational
through early 2002

= Sponsored by INGAA
= Led by Dr. Brian Leis

= Worked closely  with US
Department of Transportation

» Tasked to develop integrity
assessment strategy as an
alternative to ILI and hydrotesting
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External Corrosion Direct Assessment (ECDA)

What is External Corrosion Direct
Assessment (ECDA)?

= A structured process to improve
safety and reduce the impact of
external corrosion on buried pipelines

= Anticipates future pipeline defects, as
well as detecting existing defects
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NACE Standard Practice SP0502

B
. . "« NACE Standard Practice SP0502

ANSI/NACE SP0502-2008
(formerly RP0502)

N provides a methodology for
Pipeline Externa:v(lle(;;zo:(i)(l): g;)irect Assessment a p p.l yi n g t h e EC [). A p ro Ce S S to
buried onshore piping systems

Amcs: \ .
This NACE Standard is being made available to you at no charge because it | | E C DA I S a fo u r_ St e ro C e S S °
is incorporated by reference in the U.S. Code of Federal Regulations (CFR) .
Title 49. “Transportation of Natural and Other Gas by Pipeline: Minimum
Federal Safety Standards,"” Parts 192 and 195.

Please note that the NACE SP0502 was revised in 2010, but the edition cited

in the Code of Federal Regulations is the 2008 edition. L P re - a S S e S S m e n t

For a list of NACE standards pertaining to direct assessment (DA) and other pipeline
integrity issues, please visit www.nace.org/Pipelines-Tanks-Underg| Y .
NACE are entitled to unlimit of NACE standards, reports and
conference papers for free as part of their member benefits.

L] L]
[ J
NACE International is the workd authority in corrosion prevention and control and is

dedicated to protecting people, assets, and the environment from the effects of corrosion.
NACE provides multiple industries with the resources to recognize, qualify, and quantify
corrosion in a variety of application-oriented and industry-specific subjects through technical
training and certification, conferences, standards, reports, and publications. Established in

. L] L)
\ 1943, today NACE has more than 28,000 members in over 110 countries. . D t m n t n
\ Learn more about NACE at www.nace.org. / I re C e Xa I a I O

Reaffimed 2008-03-20
) * Post Assessment
NACE International
1440 South Creek Dr.
Houston, Texas 77084-4906
+1 281-228-6200
ISBN 1-57590-156-0
© 2008, NACE Intemational

An American National Standard
Approved December 11, 2008
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ECDA Limitations

The ECDA process may not be
applicable on pipelines:

= With disbonded coating

» Ground surfaces such as pavement,
frozen ground, and reinforced
concrete

= Where measurements can not be
done in a reasonable time frame

» Congested locations with adjacent
buried metallic structures
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ECDA Data Presentation
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ECDA Direct Examination
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ECDA Direct Examination
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ECDA Direct Examination
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Internal Corrosion Direct Assessment (ICDA)

Zero to Five Degrees

What is Internal Corrosion Direct
Assessment (ICDA)?

= A structured process to improve
safety and reduce the impact of
internal corrosion on buried pipelines

Inclination, degrees

= Anticipates future pipeline defects, as
well as detecting existing defects

Gas Throughput, Thousand Standard m*/h
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Internal Corrosion Direct Assessment (ICDA
ICDA Indirect Tools

= NACE SP0110-2010 (WG-ICDA)

Wet Gas Internal Corrosion Direct
Assessment MethOdOIOgy for PIpEIIneS Multiphase Flow Internal Corrosion Direct
Assessment (MP-ICDA) Methodology for Pipelines

= NACE SP0116-2016 (MP-ICDA) R i

reviewed this document, its scope, and provisions. Its acceptance does not in any respect
preclude anyone, whether he or she has adopted the standard or not, from manufacturing,
marketing, purchasing, or using products, p , or not in with this
standard. Nothing contained in this NACE Inlematnonal standard is to be construed as granting any

Multiphase Flow Internal Corrosion Direct e e

liability 1of infringement of Letters Patent. This slandard represents minimum requirements and

o : should in no way be interpreted as a restriction on the use of better procedures or materials.

SS essm en t et O O O Or I e In es Neither is this standard intended to apply in all cases relating to the subject. Unpredictable
circumstances may negate the usefulness of this standard in specific instances. NACE

assumes no for the or use of this standard by other parties

and accepts responsibility for only those official NACE International interpretations issued by NACE

International in accordance with its governing procedures and policies which preclude the issuance

= NACE SP0206-2016 (DG-ICDA) ey

NACE

« INTERNATIONAL Item No. 21402

Standard Practice

Users of this NACE International standard are for l¢] health, safety,

environmental, and regulatory and for their in relation to this

standard prior to its use. This NACE Intemational standard may not necessarily address all

L4 . potential health and safety or hazards with the use of

/ nterna / C orrosion D irect 4 ssessment aterals, aquipment, andior cperaions detaled of rferted to withn s standard. Users of this
NACE International standard are also for health, safety, and

practices, in with
necessary, to achieve compliance with any existing applicable regulatory requnremems prior to the

Methodology  for  Pipelines  Carrying

CAUTIONARY NOTICE: NACE International standards are subject to periodic review, and may be
( revised or withdrawn at any time in accordance with NACE technical committee procedures. NACE

Norl , 'ally Dry Na tural as International requires that action be taken to reaffirm, revise, or withdraw this standard no later than
five years from the date of initial publication. The user is cautioned to obtain the latest edition.

of NACE may receive current information on all standards and
omer NACE by the NACE International FirstService

Department, 15835 Park Ten Place, Houston, Texas 77084-5145 (telephone +1 281-228-6200).
= NACE SP0208-2006
Approved 2016-02-12

NACE Interational
15835 Park Ten Place
Houston, Texas 77084-5415
+1(281) 228-6200

Internal Corrosion Direct Assessment
Methodology for Liquid Petroleum Pipelines |
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Internal Corrosion Direct Assessment (ICDA) (§192.927)

Identify Areas Where Water or Other Electrolyte may Accumulate Inside
Pipeline

Focuses Direct Examination Where Internal Corrosion Most Likely

Four Step Process
¢ Pre-Assessment
¢ ICDA Region Identification
¢ Identify Excavation Locations and Perform Direct Examinations

¢ Post Assessment

In Addition, Rule Requires ICDA Plan to Include:
¢ Criteria for Making Key Decisions for Each Step of Process
¢ Provisions for More Restrictive Criteria for First Use

¢ Provision for Analysis of Entire Pipeline, Except Remediation Limited to
Covered Segments
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ICDA Step 1 — Pre-Assessment

» Gather and Integrate Data and Information to:

¢

¢
¢
¢

Evaluate Feasibility of ICDA for Covered Segment

Support Use of Model to Determine Where Electrolyte may Accumulate
Identify ICDA Regions

Identify Areas Where Liquids may be Entrained

» Data and Information to Include:

¢

All Data Elements of B31.8S Appendix A2 (physical and historical
operating data)

Information for Model (gas input and withdrawal points, low points,
elevation profile, etc.)

Operating Data Regarding Historic Upsets

Scraper or ILI Use
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ICDA Step 2 — Region |dentification

= Region Extends From Where
Liquid May Enter and
Encompasses Area Along
Pipeline Where Internal
Corrosion May Occur

= Region May Encompass
More Than One Covered
Segment

= Must Use GRI 02/0057
Model to Identify Regions
(unless operator
demonstrates another
model equivalent)
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ICDA Step 3 — Flow Simulations

= Develop Digital
Elevation Model

pipeline
Water — gas mixture

= Assess Inclination

Q o
. O
Angle and Identify 0%
C r i t i Ca I E I evat i O n Water-in-gas emulsion moving water
(high pressure) droplets
Changes
= |dentify Areas with
Water Hold-Up
stratified water film stationary water film
u Eva I U ate Wate r (lower pressure)
Residence Times
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ICDA Step 3 — Dynamic Analysis
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ICDA Step 3 — ldentify Transit Profile
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ICDA Step 3 — Identify Excavation Locations

5 ;7\ [TH\W‘! AN
3\l !
g 00 -ju—m : N
s By i \.
£ 1550 11” ” | \H | - |
T . ;ﬂ"\ - i:l
O AR | Y AT
o IO ;u ‘I.J[ %
S 111 0 |
g _m | i # Iy Ilh f i 14 Jl#

= |dentify Two Locations Within Each ICDA Region
* One at Low Point Nearest Beginning

* A Second Location Further Downstream Near the End of ICDA Region
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ICDA Step 3 — Perform Direct Examinations

» Dig All Locations Identified and Perform
Direct Examination (ultrasonic,
radiography or other)

= |f Corrosion is Found, Must:
e Evaluate Severity and Remediate

* Either Perform Additional Digs or Use
Another Assessment Method in Region

e Evaluate Potential for Internal Corrosion
in Covered and Non-Covered Segments
with Similar Characteristics and
Remediate as Needed
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ICDA Step 4 — Post-Assessment

0-5 [ Minor injury, 'Non—reportableA Reportable [ Major injury, ' Multiple

Low risk insignificant injury, minor injury, single fatality, fatalities,
property or |loss of process | moderate loss |critical process| catastrophic
equipment or slight of process, loss, critical business loss

11-15 property limited property

High risk property

16-25
Unacceptable

5
Near certain
4
Probable
3
Possible
2
Unlikely
1

Remote

Evaluate Effectiveness of ICDA
Method

Detailed Route Cause Analysis

Update Pipeline Risk Assessment

Adjust Inspection Strategy

Continue to Monitor Each Segment
Where Internal Corrosion Identified

e UT Sensors or Electronic
Probes

* Analysis of Liquids

= Determine Reinspection Interval

.‘ AEGION corrpro

Stronger. Safer. Infrastructure.”



ICDA Step 4 — Post-Assessment

Pipeline Jct. 20A
In-Line Inspection Results vs. Predicted Internal Corrosion Locations
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Thank You

Thank you for your participation!
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