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This AMPP standard represents a consensus of those individual members who have 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, processes, or procedures not in conformance with this
standard. Nothing contained in this AMPP standard is to be construed as granting any right, by implication or otherwise,
to manufacture, sell, or use in connection with any method, apparatus, or product covered by Letters Patent, or as in-
demnifying or protecting anyone against liability for infringement of Letters Patent. This standard represents minimum
requirements and should in no way be interpreted as a restriction on the use of better procedures or materials. Neither
is this standard intended to apply in all cases relating to the subject. Unpredictable circumstances may negate the use-
fulness of this standard in specific instances. AMPP assumes no responsibility for the interpretation or use of this stan-
dard by other parties and accepts responsibility for only those official AMPP interpretations issued by AMPP in accor-
dance with its governing procedures and policies which preclude the issuance of interpretations by individual volunteers.

Users of this AMPP standard are responsible for reviewing appropriate health, safety, environmental, and regulatory
documents and for determining their applicability in relation to this standard prior to its use. This AMPP standard may notnecessarily 
address all potential health and safety problems, or environmental hazards associated with t  
rials, equipment, and/or operations detailed or referred to within this standard. Users of this AMPP standard are also
responsible for establishing appropriate health, safety, and environmental protection practices, in consultation with ap-
propriate regulatory authorities, if necessary, to achieve compliance with any existing applicable regulatory requirements
prior to the use of this standard.

CAUTIONARY NOTICE: AMPP standards are subject to periodic review and may be revised or withdrawn at any time in
accordance with AMPP technical committee procedures. AMPP requires that action be taken to reaffirm, revise, or with-
draw this standard no later than five years from the date of initial publication and subsequently from the date of each
reaffirmation or revision. The user is cautioned to obtain the latest edition. Purchasers of AMPP standards may receive
current information on all standards and other AMPP/NACE/SSPC publications by contacting AMPP Customer Support,
15835 Park Ten Place, Houston, Texas 77084-5145 (Tel: +1-281-228-6200, email:  customersupport@ampp.org).
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Foreword

External corrosion direct assessment (ECDA) is a structured process that is intended to improve safety by assessing and 
reducing the impact of external corrosion on pipeline integrity. By identifying and addressing corrosion activity, repairing 
corrosion defects, and remediating the cause, ECDA proactively seeks to prevent external corrosion defects from growing 
to a size that is large enough to affect structural integrity.

ECDA as described in this standard practice is specifically intended to address buried onshore pipelines constructed from 
ferrous materials. Other methods of addressing external corrosion on onshore ferrous pipelines, such as pressure testing 
and in-line inspection (ILI), are not covered in this standard but are covered in other industry standards. Users of this stan-
dard must be familiar with all applicable pipeline safety regulations for the jurisdiction in which the pipeline operates. This 
includes all regulations requiring specific pipeline integrity assessment practices and programs. This standard is intended 
for use by pipeline operators and others who must manage pipeline integrity.

ECDA is a continuous improvement process. Through successive ECDA applications, a pipeline operator should be able to 
identify and address locations at which corrosion activity has occurred, is occurring, or may occur and reduce the external 
corrosion integrity risk over time. One of the advantages of ECDA is that it can locate areas where defects could form in the 
future rather than only areas where defects have already formed.

Pipeline operators have historically managed external corrosion using some of the ECDA tools and techniques. Often, 
data from aboveground inspection tools have been used to locate areas that may be experiencing external corrosion. The 
ECDA process takes this practice several steps forward and integrates information on a pipeline’s physical characteristics 
and operating history (preassessment) with data from multiple field examinations (indirect inspection) and pipe surface 
evaluations (direct examination) to provide a more comprehensive integrity evaluation with respect to external corrosion 
(postassessment).

Rationale

The primary purpose of this document is to improve the safety and integrity of buried onshore ferrous pipelines by address-
ing external corrosion. ECDA is a structured process designed to assess and mitigate the impact of external corrosion on 
pipeline integrity, thereby preventing corrosion defects from growing to a size that could compromise structural integrity. 
Pipeline operators must comply with various safety regulations that require specific integrity assessment practices. This 
document provides a standardized methodology for ECDA, ensuring that operators meet regulatory requirements and 
maintain pipeline safety.

ECDA is a continuous improvement process that helps pipeline operators identify and address locations where corrosion 
activity has occurred, is occurring, or may occur. This proactive approach reduces the external corrosion integrity risk over 
time, enhancing the overall safety and reliability of pipeline systems. The ECDA process integrates data from indirect in-
spections and multiple direct examinations to provide a comprehensive evaluation of pipeline integrity concerning external 
corrosion. This holistic approach ensures that potential corrosion threats are identified and mitigated.

The document includes revised methodologies and procedures to reflect the latest advancements in corrosion assessment 
technologies and practices. These updates ensure that the ECDA process remains effective, user-friendly, and relevant in 
addressing current and emerging corrosion threats. The revised document emphasizes the importance of integrating histor-
ical and current data, physical characteristics, and operating history to define ECDA regions and select appropriate indirect 
inspection tools. This data-driven approach improves the accuracy and reliability of the ECDA process. The revised docu-
ment provides clearer definitions and criteria for identifying and quantifying indications of corrosion activity. This clarity helps 
pipeline operators prioritize direct examinations and remediation efforts more effectively. This document incorporates feed-
back mechanisms and continuous improvement practices to ensure that the ECDA process evolves based on real-world 
experiences and lessons learned. This iterative approach enhances the long-term effectiveness of the ECDA methodology.
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Unless specifically dated, the latest edition, revision, or amendment of the documents listed in the table below shall apply.
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NACE SP0169 Control of External Corrosion on Underground or Submerged Metallic Pip-

ing Systems
NACE TM0169 Laboratory Corrosion Testing of Metals
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ANSI/ASME B31.8S Managing System Integrity of Gas Pipelines
ANSI/ASME B31G Manual for Determining the Remaining Strength of Corroded Pipelines: 

Supplement to ASME B31 Code for Pressure Piping
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ASTM D2487 Standard Practice for Classification of Soils for Engineering Purposes (Uni-

fied Soil Classification System)

ASTM D512 Standard Test Methods for Chloride Ion in Water
ASTM D516 Standard Test Method for Sulfate Ion in Water
ASTM G51 Standard Test Method for Measuring pH of Soil for Use in Corrosion Testing
ASTM G57 Standard Test Method for Field Measurement of Soil Resistivity Using the 
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ASTM G59 Standard Test Method for Conducting Potentiodynamic Polarization Resis-

tance Measurements
ASTM G102 Standard Practice for Calculation of Corrosion Rates and Related Informa-

tion from Electrochemical Measurements
Det Norske Veritas (DNV), www.dnv.com:
DNV RP-F101 Corroded Pipelines
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In AMPP standards, the terms shall and must are used to state requirements and are considered mandatory. The 
term should is used to state something that is recommended, but is not considered mandatory. The term may is 
used to state something considered optional.

Section 1: Scope

1.1	 Introduction

1.1.1	 This standard covers the AMPP external corrosion direct assessment (ECDA) process for buried 
onshore ferrous pipeline systems. This standard is intended to serve as a guide for applying the 
AMPP ECDA process on typical pipeline systems.

1.1.2	 This standard was written to provide flexibility for an operator to tailor the process to specific pipe-
line situations.

1.1.3	 ECDA is a continuous improvement process. Through successive applications, ECDA should 
identify and address locations at which corrosion activity has occurred, is occurring, or may occur 
and reduce the external corrosion integrity risk over time.

1.1.3.1	 ECDA provides the advantage and benefit of locating areas where defects may form 
in the future rather than only areas where defects have already formed.

1.1.3.2	 Comparing the results of successive ECDA applications is one method of evaluating 
ECDA effectiveness and demonstrating that confidence in the integrity of the pipe-
line is continuously improving.

1.1.4	 ECDA was developed as a process for improving pipeline safety. One of the purposes of the ECDA 
process is to identify corrective actions that may be required to minimize the potential for external 
corrosion damage from developing into a future integrity risk. 

1.1.4.1	 This standard assumes external corrosion is a threat to be evaluated. It can be used 
to establish a baseline from which future corrosion can be assessed for pipelines 
when external corrosion is not currently a significant threat.

1.1.5	 ECDA as described in this standard is specifically intended to address buried onshore pipelines 
constructed from ferrous materials.

1.1.6	 ECDA applications can include but are not limited to assessments of external corrosion on pipeline 
segments that:

1.1.6.1	 Cannot be inspected using other inspection methods (such as ILI or pressure testing).

1.1.6.2	 Have been inspected using other inspection methods as a method of managing 
future corrosion.

1.1.6.3	 Have been inspected with another inspection method as a method of establishing a 
reassessment interval.

1.1.6.4	 Have not been inspected using other inspection methods when managing future 
corrosion is of primary interest.

1.1.7	 ECDA may detect other pipeline integrity threats, such as mechanical damage, selective seam 
weld corrosion, stress corrosion cracking (SCC), internal corrosion, and microbiologically influ-
enced corrosion (MIC). When such threats are detected, additional assessments or inspections 
may be required. The pipeline operator should use appropriate methods such as ASME B31.4, 
ASME B31.8, ASME B31.8S, and API Std 1160 to address risks other than external corrosion.
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1.1.8	 ECDA has limitations, and not all pipelines can be successfully assessed with ECDA. Precautions 
should be taken when applying these techniques, just as with other assessment methods.

1.1.8.1	 This standard may be applied to poorly coated or bare pipelines in accordance 
with the methods and procedures included herein and given in NACE SP0207 and 
NACE TM0109. Poorly coated pipelines are usually treated as essentially bare if the 
cathodic current requirements to achieve protection are substantially the same as 
those for bare pipe.

1.1.9	 For accurate and correct application of this standard, the standard shall be used in its entirety. 
Using or referring to only specific paragraphs or sections can lead to misinterpretation and misap-
plication of the recommendations and practices contained herein.

1.1.10	 This standard does not designate practices for every specific situation because of the complexity 
of conditions to which buried pipeline systems are exposed.

1.1.11	 The provisions of this standard should be applied under the direction of competent persons who, 
by reason of knowledge of the physical sciences and the principles of engineering, electrochem-
istry, and mathematics, acquired by education and related practical experience, are qualified to 
engage in the practice of corrosion control and risk assessment on buried ferrous piping systems. 
Such persons may be registered professional engineers or persons recognized as corrosion spe-
cialists or cathodic protection (CP) specialists by organizations such as AMPP or engineers or 
technicians with suitable levels of experience, if their professional activities include external corro-
sion control of buried ferrous piping systems.

1.2	 Four-Step Process

1.2.1	 ECDA requires the integration of data from multiple field examinations and from pipe surface eval-
uations with the pipeline’s physical characteristics and operating history.

1.2.2	 ECDA includes the following four steps, as shown in Figures 1(a) and 1(b):

1.2.2.1	 Preassessment. The Preassessment Step collects historical and current data to 
determine whether ECDA is feasible, defines ECDA regions, and selects indirect 
inspection tools. The types of data to be collected are typically available in con-
struction records, operating and maintenance histories, alignment sheets, corrosion 
survey records, other aboveground inspection records, and inspection reports from 
prior integrity evaluations or maintenance actions.

1.2.2.2	 Indirect Inspection. The Indirect Inspection Step covers aboveground inspections 
to identify and define the severity of coating faults, other anomalies, and areas 
where corrosion activity may have occurred or may be occurring. Two or more indi-
rect inspection tools are used over the entire pipeline segment to provide improved 
detection reliability under the wide variety of conditions that may be encountered 
along a pipeline right-of-way.

1.2.2.3	 Direct Examination. The Direct Examination Step includes analyses of indirect in-
spection data to select sites for excavations and pipe surface evaluations. The data 
from the direct examinations are combined with prior data to identify and assess the 
effect of external corrosion on the pipeline. In addition, evaluation of pipeline coating 
performance, corrosion defect repairs, and mitigation of corrosion protection faults 
are included in this step.

1.2.2.4	 Postassessment. The Postassessment Step covers analyses of data collected 
from the previous three steps to assess the effectiveness of the ECDA process and 
determine reassessment intervals.

Copyright NACE International 
Provided by Accuris under license with NACE  
No reproduction or networking permitted without license from Accuris

 



NACE SP0502-2025
©2025 Association for Materials Protection and Performance (AMPP). All rights reserved. 

9

1.2.3	 When ECDA is applied for the first time on a pipeline (i.e., baseline) more stringent requirements 
shall be applied. These requirements include but are not limited to additional data collection, direct 
examinations, and postassessment activities.

1.2.3.1	 For baseline ECDA segments, more stringent requirements are used to provide an 
enhanced understanding of pipeline integrity with respect to external corrosion.

1.3	 ECDA Completion

1.3.1	 The ECDA is considered complete when the operator has all necessary information for all four 
steps and the reassessment interval has been established.

1.4	 Supplemental Information

1.4.1	 Data collection methods before coating removal used during the Direct Examination Step are pre-
sented in Appendix A (nonmandatory).

1.4.2	 Corrosion damage and corrosion depth measurements used during the Direct Examination Step 
are presented in Appendix B (nonmandatory).

1.4.3	 Corrosion rate estimation methods used during the Postassessment Step are presented in Appen-
dix C (nonmandatory).
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Figure 1(a): External Corrosion Direct Assessment Flow Chart—Part 1 
(Numbers refer to paragraph numbers in this standard.)
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Figure 1(b): External Corrosion Direct Assessment Flow Chart—Part 2 
(Numbers refer to paragraphs in this standard.)
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Section 2: Definitions

For corrosion-related terms and definitions used in this Standard Practice, refer to NACE/ASTM G193, “Standard Ter-
minology and Acronyms Relating to Corrosion,” with the following additional terms and definitions.

Alternating Current Voltage Gradient (ACVG): A method of measuring the change in leakage current in the soil along 
and around a pipeline to locate coating holidays and characterize corrosion activity.

Anomaly: Any deviation from nominal conditions in the external wall of a pipe, its coating, or the electromagnetic con-
ditions around the pipe.

Baseline: The application of an ECDA (first-time or other) that necessitates more stringent requirements to provide an 
enhanced understanding of the pipeline’s integrity with respect to external corrosion.

Classification: The process of estimating the likelihood of corrosion activity at an indirect inspection indication under 
typical year-round conditions.

Close-Interval Survey (CIS): A method of measuring the potential between the pipe and earth at regular intervals 
along the pipeline.

Coating Holiday: A discontinuity in a protective coating that exposes unprotected surface to the environment. Also 
called a holiday. 

Corrosion Activity: A state in which corrosion is active and ongoing at a rate that is sufficient to reduce the pres-
sure-carrying capacity of a pipe during the pipeline design life.

Current Attenuation Survey: A method of measuring the overall condition of the coating on a pipeline based on the 
application of electromagnetic field propagation theory. Concomitant data collected may include depth, coating resis-
tance and conductance, anomaly location, and anomaly type.

Defect: An anomaly in the pipe wall that reduces the pressure-carrying capacity of the pipe.

Defect and Causal Analysis: The developed rationalized and engineered understanding of why a defect (coating 
holiday, corrosion, gouge, etc.) has occurred.

Direct Current Voltage Gradient (DCVG): A method of measuring the change in electrical voltage gradient in the soil 
along and around a pipeline to locate coating holidays and characterize corrosion activity.

Direct Assessment: The application of a systematic and strategic approach to evaluate the integrity of a pipeline or 
system of pipelines using indirect and direct examination techniques.

Direct Examination: Inspections and measurements made on the pipe surface at excavations as part of ECDA.

Disbonded Coating: Any loss of adhesion between the protective coating and a pipe surface as a result of adhesive 
failure, chemical attack, mechanical damage, hydrogen concentrations, etc. Disbonded coating may or may not be 
associated with a coating holiday.

ECDA: See External Corrosion Direct Assessment (ECDA).

ECDA Region: A section or sections of a pipeline that have similar physical characteristics, corrosion histories, and 
expected future corrosion conditions, and in which the same indirect inspection tools are used.

ECDA Segment: A portion of a pipeline that is (to be) assessed using ECDA. A segment consists of one or more ECDA 
regions.

Electrolyte: A chemical substance containing ions that migrate in an electric field. For the purposes of this standard, 
electrolyte refers to the soil or liquid adjacent to and in contact with a buried or submerged metallic piping system, in-
cluding the moisture and other chemicals contained therein.
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External Corrosion Direct Assessment (ECDA): A four-step process that combines preassessment, indirect inspec-
tion, direct examination, and postassessment to evaluate the effect of external corrosion on the integrity of a pipeline.

Fault: Any anomaly in the coating, including disbonded areas and holidays.

Ferrous Material: A metal that consists mainly of iron. In this standard, ferrous materials include steel, cast iron, and 
wrought iron.

Hydrostatic Testing: Proof testing of sections of a pipeline by filling the line with water and pressurizing it until the 
nominal hoop stresses in the pipe reach a specified value.

Immediate Indication: An indication that requires remediation or repair in a relatively short time span.

Indication: Any deviation from the norm as measured by an indirect inspection tool.

Indirect Inspection: Equipment and practices used to take measurements at the ground surface above or near a 
pipeline to locate or characterize corrosion activity, coating holidays, or other anomalies.

In-Line Inspection (ILI): the inspection of a pipeline from the interior of the pipe using an in-line inspection tool. The 
tools used to conduct ILI are known as pigs or smart pigs.

Maximum Allowable Operating Pressure (MAOP): the maximum internal pressure permitted during the operation of 
a pipeline.

Mechanical Damage: Any of many types of anomalies in pipe, including dents, gouges, and metal loss, caused by the 
application of an external force.

Monitored Indication: An indication that is less significant than a scheduled indication and that does not need to be 
addressed or require remediation or repair before the next scheduled reassessment of a pipeline segment.

Prioritization: The process of estimating the need to perform a direct examination at each indirect inspection indication 
based on current corrosion activity plus the extent and severity of prior corrosion. The three levels of priority are imme-
diate, scheduled, and monitored, in this order.

Plausible Profile Corrosion Assessment Model (Psqr): A new ASME B31G family model that uses the plausible pro-
files of corrosion morphology to evaluate the load-carrying capacity of energy pipelines subject to metal-loss corrosion. 

Region: See ECDA Region.

Remediation: As used in this standard, remediation refers to corrective actions taken to mitigate deficiencies in the 
corrosion protection system.

Root-Cause Analysis (RCA) (from ASME B31.8S): Family of processes implemented to determine the primary cause 
of an event. These processes all seek to examine a cause-and-effect relationship through the organization and analysis 
of data.

Scheduled Indication: An indication that is less significant than an immediate indication, but which is to be addressed 
before the next scheduled reassessment of a pipeline segment.

Shielding: (1) Protecting; protective cover against mechanical damage; (2) preventing or diverting cathodic protection 
current from its natural path.

Sound Engineering Practice: Reasoning exhibited or based on thorough knowledge and experience, logically valid 
and having technically correct premises that demonstrate good judgment or sense in the application of science.

Voltage: An electromotive force or a difference in electrode potentials, commonly expressed in volts.
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Section 3: Preassessment

3.1	 Introduction

3.1.1	 The objectives of the Preassessment Step are to determine whether ECDA is feasible for the pipe-
line to be evaluated, identify ECDA regions, and select indirect inspection tools.

3.1.2	 The Preassessment Step requires a sufficient amount of data collection, integration, and analyses. 

3.1.3	 The Preassessment Step includes the following activities, as shown in Figure 2:

3.1.3.1	 Data collection;

3.1.3.2	 Assessment of ECDA feasibility;

3.1.3.3	 Identification of ECDA regions; and

3.1.3.4	 Selection of indirect inspection tools.

Figure 2: Preassessment Step  
(Numbers refer to paragraphs in this standard.)
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3.2	 Data Collection

3.2.1	 The pipeline operator shall collect historical and current data along with physical information for 
the segment to be evaluated.

3.2.1.1	 The pipeline operator shall define minimum data requirements based on the history 
and condition of the pipeline segment. In addition, the pipeline operator shall identify 
data elements that are critical to the success of the ECDA process.

3.2.1.2	 All parameters that affect ECDA region definition (see Paragraph 3.4) and indirect 
inspection tool selection (see Paragraph 3.5) shall be considered for baseline ECDA 
process applications on a pipeline segment.

3.2.2	 As a minimum, the pipeline operator shall include data from the following five categories, as shown 
in Table 1. The data elements were selected to provide guidance on the types of data to be collected 
for ECDA. Not all items in Table 1 are necessary for the entire pipeline. In addition, a pipeline opera-
tor may determine that items not included in Table 1 are necessary.

3.2.2.1	 Pipe related;

3.2.2.2	 Construction related;

3.2.2.3	 Soils/environmental;

3.2.2.4	 Corrosion control; and

3.2.2.5	 Operational data.

Table 1
ECDA Data Elements(A)

Data Elements Indirect Inspection 
Tool Selection ECDA Region Definition Use and Interpretation of Results

PIPE RELATED

Material (steel, cast iron, 
etc.) and grade

ECDA not appropriate 
for nonferrous 

materials.

Special considerations should 
be given to locations where 
dissimilar metals are joined.

Can create local corrosion cells when 
exposed to the environment.

Diameter
May reduce detection 
capability of indirect 

inspection tools.

Influences CP current flow and 
interpretation of results.

Wall thickness Affects critical defect size and 
remaining life predictions.

Year manufactured

Older pipe materials typically have 
lower toughness levels, which reduces 
critical defect size and remaining life 

predictions.

Seam type

Locations with pre-1970 low-
frequency electric resistance 

welded (ERW) or flash-welded 
pipe with increased selective 
seam corrosion susceptibility 
may require separate ECDA 

regions.

Older pipe typically has lower weld 
seam toughness that reduces critical 
defect size. Pre-1970 ERW or flash-

welded pipe seams may be subject to 
higher corrosion rates than the base 

metal.
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Data Elements Indirect Inspection 
Tool Selection ECDA Region Definition Use and Interpretation of Results

Bare pipe

Limits ECDA 
application. Fewer 

available tools—See 
NACE SP0207 and 

NACE TM0109.

Segments with bare pipe in 
coated pipelines should be in 

separate ECDA regions.

Specific ECDA methods provided in 
NACE SP0207 and NACE TM0109.

CONSTRUCTION RELATED

Year installed

Affects time over which coating 
degradation may have occurred, defect 

population estimates, and corrosion 
rate estimates.

Route changes/
modifications

Changes may require separate 
ECDA regions.

Route maps/aerial 
photos

Provides general applicability 
information and ECDA region 

selection guidance.

Typically contain pipeline data that 
facilitate ECDA.

Construction practices

Construction practice differences 
may require separate ECDA 

regions (i.e., horizontal directional 
drill (HDD), cased crossings, etc.)

May indicate locations at which 
construction problems may have 
occurred (e.g., backfill practices 

influence probability of coating damage 
during construction).

Locations of valves, 
clamps, supports, taps, 
mechanical couplings, 
expansion joints, cast 

iron components, tie-ins, 
insulating joints, etc.

Significant drains or changes 
in CP current should be 

considered separately; special 
considerations should be given 
to locations at which dissimilar 

metals are connected.

May affect local current flow and 
interpretation of results; dissimilar 
metals may create local corrosion 
cells at points of contact; coating 

degradation rates may be different from 
adjacent regions.

Locations of and 
construction methods 

used at casings 

May preclude use 
of some indirect 
inspection tools.

Requires separate ECDA 
regions.

May require operator to extrapolate 
nearby results to inaccessible regions. 
Additional tools and other assessment 

activities may be required.

Locations of bends, 
including miter bends 

and wrinkle bends 

Presence of miter bends and 
wrinkle bends may influence 

ECDA region selection.

Coating degradation rates may be 
different from adjacent regions; 

corrosion on miter and wrinkle bends 
can be localized, which affects local 

current flow and interpretation of 
results.

Depth of cover
Restricts the use 
of some indirect 

inspection techniques.

May require different ECDA 
regions for different ranges of 

depths of cover.

May affect current flow and 
interpretation of results.

Underwater sections and 
river crossings

Restricts the use 
of many indirect 

inspection techniques.

Requires separate ECDA 
regions.

Changes current flow and interpretation 
of results.

Locations of river weights 
and anchors

Reduces available 
indirect inspection tools.

May require separate ECDA 
regions.

Influences current flow and 
interpretation of results; corrosion near 
weights and anchors can be localized, 

which affects local current flow and 
interpretation of results.

Proximity to other 
pipelines, structures, 
high-voltage electric 

transmission lines, and 
rail crossings

May preclude use 
of some indirect 

inspection methods.

Regions where the CP currents 
are significantly affected by 
external sources should be 
treated as separate ECDA 

regions.

Influences local current flow and 
interpretation of results.
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Data Elements Indirect Inspection 
Tool Selection ECDA Region Definition Use and Interpretation of Results

SOILS/ENVIRONMENTAL

Soil characteristics/types
(Refer to Appendixes A 

and C.)

Some soil 
characteristics reduce 
the accuracy of various 

indirect inspection 
techniques.

Influences where corrosion is 
most likely; significant differences 
generally require separate ECDA 

regions.

Can be useful in interpreting results. 
Influences corrosion rates and 

remaining life assessment.

Drainage

Influences where corrosion is 
most likely; significant differences 

may require separate ECDA 
regions.

Can be useful in interpreting results. 
Influences corrosion rates and 

remaining life assessment.

Topography

Conditions such as 
rocky areas can make 

indirect inspections 
difficult or impossible.

Land use (current/past)

Paved roads, etc., 
influence indirect 
inspection tool 

selection.

Can influence ECDA application 
and ECDA region selection.

Frozen ground
May affect applicability 

and effectiveness of 
some ECDA methods.

Frozen areas should be 
considered separate ECDA 

regions.

Influences current flow and 
interpretation of results.

CORROSION CONTROL

CP system type (anodes, 
rectifiers, and locations)

May affect ECDA tool 
selection.

Localized use of sacrificial anodes 
within impressed current systems may 
influence indirect inspection. Influences 

current flow and interpretation of 
results.

Stray current sources/
locations

Influences current flow and 
interpretation of results.

Test point locations (or 
pipe access points)

May provide input when defining 
ECDA regions.

CP evaluation criteria Used in postassessment analysis.

CP maintenance history Coating condition indicator. Can be useful in interpreting results.

Years without CP applied May make ECDA more difficult 
to apply.

Negatively affects ability to estimate 
corrosion rates and make remaining life 

predictions.

Coating type (pipe)
ECDA may not be 

appropriate for coatings 
that cause shielding.

May impact the selection and 
number of ECDA regions.

Coating type may influence time at 
which corrosion begins and estimates 
of corrosion rate based on measured 

wall loss.

Coating type (joints such 
as girth welds, couplings, 

etc.)

ECDA may not be 
appropriate for coatings 

that cause shielding. 

May impact the selection and 
number of ECDA regions.

Shielding caused by certain joint 
coatings may lead to requirements for 

other assessment activities.

Coating condition
ECDA may be difficult 
to apply with severely 
degraded coatings.

Current demand

Increasing current demand may 
indicate areas where coating 

degradation is leading to more exposed 
pipe surface area.

CP survey data/history Can be useful in interpreting results.
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Data Elements Indirect Inspection 
Tool Selection ECDA Region Definition Use and Interpretation of Results

OPERATIONAL DATA
Pipe operating 
temperature 

Significant differences generally 
require separate ECDA regions.

Can locally influence coating 
degradation rates.

Operating stress levels 
and fluctuations

Affects critical defect size and 
remaining life predictions.

Monitoring programs 
(coupons, patrol, leak 

surveys, etc.)

May provide input when defining 
ECDA regions.

May affect repair, remediation, and 
replacement schedules.

Pipe inspection reports 
(excavation)

May provide input when defining 
ECDA regions.

Repair history/records 
(steel/composite repair 

sleeves, repair locations, 
etc.)

May affect ECDA tool 
selection.

Prior repair methods, such as 
anode additions, can create 
a local difference that may 

influence ECDA region selection.

Provide useful data for postassessment 
analyses such as interpreting data near 

repairs.

Leak/rupture history 
(external corrosion)

Can indicate condition of existing 
pipe.

Evidence of external MIC MIC may accelerate external corrosion 
rates.

Type/frequency (third-
party damage)

High third-party damage areas may 
have increased indirect inspection 

coating fault detects.

Data from previous over-
the-ground or from-the-

surface surveys

Essential for preassessment and ECDA 
region selection.

Hydrostatic testing dates/
pressures Influences inspection intervals.

Other prior integrity-
related activities—
CIS, ILI runs, etc.

May affect ECDA tool 
selection—isolated vs. 
larger corroded areas.

Useful postassessment data.

(A) Those items that are shaded are most important for tool selection purposes.

3.2.3	 The data collected in the Preassessment Step often include the same data typically considered in 
an overall pipeline risk (threat) assessment. Depending on the pipeline operator’s integrity man-
agement plan and its implementation, the operator may conduct the Preassessment Step in con-
junction with a general risk assessment effort.

3.2.4	 In the event the pipeline operator determines that sufficient data for some ECDA regions compris-
ing a segment are not available or cannot be collected to support the Preassessment Step, then 
the operator shall determine the feasibility of the ECDA. 

3.3	 ECDA Feasibility Assessment

3.3.1	 The pipeline operator shall integrate and analyze the collected data to determine whether condi-
tions for which indirect inspection tools cannot be used or that would preclude ECDA application 
exist. The following conditions may make it difficult to apply ECDA:

3.3.1.1	 Locations at which coatings cause electrical shielding;

3.3.1.2	 Backfill with significant rock content or rock ledges;

3.3.1.3	 Certain ground surfaces, such as pavements, frozen ground, and reinforced concrete;
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3.3.1.4	 Situations that lead to an inability to acquire aboveground measurements in a rea-
sonable time frame;

3.3.1.5	 Locations with adjacent buried metallic structures; and

3.3.1.6	 Segments of pipe where indirect inspection tools cannot be used effectively.

3.3.2	 If the conditions along a pipeline segment are such that indirect inspection or alternative methods 
of assessing integrity cannot be applied, this standard ECDA process is no longer applicable.

3.3.3	 If there are locations along a pipeline segment at which direct examinations are not practicable, 
the ECDA process may be applied if the pipeline operator uses other methods (in-line inspection, 
pressure test, guided wave, etc.) to address the external corrosion threat and evaluate the integrity 
of the location.

3.3.3.1 	 The operator may elect to use the alternative method instead of ECDA or in combi-
nation with ECDA, and at times may leverage the alternative method to count as one 
or more of the required digs.

3.4	 Identification of ECDA Regions

3.4.1	 The pipeline operator shall analyze the data collected in the Preassessment Step to identify ECDA 
regions.

3.4.1.1	 The pipeline operator shall define criteria for identifying ECDA regions.

3.4.1.1.1	 An ECDA region is a section or sections of a pipeline that have sim-
ilar physical characteristics, corrosion histories, and expected future 
corrosion conditions, and in which the same indirect inspection tools 
are used.

3.4.1.1.2	 The pipeline operator shall consider conditions that could significant-
ly affect external corrosion when defining criteria for ECDA regions. 
Tables  1 and  2 may be used as guidance for establishing ECDA 
regions. Not all items in Table 1 are necessary in the determination 
of an ECDA region. In addition, a pipeline operator may determine 
that items not included in Table 1 are necessary when establishing 
an ECDA region.

	 Table 2 shall be considered for establishing ECDA regions. Not all 
items in Table 2 are necessary to develop an ECDA region. In addi-
tion, a pipeline operator may determine that indirect inspection tools 
not included in Table 2 are necessary when establishing an ECDA 
region.

3.4.1.2	 The definitions of ECDA regions may be modified based on results from the Indirect 
Inspection Step and the Direct Examination Step. The definitions made at this point 
are preliminary and are expected to be fine-tuned later in the ECDA process.

3.4.1.3	 A single ECDA region does not need to be contiguous. That is, an ECDA region may 
be broken along the pipeline, for example, if similar conditions are encountered on 
either side of a river crossing.

3.4.1.4	 All segments should be included in ECDA regions.

3.4.2	 Figure 3 gives an example definition of ECDA regions for a given pipeline.
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3.4.2.1	 The pipeline operator defined four distinct sets of physical characteristics and histo-
ries.

3.4.2.2	 Based on the choice of indirect inspection tools, the soil characteristics, and the 
previous history, the pipeline operator defined six ECDA regions. Note that one re-
gion, ECDA 1, is not contiguous: two locations along the pipeline have the same 
soil characteristics, history, and indirect inspection tools and have therefore been 
categorized as the same region (ECDA 1).

Figure 3: Example Definitions of ECDA Regions

3.5 	 Selection of Indirect Inspection Tools

3.5.1  	 The pipeline operator shall select a minimum of two indirect inspection tools for all locations and 
regions where ECDA is to be applied along the pipeline segment (ECDA regions are defined in 
Paragraph 3.4).

3.5.1.1	 The pipeline operator shall select indirect inspection tools based on their ability to 
detect corrosion activity and coating holidays reliably under the specific pipeline 
conditions to be encountered.

3.5.1.2	 The pipeline operator should select indirect inspection tools that are complementary. 
That is, the operator should select tools such that the strengths of one tool compen-
sate for the limitations of another.

3.5.1.3	 The pipeline operator may substitute a 100% direct examination in accordance with 
Appendixes A and B in lieu of indirect inspections and selected direct examinations 
at bellhole locations. In such a case, the preassessment and postassessment steps 
must also be followed.

3.5.2  	 The “indirect inspection tool selection” column in Table 1 includes items that should be considered 
when indirect inspection tools are selected. Those items that are shaded should be considered for 
tool selection purposes.

3.5.3  	 Table 2 provides additional guidance on selecting indirect inspection tools and specifically ad-
dresses conditions under which some indirect inspection tools may not be practical or reliable. 
NACE SP0207 and NACE TM0109 contain additional information on appropriate safety precau-
tions that should be observed when electrical measurements are made.
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Table 2
ECDA Tool Selection Matrix(A)

CONDITIONS
Close-Interval 
Survey (CIS)

Voltage 
Gradient 

Surveys (ACVG 
and DCVG) Pearson1

Current 
Attenuation 

Surveys
Coating holidays 2 1, 2 2 1, 2

Anodic zones on bare pipe 2 3 3 3

Near river or water crossing 2 2 2 2

Under frozen ground 3 3 3 1, 2

Stray currents 2 1, 2 2 1, 2

Shielded corrosion activity 3 3 3 3

Adjacent metallic structures 2 1, 2 3 1, 2

Near parallel pipelines 2 1, 2 3 1, 2

Under high-voltage alternating current (HVAC) overhead 
electric transmission lines 2 1, 2 2 2

Under paved roads 3 3 3 1, 2

Crossing other pipeline(s) 2 1, 2 2 1, 2

Cased piping 3 3 3 3

At very deep burial locations 3 3 3 3

Wetlands 2 1, 2 2 1, 2

Rocky terrain/rock ledges/rock backfill 3 3 3 2
(A) Limitations and Detection Capabilities: All survey methods are limited in sensitivity to the type and makeup of the soil, 
presence of rock and rock ledges, type of coating, such as high dielectric tapes, construction practices, interference currents, and 
other structures. Two or more survey methods may be needed to obtain desired results and confidence levels.

Shielding by Disbonded Coating: None of these survey tools is capable of detecting coating conditions that exhibit no electrically 
continuous pathway to the soil. If there is an electrically continuous pathway to the soil, such as through a small holiday or orifice, 
tools such as DCVG or current attenuation may detect these defect areas. This comment pertains to only one type of shielding 
from disbonded coatings. Current shielding, which may or may not be detectable with the indirect inspection methods listed, can 
also occur from other metallic structures and from soil or geological conditions.

Pipe Depths:  All of the survey tools are less sensitive in the detection of coating holidays when pipe burials increase in depths. 
Field conditions and terrain may affect depth ranges and detection sensitivity.

KEY
1	 =	 Applicable: Small coating holidays (isolated and typically < 600 mm2 [1 in2]) and conditions that do not cause fluctuations 

in CP potentials under normal operating conditions.
2	 =	 Applicable: Large coating holidays (isolated or continuous) or conditions that cause fluctuations in CP potentials under 

normal operating conditions.
3	 =	 Applicable where the operator can demonstrate, through sound engineering practice and thorough analysis of the 

inspection location, that the chosen methodology produces accurate comprehensive results and results in a valid integrity 
assessment of the pipe being evaluated.

3.5.3.1	 Soil resistivity information may be beneficial in interpreting the results of indirect 
inspection surveys, such as when evaluating changes in cathodic protection levels 
and when attempting to characterize the relative severity of a coating indication. Soil 
resistivity data may also be integrated with other data to assess the corrosiveness 
of the environment along the pipeline segment to provide a complementary indirect 
inspection tool, such as with a bare or poorly coated pipeline, as long as the require-
ments of Paragraph 3.5.3.2 are met.

3.5.3.2	 The techniques included in Table 2 are not intended to illustrate the only inspection 
methods that are applicable or the capabilities of these inspection methods under all 
conditions. Rather, they are listed as representative examples of the types of indirect 
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inspection methods available for an ECDA program. Other indirect inspection meth-
ods can and should be used as required by the unique situations along a pipeline or 
as new technologies are developed. In addition, the user should assess the capabil-
ities of any method independently before incorporating it in an ECDA program.

3.5.3.3	 The pipeline operator does not have to use the same indirect inspection tools at 
all locations along the pipeline segment. Figure 4 provides an example of how the 
selection of indirect inspection tools may vary along a segment.

Figure 4: Example Selection of Indirect Inspection Tools

Section 4: Indirect Inspection

4.1	 Introduction

4.1.1	 The objective of the Indirect Inspection Step is to identify and define the severity of coating holidays, 
other anomalies, and areas at which corrosion activity may have occurred or may be occurring.

4.1.2	 The Indirect Inspection Step requires the use of at least two at-grade or aboveground inspections over 
the entire length of each ECDA region and includes the following activities, as shown in Figure 5:

4.1.2.1	 Performing indirect inspections in each ECDA region established in the Preassess-
ment Step; and

4.1.2.2	 Aligning and comparing the data.

4.1.3	 More than two indirect inspections may be required in any ECDA region (see Paragraph 4.3.3.1).

4.2	 Indirect Inspection Measurements

4.2.1	 Before performing the indirect inspection, the boundaries of each ECDA region identified in the 
Preassessment Step should be identified and clearly marked.

4.2.1.1	 Measures to ensure a continuous indirect inspection is achieved over the pipeline 
or segment being evaluated should be used. These measures may include some 
inspection overlap into adjacent ECDA regions.

4.2.2	 Each indirect inspection shall be performed over the entire length of each ECDA region. Each indirect 
inspection must be performed and analyzed in accordance with generally accepted industry practices.
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4.2.2.1	 NACE SP0200, NACE SP0207, NACE TM0109, and NACE TM0497 provide typical 
procedures for the indirect inspection tools listed in Table 2.

Figure 5: Indirect Inspection Step 
(Numbers refer to paragraphs in this standard.)

4.2.2.2	 When ECDA is applied for the first time, the pipeline operator should consider spot 
checking, repeating indirect inspections, or other verification means to ensure con-
sistent data are obtained.

4.2.3	 Indirect inspections shall be performed using intervals spaced closely enough to permit a detailed 
assessment. The distance selected must be such that the inspection tool can detect and locate 
suspected corrosion activity on the segment.

4.2.4	 The indirect inspections should be performed as close together in time as practical.
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4.2.4.1	 If significant changes occur between the times of the indirect inspections, such as 
through a change of seasons or installation or abandonment of pipeline facilities, 
comparison of the results may be difficult or invalid.

4.2.5	 Aboveground location measurements should be referenced to precise geographical locations 
(e.g., using the global positioning system [GPS]) and documented so that inspection results can 
be compared and used to identify excavation locations.

4.2.5.1	 Spatial errors cause difficulties when indirect inspection results are compared. Using 
a large number of aboveground reference points, such as fixed pipeline features and 
additional aboveground markers, reduces errors.

4.2.5.2	 Commercially available software-based graphical overlay methods and similar tech-
niques may be used to help resolve spatial errors.

4.3	 Alignment and Comparison

4.3.1	 After the indirect inspection data are taken, indications shall be identified and aligned for comparison.

4.3.1.1	 The pipeline operator shall define criteria for identifying indications.

4.3.1.1.1	 When applied to coated lines, the criteria for identifying indications 
should be sufficient to locate coating faults regardless of corrosion 
activity at the fault.

4.3.1.1.2	 When applied to bare and poorly coated lines, the criteria for identi-
fying indications should be sufficient to locate anodic regions.

4.3.1.2	 When aligning indirect inspection results, the pipeline operator must consider the ef-
fect of spatial alignment errors. The operator should consider whether two or more re-
ported indication locations could be coincident as a result of spatial integration errors.

4.3.2	 After identifying and aligning indications, the pipeline operator shall define and apply criteria for 
classifying the severity of each indication.

4.3.2.1	 Classification, as used in this standard, is the process of estimating the likelihood of 
corrosion activity at an indirect inspection indication under typical year-round condi-
tions. The following classifications may be used:

4.3.2.1.1	 Severe—indications that the pipeline operator considers as having 
the highest likelihood of corrosion activity.

4.3.2.1.2	 Moderate—indications that the pipeline operator considers as hav-
ing possible corrosion activity.

4.3.2.1.3	 Minor—indications that the pipeline operator considers inactive or 
as having the lowest likelihood of corrosion activity.

4.3.2.2	 The criteria for classifying the severity of each indication should take into account 
the capabilities of the indirect inspection tool used and the unique conditions within 
an ECDA region.

4.3.2.3	 When ECDA is applied for the first time, the pipeline operator should endeavor to make 
classification criteria as stringent as practicable. For example, indications for which the 
operator cannot determine whether corrosion is active should be classified as severe.

4.3.2.4	 Table 3 gives example severity classification criteria for several indirect inspection 
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methods on a pipeline with an impressed current cathodic protection system. The 
pipeline operator shall establish their own set of criteria using quantified metrics. 
Cased crossing severity criteria shall be established separately from pipeline seg-
ments without a casing. The examples given in Table 3 are meant as general, not 
absolute, criteria. The operator must develop a set of specific conditions to define 
the severity classification criteria along their pipeline.

Table 3
Example Severity Classification Criteria for an Impressed Current Cathodic Protection System

Tool/Environment Minor Moderate Severe

CIS, aerated moist soil Small dips or on and off 
potentials above CP criteria

Medium dips or off potentials 
below CP criteria

Large dips or on and 
off potentials below CP 

criteria

DCVG, ACVG, or Pearson 
survey, similar conditions Small indication Medium indication Large indication

Current Attenuation 
Surveys

Small increase in attenuation 
per unit length

Moderate increase in attenuation 
per unit length

Large increase in 
attenuation per unit length

4.3.3	 After indications have been identified and classified, the pipeline operator shall compare the re-
sults from the indirect inspections to determine whether they are consistent.

4.3.3.1	 If two or more indirect inspection tools indicate significantly different results at loca-
tions at which corrosion activity may exist and if the differences cannot be explained 
by the inherent capabilities of the tools or specific and localized pipeline features or 
conditions, additional indirect inspections or preliminary direct examinations should 
be considered.

4.3.3.1.1	 Preliminary direct examinations may be used to resolve discrepan-
cies in lieu of additional indirect inspections, provided the direct ex-
aminations identify a localized and isolated cause of the discrepancy.

4.3.3.1.2	 If preliminary direct examinations cannot be used to resolve the dis-
crepancies, additional indirect inspections should be considered in 
accordance with Paragraph 3.5, after which the data must be aligned 
and compared as described above.

4.3.3.1.3	 If additional indirect inspections are not performed or do not resolve 
the discrepancies, ECDA feasibility should be reassessed. As an al-
ternative, the pipeline operator may use other proven integrity as-
sessment technologies.

4.3.3.1.4	 For baseline ECDA segments, any location at which discrepancies 
cannot be resolved shall be categorized as severe.

4.3.4	 After discrepancies have been resolved, the pipeline operator shall compare the results with the 
preassessment results and prior history for each ECDA region.

4.3.4.1	 If the pipeline operator determines that the results from the indirect inspection are 
not consistent with the preassessment results and prior history, the operator should 
reassess ECDA feasibility and ECDA region definition. As an alternative, the pipeline 
operator may use other proven integrity assessment technologies.
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Section 5: Direct Examination

5.1	 Introduction

5.1.1	 The Objectives of the Direct Examination Step are to determine which indications from the indirect 
inspection step are most severe and collect data to assess corrosion activity.

5.1.2	 The Direct Examination Step requires excavations to expose the pipe surface so that measure-
ments can be made on the pipeline and in the immediate surrounding environment.

5.1.3	 A minimum of one dig is required regardless of the results of the indirect inspection and preas-
sessment steps. Guidelines for determining the location and minimum number of excavations and 
direct examinations are given in Paragraph 5.3.

5.1.4	 The order in which excavations and direct examinations are made and the length of each excava-
tion are at the discretion of the pipeline operator but should take into account safety and related 
considerations.

5.1.5	 During the Direct Examination Step, defects other than external corrosion may be found. While 
defects such as mechanical damage and SCC may be found, alternative methods must be consid-
ered for assessing the impact of such defect types. Alternative methods are given in ASME B31.4, 
ASME B31.8, ASME B31.8S, and API Std 1160.

5.1.6	 The Direct Examination Step includes the following activities, as shown in Figure 6:
a) 	 Prioritization of indications found during the indirect inspection step;
b)	 Excavations and data collection at areas where corrosion activity is most likely;
c)	 Measurements of coating damage and corrosion defects;
d)	 Evaluations of remaining strength (severity);
e)	 Analyses of discovered condition(s); and
f) 	 A process evaluation.
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Figure 6: Direct Examination Step  
(Numbers refer to paragraphs in this standard.)
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5.2	 Prioritization

5.2.1	 The pipeline operator shall establish criteria for prioritizing the need for direct examination of each 
indication found during the Indirect Inspection Step.

5.2.1.1	 Prioritization, as used in this standard, is the process of estimating the need to per-
form a direct examination at each indirect inspection indication based on current 
corrosion activity plus the extent and severity of prior corrosion. The three levels of 
priority are immediate, scheduled, and monitored, in this order.

5.2.1.2	 Table 4 gives example prioritization criteria for indirect inspection indications. The 
operator must develop their own set of prioritization criteria using quantified metrics. 
Different criteria may be required in different ECDA regions as a function of the pipe-
line condition, age, corrosion protection history, etc.

5.2.1.2.1	 This standard does not establish time requirements for scheduling 
remediation and other actions that may be required by ECDA.

5.2.2	 Minimum prioritization requirements are given for three priority categories as follows:

5.2.2.1	 Immediate action required—this priority category should include indications that the 
pipeline operator considers as likely to have ongoing corrosion activity and that, 
when coupled with prior corrosion, pose an immediate threat to the pipeline under 
normal operating conditions.

5.2.2.1.1	 Multiple severe indications in close proximity shall be placed in this 
priority category.

5.2.2.1.2	 Isolated indications that are classified as severe by more than one 
indirect inspection tool at roughly the same location shall be placed 
in this priority category.

5.2.2.1.3	 For initial ECDA applications, any location at which unresolved dis-
crepancies have been noted between indirect inspection results 
shall be placed in this priority category.

5.2.2.1.4	 Consideration shall be given to placing other severe and moderate 
indirect inspection indications in this priority category if significant 
prior corrosion is suspected at or near the indication.

5.2.2.1.5	 Indications for which the operator cannot determine the likelihood of 
ongoing corrosion activity should be placed in this priority category.

5.2.2.2	 Scheduled action required—this priority category should include indications that 
the pipeline operator considers may have ongoing corrosion activity but that, when 
coupled with prior corrosion, do not pose an immediate threat to the pipeline under 
normal operating conditions.

5.2.2.2.1	 Severe indications that are not in close proximity to other severe indi-
cations and which were not placed in the “immediate action required” 
category shall be placed in this priority category.

5.2.2.2.2	 Consideration shall be given to placing moderate indications in this 
priority category if significant or moderate prior corrosion is likely at 
or near the indication.
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5.2.2.3	 Suitable for monitoring—this priority category should include indications that the 
pipeline operator considers inactive or as having the lowest likelihood of ongoing or 
prior corrosion activity.

5.2.3	 In setting these criteria, the pipeline operator shall consider the physical characteristics of each 
ECDA region under year-round conditions, the region’s history of prior corrosion, the indirect in-
spection tools used, and the criteria used for identification and classification of indications.

5.2.3.1	 When a baseline ECDA is conducted, the pipeline operator should endeavor to 
make prioritization criteria as stringent as practicable. For example, indications for 
which the operator cannot estimate prior corrosion damage or determine whether 
corrosion is active should be categorized as immediate action required or scheduled 
action required.

Table 4
Example Prioritization Criteria for Indirect Inspection Indications

Immediate Action Required Scheduled Action Required Suitable for Monitoring

•	 Severe indications in close proximity regardless of 
prior corrosion.

•	 Individual severe indications or groups of moderate 
indications in regions of moderate prior corrosion.

•	 Moderate indications in regions of severe prior 
corrosion.

•	 All remaining severe indications.
•	 All remaining moderate indications in 

regions of moderate prior corrosion.
•	 Groups of minor indications in regions 

of severe prior corrosion.

•	 All remaining indications.

5.3	 Guidelines for Determining the Required Number of Direct Examinations

5.3.1 	 Immediate Action Required

5.3.1.1	 All indications prioritized as Immediate Action Required must undergo direct examination.

5.3.1.2	 The need to perform direct examinations of indications that are reprioritized from 
immediate action required to scheduled action required may follow the guidelines for 
scheduled indications.

5.3.2	 Scheduled Action Required

5.3.2.1	 Some indications in the scheduled category require direct examination.

5.3.2.2	 For each ECDA region that contains a scheduled indication(s), the operator must 
perform a direct examination of the most severe of scheduled indications. To deter-
mine the most severe of scheduled indications, an operator may prioritize the indi-
cations based on indirect inspection data, historical corrosion records, and current 
corrosive conditions.

5.3.2.2.1	 When a baseline ECDA is conducted, one additional direct examina-
tion shall be performed in each ECDA region containing scheduled 
indications. If a region contains only one scheduled indication, then 
the additional direct examination shall be at a monitored indication 
(or an indication as likely for external corrosion if no monitored indi-
cations exist).

5.3.2.3	 If the external corrosion results of a direct examination at a scheduled indication are 
(1) deeper than 20% of the original wall thickness and (2) more severe (such as having 
a lower safe operating pressure) or deeper than corrosion discovered at an immediate 
indication within the same region, then at least one additional direct examination is 
required or the operator shall determine the feasibility of the ECDA.
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5.3.2.3.1	 When a baseline ECDA is conducted, one additional direct examina-
tion shall be performed.

5.3.3	 Monitored Indications Are Identified

5.3.3.1	 Indications in the monitored category may require direct examination.

5.3.3.2	 If an ECDA region contains monitored indications and the ECDA region did not con-
tain any immediate or scheduled indications, one direct examination is required in 
the ECDA region at the most severe indication.

5.3.3.2.1	 When a baseline ECDA is conducted, one additional direct examina-
tion shall be performed.

5.3.3.3	 If multiple ECDA regions contain monitored indications and did not contain any im-
mediate or scheduled indications, one direct examination is required in the ECDA 
region identified as most likely for external corrosion in the Preassessment Step.

5.3.3.3.1	 When a baseline ECDA is conducted, one additional direct examina-
tion shall be performed.

5.3.3.4	 If the external corrosion results of a direct examination at a monitored indication are 
(1) deeper than 20% of the original wall thickness and (2) more severe (such as having 
a lower safe operating pressure) or deeper than corrosion discovered at an immediate 
indication within the same region, then at least one additional direct examination is 
required or the operator shall determine the feasibility of the ECDA.

5.3.4 	 No Indications Identified

5.3.4.1	 In the event that no indications are identified in a pipeline segment, a minimum of 
one direct examination is required in the ECDA region identified as most likely for 
external corrosion in the Preassessment Step.

5.3.4.1.1	 When a baseline ECDA is conducted, one additional direct examina-
tion shall be performed in the ECDA region identified as most likely 
for external corrosion in the Preassessment Step.

5.3.4.2	 If more than one ECDA region was identified as likely for external corrosion in the 
Preassessment Step, additional direct examinations should be considered.

5.3.4.2.1	 The location(s) chosen for direct examination should be the loca-
tion(s) identified in the Preassessment Step as most likely for exter-
nal corrosion within the ECDA region.

5.3.5	 See Paragraph 6.7 for additional direct examination effectiveness requirements.

5.4	 Excavations and Data Collection

5.4.1	 The pipeline operator shall make excavations based on the priority categories described in Para-
graph 5.2. Guidelines for determining how many indications require excavation are provided in 
Paragraph 5.3.

5.4.1.1	 The pipeline operator should geographically refer to the location for each excavation 
(e.g., using GPS) so that inspection and direct examination results can be directly 
compared.
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5.4.2	 Before excavation, the pipeline operator shall define minimum requirements for consistent data 
collection and record-keeping in each ECDA region. Minimum requirements should include, but 
are not limited to, the types of data to be collected, conditions to be encountered, the types of 
corrosion activity expected, and the availability and quality of prior data.

5.4.3	 Data Collection—Before Coating Removal

5.4.3.1	 The pipeline operator should include data taken prior to excavation, during each 
excavation, and after excavation, but before coating removal.

5.4.3.2	 Typical data measurements and related activities are as follows. NACE SP0207, 
NACE TM0109, and Appendix A contain additional information.

5.4.3.2.1	 Measurement of pipe-to-soil potentials;

5.4.3.2.2	 Measurement of soil resistivity;

5.4.3.2.3	 Soil sample collection;

5.4.3.2.4	 Water sample collection;

5.4.3.2.5	 Measurements of underfilm liquid pH; 

5.4.3.2.6 	 Photographic documentation; and

5.4.3.2.7	 Data for other integrity analyses—MIC, SCC, etc.

5.4.3.3	 The pipeline operator should increase the size (length) of each excavation if con-
ditions that indicate severe coating damage or significant corrosion defects beyond 
either side of the excavation are present.

5.4.4	 Coating Damage and Corrosion Depth Measurements

5.4.4.1	 The pipeline operator shall evaluate the condition of the coating and pipe wall at 
each excavation location.

5.4.4.2	 Minimum requirements should include the types and accuracies of measurements 
to be made, taking into account the conditions to be encountered, the types of cor-
rosion activity expected, and the availability and quality of prior measurement data.

5.4.4.3	 For corrosion defects, minimum requirements should include evaluation of all sig-
nificant defects. The parameters of such a defect should be defined in terms of the 
remaining strength calculation to be used.

5.4.4.4 	 Prior to identifying and mapping corrosion defects, the pipeline operator shall re-
move the coating and clean the pipe surface. Sufficient cleaning and pipe surface 
preparations should be verified before depth and morphology measurements.

5.4.4.5	 Other evaluations unrelated to external corrosion should be considered at this time. 
Such evaluations may include magnetic particle testing for cracks and ultrasonic 
thickness testing for internal defects.

5.4.4.6	 Typical measurements for evaluating the condition of the coating and the pipe are as 
follows. Appendix B contains additional information.

5.4.4.6.1	 Identification of coating type;
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5.4.4.6.2	 Assessment of coating condition;

5.4.4.6.3	 Measurement of coating thickness;

5.4.4.6.4	 Assessment of coating adhesion;

5.4.4.6.5	 Mapping of coating degradation (blisters, disbondment, etc.);

5.4.4.6.6	 Corrosion product data collection;

5.4.4.6.7	 Identification of corrosion defects;

5.4.4.6.8	 Mapping and measurement of corrosion defects; and

5.4.4.6.9	 Photographic documentation.

5.5	 Remaining Strength Evaluation

5.5.1	 The pipeline operator shall evaluate or calculate the remaining strength at locations where corro-
sion defects are found. Commonly used methods of calculating the remaining strength include but 
are not limited to the following:

5.5.1.1 	 Original ASME B31G Method(1)

5.5.1.2	 Modified ASME B31G Method

5.5.1.3 	 Modified ASME B31G Effective Area Method

5.5.1.4 	 Det Norske Veritas (DNV) Recommended Practice DNV-RP-F101, and

5.5.1.5 	 American Petroleum Institute (API) API 579-1/ASME FFS-1.

	 Multiple commercial or proprietary computer software packages, to include custom-
ized software or spreadsheets, are available to facilitate Remaining Strength Eval-
uations. Users are responsible for verifying the accuracy of such systems and to 
adequately train personnel on proper usage.

	 The Modified ASME B31G Effective Area Method may utilize a single river bottom 
defect profile or multiple “plausible” defect profiles.2

5.5.2	 If the remaining strength of a defect is below an acceptable level for the pipeline segment a repair 
or replacement is required (or the MAOP may be lowered such that the MAOP times a suitable 
factor of safety is below the remaining strength).

5.5.3	 An alternative method of assessing the pipeline’s integrity should be considered for the entire 
ECDA region when external corrosion defects are found that would put the pipeline’s integrity at 
risk for continued operation and the ECDA process would not be sufficient at mitigating the long-
term risk(s) (see Paragraphs 6.3.1 and 6.3.2).

5.5.3.1	 The ECDA process helps find representative corrosion defects on a pipeline seg-
ment, but it may not find all corrosion defects on the segment.

5.5.3.2	 If corrosion defects that exceed allowable limits are found, it should be assumed that 
other similar defects may be present elsewhere in the ECDA region.

(1)	  See ASME B31G-2023 for details on the Original, Modified, and Modified Effective Area methods.
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5.6	 In-Process Evaluation

5.6.1	 The pipeline operator shall perform an evaluation to assess the indirect inspection data, the results 
from the remaining strength evaluation, and the analyses of discovered conditions.

5.6.2	 The purpose of the evaluation is to assess the criteria used to categorize the need for repair (see 
Paragraph 5.2) and the criteria used to classify the severity of individual indications (see Para-
graph 4.3.2).

5.6.3	 Assess prioritization criteria

5.6.3.1	 The pipeline operator shall assess the extent and severity of existing corrosion rela-
tive to the assumptions made in establishing priority categories for repair (see Para-
graph 5.2).

5.6.3.2	 If existing corrosion is less severe than prioritized in Paragraph 5.2, the pipeline 
operator may modify the criteria and reprioritize all indications.

5.6.3.3	 If existing corrosion is more severe than prioritized, the pipeline operator shall mod-
ify the criteria and reprioritize all indications.

5.6.3.4	 Any indication for which comparable direct examination measurements show more 
serious conditions than suggested by the indirect inspection data shall be moved to 
a more severe priority category.

5.6.4	 Assess classification criteria

5.6.4.1	 The pipeline operator shall assess the corrosion activity at each excavation relative 
to the criteria used to classify the severity of indications (see Paragraph 4.3.2).

5.6.4.2	 If the corrosion activity is less severe than classified, the pipeline operator may reas-
sess and adjust the criteria used to define the severity of all indications. In addition, 
the pipeline operator may reconsider and adjust the criteria used to prioritize the 
need for repair. For initial ECDA applications, the pipeline operator should not down-
grade any classification or prioritization criteria.

5.6.4.3	 If the corrosion activity is worse than classified, the pipeline operator shall reassess 
and appropriately adjust the criteria used to define the severity of all indications.

5.6.4.3.1	 In addition, the pipeline operator shall consider the need for addition-
al indirect inspections and reconsider and adjust the criteria used to 
prioritize the need for repair.

5.6.4.4	 If repeated direct examinations show corrosion activity that is worse than indicated 
by the indirect inspection data, the pipeline operator should reevaluate the feasibility 
of successfully using ECDA.

5.6.5	 Throughout the ECDA process, if the pipeline operator identifies conditions on the pipeline for 
which ECDA is not well suited, then the operator shall address those conditions and determine 
whether ECDA remains applicable.
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Section 6: Postassessment

6.1	 Introduction

6.1.1	 The objectives of the Postassessment Step are to define reassessment intervals, determine wheth-
er or not to reprioritize indications, and assess the overall effectiveness of the ECDA process.

6.1.2	 The pipeline operator should consider an established timeframe for postassessment documenta-
tion. The pipeline operator should consider an established timeframe for implementation of defect 
and causal analysis findings.

6.1.3	 The conservatism of the reassessment interval is not easy to measure, because there are uncer-
tainties in the remaining defect sizes, the maximum corrosion growth rates, and the periods of a 
year in which defects grow by corrosion. To account for these uncertainties, the reassessment 
interval defined herein is based on a half-life concept. An estimate of the true life is made, and the 
reassessment interval is set at one-half that value.

6.1.3.1	 Basing reassessment intervals on a half-life concept is commonly used in sound 
engineering practice.3

6.1.3.2	 The estimate of true life is based on conservative growth rates and conservative 
growing periods.

6.1.3.3	 To ensure unreasonably long reassessment intervals are not used, the pipeline op-
erator should define a maximum reassessment interval that cannot be exceeded un-
less all indications are addressed. Documents such as ASME B31.4, ASME B31.8, 
ASME B31.8S, and API Std 1160 may provide guidance.

6.1.4	 The Postassessment Step includes the following activities, as shown in Figure 7.

6.1.4.1	 Defect and causal analysis;

6.1.4.2	 Determining mitigation;

6.1.4.3	 Reprioritization;

6.1.4.4	 Remaining life calculations;

6.1.4.5	 Definition of reassessment intervals;

6.1.4.6	 Assessment of ECDA effectiveness; and

6.1.4.7	 Feedback and continuous improvement.

6.2	 Remaining Life Calculations

6.2.1	 If no corrosion defects are found, no remaining life calculation is needed: the remaining life may be 
taken as the same as for a new pipeline.

6.2.2	 The most severe remaining defect shall be taken as the same as the most severe indication 
among all locations that have been excavated (see Section 5).

6.2.2.1	 If the defect causal analyses indicate that the most severe defect is unique, the size 
of the next most severe defect may be used for the remaining life calculations.

6.2.2.2	 As an alternative, a pipeline operator may substitute a different value based on a 
statistical or more sophisticated analysis of the excavated severities.

6.2.3	 The corrosion growth rate shall be based on sound engineering practice.
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6.2.3.1	 When the operator has measured corrosion rate data that apply to the ECDA region(s) 
being evaluated, actual rates may be used.

6.2.3.2	 In the absence of measured corrosion rate data, the values and methods provided in 
Appendix C should be used for growth rate estimates. These corrosion rates have been 
based on the free corrosion of ferrous material in various soil types.

6.2.4	 The remaining life of the maximum remaining defect shall be estimated using a sound engineering practice.

Figure 7: Postassessment Step 
(Numbers refer to paragraphs in this standard.)
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6.2.4.1	 In the absence of an alternative analysis method, the method shown in Equation (1) 
may be used to calculate the remaining life.

	 	
(1)

where:

C = Calibration factor = 0.85 (dimensionless)
RL = Remaining life (y)
SM = Safety margin = Failure pressure ratio – MAOP ratio (dimensionless)
Failure pressure ratio = Calculated failure pressure/yield pressure (dimensionless)
MAOP ratio = MAOP/yield pressure (dimensionless)
t = Nominal wall thickness (mm [in])
GR = Growth rate (mm/y [in/y])

6.2.4.2	 This method of calculating expected remaining life is based on corrosion that occurs 
continuously and on typical sizes and geometries of corrosion defects. It is consid-
ered conservative for external corrosion on pipelines.

6.3	 Threat and Defect Causal Analysis

6.3.1	 The pipeline operator shall evaluate plausible causes for significant corrosion activity and integrity 
threats found during the direct examination. This may include inadequate CP current, previously 
unidentified sources of interference, or other situations that are isolated and unique.

6.3.2	 If the pipeline operator uncovers a cause for which ECDA is not well suited (e.g., shielding by 
disbonded coating or MIC, SCC, etc.), the pipeline operator shall consider alternative methods of 
assessing the integrity of the pipeline segment.

6.4	 Mitigation

6.4.1	 The pipeline operator shall identify and perform remediation activities to mitigate or preclude future 
external corrosion resulting from significant causal factors.

6.4.1.1	 The pipeline operator may choose to repeat indirect inspections after remediation 
activities.

6.4.1.2	 The pipeline operator may reprioritize indications based on remediation activities, as 
described in Paragraph 6.5.

6.5	 Reclassification and Reprioritization

6.5.1	 In accordance with Paragraph 5.6.3, reprioritization is required when existing corrosion is more 
severe than estimated in Paragraph 5.2.

6.5.1.1	 In general, an indication that was originally placed in the immediate action required 
category should be moved no lower than the scheduled action required category as 
a result of reprioritization.

6.5.1.2	 When ECDA is applied for the first time, the pipeline operator should not downgrade 
any indications that were originally placed in the immediate action required or sched-
uled action required priority category.

Copyright NACE International 
Provided by Accuris under license with NACE  
No reproduction or networking permitted without license from Accuris

 



NACE SP0502-2025
©2025 Association for Materials Protection and Performance (AMPP). All rights reserved. 

37

6.5.2	 In accordance with Paragraph 5.6.4, reclassification is required when results from the direct exam-
ination show corrosion activity that is worse than indicated by indirect inspection data.

6.5.3	 In addition, for each causal factor, the pipeline operator shall identify and reevaluate all other indi-
cations that occur in the pipeline segment where similar causal conditions exist.

6.5.4	 If a repair and recoating or replacement are performed, the indication is no longer a threat to the 
pipeline and may be removed from further consideration after completion of the required defect 
causal analysis and mitigation activities.

6.5.5	 If remediation is performed, an indication that was initially placed in the immediate action required 
priority category may be moved to the scheduled action required priority category, provided sub-
sequent indirect inspections justify reducing the indication severity.

6.5.6	 If remediation is performed, an indication that was initially placed in the scheduled action required 
priority category may be moved to the suitable for monitoring priority category, if subsequent indi-
rect inspections justify reducing the indication severity.

6.6	 Reassessment Intervals

6.6.1	 When corrosion defects are found during the direct examinations, the maximum reassessment in-
terval for each ECDA region shall be taken as one-half the calculated remaining life. The maximum 
reassessment interval may be further limited by documents such as ASME B31.4, ASME B31.8, 
and ASME B31.8S.

6.6.2	 Different ECDA regions may have different reassessment intervals based on variations in expect-
ed growth rates between ECDA regions.

6.6.3	 Any indications prioritized as “scheduled action required” that were not excavated or remediated 
during the direct examination step and that remain as scheduled action required after reprioriti-
zation should be addressed before the end of the reassessment interval. The term “addressed” 
means the operator has taken some remedial action such that the indications prioritized as “sched-
uled action required” are no longer in this category. Remedial actions could include CP adjust-
ments or recoating.

6.7	 Assessment of ECDA Effectiveness

6.7.1	 ECDA is a continuous improvement process. Through successive ECDA applications, a pipeline 
operator should be able to identify and address locations at which corrosion activity has occurred, 
is occurring, or may occur and reduce the external corrosion integrity risk over time.

6.7.2	 When a reassessment ECDA is conducted, one effectiveness direct examination at a randomly 
selected location shall be performed to provide additional confirmation that the ECDA process has 
been successful.

6.7.3	 When a baseline ECDA is conducted, one or two additional direct examinations are required for 
process validation. The direct examination(s) shall be performed at randomly selected location(s).

6.7.3.1 	 One effectiveness direct examination should contain a scheduled indication or mon-
itored indication if no scheduled indications exist. If no monitored or scheduled indi-
cations exist, then this dig is not required.

6.7.3.2 	 One effectiveness direct examination shall be executed in an area where no indica-
tion was detected.

6.7.4	 If conditions at the effectiveness direct examinations are more severe than the immediate or 
scheduled direct examination(s), the process shall be reevaluated and repeated or an alternative 
integrity assessment method used (ILI, pressure test, etc.).
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6.7.5	 The pipeline operator shall establish additional criteria for assessing the long-term effectiveness of 
the ECDA process.

6.7.5.1	 An operator may choose to establish criteria that track the reliability or repeatability 
with which the ECDA process is applied. For example, an operator may track the 
number of reclassifications and reprioritizations that occur during an ECDA process. 
A significant percentage of indications that are reclassified or reprioritized indicates 
the criteria established by the operator may have been unreliable.

6.7.5.2	 An operator may choose to establish criteria that track the application of the ECDA 
process. Following are examples:

6.7.5.2.1	 An operator may track the number of excavations made to investi-
gate potential problems. An increase in excavations indicates more 
aggressive corrosion monitoring.

6.7.5.2.2	 An operator may track the total number of kilometers (miles) of pipe-
line that are subjected to multiple indirect inspections. An increase 
in the number of kilometers (miles) inspected indicates the need for 
more aggressive corrosion monitoring.

6.7.5.2.3	 Similarly, an operator may track the number of kilometers (miles) 
subjected to each indirect inspection methodology, seeking to in-
crease the number of kilometers (miles) used by the methods that 
prove most effective on the operator’s system. An increase in the use 
of techniques that are most effective indicates a more focused ECDA 
application.

6.7.5.3	 An operator may choose to establish criteria that track the results of the ECDA pro-
cess. Following are examples:

6.7.5.3.1	 The operator may choose to assess effectiveness by comparing the 
frequency at which immediate and scheduled indications arise. A 
reduction in frequency indicates an improved net management of 
corrosion.

6.7.5.3.2	 The operator may monitor the extent and severity of corrosion found 
during direct examinations. A decrease in extent and severity indi-
cates a reduction in the impact of corrosion on the structural integrity 
of a pipeline.

6.7.5.3.3	 The operator may monitor the frequency at which CP anomalies 
occur along pipeline segments. A decrease in anomalies indicates 
better management of the CP system.

6.7.5.4	 An operator may choose to establish absolute criteria. For example, the operator 
may establish a minimum performance requirement that no leak or rupture as a 
result of external corrosion occurs after an ECDA application and before the next 
reassessment interval. Meeting such a criterion demonstrates integrity with regard 
to corrosion.

6.7.6	 In the event the ECDA effectiveness assessment does not show improvement between ECDA 
applications, the pipeline operator should reevaluate the ECDA application or consider alternative 
methods of assessing pipeline integrity.
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6.8	 Feedback and Continuous Improvement

6.8.1	 Throughout the ECDA process as well as during scheduled activities and reassessments, the 
pipeline operator shall endeavor to improve the ECDA applications by incorporating feedback at 
all appropriate opportunities.

6.8.2	 Activities for which feedback should be considered include:

6.8.2.1	 Identification and classification of indirect inspection results (see Paragraphs 4.3.2 
through 4.3.4);

6.8.2.2	 Data collection from direct examinations (see Paragraphs 5.4);

6.8.2.3	 Remaining strength analyses (see Paragraph 5.5);

6.8.2.4	 Threat and Defect causal analyses (see Paragraph 6.3);

6.8.2.5	 Remediation activities (see Paragraph 6.4);

6.8.2.6	 In-process evaluations (see Paragraph 5.6);

6.8.2.7	 Direct examinations used for process validation (see Paragraph 6.7.2);

6.8.2.8	 Criteria for monitoring long-term ECDA effectiveness (see Paragraph 6.7.5); and

6.8.2.9	 Scheduled monitoring and period reassessments.

Section 7: ECDA Records

7.1	 Introduction

	 This section describes ECDA records that document data in a clear, concise, and workable manner that are 
pertinent to preassessment, indirect inspection, direct examination, and postassessment.

7.2	 Preassessment

7.2.1	 All preassessment actions should be recorded. This may include, but is not limited to, the following:

7.2.1.1	 Data elements collected for the segment to be evaluated, in accordance with Table 1;

7.2.1.2	 Methods and procedures used to integrate the data collected to determine when 
indirect inspection tools can and cannot be used;

7.2.1.3	 Methods and procedures used to select the indirect inspection tools; and

7.2.1.4	 Characteristics and boundaries of ECDA regions and the indirect inspection tools 
used in each region.

7.3	 Indirect Inspection

7.3.1	 All indirect inspection actions should be recorded. This may include, but is not limited to, the following:

7.3.1.1	 Geographically referenced locations of the beginning and ending point of each ECDA 
region and each fixed point used for determining the location of each measurement;
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7.3.1.2	 Date(s) and weather conditions under which the inspections were performed;

7.3.1.3	 Inspection results at sufficient resolution to identify the location of each indication;

7.3.1.3.1	 When data are not recorded in a (near) continuous manner, a com-
plete description of the conditions between the locations of indica-
tions (epicenters).

7.3.1.4	 Procedures for aligning data from the indirect inspections and expected errors for 
each inspection tool; and

7.3.1.5	 Procedures for defining the criteria to be used in prioritizing the severity of the indi-
cations.

7.4	 Direct Examination

7.4.1	 All direct examination actions should be recorded. This may include, but is not limited to, the following:

7.4.1.1	 Procedures and criteria for prioritizing the indirect inspection indications;

7.4.1.2	 Data collected before and after excavation;

7.4.1.2.1	 Measured metal-loss corrosion geometries;

7.4.1.2.2	 Data used to identify other areas that may be susceptible to corrosion;

7.4.1.2.3	 Data used to estimate corrosion growth rates;

7.4.1.3	 Results of defect causal  identifications and analyses, if any;

7.4.1.4	 Planned remediation activities; and

7.4.1.5	 Descriptions of and reasons for any reprioritizations.

7.5	 Postassessment

7.5.1	 All postassessment actions should be recorded. This may include, but is not limited to, the following: 

7.5.1.1	 Remaining life calculation results;

7.5.1.1.1	 Maximum remaining defect size determinations;

7.5.1.1.2	 Corrosion growth rate determinations;

7.5.1.1.3	 Method of estimating remaining life;

7.5.1.1.4	 Results;

7.5.1.2	 Reassessment intervals and scheduled activities, if any;

7.5.1.3	 Criteria used to assess ECDA effectiveness and results from assessments;

7.5.1.3.1	 Criteria and metrics;

7.5.1.3.2	 Data from periodic assessments;
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7.5.1.4	 Feedback;

7.5.1.4.1	 Assessment of criteria used in each step of the ECDA process; and

7.5.1.4.2	 Modifications of criteria.
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Appendix A(4)

Direct Examination—Data Collection Methods Before Coating Removal
(Nonmandatory)

This appendix is considered nonmandatory, although it may contain mandatory language. It is intended only to 
provide supplementary information or guidance. The user of this standard is not required to follow, but may choose 
to follow, any or all of the provisions herein.

A1	 Safety Considerations

	 Excavating and working around pressurized pipe involves potential risks. Appropriate safety precautions, such 
as those included in industry standards, government regulations, and company procedures, should be fol-
lowed.

A2	 Pipe-to-Soil Potentials

A2.1	 Pipe-to-soil potential measurements should be made in accordance with NACE TM0497.

A2.2	 Pipe-to-soil potentials should be measured with the reference electrode placed in the bank of 
the excavation, at various positions around the pipe, in the side of the excavation, and/or at the 
surface. These measurements are for information purposes only, because with the excavation of 
the pipe, the electric field around the pipe has been altered. Pipe-to-soil potentials at the point of 
excavation may help to identify dynamic stray currents in the area.

A3	 Measurement of Soil Resistivity

A3.1	 Four-Pin Method (Wenner) (See ASTM G57).

A3.1.1	 When this method is used, four pins are placed at equal distance in the earth in a 
straight line as shown in Figure A1. The spacing of the pins (shown as “a”) must 
equal the depth to which the soil resistivity is of interest. A current is caused to flow 
between the two outside pins (C1 and C2). The voltage drop created in the earth by 
this current flow is measured between the two inside pins (P1 and P2).

(4)	 Information on indirect inspection methods can be found in NACE TM0109 and NACE SP0207.
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Figure A1: Four-Pin Method with Voltmeter and Ammeter

A3.1.2	 There are two distinct differences in the apparatus used with the four-pin method. 
The first, as shown in Figure A1, is performed with an ammeter and voltmeter combi-
nation. This combination uses direct current (DC) to produce and measure the volt-
age drop in the earth between the inside pins (P1 and P2). The second, as shown 
in Figure A2, uses a galvanometer that generally uses a vibrator circuit. The use 
of a galvanometer is believed to be more accurate because no polarization of the 
electrodes should occur. In practice, both configurations should give accurate and 
reproducible results, provided that excessive currents and voltages are not used.

A3.1.3	 Care and judgment must be exercised under certain conditions in which pin contact 
resistance with the earth may be high. High resistance at the pin contacts may affect 
the measurement accuracy, and with the alternating current (AC) equipment, the 
galvanometer does not zero correctly. This condition generally occurs during dry 
weather periods and in locations of relatively high soil resistivity. When using the gal-
vanometer, the needle should swing to both sides of zero. Wetting of the soil around 
the current pins with water or a water/soap solution may eliminate or reduce the 
effects of this condition. Pins should be inserted into the ground as little as possible 
and still obtain readings. Pins should never be inserted to a depth greater than 10% 
of pin spacing. Equation (A1) is based on a theoretical point contact.

A3.1.4	 The average soil resistivity to a depth equal to the spacing between the two inside 
pins is given by Equation (A1):

	 ρ = 2 π aR  (for “a” in cm)	  (A1a)

	 ρ = 191.5 aR  (for “a” in cm)	 (A1b)
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where: 
ρ = Resistivity in Ω∙cm 
a = Pin spacing in cm (ft)  
R = Resistance in Ω = V/I  
V = Potential in V 
I = Current in A

A3.1.5	 When a galvanometer instrument such as that shown in Figure A2 is used, the re-
sistance (R) can be read directly. The galvanometer-type instrument uses a Wheat-
stone bridge circuit and when balanced to zero, shows R directly on the balancing 
controls or, as in this case, may require a simple multiplication between the control 
indications on the instrument.

Figure A2: Four-Pin Method with Galvanometer

A3.1.6	 The four-pin method is used for most field resistivity measurements of soils. Soil 
resistivity determined in this manner is the average (or apparent) soil resistivity of a 
hemisphere of earth. This is illustrated in Figure A3, which shows that the radius of 
this hemisphere is distance “a” (the distance between the inside pins). If a steel pipe-
line or other metallic structure lies within the sphere to be measured, measurement 
errors result. To avoid these errors, readings should be taken perpendicular to the 
pipeline with the nearest pin no closer than ½ “a” to the pipe (or any other metallic 
structure).
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Figure A3: Pin Alignment Perpendicular to Pipe

	 The pin spacing must be of equal distance to obtain accurate results. For general 
use, a pin spacing of 1.6 m (5 ft, 3 in) is convenient because this results in a factor 
(191.5 times “a”) being equal to 1,000.

A3.1.7	 Readings taken with successively greater pin spacing give a profile of the average 
soil resistivity of an increasingly larger hemisphere, and thus to a greater depth. It 
should be noted in the analysis of increasingly larger pin spacing that in the case 
of relatively the same soil resistivity with depth, the soil resistivity as measured de-
creases slightly. An increase in the measured resistivity tends to suggest that the soil 
resistivity is increasing with depth more than is indicated by the measured amount. 
The opposite is true for large reductions in resistivity. These tend to indicate a low-
er-than-measured resistivity with depth. For each successively greater pin spacing, 
a greater depth in the soil is included in the measurement; but because this is a 
surface type of measurement method, it also includes the resistivity of the soil layers 
above.

A3.2	 Soil Box Method (See ASTM G57)

	 Figure A4 shows another use of the four-pin method in conjunction with a soil box. The soil box is 
primarily used for resistivity measurements during excavations or boring. The connection of the 
instrument and test procedure is essentially the same as those illustrated earlier. They are suited 
for testing resistivity at varying levels of depth during vertical bores because they allow measure-
ment of various strata of soil as the boring progresses. Also, data can be measured from soil taken 
at pipeline depth during the installation of a new pipeline. Accuracy of a soil box depends on how 
closely the original conditions are recreated in the soil box (e.g., compaction, moisture). The soil 
box has a multiplier for obtaining soil resistivity. Always refer to the manufacturer’s instructions for 
use of a multiplier.
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Figure A4: Soil Box Resistivity

A3.3	 Single-Probe Method

A3.3.1	 The single-probe method is a two-point resistivity measurement. The typical probe 
is shown in Figure A5 with an audio-type instrument. A resistance measurement is 
made between the tip of the probe and the shank of the probe rod after insertion in 
the soil. Modern models generally have an audio receiver hooked into the Wheat-
stone bridge. This allows the operator to hear an audible AC tone until the bridge 
circuit is balanced and a null occurs. At the point of null, the resistance can be read 
from the pointer on the instrument adjustment dial.
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Figure A5: Single-Probe Method

A3.3.2	 The resistivity measured by this method is only representative of the small volume 
of soil around the tip of the probe and should not be thought of as typical for all of 
the total soil area in question. Multiple measurements within the area of interest 
increase the validity of this method by increasing the sample size, if the point of inter-
est can be reached with the probe. Single-probe measurements are generally used 
for comparative purposes or in excavations to locate anodes in the lowest-resistivity 
soil. This method is also useful when the close proximity of other underground metal 
structures makes the use of the four-pin method impractical.

A3.3.3	 There are also several three-pin techniques for measuring soil resistivity. These are 
typically used for measuring resistivity at depths that are greater than those at which 
the four-pin method works. The four-pin method is limited in depth because of the 
ability of the meters to read a smaller and smaller resistance.

A4	 Soil and Water Sample Collection and Analyses

	 The following procedures should be used for sample collection and analyses.

A4.1	 Soil Samples

	 Soil samples should be collected with a clean spatula or trowel and placed in a 250 mL (8 fl. oz) 
plastic jar with a plastic lid. The sample jar should be packed full to displace air. Tightly close the 
jar, seal with plastic tape, and using a permanent marker, record the sample location on both the 
jar and the lid.

A4.2	 Groundwater Samples

	 Water samples should always be collected from the open ditch when possible. Completely fill the 
plastic jar, seal, and identify the location as described in Paragraph A4.1.
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A4.3	 Sample Analyses

A4.3.1	 Soil testing laboratories to perform the testing should be specifically equipped with 
wet laboratory facilities designed for soil testing.

A4.3.2	 Samples should be tested for the following:

A4.3.2.1	 Type Classification: Classify soil type by the Unified Soil Classifica-
tion System (USCS) described in ASTM D4287, United States De-
partment of Agriculture standards, or other standards.

A4.3.2.2	 Moisture Content: Determine the moisture content of the soil using a 
modified version of AASHTO Method T265.

A4.3.2.3	 Sulfide Ion Concentration in Water: See EPA Method 376.1.4  Other 
commonly applied standard laboratory test methods are acceptable.

A4.3.2.4	 Soil Conductivity: See ASTM G57. Other commonly applied stan-
dard laboratory test methods are acceptable.

A4.3.2.5	 Soil pH: See ASTM G51. Other commonly applied standard labora-
tory test methods are acceptable.

A4.3.2.6	 Chloride Ion Concentration in Water: See ASTM D512. Other com-
monly applied standard laboratory test methods are acceptable.

A4.3.2.7	 Sulfate Ion Concentration in Water: See ASTM D516. Other com-
monly applied standard laboratory test methods are acceptable.

A5	 pH Testing

A5.1	 If a liquid is present beneath the coating, take a sample using a syringe or cotton swab.

A5.2	 Test the pH of the liquid using Hydrion paper or its equivalent. Carefully slice the coating to a length 
to allow the test paper to be slipped behind the coating. Press the coating against the pH paper for 
a few seconds and then remove the pH paper. Note and record the color of the paper in relation to 
the chart provided with the paper.

A6	 MIC Analyses

	 MIC analyses should be performed on corrosion products when MIC is suspected. (See NACE TM0106).
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Appendix B
Direct Examination—Coating Damage and Corrosion Depth Measurements

(Nonmandatory)

This appendix is considered nonmandatory, although it may contain mandatory language. It is intended only to 
provide supplementary information or guidance. The user of this standard is not required to follow, but may choose 
to follow, any or all of the provisions herein.

B1	 Safety Considerations

	 Excavating and working around pressurized pipe involves potential risks. Appropriate safety precautions, such 
as those included in industry standards, government regulations, and company procedures, should be followed.

B2	 Coating Type Identification

	 See Table 1 in NACE SP0169 for instructions on how to identify coating types.

B3	 Coating Condition and Adhesion Assessment

B3.1	 Coating inspection for holiday testing purposes should precede any other type of coating evalua-
tion planned. Three situations could be encountered when the pipe surface at an excavation site 
is evaluated:

B3.1.1	 The coating is in excellent condition and completely adhered to the pipe surface;

B3.1.2	 The coating is partially disbonded or degraded; or

B3.1.3	 The coating is completely missing; the pipe surface is bare.

B3.2	 When the coating is in excellent condition, the likelihood of finding external corrosion is greatly 
reduced. When the coating is partially disbonded or degraded, the likelihood of finding external 
corrosion is increased. Therefore, the coating type and disbonded areas should be determined 
and documented.

B3.3	 The following coating inspection procedures are commonly used:

B3.3.1	 Collect selected coating samples to determine the properties of coating associated 
with corrosion. Subsequent analysis of the coating can provide information pertain-
ing to electrical and physical properties (e.g., resistivity, gas permeability). The sam-
ples may also be used to perform microbial tests.

B3.3.2	 Coating samples must be removed from the pipe surface. Any liquid under the coat-
ing should be sampled. The steel surface condition and liquid pH should be evaluat-
ed.

B3.3.3	 Determine the pH of groundwater away from the pipe in the ditch, if possible, for ref-
erence. Compare this pH value with the pH determined from liquid removed from un-
der the coating to determine whether the pH near the pipe is elevated. An elevated 
pH indicates the presence of CP current reaching the pipe. A water pH greater than 
approximately 9 would be considered elevated for most soils. It is not uncommon to 
determine a pH of 12 to 14 for well-protected steel.

B3.3.4	 Visually inspect the steel surface for corrosion after the coating analysis is per-
formed. Identify areas that may contain other types of anomalies such as SCC or 
where MIC may have contributed to external corrosion. This becomes essential 
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when risk assessment results indicate the possibility of other threats that affect the 
pipeline or segment being evaluated.

B3.3.5	 Measure the pipe surface temperature under the coating.

B4	 Corrosion Product Removal

	 Carefully remove the coating around the suspected area of corrosion using a knife or similar instrument. Sam-
ple contamination must be kept to a minimum. Avoid touching the soil, corrosion product, or film with hands or 
tools other than a clean knife or spatula to be used in collecting the sample.

B5	 Corrosion Product Analyses

B5.1	 Corrosion product analyses may be useful in determining corrosion mechanisms or identifying 
unusual soil contaminants. Samples should be obtained from the following areas:

B5.1.1	 A deposit associated with visual evidence of pipe corrosion;

B5.1.2	 A scale or biofilm on the steel surface or the backside of the coating; and

B5.1.3	 Liquid trapped behind the coating.

B5.2	 The films or deposits may be from the steel surface, coating surface, interior of a corrosion pit, or 
the backside of the coating.

B6	 Assessment of Corrosion Defects and Other Anomalies

B6.1	 Identification and Mapping

	 At each excavation, an operator should measure and document the extent, morphology, and 
depths of any external corrosion to establish the overall pipeline integrity. During the direct exam-
ination process, certain anomalies may be identified and require further analysis to establish the 
overall integrity of the pipeline. The following paragraphs discuss some of the procedures used to 
assess such anomalies.

B6.2	 Cleaning/Surface Preparation

B6.2.1	 Accurate assessment of external corrosion anomalies can only be accomplished af-
ter thorough cleaning of the affected area. Following are guidelines for cleaning and 
preparation of the pipe surface before anomaly evaluation. The cleaning method 
chosen depends on the type of inspection technique and repair to be performed. For 
instance, if risk assessment results indicate that other anomalies, such as SCC, may 
be present, cleaning methods must be modified so that cleaning does not interfere 
with the detection of such anomalies.

B6.2.2	 The objective of the pipe preparation process is to remove coating residue and cor-
rosion deposits to optimize the effectiveness of the inspection. The steel pipe sur-
face must be clean, dry, and free of surface contaminants such as dirt, oil, grease, 
corrosion products, and coating remnants.

B6.2.3	 The pipeline operator should ensure that any cleaning material or technique select-
ed meets the required occupational health and safety requirements.

B6.3	 Anomaly Measurement and Evaluation Methods

B6.3.1	 The exposed and cleaned pipe surface should be examined for external corrosion 
and other anomalies that may be present. Such examinations should be suitable for 
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other anomaly types expected (in addition to external corrosion) and performed by a 
qualified person.

B6.3.2	 The results of all pipe surface examinations should be thoroughly documented, in-
cluding supplemental photographic records.

B6.3.3	 The residual strength of the corroded pipe should be estimated using ASME B31G, 
RSTRENG, or equivalent assessment methods. Residual strength of anomalies oth-
er than corrosion should be assessed using other appropriate industry-accepted 
methods.

B6.3.4	 Corrosion depths may be determined using one or more of the following techniques. 
Additional nondestructive testing methods are typically required to determine the 
depths and extent of other anomaly types.

B6.3.4.1	 Pit depth gauge.

B6.3.4.2	 Ultrasonic thickness probe.

B6.3.4.3	 Automated methods (e.g., laser mapping).

B6.3.4.4	 Profile gauges.

B6.3.4.5	 New Technology—Nonmanual and remote technologies continue to 
evolve and enable operators to better estimate wall loss and other 
damage. While each new technology is under evaluation, operators 
must demonstrate through the use of engineering reports that they 
are using a reliable procedure to detect and properly respond to that 
pipeline integrity threat. 

B6.3.4.5.1	 Accessible Pipe Exterior—At the time of this 
publication, this means field inspection applications 
for pipe that is accessible based on automatic eddy 
current, laser, and ultrasonic scanning techniques and 
methodologies. These continue to show improvement 
in reliability and usefulness.

B6.3.4.5.2	 Inaccessible Pipe—At the time of this publication, 
this means field inspection applications for pipe that 
is inaccessible based on a variety of electromagnetic 
wave and guided wave techniques. These continue to 
show improvement in reliability and usefulness.

B6.3.5	 Measurement of all external corrosion or other anomalies should be performed by a 
qualified person in accordance with the applicable assessment method.
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Appendix C
Postassessment—Corrosion Rate Estimation

(Nonmandatory)

This appendix is considered nonmandatory, although it may contain mandatory language. It is intended only to 
provide supplementary information or guidance. The user of this standard is not required to follow, but may choose 
to follow, any or all of the provisions herein.

C1	 Introduction

C1.1	 External corrosion rates are an essential variable for establishing the interval between successive 
integrity evaluations and pipeline remediation needed to ensure that integrity is maintained.

C1.2	 When possible, external corrosion rates should be determined by directly comparing measured 
wall thickness changes that are detected after a known time interval. Such data may be from 
maintenance records, prior excavations (e.g., contained in pipeline inspection reports), or by other 
methods such as ILI.

C1.3	 Other methods that may also be used for external corrosion rate estimates can include, but are not 
limited to, the following:

C1.3.1	 Consideration of the external corrosion history on the pipe or segment being evalu-
ated or in “like/similar” areas that contain the same pipe materials and similar envi-
ronments. The data elements provided in Table 1 of this standard provide guidance 
for such evaluations.

C1.3.2	 Consideration of the soil characteristics and environment surrounding the pipe or 
segment being evaluated to determine its corrosiveness. Such soil characteristics 
and environmental factors can include:

Chloride ion content Microbiological activity

Moisture content Redox potential

Oxygen content Resistivity

Permeability Soil texture

pH Drainage characteristics

Stray currents Sulfate, sulfite ion concentrations

Temperature Total hardness

Total acidity Soil composition changes that may create long-line current

C1.3.2.1	 Other soil or environmental changes that can affect external corro-
sion rates include spillage of corrosive substances, pollution, and 
seasonal soil moisture content variations.

C1.3.3	 Under some conditions, external corrosion rates may also be determined using bur-
ied coupons, linear polarization rate measurements, or electrical resistance probes.

C1.3.4	 Actual corrosion rates are difficult to predict and measure. Corrosion estimation 
techniques may not simulate actual field conditions. Caution should be exercised 
when computing corrosion rates.

C2	 Corrosion Rate Estimates

C2.1	 Additional guidance for establishing estimated external corrosion rates is provided below.
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C2.2	 Estimating Corrosion Initiation Time

C2.2.1	 Assuming that external corrosion was initiated at the time a pipeline went into ser-
vice may result in nonconservative rate estimates. A coating system may delay the 
onset of corrosion for a significant time.

C2.2.2	 Corrosion initiation time estimates can be made by considering the following.

C2.2.2.1	 Historical records evaluated during overall pipeline risk (threat) and 
the Preassessment Step.

C2.2.2.2	 Evidence that the corrosion is associated with coating damage that 
most likely occurred during original construction or other mainte-
nance action. For example, coating damage associated with rock or 
debris in the backfill is likely to have occurred during construction.

C2.2.2.3	 Evidence that the corrosion is associated with coating damage re-
sulting from third-party activity that occurred at a known time. For 
example, external corrosion accompanied by mechanical damage 
to the pipe or coating on the top half of the pipe in an area where 
third-party activity is known to have occurred most likely initiated and 
grew since the time of the third-party activity.

C2.2.2.4	 Estimated time period that the coating provided an efficient barrier 
between the pipe and external environment and records that may in-
dicate initial coating quality. Whenever available, the operator should 
use pipeline inspection records in an attempt to determine when the 
coating no longer provided effective protection. Published corrosion 
rate data describing long-term corrosion tests performed on pipe 
coated with various materials indicate that coating degradation rates 
can be significantly influenced by soil type, original coating quality, 
and pipeline installation practices.5

C2.2.2.5	 Time periods when CP systems were out of service, not function-
ing normally, or protective potentials were not maintained for signif-
icant time periods. Also, any significant time period between pipe 
construction and installation of an effective CP system should be 
considered when corrosion rates are estimated.

C2.3	 Other Factors

C2.3.1	 Other factors that may affect external corrosion rate estimates are as follows:

C2.3.1.1	 Exposure time: Corrosion rates often, but not always, decrease with 
longer exposure times. For example, data from tests of bare pipe in 
soils indicate that corrosion rates from 0 to ~7 years of exposure are 
typically higher than for longer exposure periods.

C2.3.1.2	 Surface area exposed: Testing has demonstrated that the probability 
of finding a larger pit increases when a test sample with a larger sur-
face area is inspected. The larger the total area of coating damage, 
the greater the probability that the actual maximum corrosion rate 
will be higher than the rates described above. This influence may be 
particularly important for predicting the maximum penetration rate of 
bare pipelines.
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C2.3.1.3	 Coating: Coatings are designed to delay the onset of corrosion by 
providing an effective barrier between the pipe and soil. However, 
pitting rates in the area of localized coating defects may exceed the 
pitting rates of bare steel exposed to the same environment. The 
effect of the coating on the rate of pitting is dependent on the coating 
type and the soil characteristics.

C2.3.1.4	 Seasonal variability on soil characteristics: Few published corrosion 
data include descriptions of the extent of seasonal variability on soil 
characteristics.4  Soil characteristics measured at one point in time 
may not be representative of soil corrosiveness at other times of 
the year. Soils that undergo cyclic wetting and drying can be more 
corrosive than soils that are constantly wet. The cyclic changes in 
moisture can cause soil stress that damages coatings and can also 
result in cyclic diffusion of oxygen into the soil.

C2.3.1.5	 Long-line current: Pipelines passing through different soils can be 
influenced by long-line current that is not apparent in localized cor-
rosion tests. Long-line current can result in higher corrosion rates on 
one segment of a pipeline, compared to corrosion rates measured 
on isolated samples buried in the same soil.

C2.3.1.6	 Microbiological activity can accelerate external corrosion rates and 
must be considered in evaluations.

C3	 Default Corrosion Rate

C3.1	 Statistically valid methods based on the data developed may be used for corrosion rate estimates.

C3.2	 When other data are not available, a pitting rate of 0.4 mm/y (16 mpy) should be used for determin-
ing reinspection intervals. This rate represents the upper 80% confidence level of maximum pitting 
rates for long-term (up to 17-year duration) underground corrosion tests of bare steel pipe coupons 
without CP in a variety of soils, including native and nonnative backfill. See Paragraph 6.6.1.

C3.3	 The corrosion rate in Paragraph C3.2 may be reduced by a maximum of 24%, provided it can be 
demonstrated that the CP levels of all pipelines or segments being evaluated have had at least 40 
mV of polarization (considering IR drop) for a significant fraction of the time since installation.

C3.4	 Linear Polarization Resistance Measurements

C3.4.1	 Linear polarization resistance (LPR) measurements are performed to evaluate the 
ongoing, instantaneous rate of corrosion in the laboratory and in the field.

C3.4.2	 LPR measurements in the laboratory are often performed as described in ASTM 
G59.

C3.4.2.1	 The coupon potential is scanned between –30 mV and +30 mV of 
the free corrosion potential at a scan rate of 0.17 mV/s. The ensuing 
current is monitored as a function of potential. The tangent to the 
potential-current plot at the free corrosion potential is the polarization 
resistance (LPR value). Use of scans within smaller potential ranges 
(e.g., –10 mV to +10 mV of the free corrosion potential) is also ac-
ceptable.

C3.4.2.2	 These LPR values are then converted to corrosion currents using 
Equation (C1), the Stern-Geary6 equation:
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(C1)

where:

icorr is the corrosion current density in A/cm2;
b is the Stern-Geary constant; and
PR is the polarization resistance in Ω.

C3.4.2.3	 The Stern-Geary constant is dependent on the anodic and cathodic 
Tafel constants. Corrosion current density values are then converted 
to corrosion rates using Faraday’s Law.

C3.4.2.4	 Tafel slopes must be known to use this technique.

C3.4.3	 Two commercially available LPR probe systems are commonly used for LPR mea-
surements to provide online corrosion rate monitoring in the laboratory and in the 
field. Mass loss data are used as the basis for calibration of both of these LPR probe 
systems. The systems are capable of producing a pitting index, which is an indica-
tion of the tendency of the fluid to cause pitting of the electrodes. The two systems 
differ by the number of electrodes that are used.

C3.4.3.1	 The two-electrode system uses two electrodes of the same material. 
The potential between the two electrodes is set to 20 mV, and the 
current is measured. The potential drop is assumed to divide equally 
between the anode and the cathode. The current flowing is propor-
tional to the corrosion rate. The corrosion rate can be calculated us-
ing ASTM G102.

C3.4.3.2	 The three-electrode system is composed of a working, reference, 
and counter electrode. The electrodes are typically made of the 
same material. As the potential of the working electrode with respect 
to the reference electrode is monitored, current is applied to or from 
the counter electrode such that the potential of the working electrode 
shifts by 10 mV (positive or negative). At that point, the current flow-
ing is proportional to the corrosion rate.

C3.4.4	 The LPR method is the only corrosion monitoring method that allows real-time mea-
surement of corrosion rates. This enables remedial action shortly after an acceler-
ation in the corrosion rate is observed. This is the chief advantage of LPR probes. 
Because the corrosion rates determined by LPR probes reflect conditions at the 
time of measurement, they may not necessarily correspond with the corrosion rates 
determined using coupons. Corrosion rates determined using coupons represent 
an average mass loss that accounts for corrosion that has occurred throughout the 
coupon’s exposure period. Because the operation of the LPR probe depends on 
electrical current, the accumulation of deposits on the electrodes can influence the 
pitting index reported by the probes.

C3.5	 Determining Corrosion Rates Using Coupon Monitoring of Cathodically Protected Pipe

C3.5.1	 The purpose of coupon methodology is to provide a means of determining the cor-
rosion rates of steel with or without the influence of CP. Corrosion coupons provide 
the ability to measure corrosion rates without excavating a pipeline, and they can be 
used to determine the type of corrosion as well as the corrosion rate.
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C3.5.2	 Effective testing requires that coupons be located in soil having characteristics rep-
resentative of the environment in which the pipe is located. Therefore, efforts should 
be made to locate the coupons close to the pipe surface and to ensure that coupon 
exposure to air and moisture is comparable to conditions at the pipe surface.

C3.5.3	 One design of corrosion coupon assemblies currently used for monitoring CP effec-
tiveness involves burial of two bare coupons in a test station near the pipe surface. 
One coupon is connected to the pipeline (polarized coupon) and one coupon re-
mains unconnected and allowed to corrode freely (native coupon). In this manner, it 
is expected that the polarized coupon will be polarized to a similar potential as a pipe 
surface holiday of similar area. The native coupon provides a “worst-case” illustra-
tion of the type and extent of corrosion that can occur if CP does not reach portions 
of the pipe.

C3.5.4	 The polarized potential of a coupon does not mirror the pipe polarized potential. 
There are several variables that combine to establish the pipeline polarized poten-
tial, including coating quality, holiday size, and holiday configuration. The polarized 
potential of the coupon theoretically simulates the polarization of a holiday of similar 
size on the pipe. Therefore, the coupon does not estimate the pipe polarized poten-
tial but provides an evaluation of CP system effectiveness by accurately estimating 
the potential of a coupon connected to the CP system.

C3.5.5	 Evaluation consists of coupon retrieval, cleaning, and corrosion measurements. 
Guidance regarding coupon cleaning, corrosion rate calculations, and data reporting 
can be found in NACE TM0169.
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