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Module 1.1
Introduction and Course Overview

Corrosion Manual Training Course
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▪ Stephen Foster, PE

▪ sfoster@wje.com

▪ Jeff West, Ph.D, PE, FACI

▪ jwest@wje.com

Introductions

Page 3



Module 1.1 Learning Outcomes

▪ Summarize the course structure and 
global learning outcomes.

▪ Describe course agenda.

▪ Summarize primary objectives of 
Corrosion Manual (CM).

▪ Provide overview and organization of CM.

Will not cover complete review of the FICAP Maritime 

Structures Manual

Learning Outcomes
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Inspectors and Engineers

▪ Describe hierarchy of terms

▪ Identify components and 

elements part of inspection

▪ Describe element condition 

codes and states to document 

result 

▪ Conduct inspections per 

Corrosion Manual

Engineers Only

▪ Develop a Corrosion Inspection 

Plan per Corrosion Manual

▪ Assign component ratings and 

corrosion condition ratings for 

assets

▪ Recommend and prioritize 

follow-up actions
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Global Learning Objectives



Module Description Participants

1 Course Overview and Introduction to Corrosion Manual

Inspectors and 

Engineers

2 Maritime Asset, Component, and Element Types

3 Inspection Types and Reports

4 Element Conditions and Condition States

5 Corrosion Inspection Plan

Engineers
6 Assessment for Components and Rating Approach

7 Recommended Follow-Up Actions

8 Overall Documentation and Reporting Requirements
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Course Modules



Module 1: Course Overview and Introduction to Corrosion Manual

1.1 Introductions and Course Overview

1.2 Introduction to Corrosion Manual

1.3 Introduction to Inspection and Assessment Approach

Module 2: Maritime Asset, Component and Element Types

2.1 PHA Asset Types

2.2 Component Groups

2.3 Elements

2.4 Asset Corrosion Condition Rating

Module 3: Inspection Types and Reports

3.1 Inspection Types and Reports

3.2 Inspection Documentation

Module 4: Element Conditions and Condition States

4.1 Element Conditions and Condition States

4.2 Documenting Element Condition States

Evaluation: Exam 1
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Modules: Inspectors and Engineers
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Modules: Engineers Only

Module 5: Corrosion Inspection Plan

5.1 Baseline Inspection Planning

5.2 Routine Inspection Planning

Module 6: Assessment for Components and Rating Approach

6.1 Condition Assessment and Rating Approach

6.2 Corrosion Protection Component Ratings

6.3 Base Metal Component Ratings

6.4 Asset Corrosion Condition Rating

Module 7: Recommended Follow-Up Actions

7.1 Recommended Follow-Up Actions

Module 8: Documentation and Reporting Requirements

8.1 Overall Documentation and Reporting Requirements

8.2 Database Entry

Evaluation: Exam 2



▪ Table of Contents

▪ Chapter 1: Introduction

▪ 1.1 Background

▪ 1.2 Purpose of Inspection Program

▪ 1.3 Corrosion Manual Basis and Objectives

▪ 1.9 Manual Organization
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Module 1.1 Resources



▪ Provide Port Houston with information 

on corrosion protection systems and the 

base metals they protect

▪ Indicate current and future performance 

(rate of deterioration)

▪ Used to prioritize and plan preventative 

and remedial actions to achieve or 

maintain service life

Corrosion Manual Purpose
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Asset Name

Corrosion 

Condition Rating 

(CCR)

Corrosion 

Protection 

Component 

Combined Rating 

(CP)

Base Metal  

Component 

Combined Rating 

(BM)

Asset 1 53 20 33

Asset 2 92 60 32

Asset 3 74 42 32

Asset 4 21 1 20

Asset 5 33 1 32

Asset 6 92 56 36

Asset 7 19 3 16

Asset 8 79 46 33

Asset 9 60 50 10

Asset 10 68 40 28



▪ Primary Objective Statement: Provide a more complete indication 

of the current and future condition of maritime assets at Port Houston 

with specific focus on corrosion protection elements, along with the 

base metals those components protect

▪ Goal of Manual: Define the process, procedures, and requirements 

for completing corrosion inspections and condition assessments for 

corrosion protection components in a consistent manner and level of 

detail to meet the needs of Port Houston.

Corrosion Manual Introduction

Page 11



▪ Part of an overall corrosion management program for Port Houston’s 

maritime assets, including:

▪ Analysis of inspection data and performance for corrosion 

protection systems

▪ Assessment of base metal performance via a corrosion damage 

index – tool to establish severity of corrosion and timeframes for 

repair

▪ Data to predict performance, assess risk, and evaluate 

effectiveness of corrosion protection over time

Corrosion Manual Objectives
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▪ Impressed Current Cathodic Protection (ICCP)

▪ Sacrificial Anode Cathodic Protection (SACP)

▪ Surface Protection (e.g. coating, wrap, and metalizing)

Corrosion Protection Components
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ICCP
SACP Surface Protection

Base Metals are 

a separate 

component



1. Introduction

2. Inspection Types

3. Elements and Element Conditions

4. Component Types

5. Maritime Asset Types

6. Assessment and Rating Approach

7. Recommended Follow-Up Action 
Guidelines

8. Documentation and Reporting

Corrosion Manual Organization
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9. Administrative Requirements

10. References

Appendices:
A. PHA Maritime Asset List
B. Glossary 
C. Element Descriptions 
D. Condition States (Alphabetical)
E. Condition States (by Material)
F. Documentation and Reporting Forms
G. Corrosion Inspection Drawings
H. Reference Information

Organization of Corrosion Manual
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END OF MODULE
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Module 1.2
Introduction to Corrosion Manual

Corrosion Manual Training Course
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Module 1.2 Learning Outcomes

▪ State the purpose of an inspection and condition 
assessment program.

▪ Relate this purpose to the needs of Port Houston.

▪ Describe the scope of the Corrosion Manual.

Overview
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▪ Chapter 1: Introduction

▪ 1.2 Purpose of Inspection Program

▪ 1.3 Corrosion Manual Basis and Objectives

▪ 1.5 Corrosion Manual Scope

▪ 1.6 Element-Based Inspection and Condition Assessment 
Approach
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Module 1.2 Resources



▪ Goal of Corrosion Manual is to define:

▪ Process

▪ Procedures

▪ Requirements 

▪ In a consistent manner and level of detail to 

meet needs of the PHA

▪ Intended to be used by qualified engineers and 

inspectors

Introduction to Corrosion Manual
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▪ Define corrosion protection components 

and elements in use on PHA maritime 

assets

▪ Estimate of corrosion protection 

performance and corresponding impact on 

the base metal elements 

▪ Better informed resource allocation 

decisions for maintenance of components 

and assets

Purpose of Inspection and Assessment

Page 21



▪ Inspection: evaluation procedure in which a qualified team leader 

carries out or supervises the observation, classification, and 

documentation of the physical condition of a corrosion protection 

system or associated metal element through:

▪ Visual 

▪ Tactile

▪ Non-Destructive Evaluation

▪ Testing / Measurements

Element-Based Inspection 

Determine corrosion-related 

distress, including:

▪ Type

▪ Severity

▪ Location(s) and extent
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▪ Condition Assessment: evaluation of the inspection results 

considering the significance of observed and measured conditions

▪ Based on engineering judgment considering qualitative and 

quantitative inspection findings 

▪ May be supplemented by engineering calculations

▪ Outcome: Determine the need and priority of maintenance, repair, or 

rehabilitation actions for a given component or asset

Condition Assessment 
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▪ Element-based inspection approach (similar approach to FICAP 

Maritime Structures)

▪ Type of observed condition (e.g., broken connection, missing 

anode, error in output display)

▪ Severity of observed condition (e.g., size of defects, impact on 

element performance, severity of section loss)

▪ Scope or extent of observed condition (e.g., number of locations, 

surface area of element affected)

Inspection and Condition Assessment

Page 24

Condition States 

for each condition 

per element



Element Based Approach

▪ Elements: 

▪ Condition States based on 

Inspection

▪ Components: 

▪ Numerical rating based on 

judgment and functional condition

▪ Asset

▪ Corrosion Condition Rating 

(based on component ratings)
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▪ Corrosion Manual follows an 

element-based inspection 

approach

▪ Corrosion Manual is based on 

visual inspection only

▪ Corrosion Condition Rating is 

assigned based on engineering 

judgment

Knowledge Check: True or False?
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FALSE

TRUE

FALSE



END OF MODULE
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Module 1.3
Inspection and Assessment Approach

Corrosion Manual Training Course
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Module 1.3 Learning Outcomes

▪ Explain hierarchy of facility terms

▪ Define application of element-based approach to corrosion 
inspection and assessment program

Overview
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▪ Chapter 1: Introduction

▪ 1.6 Element-Based Inspection and Condition Assessment 
Approach
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Module 1.3 Resources



▪ Element-based inspection 
and condition assessment 
approach

▪ Elements grouped by  
Component

▪ Impressed Current CP 

▪ Sacrificial Anode CP

▪ Surface Protection

▪ Base Metal

Inspection and Assessment Approach

Elements:
Anodes, Power Supply, Wiring & 
Protection, Supports…etc.
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Corrosion Manual Hierarchy

Numeric Rating 

(CP measurements) 

Condition 

Assessment

Visual Inspection 

and Measurements

Quantitative 

Data
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▪ Relies on two equally important 

factors:

▪ Completeness and quality of the 

documented condition of the 

asset determined during the 

inspection

▪ Experience and knowledge of 

the engineer(s) responsible for 

the assessment

Inspection and Assessment Approach
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▪ Relationship between elements 

and components remains mostly 

similar

▪ General pattern for assessing and 

providing condition ratings for 

components and the overall 

assets

▪ Documents visual condition of 

each inspected element

Similarities to Maritime Structures

Page 34



▪ Additional inspection techniques/ 

measurements:

▪ Document performance of 

corrosion protection components

▪ Estimating the section loss and 

corrosion rates of base metals

▪ Base Metal Classification (Critical, 

Typical, or Redundant)

Differences from Maritime Structures
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▪ What corrosion protection element characteristics should be 
recorded to facilitate a credible condition assessment?

Module Wrap-Up 

✓ Types of elements that may have damage, deterioration, or defects

Type of condition (i.e., damage, deterioration, or defect) observed

Severity of condition observed

Scope or extent of condition observed

✓

✓

✓

✓
Performance of installed systems, often times indicative of multiple 

elements of the corrosion protection component
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▪ What base metal element characteristics should be 
recorded to facilitate a credible condition assessment?

Module Wrap-Up, cont’d.

✓ Element type that has a corrosion condition

Type of condition (i.e., corrosion or section loss) observed

Severity of condition observed

Scope or extent of condition observed

✓

✓

✓

✓
Measurement of section loss (facilitate estimate of corrosion rate)
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END OF MODULE
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Module 2.1
PHA  Asset Types 

Corrosion Manual Training Course



Module 2.1 Learning Outcomes

▪ Identify maritime assets within the PHA inventory.

▪ Describe the functional purpose of each maritime asset 
type: wharf, boat dock, and bulkhead, and shorelines.

Page 2

Overview



▪ Chapter 5: Maritime Asset Types

▪ 5.1 Wharves

▪ 5.2 Boat Docks

▪ 5.3 Bulkheads

▪ 5.4 Shoreline

▪ Appendix A: PHA Maritime Asset List

▪ Appendix B: Glossary
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Module Resources



Maritime Asset: A 

unit of a property or 

terminal that has a 

defined boundary and 

serves a functional 

purpose
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Maritime Asset



Four main types of 

asset:

1. Wharf

2. Boat Dock

3. Bulkhead

4. Shoreline
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Maritime Asset



▪ Structure 

oriented parallel 

to shore for 

mooring ships

Page 6

Wharf

CD9M3CD9



▪ Structure 

oriented parallel 

to shore for 

mooring ships

▪ Purpose: loading 

and unloading 

cargo or 

personnel from 

large vessels
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Wharf



▪ Structure 

oriented parallel 

to shore for 

mooring ships

▪ Purpose: loading 

and unloading 

cargo or 

personnel from 

large vessels

▪Consists of one or more structural 
systems:

▪ Open platform with open structure

▪ Open platform with solid structure

▪ Solid bulkhead

▪ Solid bulkhead with relieving platform
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Wharf



▪ Open platform: 

Water free to 

move 

underneath

▪ Open structure: 

Structure 

supported over 

water by piles or 

drilled shafts
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Wharf: Open platform, open structure

M3



▪ Open platform: 

Water free to 

move 

underneath

▪ Open structure: 

Structure 

supported over 

water by piles or 

drilled shafts

Page 10

Wharf: Open platform, open structure

Deck

Piles

Fender

Wharf M3



▪ Open platform: 

Water free to 

move 

underneath

▪ Open structure: 

Structure 

supported over 

water by piles or 

drilled shafts
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Wharf: Open platform, open structure

Wharf Superstructure

Piles

Fender

Wharf CD26



▪ Open platform: 

Water free to 

move 

underneath

▪ Solid structure: 

Deck supported 

on fill, supported 

on structural 

platform slab

Page 12

Wharf: Open platform, solid structure

CD8

Slab 

on fill

Fender system



▪ Open platform: 

Water free to 

move 

underneath

▪ Solid structure: 

Deck supported 

on fill, supported 

on structural 

platform slab

Page 13

Wharf: Open platform, solid structure

Retaining wall 

Platform slab

Wearing 

slab

Pile Deck beam

Wharf CD8

Fill

Fender



▪ Solid bulkhead: 

Wharf structure 

supported on fill 

retained by wall 

or sheet piles

Page 14

Wharf: Solid bulkhead



▪ Solid bulkhead: 

Wharf structure 

supported on fill 

retained by wall 

or sheet pile

▪ Relieving 

platform: Buried 

support structure
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Wharf: Solid bulkhead, relieving platform

CD9



▪ Solid bulkhead: 

Wharf structure 

supported on fill 

retained by wall 

or sheet pile

▪ Relieving 

platform: Buried 

support structure
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Wharf: Solid bulkhead, relieving platform

Wharf CD9

Fender

Pile cap 

(relieving 

platform)

Sheet piles

Wharf deck slab Retaining wall

Cofferdam

Piles



▪ Similar to 

wharves, but 

generally smaller

▪ Functional 

purpose?

▪ Similar to 

wharves, but 

self-supporting

▪ Functional 

purpose: 

loading and 

unloading cargo 

or personnel 

from vessels
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Boat Dock



▪ Similar to 

wharves, but 

self-supporting

▪ Functional 

purpose: 

loading and 

unloading cargo 

or personnel 

from vessels

▪ Three general categories:

▪ Open platform with open structure

▪ Solid bulkhead

▪ Floating platform
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Boat Dock



▪ Vertical step in 

elevation

▪ Functional 

purpose?
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Bulkhead

▪ Vertical step in 

elevation

▪ Functional 

purpose: separate 

shoreline from 

water

Note: A bulkhead is an asset only if it is 

unassociated with a wharf or boat dock.



▪ Intersection 

between land 

and water

▪ May be 

protected or 

unprotected

Page 20

Shoreline

PHA Properties: Spillman Island 

& Barbours Cut

Unprotected 

Shoreline

Protected 

Shoreline?
Bulkhead?



▪ Wharf

▪ Boat dock

▪ Bulkhead

▪ Shoreline

Page 21

Four Types of Maritime Assets



▪ Woodhouse 

Terminal

▪ Wharves?

▪ Boat docks?

▪ Bulkheads?

▪ Shorelines?

Page 22

Which maritime assets can you identify?

Recall “terminal” 

= collection of 

wharves

3 2

1

4

5

6



▪ Woodhouse 

Terminal

▪ Wharves?

▪ Boat docks?

▪ Bulkheads?

▪ Shorelines?
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Which maritime assets can you identify?

Recall “terminal” 

= collection of 

wharves

3 2

1

4

5

6

Wharf

WharfWharf

Boat 

Dock

Bulkhead or 

shoreline

Boat Dock



Module 2.1 Learning Outcomes

1. Identify maritime assets within the PHA inventory.

2. Describe the functional purpose of each maritime asset 
type:

a. Wharf

b. Boat dock

c. Bulkhead

d. Shoreline

Page 24

Module Wrap-Up



END OF MODULE
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Module 2.2
Component Groups

Corrosion Manual Training Course
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Module 2.2 Learning Outcomes

▪ Identify component types within the PHA CM Inventory.

▪ Identify elements within each component.

▪ Differentiate between a component and an element.

▪ Describe the functional purpose of each component type: 
impressed current cathodic protection, sacrificial cathodic 
protection, surface protection, and base metal.
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Overview



▪ Chapter 4: Component Types

▪ 4.1 General

▪ 4.2 Elements Associated with Components

▪ 4.3 Link between Corrosion Protection Component and 
Maritime Structures Elements

▪ Appendix C
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Module Resources



▪ Component: 

group of elements 

that make up a 

particular corrosion 

protection system 

or a group of 

corresponding 

base metal 

elements.

▪ Manual includes 

four components

Hierarchy of Terms: Component
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Four component 

groups:

1. ICCP

2. SACP

3. Surface 

Protection

4. Base Metal

Hierarchy of Terms: Component
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▪ Impressed Current (ICCP) and Sacrificial Anode (SACP) 
Cathodic Protection Components

▪ A group of elements that comprises a ICCP or SACP
system for the purpose of protecting structural or 
functional elements

▪ Surface Protection Components

▪ A group of elements that are applied to the surface of 
existing structural or functional elements to mitigate or 
prevent corrosion of the underlying element

Corrosion Protection Components
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▪ Defined to track the corrosion damage 
of metal elements 

▪ Same metal elements exist in 
Maritime Structures Manual 

▪ Base Metal component is a way to 
classify elements based on their 
importance

▪ Group of elements with the same 
corrosion classification (Critical, Typical, 
or Redundant).

Base Metal Components
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▪ Element: individual 

member of a 

corresponding 

component

▪ Defined by 

components to which 

it belongs, functional 

purpose, geometry, 

and material.

Hierarchy of Terms: Corrosion Element
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▪ Base Metal Element: 

elements that are 

protected by a 

corrosion component

▪ Grouped into one of 

three Base Metal 

Corrosion 

Components

▪ Critical

▪ Typical

▪ Redundant

Hierarchy of Terms: Base Metal Element
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Functional Purpose

▪ Supplies electric current by a device 

employing external power to protect base 

metal elements

Example Elements 

▪ Anodes: Inert material (typically) that 

conducts by oxidation of electrolyte to protect 

base metal elements

▪ Supplementary Anode Material: Backfill 

material for more efficient current distribution 

▪ DC Power Supply: Converts AC to DC for 

distribution into the system

Page 35

ICCP Component

Transformer 

Rectifier Unit



Functional Purpose

▪ Supplies CP due to a difference in 

electric potential between the sacrificial 

anode and the cathode (base metal)

Example Elements 

▪ Anodes – Sacrificial: A metal that 

provides sacrificial protection to another 

metal that is more noble when 

electrically coupled in an electrolyte

▪ Wiring, Supports, Monitoring 

Equipment, Supplementary Anode 

Materials

Page 36

SACP Component

Wiring for 

Anodes 

(submerged)



▪ Functional Purpose

▪ Mitigate or prevent corrosion by providing 

protection to the external surface

▪ Example Elements

▪ Coatings: single or multi-coat systems

▪ Metalizing: molten metal sprayed on to 

surface of metal or concrete

▪ Galvanizing: dip base metal in a molten 

bath of zinc 

▪ Protective Wraps: provide barrier 

protection
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Surface Protection Component



▪ Functional Purpose

▪ Groups existing metal elements in the Maritime Structures Manual for purpose of 
corrosion classification and scoring in the Corrosion Manual

▪ Base Metal Component Classification Levels

▪ Critical (BMC):  Loss will likely significantly compromise the function and/or 
capacity of the associated component and/or other elements (e.g. bulkhead tie 
rods)

▪ Typical (BMT): Loss may reduce the function or capacity of the associated 
component or asset, but the asset can remain in service (e.g. bulkhead wall)

▪ Redundant (BMR): Loss will not compromise function of component (e.g. fender 
support framing)
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Base Metal Component



Page 39

Base Metal Component Table C-4 in Appendix C

Critical 

BMC

Typical 

BMT

Redundant 

BMT



▪ Components -> Elements

▪ Corrosion Protection Components

▪ ICCP

▪ SACP

▪ Surface Protection

▪ Base Metal Components

▪ Critical, Typical, Redundant 

– Maritime Structure Metal Elements 

Summary of Components
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Practical Examples
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Multiple Choice #1

What corrosion 
protection component(s) 
are shown in this photo?

a. SACP

b. ICCP

c. Surface Protection
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Multiple Choice #1

What corrosion 
protection component(s) 
are shown in this photo?

a. SACP

b. ICCP

c. Surface Protection

Coating



Page 44

Multiple Choice #2

What base metal 
component(s) are shown 
in this photo?

a. Critical

b. Typical

c. Redundant
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Multiple Choice #2

What base metal 
component(s) are shown 
in this photo?

a. Critical

b. Typical

c. Redundant

Redundant: 
Support Framing

Typical:
Fender Pile
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Multiple Choice #3

What corrosion 
protection component(s) 
are shown in this photo?

a. SACP

b. ICCP

c. Surface Protection
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Multiple Choice #3

What corrosion 
protection component(s) 
are shown in this photo?

a. SACP

b. ICCP

c. Surface Protection

ICCP
(Power Supply)
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Multiple Choice #4

What corrosion 
protection component(s) 
are shown in this photo?

a. SACP

b. ICCP

c. Surface Protection
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Multiple Choice #4

What corrosion 
protection component(s) 
are shown in this photo?

a. SACP

b. ICCP

c. Surface Protection

Galvanizing
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Multiple Choice #5

What base metal 
component(s) are shown 
in this photo?

a. Critical

b. Typical

c. Redundant
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Multiple Choice #5

What base metal 
component(s) are shown 
in this photo?

a. Critical

b. Typical

c. Redundant

Typical: 
Stringers
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Multiple Choice #5

What corrosion 
protection 
component(s) are 
shown in this photo?

a. SACP

b. ICCP

c. Surface Protection



Page 53

Multiple Choice #5

What corrosion 
protection 
component(s) are 
shown in this photo?

a. SACP

b. ICCP

c. Surface Protection

SACP



1. Identify component types within the PHA corrosion 
inventory.

2. Differentiate between a component and an element

3. Describe the functional purpose of each component type:

a. ICCP

b. SACP

c. Surface Protection

d. Base Metal
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Module Wrap-up



END OF MODULE
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MODULE 2.3
Elements

Corrosion Manual Training Course
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Module 2.3 Learning Outcomes

▪ Describe the hierarchical relationship between an element, a 
component, and an asset

▪ Differentiate between corrosion protection and base metal 
elements within the PHA inventory

▪ Describe the system used to identify and categorize 
elements and components

▪ Complete element codes, IDs, and descriptions for inventory 
reporting
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Module Objectives



▪ Chapter 3, Elements and Element Conditions

▪ 3.1 General

▪ 3.2 Element Type Descriptions 

▪ 3.3 Element Conditions and Condition States

▪ Appendix B: Glossary

▪ Appendix C: Element Descriptions
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Module Resources
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▪ Corrosion 

Protection Element: 

individual member of 

a corresponding 

corrosion protection 

component

▪ Defined by 

components to which 

it belongs, functional 

purpose, geometry, 

and material.

Hierarchy: Corrosion Protection Elements
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▪ Base Metal 

Element: metal

elements that are 

protected by a 

corrosion protection 

component

▪ Classified based on 

importance to a given 

component:

▪ Critical

▪ Typical

▪ Redundant

Hierarchy: Base Metal Elements
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Relationship with Maritime Structures



▪ Associated Component: provides the component of which the 

individual element is a part.

▪ Element Code: indicate the element type and material for ease of 

documentation

▪ Element Descriptor: A unique name is given for the individual 

element

▪ Element Identification: The element is described in narrative for 

identification and categorization by the field inspection personnel

▪ Measured units: measurement basis by which an element’s 

condition state is quantified

Page 62

Elements



▪ Elements in PHA 

inventory are 

defined in terms of:

▪ Associated 
component

▪ Element code

▪ Element 
descriptor

▪ Element 
identification

▪ Measured units
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Elements

Appendix C



▪ Elements in PHA 

inventory are 

defined in terms of:

▪ Associated 
component

▪ Element code

▪ Element 
descriptor

▪ Element 
identification

▪ Measured units
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Elements

Appendix C

Element code:

CT-EP

Element type

• CT: Coating

Element material

• EP: Epoxy

Element code (base metals):

BW-CS-BMT

Critical (BMC), Typical (BMT), 

Redundant (BMR)



▪ Elements in PHA 

inventory are 

defined in terms of:

▪ Associated 
component

▪ Element code

▪ Element 
descriptor

▪ Element 
identification

▪ Measured units
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Element Type Descriptors



▪ Elements in PHA 

inventory are 

defined in terms of:

▪ Associated 
component

▪ Element code

▪ Element 
descriptor

▪ Element 
identification

▪ Measured units
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Corrosion Elements

Appendix C



▪ Elements in PHA 

inventory are 

defined in terms of:

▪ Associated 
component

▪ Element code

▪ Element 
descriptor

▪ Element 
identification

▪ Measured units
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Corrosion Elements

Appendix C

SF: square foot

LF: linear foot
Elements whose primary function 

depends on area (e.g. protective 

coatings) or length (e.g. deck beam)

EA: each
Elements that function as a unit (e.g. 

anodes, DC power supplies)



Practical Example
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▪ Which component do 

these photographs 

represent?

▪ Can you identify 

elements associated 

with this component?

▪ Can you identify base 

metal elements 

pictured?

Practical Example

Transformer 

Rectifier Unit 

(PW-TRU)

Wiring 

(WI-CU)

Anodes

(AN-OTH)

Supports 

(SI-CS)

Wiring 

(WI-CU)

Fender Piles 

(FP-CS-BMT)

Bulkhead Wall 

(BW-CS-BMT)

PVC 

Protection

(PR-PVC)

Support Framing 

(SF-CS-BMR)
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Impressed Current Cathodic Protection Component



▪ DC Power Supply 

(PW)

▪ Transformer 

Rectifier Unit 

(TRU)

Page 70

Practical Example: PW-TRU

Appendix C

Table 3.1



▪ Carbon Steel 

Bulkhead Wall 

▪ Typical Base 

Metal

▪ BW-CS-BMT
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Practical Example: BW-CS-BMT

Appendix C

Table 3.1



▪ Each element is labeled with a unique identification: 

▪ Element type 

▪ Location on the asset

▪ Same methodology of element identification as FICAP

▪ Corrosion components may contain several elements having 
the same element code and material (e.g. PW-BAT)

▪ Base metal element identification same as previously 
defined in FICAP

Page 72

Element Identification



PW3-1

Page 73

Element Identification

Element Code

PW, ME, WI, etc.
Element Number

1, 2, 3, etc.

Bay Number

1, 2A, 2B, etc.

Numbered sequentially, 

upstream to downstream

Letters for different structural 

systems 

*Bays same as defined in 

FICAP Maritime Structures

Numbered sequentially 

upstream to downstream, 

water to land, top to bottom

First two letters of element 

code (material type not 

included)



Page 74

Example: Element IDs

▪ What are the codes 
for protective 
coating elements? 

▪ Protected elements 
shown:

▪ FP20-1

▪ SF20-1

▪ FP20-2

▪ BW20-1

Base Metal Elements

FP 20-1

FP 20-2

SF 20-1

Downstream
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Example: Element IDs

▪ What are the codes 
for protective 
coating elements? 

▪ Protected elements 
shown:

▪ FP20-1

▪ SF20-1

▪ FP20-2

▪ BW20-1 Downstream

Base Metal Elements

Example from 

BCT5 Baseline 

Drawings

Surface Protection Elements



Module 2.3 Learning Outcomes

▪ Describe the hierarchical relationship between an element, a 
component, and an asset

▪ Differentiate between corrosion protection and base metal 
elements within the PHA inventory

▪ Describe the system used to identify and categorize 
elements and components

▪ Complete element codes, IDs, and descriptions for inventory 
reporting

Page 76

Module Wrap-up



END OF MODULE
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Module 3.1
Inspection Types and Reports

Corrosion Manual Training Course

Page 1



Module 3.1 Learning Outcomes

▪ List typical objectives, intervals, and scope of each primary 
inspection type

▪ Describe relationship between inspection types

▪ Identify readily accessible elements

Page 2

Module Objectives



▪ Chapter 2: Inspection Types

▪ Appendix F: Documentation and Reporting Forms

Page 3

Module Resources



▪ Scope

▪ Defines type(s) of inspections

▪ Describes the inspection 

methods and NDE techniques

▪ Considers site environmental 

conditions, rate of damage 

progression, anticipated design 

life, etc.

▪ Frequency

▪ Identifies the next inspection 

intervals for each asset and 

type of inspection

▪ May vary based on inspection 

findings

▪ May be altered between 

inspections

Page 4

Inspection Scope and Frequency

Defined in the 

Corrosion Inspection Plan



▪ Primary 
Inspection Types 

▪ Baseline 

▪ Routine

▪ Functionality 

Checks

*Specific to Corrosion 

Manual not to Maritime 

Structures inspections

Inspection Types
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Figure 2.1, 

pg. 27 of Manual



 
  
 
 
 
 
  
  
 
  
  
 
 
 
 
 
 

      

                                                                                              

                                                                

                                                                                            

                                                                

                   

                                                 
          

                                           

                                           

                                                        
                                     

                                          

                                           
                         

                                        
                              

                           

         
                  

                 
                 

          
      

                   

                                            
                                   

          

                                
                             

                                

                                
                           

                        
                               

                               
                                  

         
            

      
     
     

       
      

      

       
      

                

                
                      

     

     

                   

           

                   

                                                    
                                    

                                    

                

                                      

                                               
                  

                                          
                                

                                 

                                    
                                     

                       

                                               
                  

         
         

   
      

     
     

        
      

      

       
      

                                        

                                               
                                       

        

                                 
                                     

                                

         
                                         

                        
                             

                                      

                                
                                

                                 

         
            

      
     
     

        
      

      

       
      

                    

                                                        
               

                                                     
                   

                                  

                              

         
         

         
              

              
          
      

                                        

                                         
                                 

                                                  
         

                         

                              
                               

                                        

         
                  

           
           

      

          
      

Inspection Types – Baseline Inspection

▪ New or 

refurbished asset

▪ No previous 

inspection record 

▪ After a change in 

ownership

“                        ”

Page 6

Figure 2.1, 

pg. 27 of Manual



▪ Purposes

▪ Establish the baseline (initial) corrosion protection system 
inventory information

▪ Develop asset-specific Corrosion Inspection Plan that 
defines the specific inspection requirements for given 
asset

▪ Determine initial corrosion condition rating

▪ May involve above-water and underwater inspection

Inspection Types – Baseline Inspection

Page 7



▪ Deliverables

▪ Corrosion Inventory Record

▪ Corrosion Inspection Plan

▪ Baseline Inspection Summary

– Inspection Data 

▪ Follow-up Actions Form

▪ Inspection History

▪ Corrosion Inspection Drawings

Inspection Types – Baseline Inspection

Page 8



 
  
 
 
 
 
  
  
 
  
  
 
 
 
 
 
 

      

                                                                                              

                                                                

                                                                                            

                                                                

                   

                                                 
          

                                           

                                           

                                                        
                                     

                                          

                                           
                         

                                        
                              

                           

         
                  

                 
                 

          
      

                   

                                            
                                   

          

                                
                             

                                

                                
                           

                        
                               

                               
                                  

         
            

      
     
     

       
      

      

       
      

                

                
                      

     

     

                   

           

                   

                                                    
                                    

                                    

                

                                      

                                               
                  

                                          
                                

                                 

                                    
                                     

                       

                                               
                  

         
         

   
      

     
     

        
      

      

       
      

                                        

                                               
                                       

        

                                 
                                     

                                

         
                                         

                        
                             

                                      

                                
                                

                                 

         
            

      
     
     

        
      

      

       
      

                    

                                                        
               

                                                     
                   

                                  

                              

         
         

         
              

              
          
      

                                        

                                         
                                 

                                                  
         

                         

                              
                               

                                        

         
                  

           
           

      

          
      

Inspection Types – Routine Inspection

▪ At intervals 

defined in 

Inspection Plan

▪ Scope of visual 

observations and 

measurements 

based on 

Inspection Plan

Page 9

Figure 2.1, 

pg. 27 of Manual



▪ Purposes

▪ Inspect readily-accessible elements

▪ Document change(s) in assets inventory record

▪ Update component ratings and asset condition assessment

▪ May involve above-water and underwater inspection

▪ May include multiple tasks at different inspection intervals 

▪ Above water (3 years), underwater (6 years)

Inspection Types – Routine Inspection

Page 10



▪ Routine Inspection Deliverables

▪ Inspection Summary

– Inspection Data 

▪ Follow-up Actions Form

▪ Modified Baseline Insp. Deliverables

▪ Corrosion Inventory Record

▪ Corrosion Inspection Plan 

▪ Inspection History, Drawings

Inspection Types – Routine Inspection

Page 11



 
  
 
 
 
 
  
  
 
  
  
 
 
 
 
 
 

      

                                                                                              

                                                                

                                                                                            

                                                                

                   

                                                 
          

                                           

                                           

                                                        
                                     

                                          

                                           
                         

                                        
                              

                           

         
                  

                 
                 

          
      

                   

                                            
                                   

          

                                
                             

                                

                                
                           

                        
                               

                               
                                  

         
            

      
     
     

       
      

      

       
      

                

                
                      

     

     

                   

           

                   

                                                    
                                    

                                    

                

                                      

                                               
                  

                                          
                                

                                 

                                    
                                     

                       

                                               
                  

         
         

   
      

     
     

        
      

      

       
      

                                        

                                               
                                       

        

                                 
                                     

                                

         
                                         

                        
                             

                                      

                                
                                

                                 

         
            

      
     
     

        
      

      

       
      

                    

                                                        
               

                                                     
                   

                                  

                              

         
         

         
              

              
          
      

                                        

                                         
                                 

                                                  
         

                         

                              
                               

                                        

         
                  

           
           

      

          
      

Inspection Types – Functionality Checks

▪ Intervals defined 

in Inspection 

Plan (6 months/ 

1year)

▪ More frequent 

than Routine 

Inspections

▪ Simple checks

Page 12

Figure 2.1, 

pg. 27 of Manual



▪ Purposes

▪ Verify functionality of CP systems

– Six-month or 1-year intervals (or as 

specified in the inspection plan)

▪ Provides quantitative data to monitor 

performance of CP systems over time

▪ Does not include underwater inspection

▪ Does not include visual inspection of 
every element

Inspection Types – Functionality Checks

Page 13



▪ Deliverables

▪ Updated Routine Inspection 
Summary

– New Routine Inspection Data, 
additional functionality checks 

▪ Updated Inspection History 

Inspection Types – Functionality Checks

Page 14



Inspection Tasks & Intervals

Page 15



Page 16

Inspection Tasks & Intervals



Level of Effort

▪ Corrosion Manual is mostly focused on inspecting and 
collecting data from readily accessible elements:

▪ Exposed to either open water or open atmosphere

▪ Do not require removal of overburden or other elements

▪ Are not considered confined spaces

▪ May be accessed by walking, boat, lift, scaffold, or diving

▪ Team leader may recommend variations on an asset-
specific basis

Page 17



▪ Elements obscured by obstructions can be skipped for one 
inspection cycle if:

▪ Total area does not exceed 10% and no significant distress 

suspected

▪ Inspections may reveal unserviceable conditions 
▪ Above-water inspection may be truncated, or underwater 

inspections deferred

▪ PHA approval required, based on observed above-water 

conditions

Inspection Conditions

Page 18



▪ Primary Scope of Corrosion 
Manual:

▪ Baseline Inspection

▪ Routine Inspections

▪ Functionality Checks

▪ Not Primary Scope of 
Corrosion Manual :

▪ Special Inspections

Wrap-Up: Three Inspection Types

Page 19



END OF MODULE
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Module 3.2
Inspection Documentation

Corrosion Manual Training Course

Page 21



Module 3.2 Learning Outcomes

▪ Describe required documentation for each inspection type

▪ Outline typical information within each inspection deliverable 

▪ Identify the information required on standard inspection 
drawings

Page 22

Module Objectives



▪ Chapter 8: Documentation and Reporting

▪ Appendix F: Documentation and Reporting Forms

▪ Appendix G: Corrosion Inspection Drawings

▪ Appendix H: Reference Information

Page 23

Module Resources



Page 24

Inspection Deliverables



▪ Structure Identification and 
Background/Dates

▪ Geometric Data

▪ Corrosion Protection History

Page 25

Corrosion Inventory Record



▪ Relevant reference drawings 
(original, repairs, rehabilitation, 
etc.)

▪ Exposure Zones

▪ Environmental Conditions 
(reference Appendix H)

Page 26

Corrosion Inventory Record



▪ List of components and elements

▪ Corrosion Protection

– ICCP

– SACP

– Surface Protection

▪ Base Metals

– Design thickness

Page 27

Corrosion Inventory Record



▪ Location Map(s)

▪ Representative Photograph(s)

▪ Drawings (Partial Plans or Sections)

Page 28

Corrosion Inventory Record



▪ Provides structure layout, 
bay labels, locations and 
IDs of all elements

▪ As-built of current 

configuration

▪ PHA CAD standards

▪ Plans, Section, and 

Elevation Views

Page 29

Corrosion Inspection Drawings



Page 30

Corrosion Inspection Drawings

Corrosion Manual BCT5 G-001

Appendix G



Page 31

Corrosion Inspection Drawings

▪ Key Plan 

(channel at top)

▪ Referenced 

Historical 

Drawings

▪ Drawing Sheet 

Index

Corrosion Manual BCT5 G-002

Appendix G



Page 32

Corrosion Inspection Drawings

▪ Bay Definitions

▪ Bay Numbering

▪ Upstream to 

downstream

▪ Letters for 

differing 

structural 

systems

Corrosion Manual BCT5 G-101

Appendix G



Page 33

Corrosion Inspection Drawings

▪ Corrosion 

Protection Plan

▪ Schematic layout  

of corrosion 

elements

▪ Element IDs 

labelled

▪ UpstreamAN 27-2

Corrosion Manual BCT5 G-112

Appendix G



Page 34

Corrosion Inspection Drawings

▪ Base Metal 

Elements Plan

▪ Schematic layout  

of base metal 

elements

▪ Element IDs 

labelled

▪ UpstreamBW19-1

Corrosion Manual BCT5 G-122

Appendix G
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Corrosion Inspection Drawings

▪ Typical Sections

▪ Cross-sectional 

layout of 

corrosion and 

base metal 

elements

▪ Does not include 

element IDs

Corrosion Manual BCT5 G-201

Appendix G



▪ Typical Elevations

▪ Front view(s) of 

asset

▪ Front view layout 

of corrosion and 

base metal 

elements

▪ Does not include 

element IDs

Page 36

Corrosion Inspection Drawings

Corrosion Manual BCT5 G-301

Appendix G



▪ Log of all 

inspections

▪ Includes previous 

ratings

Page 37

Corrosion Inspection History



▪ Inspection Type

▪ Scope

▪ Date

▪ Team Members

▪ Seal of Responsible 

Engineer

Page 38

Corrosion Inspection Summary



▪ Asset Condition

▪ Corrosion Condition 

Rating

▪ CP Rating

▪ Base Metal Rating

▪ Component Ratings by 

element group and 

Comments

▪ Photographs

Page 39

Corrosion Inspection Summary



▪ Base Metal 

Ratings

▪ Section Loss

▪ Estimated 

Corrosion Rate

▪ Figures

▪ Representative 

Conditions

Page 40

Corrosion Inspection Summary



▪ Priority

▪ High Priority

▪ Routine

▪ Component/Element

▪ Condition

▪ Reason for Action

▪ Recommended Action

Page 41

Follow-Up Action Form



▪ Follow-Up Actions 

Log

▪ Summary of 

items

▪ Responsible 

party

Page 42

Follow-Up Action Form



Page 43

Baseline Inspection Deliverables

Provide a complete asset file regarding 

corrosion protection and base metals for 

inspection and database purposes



▪ Update Baseline 

Inspection forms

▪ New Inspection 

Summary & Data 

& Follow-Up 

Action Form

Page 44

Routine Inspection Deliverables

`



▪ 3-year or 6-year cycle

▪ Inspect readily-accessible elements

▪ Perform repeatable measurements

▪ Document change in asset’s inventory 
record

▪ Update component ratings and asset 
condition assessment

Page 45

Routine Inspection

Useful in Providing Trends for Asset Management



▪ Updated Inventory Record 
or Drawings (if needed)

▪ Updated Inspection Plan 
(if needed)

▪ (New) Inspection Summary

▪ (New) Inspection Data

▪ (New) Follow Up Actions

Page 46

Routine Inspection Deliverables



 
  
 
 
 
 
  
  
 
  
  
 
 
 
 
 
 

      

                                                                                              

                                                                

                                                                                            

                                                                

                   

                                                 
          

                                           

                                           

                                                        
                                     

                                          

                                           
                         

                                        
                              

                           

         
                  

                 
                 

          
      

                   

                                            
                                   

          

                                
                             

                                

                                
                           

                        
                               

                               
                                  

         
            

      
     
     

       
      

      

       
      

                

                
                      

     

     

                   

           

                   

                                                    
                                    

                                    

                

                                      

                                               
                  

                                          
                                

                                 

                                    
                                     

                       

                                               
                  

         
         

   
      

     
     

        
      

      

       
      

                                        

                                               
                                       

        

                                 
                                     

                                

         
                                         

                        
                             

                                      

                                
                                

                                 

         
            

      
     
     

        
      

      

       
      

                    

                                                        
               

                                                     
                   

                                  

                              

         
         

         
              

              
          
      

                                        

                                         
                                 

                                                  
         

                         

                              
                               

                                        

         
                  

           
           

      

          
      

Page 47

Special Inspections / Refined Analysis

1. Objective and Scope

2. Methodology 

3. Record of 

observations/ data

4. Interpretation of 

observations/data 

5. Recommendations 

6. Summary

7. Seal of Responsible 

Professional

Figure 2.1, 

pg. 27 of Manual



Review Quiz

Page 48



▪ Which type of an inspection best describes acquiring 
typical corrosion related information for tracking of 
corrosion performance over time? Select the best answer

▪ Baseline

▪ Routine

▪ Special

Page 49

Question #1

Routine Inspection



▪ What are the required unique deliverables for a Routine 
Inspection? 

Page 50

Question #2

▪ Inventory Record

▪ Inspection Plan

▪ Inspection Drawing Set

▪ Element Inspection 
Forms

▪ Inspection History

▪ Inspection Summary

▪ Inspection Data

▪ Follow-Up Action Form

▪ Submission into PHA
database

Inspection Summary

Inspection Data

Follow Up Action Form

Submission to PHA 
Database

Inspection History

Element Inspection 
Forms

Inventory Record

Inspection Plan

Inspection Drawing Set



▪ On which form can you find the information regarding 
Exposure Zones and Environmental Conditions?

▪ Follow-Up Action Form

▪ Inspection Drawing Set

▪ Inspection Summary

▪ Inventory Record

Page 51

Question #3

Inventory Record



▪ On the standard inspection drawings, the asset is to be 
oriented so that the channel is on which side of the 
sheet?

▪ Top

▪ Bottom

▪ Left

▪ Right

Page 52

Question #4

Top



END OF MODULE
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Module 4.1
Element Condition Codes and 
Condition States

Corrosion Manual Training Course

Page 1



Module 4.1 Learning Outcomes

▪ Identify and quantify damage and deterioration conditions in 
corrosion protection and base metal elements 

▪ Characterize severity of damage for corrosion and base 
metal elements using the four predefined condition states

▪ Understand use of visual and quantitative data for 
determining element conditions

Page 2

Module Objectives



▪ Chapter 3: Elements and Element Conditions

▪ Chapter 8: Documentation and Reporting

▪ Appendix F: Documentation and Reporting Forms

Page 3

Module References



▪ Listed by

▪ Component

▪ Element

▪ Material

▪ Condition

▪ Appendix E

Element Condition Codes

Page 4

CM pg E.1



▪ Four letter code, 

describes type of:

▪ Damage 

▪ Deterioration

▪ Defect 

▪ Specific to each 

individual element

▪ Similar to FICAP 

Structures

Element Condition Codes

By Component

By Element or 

Material Type

Page 5

CM pg E.1



▪ Four Condition 

States

▪ CS1 (Good) 

▪ CS2 (Fair)

▪ CS3 (Poor)

▪ CS4 (Severe)

▪ Similar to FICAP 

Structures

Element Condition States

Detailed Descriptions CM pg E.2-10

Page 6



▪ Some condition 

states based on 

quantitative data / 

measurements

▪ Units for 

measurement are 

different than 

units for element 

(ex: mass vs. Ea., 

mils vs SF) 

Element Condition States

Detailed Descriptions CM PG E.2-10

Page 7



▪ Some condition 

states based on 

quantitative data

▪ Units for 

measurement 

are different than 

units for element 

(ex: % loss vs. 

LF) 

Element Condition States

Detailed Descriptions CM PG E.2-10

Page 8



▪ Some condition 

states based on 

quantitative data 

/ measurements

▪ Units for 

measurement 

are different than 

units for element 

(ex: mils vs. SF) 

Element Condition States

Page 9



▪ Characterization of corrosion 
and base metal elements using 
the four predefined condition 
states.

▪ Based on element and/or 
material

▪ Quantitative data obtained as 
part of Corrosion Manual

▪ Provide specific condition 
ratings for elements

Summary

Page 10



Practical Examples

Page 11



Page 12

Practical Example #1: Rectifier



Page 13

Practical Example #1: Rectifier

Given

▪ Rectifier appears to be 

functioning 

▪ DC output amperage measured 

at 45 amps

▪ Ammeter reads DC output 

amperage at 0 amps



Page 14

Practical Example #1: Rectifier

Review

▪ What component is this element 

a part of?

▪ ICCP

▪ What element do the 

photographs refer to?

▪ TRU DC Power Supply

▪ PW-TRU



Page 15

Practical Example #1: Rectifier

Questions

▪ Condition code would you 

use?

▪ DISP – Error in Output 

Display Panels

▪ What condition state and 

quantity would you assign 

to this element?

▪ CS4 (1 EA)
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Practical Example #2: Wiring

Given

▪ Bond wire connecting fender pile 

and support framing 

▪ Corrosion at connection resulted in 

disbonded wire
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Practical Example #2: Wiring

Review

▪ What component is this element 

a part of?

▪ ICCP

▪ What element do the 

photographs refer to?

▪ Wiring and Protection

▪ WI-CU 
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Practical Example #2: Wiring

Questions

▪ What condition code 

would you use?

▪ CNSP – Connection / 

Splice Distress

▪ What condition state and 

quantity would you 

assign?

▪ CS4 (1 EA)
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Practical Example #2: Wiring



Page 20

Practical Example #2: Wiring
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Practical Example #3: Wall Coating

Given

▪ Coating at bulkhead wall

▪ Exposed portion in mostly good 

condition

▪ Area where full coating system is 

peeling/cracked and substrate is 

exposed
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Practical Example #3: Wall Coating

Questions

▪ What condition code 

would you use?

▪ PEEL – Peeling/ 

bubbling/ cracking

▪ What condition state 

and quantity would 

you assign?

▪ CS4 (3 SF)
1 ft

3 ft
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Practical Example #4: Pile Coating

Given

▪ Coating at fender pile

▪ Atmospheric portion in mostly good 

condition

▪ Splash zone area where substrate 

is exposed

▪ Coating is peeling
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Practical Example #4: Pile Coating

Questions

▪ What condition code would you use?

▪ PEEL – Peeling/ bubbling/ cracking

▪ What condition state and quantity 

would you assign?

▪ CS2 (1SF)

▪ CS4 (2 SF)



Given

▪ Bulkhead Wall (Base Metal)

▪ Metal Thickness at Flange

▪ Design: 0.551 inches 

▪ Thickness: 0.539 inches (average)

▪ Wall Coating

▪ Thickness: 29.6 mils (average)

Page 25

Practical Example #5: Measurements



Page 26

Practical Example #5: Measurements

Questions

▪ Base Metal - What condition code?

▪ SXLS – Section loss based on 

measurements

▪ What condition state 

and quantity?

▪ CS2

▪ 25 LF

0.539/0.551 = 97.8% 
→2.2% section loss

Representative of full length 
of wall (25 LF) in that 
exposure zone (4 ft)
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Practical Example #5: Measurements

Questions

▪ Coating- What condition code?

▪ THCK – Thickness of coating based 

on measurements

▪ What condition state 

and quantity?

▪ CS1

▪ 100 SF

Average: 29.6 mils

Representative of full length 
of wall (25 LF) in that 
exposure zone (4 ft)



END OF MODULE
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Module 4.2
Documenting Element Condition 
States

Corrosion Manual Training Course
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Module 4.2 Learning Outcomes

▪ Document an element’s condition state using an Element 
Inspection Form

▪ Understand required elemental input for database 
submission

Page 30

Module Objectives



▪ Characterize and quantify any observable conditions exhibited by an 

individual element

▪ An element may experience multiple conditions, even in the same 

location

▪ Record condition and quantity

▪ Some quantities not counted 

if multiple conditions exist in 

a given area

▪ Not counted quantities identified

in brackets or separate column in database

Element 

Location 

ID 

Element / 

Condition 

Code 

Units 
Total 

Quantity 

In-

accessible 

Condition States 

(quantity [counted with other CS]) 

CS1 CS2 CS3 CS4 

CT 40-1 CT-EP SF 230 165 0 35 30 0 

 – PEEL SF 30    30 0 

 – CHLK SF 25   35 [25]   

CT 40-2 CT-EP SF 175 0 35 60 40 40 

 – PEEL SF 80    40 40 

 – CHLK SF 85   60 [25]   

Coating 

Subtotal 
CT-EP SF 405 165 35 95 70 40 

 

Page 31

Documenting Element Condition States



Element 

Location 

ID

Element /

Condition 

Code

Units
Total 

Quantity

In-

accessible

Condition States

(quantity [counted with other CS])

CS1 CS2 CS3 CS4

CT 40-1 CT-EP SF 230 165 0 35 30 0

– PEEL SF 30 30 0

– CHLK SF 35 35 [25]

CT 40-2 CT-EP SF 175 0 35 60 40 40

– PEEL SF 80 40 40

– CHLK SF 60 60 [25]

Coating 

Subtotal CT-EP SF 405 165 35 95 70 40

▪ Provided by Inspection Plan:

▪ Element Location ID

▪ Element Codes

▪ Units & Quantities

▪ Documented during Inspection:

▪ Condition Codes

▪ Condition States

▪ Quantities

▪ Inaccessible areas

Page 32

Documenting Element Condition States



▪ CT 40-2

▪ Epoxy coating

▪ 175 SF total

▪ Visual Observations

▪ Peeling, chalking 

of varying 

degrees

▪ Area 1

▪ 40 SF CS4 PEEL

▪ Area 2

▪ 40 SF CS3 PEEL

▪ 25 SF CS2 CHLK

▪ Area 3

▪ 60 SF CS2 CHLK

Page 33

Example: Coating Element



▪ Area 1

▪ 40 SF CS4 PEEL

▪ Area 2

▪ 40 SF CS3 PEEL

▪ 25 SF CS2 CHLK

▪ Area 3

▪ 60 SF CS2 CHLK

▪ Remaining CS1

Page 34

Example: Coating Element CT40-2

Pg 30 of CM



▪ Elemental 

inspection 

data on 

reporting 

forms

▪ Brackets or 

separate 

columns for 

quantity data 

not counted

Page 35

Documenting Condition States & Quantities

Element 

Location ID

Element /

Condition Code
Units

Total 

Quantity

In-

accessible

Condition States (quantity [counted with other CS])

CS1 CS2 CS3 CS4

CT 40-1 CT-EP SF 230 165 0 35 30 0

– PEEL SF 30 30 0

– CHLK SF 35 35 [25]

CT 40-2 CT-EP SF 175 0 35 60 40 40

– PEEL SF 80 40 40

– CHLK SF 60 60 [25]

Coating 

Subtotal CT-EP SF 405 165 35 95 70 40

Element 

Location ID

Element /

Condition Code
Units

Total 

Quantity

In-

accessible

Condition States (quantity)

CS1 CS2 CS2NC CS3 CS3NC CS4

CT 40-1 CT-EP SF 230 165 0 35 25 30 0 0

– PEEL SF 30 30 0

– CHLK SF 35 35 25

CT 40-2 CT-EP SF 175 0 35 60 25 40 0 40

– PEEL SF 80 40 40

– CHLK SF 60 60 25

Coating 

Subtotal CT-EP SF 405 165 35 95 50 70 0 40



▪ Elemental condition 

states and quantities 

entered in the PHA 

Database

▪ Separate column for 

Not Counted quantities
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Documenting Element Condition States



▪ Database provides 

Summary of Elemental 

Condition State

▪ Sorted by 

Component

▪ Summary of 

Quantities

Page 37

Documenting Element Condition States



▪ Photographs

▪ Anything with follow-up action

▪ Representative of conditions

▪ Submit to database

– JPEG

– 2048 pixels on longest edge

▪ Example Photo Naming

– CD29_CT10-3_Baseline_3-22-2021_001.jpg

Page 38

Documenting Element Condition States



Practical Examples
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▪ Given Information:

▪ Component: Base Metal

▪ Element: Bulkhead Wall (Typical)

▪ Design Thickness: 0.5 in.

▪ Average Measured UT: 0.435 in.

▪ What Condition Code(s), State(s), 
and est. quantities are appropriate?

▪ Condition Code: SXLS

▪ Condition State: CS3

▪ Quantity:  3 LF

Practical Example #1: Bulkhead Wall

Page 40

0.435/0.5 = 87% 
→13% section loss

3 LF



▪ Given

▪ Component: Surface Protection

▪ Element: Coal Tar Epoxy Coating

▪ Pull-off Testing: 150 psi average in 200 

SF atmospheric/exposed zone

▪ Visual observations→

▪ What Condition Code(s), State(s), 
and est. quantities are appropriate?

▪ PEEL CS4, 15 SF

▪ ADHS CS2, 185 SF 

Practical Example #2: Coating
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▪ Given Information:

▪ Component: Impressed Current CP

▪ Element: PR-HDPE

▪ Broken conduit, wiring still functional

▪ What Condition Code(s), State(s), 
and est. quantities are appropriate?

▪ Condition Code: CRKP

▪ Condition State: CS3

▪ Quantity: 1 EA

Practical Example #3: Wiring Protection
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▪ Given Information:

▪ Component: ICCP

▪ Element: Transformer-Rectifier Unit

▪ Measured D.C. Current Output:

75 amps

▪ What Condition Code(s), State(s), 
and est. quantities are appropriate?

▪ Condition Code: DISP

▪ Condition State: CS2

▪ Quantity: 1 EA

Practical Example #4: Rectifier

Page 43

82A/75A = 1.093 
→9.3% error



▪ What if the shunt is also not functional?

▪ ELEC

▪ CS4, 1 EA

▪ Record on

inspection form/ 

database?

Page 44

Practical Example #4: Rectifier

Element 

Location ID

Element /

Condition Code
Units

Total 

Quantity

In-

accessible

Condition States (quantity)

CS1 CS2 CS2NC CS3 CS3NC CS4

PW 1-1 PW-TRU EA 1 0 0 0 1 0 0 1

– DISP SF 0 1

– ELEC SF 1 1

DISP, CS2, 1 EA
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Practical Example #5: Wall Coating

Given

▪ Coating 300 SF total quantity

▪ 100 SF Atmospheric

▪ 50 SF Splash 

▪ 150 SF Submerged

▪ Mostly good condition

▪ Area where full coating is peeling/ 

cracked and substrate is exposed
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Practical Example #5: Wall Coating

Questions

▪ What condition code 

would you use?

▪ PEEL – Peeling/ 

bubbling/ cracking

▪ What condition state 

and quantity would 

you assign?

▪ CS4 (3 SF)
1 ft

3 ft



Given

▪ Testing in atmospheric zone 

(25 LF x 4 FT exposure = 

100 SF)

▪ Adhesion Testing

▪ 150 psi average

▪ Thickness Testing

▪ Average 17.5 mils

Page 47

Practical Example #5: Wall Coating



▪ Inspection Results

▪ CS4 PEEL 3 SF

▪ CS2 ADHS 97 SF

▪ CS2 THCK 100 SF Not Counted
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Practical Example #5: Wall Coating

▪ Coating 300 SF total quantity

▪ 100 SF Atmospheric

▪ 50 SF Splash 

▪ 150 SF Submerged (Not accessed)

Element 

Location ID

Element /

Condition Code
Units

Total 

Quantity

In-

accessible

Condition States (quantity)

CS1 CS2 CS2NC CS3 CS3NC CS4

CT 1-1 CT-EP SF 300 150 50

--PEEL                       SF               3                                                                                3

--ADHS                      SF               97                                                      97

--THCK SF               0                                                                       100

97            100                 0                  0                  3



▪ What if we measured 9 

mils coating thickness?

▪ CS2 THCK 100 SF 

Not Counted

▪ CS3 THCK 100 SF

Page 49

Practical Example #5: Wall Coating

Element 

Location ID

Element /

Condition Code
Units

Total 

Quantity

In-

accessible

Condition States (quantity)

CS1 CS2 CS2NC CS3 CS3NC CS4

CT 1-1 CT-EP SF 300 150 50 0 97 97 3 3

--PEEL SF 3 3

--ADHS SF 0 97 97

--THCK SF 97 100 97 3



▪ Identify damage and deterioration found in PHA elements 
using condition codes

▪ Characterize severity using the four predefined condition 
states

▪ Record quantity of damage and deterioration conditions 
found in PHA elements

▪ Document an element’s condition state using an Element 
Inspection Form and PHA database

Page 50

Module Wrap-Up



END OF MODULE
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Module 5.1
Baseline Inspection Planning

Corrosion Manual Training Course

Page 1



Module 5.1 Learning Outcomes

▪ Identify components and associated elements in corrosion 
inspection

▪ Classify importance of base metal elements

▪ Characterize exposure zones of elements

▪ Identify appropriate inspection procedures for corrosion 
protection and base metal elements

▪ Develop a Baseline Corrosion Inspection Plan

Module Objectives

Page 2



▪ Chapter 2:  Inspection Types

▪ Chapter 8:  Documentation and Reporting

▪ Appendix F: Documentation and Reporting Forms

Module References

Page 3



▪ Considers the following:

▪ Specific components/elements to be 
inspected

▪ Current age and expected design life 

▪ Nature/severity of environmental 
conditions and exposure

▪ Types of corrosion mechanisms

▪ Classification of base metals

▪ Current conditions

Asset-Specific Inspection Plan

Page 4



▪ Primary goals of an inspection plan:

▪ Define the type(s) of inspection procedures needed

▪ Identify the frequency for each inspection type

▪ Describe the inspection methods and NDE techniques

▪ Describe the extent and locations of inspection and NDE

▪ Identify any surface cleaning requirements that may be 
needed for each type of inspection

▪ Describe access requirements to perform the inspections

Inspection Plan Goals
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▪ Visual inspection

▪ NDE techniques

▪ Coating thickness and/or 
adhesion testing

▪ Anode mass measurement

▪ CP system electrical 
measurements

Types of Inspections

Page 6



1. Develop Corrosion Inventory Record

▪ Identify components and elements

▪ Classify importance and design thickness for base metals

▪ Characterize exposure zone for each element group

▪ Characterize environmental conditions of asset

2. Develop Corrosion Drawings

▪ Shows all elements (labels and quantities)

3. Develop Corrosion Inspection Plan

▪ Defines specific tasks, locations, and frequencies

Page 7

Baseline Inspection Planning



▪ Corrosion Protection Components

▪ Identify all corrosion protection 
components 

▪ Identify elements and materials 
associated with each component

▪ Review design intent of each 
installed system

▪ Identify current age(s) 

Task performed by document review.

Inventory Record: Corrosion Protection
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▪ Base Metal Components

▪ Identify base metal elements 
and materials

▪ Classify importance (Critical, 
Typical, Redundant)

▪ Define exposure zones

▪ Identify current age(s) and 
design metal thicknesses

Task performed by document review.

Inventory Record: Base Metals

Page 9



Page 10

Inventory Record: Base Metals

Table C-4 in Appendix C

Critical 

BMC

Typical 

BMT

Redundant 

BMT



Inventory Record: Environmental

▪ Environmental Conditions

▪ Site –temperature, relative 

humidity, airborne chloride 

content

▪ Water –temperature, chloride 

content, nutrients, microbial 

activity, and flow velocity

▪ Soil – resistivity, sulfate and 

chloride content, and pH

Chloride Content in Ship Channel- Barbour’s Cut 

(Source: TCEQ, water quality data from 1974 to 1993)
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▪ Atmospheric - oxygen, UV, high humidity

▪ Splash – wet/dry cycles, increased ion 

concentration, highest corrosion rates

▪ Tidal – low drying, variable oxygen, lower 

corrosion rates compared to splash

▪ Submerged –lower oxygen availability, 

lower corrosion rates

▪ Soils – depends on solids, water, gaseous 

constituents, groundwater, and resistivity

Inventory Record: Exposure Zones

Submerged

Tidal

Splash

Atmospheric
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▪ Which components / elements are present? 
Inventory Record

▪ Which inspection procedures and scopes are 
applicable to the asset?
Inspection Plan

▪ Use guidelines in Chapter 2 to develop plan

▪ Adjust based on engineering judgement and 
PHA approval

Baseline Inspection Planning

Page 13



Inspection Frequency NDE Testing Intervals

Page 14

Corrosion Manual Guidelines for Intervals



▪ Define inspection 

procedures

▪ Applicable 

standards

▪ Specific test 

locations

▪ Based on 

element and 

exposure zone

Example Inspection Plan: BCT 5

Page 15Appendix F
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BCT 5 Inventory Record
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BCT 5 Inventory Record
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BCT 5 Inventory Record

Bulkhead Wall

ICCP
Coatings
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BCT 5 Inventory Record

Fender Piles and Support Framing

Coatings
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BCT 5 Inventory Record



▪ Functionality Checks?

▪ Tier 1 Inspection Tasks?

▪ Tier 2 Inspection Tasks?

▪ Tier 3 Inspection Tasks?

Page 21

Inspection Plan for BCT 5
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BCT 5: Functionality Checks



▪ Functionality of ICCP system (6 months)

▪ Measurements at (3) Transformer-Unit Rectifiers, which 
includes current output, voltage output, and functionality 

▪ Functionality of ICCP system (1 year)

▪ On/Off Structure-to-Electrolyte Potentials

– Bays 5, 14, 24, 33, 47 (near negative connections and 
mid-way between)

– Specify elevations in the water

▪ Visual observations at 9 connections (3 at FP, 6 at BW)
Page 23

BCT 5: Functionality Checks
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BCT 5: Tier 1 Inspection Tasks (3 yrs)



▪ Base Metal Elements

▪ Bulkhead Wall (typical)
1,000 LF total

▪ Fender Piles (typical)
48 total

▪ Support Framing (redundant) 
2,000 LF total

▪ Tie Rods (critical)
76 total

Page 25

BCT 5: Tier 1 Inspection Tasks (3 yrs)

Bulkhead Wall
1,000 LF → every 100LF, 10 locations for 
metal thickness in atmospheric/splash/tidal
→every 200 LF, 5 locations for submerged

Fender Piles
48 → 10% (4.8), 5 locations for metal 
thickness in atmospheric/splash/tidal
→5% (2.4), 3 locations for submerged



▪ Visual assessment of all accessible elements

▪ UT Measurements: Prepare uncoated surfaces per SSPC-
SP 3, SP 11, or as required per device manufacturer

▪ Coating Thickness Measurements: Prepare surfaces per 
SSPC-SP 1

▪ Specify elements, locations, exposure zone for 
measurement and frequency

Page 26

BCT 5: Tier 1 Inspection Tasks (3 yrs)



Element Exposure Zone Required Inspections1 

CS Tie Rod Soil Visually observe encasement concrete. Cracking may be indicative of 
corrosion distress of tie rod. 

CS Bulkhead 
Wall 

Atmospheric Ultrasonic Thickness Measurements: 8 locations (each at flange and web) 
Coating Thickness and/or Adhesion Measurements: 8 locations 

Splash Ultrasonic Thickness Measurements: 12 locations (each at flange and web) 
Coating Thickness and/or Adhesion Measurements: 12 locations 

Tidal Ultrasonic Thickness Measurements: 12 locations (each at flange and web) 
Coating Thickness Measurements: 12 locations 

Submerged 
(Tier 2) 

Ultrasonic Thickness Measurements: 5 locations (each at flange and web) 
Coating Thickness and/or Adhesion Measurements: 5 locations 

CS Fender 
Piles 

Atmospheric Ultrasonic Thickness Measurements: 8 locations (each at flange and web) 
Coating Thickness and/or Adhesion Measurements: 8 locations 

Splash Ultrasonic Thickness Measurements: 12 locations (each at flange and web) 
Coating Thickness and/or Adhesion Measurements: 12 locations 

Tidal Ultrasonic Thickness Measurements: 12 locations (each at flange and web) 
Coating Thickness and/or Adhesion Measurements: 12 locations 

Submerged  
(Tier 2) 

Ultrasonic Thickness Measurements: 5 locations (each at flange and web) 
Coating Thickness and/or Adhesion Measurements: 5 locations 

CS Support 
Framing 

Atmospheric Ultrasonic Thickness Measurements: 5 locations (each at flange and web) 
Coating Thickness and/or Adhesion Measurements: 5 locations 

Splash Ultrasonic Thickness Measurements: 8 locations (each at flange and web) 
Coating Thickness Measurements: 8 locations 

Tidal Ultrasonic Thickness Measurements: 8 locations (each at flange and web) 
Coating Thickness and/or Adhesion Measurements: 8 locations 
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BCT 5: Tier 1 Inspection Tasks (3 yrs)

Note: BCT5 plan originally developed using 
earlier version of the manual (separate 
quantity for atmospheric/splash/tidal)

Test Locations
5 Locations: Bays 5, 14, 24, 33, 43
8 Locations: Bays 3, 9, 15, 22, 29, 35, 41, 47
12 Locations: Bays 1, 6, 10, 14, 18, 22, 26, 30, 34, 
38, 42, 46
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BCT 5: Tier 2 Inspection Tasks (6 yrs)

▪ Level I (visual, no removal)

▪ Level II (10%, partial removal, 

visual)

▪ Level III (5%, NDT measurements)



▪ Anodes
90 element,180 total (2 each)

▪ Bulkhead wall (typical)
1,000 LF total

▪ Fender Piles (typical) 
48 total

Page 29

BCT 5: Tier 2 Inspection Tasks (6 yrs)

Level I underwater diving inspection of anodes as defined in ASCE 101
100 percent verification of anode placement and connection of 
positive lead to each anode

Level II underwater cleaning and inspection of anodes at 10% of anodes:
Bays 5, 14, 24, 33, and 43

Level III underwater thickness and weight measurements of anodes:
Bays 5, 24, and 43

Level III underwater thickness and weight measurements of base metal 
elements and coatings 

Bays 5, 14, 24, 33, and 43

Level II, 10%→47 bays total, 5 bays for 
cleaning and inspection
Level III, 5% →3 bays for thickness/weight



▪ Tie Rods

▪ 1990, 30 years old, 3-
3/4” dia., encased in 
PVC

▪ No indication of failure 
per FICAP Maritime 
Structures

▪ No inspections of buried 
tie rods unless warranted 
during future inspections

Page 30

BCT 5: Tier 3 Inspection Tasks
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Inspection Plan for BCT 5



▪ Engineer (Project Manager and/or Inspection Team Leader) 
develops asset-specific Corrosion Inspection Plan

▪ Inspection Planning for Baseline Inspection

▪ Inventory Record

▪ Drawings

▪ Asset-Specific Inspection Plan

▪ Summarizes what the inspection team needs to do

Module Wrap-Up

Page 32



END OF MODULE
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Module 5.2
Routine Inspection Planning

Corrosion Manual Training Course

Page 34



Module 5.2 Learning Outcomes

▪ Understand primary differences between Baseline and 
Routine inspections

▪ Modify a Corrosion Inspection Plan based on inspection 
findings

Module Objectives
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▪ Inspection Types 

▪ Baseline

▪ Routine

▪ Functionality 
Checks

Routine Inspection Planning

Page 36

Figure 2.1, 

pg. 27 of Manual



▪ Only modify plan if needed

▪ Changes to 

components/elements

▪ Deviations from previous 

inspection 

▪ Something missing or 

incorrect

▪ Observations from 

previous/current inspection

Page 37

Routine Inspection Planning



▪ Corrosion Protection Components

▪ Are all corrosion protection 
components the same?

▪ Have any corrosion protection 
elements been added, changed, 
or removed since last 
inspection?

▪ Identify current age(s) 

▪ Is everything correct?

Routine Inspection Planning
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▪ Base Metal Component

▪ Are all base metal elements and 
materials the same?

▪ Have any base metal elements 
been added, changed, or 
removed since last inspection?

▪ Identify current age(s)

▪ Is everything correct?

Routine Inspection Planning
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▪ Are inspection procedures and scopes in most recent 
inspection plan still applicable to the asset?

▪ Did any follow-up actions warrant revision to the inspection 
plan? 

Routine Inspection Planning
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▪ Update detailed 

inspection 

procedures as 

necessary

▪ Separate tasks 

into tiers and 

assign inspection 

frequencies

Routine Inspection Planning
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▪ Update 

requirements of 

quantitative tests

▪ Based on 

findings of 

baseline 

inspection

▪ Show specific 

locations

Routine Inspection Planning
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▪ When do you modify an inspection plan?

▪ Addition and/or modification of existing systems

▪ Change in conditions/performance/risk

▪ Who is responsible for determining appropriateness of 
modifying inspection plan?

▪ Engineer (Project Manager and/or Inspection Team Leader)

▪ What are two different inspection techniques that may require 
different time intervals between inspections?

▪ Underwater inspections vs Functionality Checks

Module Wrap-Up
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END OF MODULE
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Module 6.1
Condition Assessment and Rating 
Approach

Corrosion Manual Training Course

Page 1



Module 6.1 Learning Outcomes

▪ Summarize approach to corrosion condition assessments 
for Port Houston

▪ Outline methodology for numerical ratings of components 
and scoring for assets

Page 2

Module Objectives



▪ Chapter 6:  Assessment and Rating Approach

▪ Chapter 8: Documentation and Reporting

▪ 8.5 Corrosion Inspection Summary

▪ Appendix F: Documentation and Reporting Forms

Page 3

Module References



Page 4

Overview of Rating Approach

Element Condition States 
(CS1, CS2, CS3, CS4)

Component Ratings 
(1- Critical to 6- Good)

Overall Corrosion 
Condition Rating
(score out of 100)

Condition
Assessment
(Module 6.1)

Numerical
Formula

Module 4

Modules 6.2 

and 6.3

Module 6.4

(engineering judgment & functional condition)



Element Based Approach

Elements: 

▪ Condition States based on 

Inspection

Components: 

▪ Numerical rating based on 

judgment and functional condition

Asset

▪ Corrosion Condition Rating 

(based on component ratings)

Page 5



▪ Observed damage/distress

▪ Type, Severity, Quantity

▪ Provide a consistent, credible indication of each element

▪ Used by Engineer for Condition Assessment of Components

Page 6

Element Condition States



Element Condition States

▪ Specific to each element

▪ Type of distress at that 

element

▪ Severity of distress at that 

element

▪ Amount of distress for that 

element

Component Ratings

▪ Representative of numerous 
and varied elements

▪ Severity and extent of 

conditions across numerous 

elements

▪ Implications of conditions on 

overall performance

Page 7

Elements → Component Ratings



▪ In spite of quantitative element condition information, the 
relationship between element condition and component 
rating is not quantitative

– influence of element conditions on component 
condition depends on many complex factors

→ no formula!

Page 8

Elements → Component Ratings

Component condition must be determined through an 

engineering interpretation of the effect of the element 

condition on the component condition. 



Component Condition Assessment
(Engineering Interpretation of Inspection Findings)

• Condition of corrosion protection or base 

metal components

• Inspection measurements provide basis for 

overall component condition

• Provide basis to determine overall corrosion 

condition

Page 9

Component Condition 
• Extent and severity of damage

• Effect on structural or functional 

performance

• Need for maintenance or repairElement Condition States 
(from inspection)

• Type of damage

• Severity of damage

• Extent of damage

Inputs

Component Details 
(from asset record)

• Structure Corrosion Protection History

• Corrosion Components & Elements

• Base Metal Element Exposure Zones

Inputs

Engineering Knowledge Base
(Education and Experience)

• Corrosion Protection Systems 

• Components

• Material Types

• Associated Deficiencies

Inputs



▪ Corrosion Protection Component Rating

▪ Functional Rating: Numerical rating to indicate functional 

condition of ICCP/SACP systems

▪ Visual Condition Rating: Based on engineering 

interpretation of element conditions

Page 10

Component Ratings

• knowledge

• experience

• judgement

Assign 

Component Rating

1 (critical) to 6 (good) scale



▪ Base Metal Component Rating (Corrosion Damage 
Rating)

▪ Based on thickness measurements and an estimate of the 
corrosion rate

▪ Visual observation is important to ascertain representative 
locations are selected for measurement

Page 11

Component Ratings

• Section loss measurements

• Estimated corrosion rates

• Experience and judgement

Assign 

Component Rating

1 (critical) to 6 (good) scale



▪ Element condition based on 
visual and quantitative data 

▪ Engineering judgment used to 
determine component ratings 
(1 to 6 scale)

▪ Corrosion Condition Rating 
based on numerical formula 
(Deductions for any components 

rated less than 6-Good)

Page 12

Summary

Element Condition States 
(CS1, CS2, CS3, CS4)

Component Ratings 
(1- Critical to 6- Good)

Overall Corrosion 
Condition Rating
(score out of 100)

Condition
Assessment

Numerical
Formula



END OF MODULE
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Module 6.2
Corrosion Protection Component 
Ratings

Corrosion Manual Training Course

Page 14



Module 6.2 Learning Outcomes

▪ Summarize rating process for corrosion protection 
components (ICCP, SACP, and Surface Protection)

▪ Discuss implication of element condition states (type, 
severity, and extent) on component condition rating

▪ Employ engineering judgement to assign component ratings

▪ Describe use of Corrosion Inspection Summary Form to 
record component rating information

Page 15

Module Objectives



▪ Applicable to Baseline, Routine and Functionality Check Inspections

▪ May be applied to In-Depth Inspections

▪ Corrosion Component Ratings are:

▪ Assigned relative to assumed as-built condition of component

▪ Intended to reflect physical conditions including the effects of 

deterioration or damage

▪ Indicator of: Is component performing its functional purpose? Is 

the condition going to lead to deterioration of base elements?

Page 16

Corrosion Component Ratings



▪ Component ratings are based on an evaluation of element 
inspection results considering significance of observed 
conditions

➔ Condition Assessment

Page 17

Corrosion Component Ratings

• Based on engineering judgment, knowledge & 

experience

• Considers qualitative and quantitative inspection 

findings

• May be supplemented by calculations

Element Condition States 
(CS1, CS2, CS3, CS4)

Component Ratings 
(1- Critical to 6- Good)

Overall Corrosion Condition 
Rating (score out of 100)



▪ Once the condition assessment has established the 
component condition, a Component Rating is assigned

▪ Baseline, Routine, and Functionality Check Inspections

▪ Scale of 1 to 6 (Critical to Good)

▪ Different rating scales for:

– ICCP components

– SACP components

– Surface Protection Components

▪ Consider both visual findings and functional performance

Page 18

Corrosion Component Ratings

Corrosion Manual

6.2.1 – 6.2.2



▪ Rating descriptions include language to address:

▪ Functional ratings and visual condition ratings

▪ Overall performance with respect to industry standards

▪ How various elements within cathodic protection are working 

together to provide intended protection 

▪ Functional Rating: Based on NACE standards and field 
measurements to ensure functionality 

▪ Visual Rating: Visual observation / measurements of elements
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CP Component Ratings
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CP Component Functional Ratings

▪ 6 – Good

▪ 5 – Satisfactory

▪ 4 – Fair

▪ 3 – Poor

▪ 2 – Serious

▪ 1 – Critical 
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CP Component Visual Ratings

▪ Visual rating may 

score higher or 

lower than the 

functional rating

▪ Functional and 

visual ratings are 

weighted and scored 

differently for CCR
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Surface Protection Component Ratings

▪ Typical element groups

▪ Coatings

▪ Wraps

▪ Spray Metallizing

▪ Based on visual 

observations and 

measurements/testing
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Documenting and Reporting

▪ Corrosion protection 
component ratings 
included on:

▪ Inspection History 
Form

▪ Inspection 
Summary Form

▪ PHA Database

Example for 
CD 31
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Inspection Summary Form

Functional

Rating 

(overall)

Ratings by 

Element 

Group/Type Provide commentary to 

explain reasoning behind 

rating 

Visual

Rating 

(overall)

Example for 
CD 31
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Inspection Summary Form

Ratings by 

Element 

Group/Type

Provide commentary to 

explain reasoning behind 

rating 

Visual

Rating 

(overall)

Example for 
CD 31



▪ Many complex factors influence the effect of element 
conditions on overall component condition

▪ Functional and Visual Categories are framework for that 
influence on overall performance

▪ Functional performance is more “black and white”

▪ It is not possible to develop a single formula to address any 
and all situations

▪ Requires engineering judgement
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Use Engineering Judgment



▪ What information, factors, etc., should be considered in the 

process of condition assessment for components? (choose all that apply)

a) Element conditions

b) Intended use and design loads for asset

c) Component system(s), purpose of elements

d) Damage and deterioration related mechanisms

e) Value of the asset or component

f) Serviceability requirements / impact / ease of repair/ access
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Consideration Factors



▪ Impressed Current Cathodic 
Protection (ICCP)

▪ ICCP Functional 
Component Rating 

▪ ICCP Visual Component Rating
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Example: ICCP Component Ratings 
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ICCP Functional Component Rating

Nearly all Instant OFF 

potentials are more 

negative than -850mV 

NACE criteria

One area with OFF potential 

was more negative than 

-1200mV, potential concern 

for overprotection

One area of wall with no 

protection

Waterside 
System 
(Bulkhead & 
Fender Piles)



▪ Waterside System 
(Bulkhead Wall & Fender 
Piles)
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ICCP Functional Component Rating



▪ Upstream Bulkhead Wall

▪ The rectifier installed as part 
of the upstream ICCP system 
not functional

▪ No shift in On/Instant Off 
(-670mV to -890mV potential 
readings
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ICCP Functional Component Rating



▪ Waterside & Upstream 
Systems
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ICCP Functional Component Rating
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ICCP Visual Component Rating

Negative structure 

connection 

exhibiting moderate 

corrosion  

Typical condition of CS 

conduit, protecting 

wiring

Typical Anode support in 

good condition



▪ Measurements from rectifiers are shown below:
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ICCP Visual Component Rating
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ICCP Visual Component Rating

Minor anode 

consumption

Some anodes missing



▪ Extensive defects (not 
significant)

▪ Functionality has 
been impacted

3 – Poor
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ICCP Visual Component Rating
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ICCP Component Rating

▪ Functional Rating - 4

▪ Visual Rating – 3

▪ Wiring – 5

▪ Protection – 4

▪ Supports – 5

▪ Anodes – 3

▪ Power Supplies – 3
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Example: Surface Protection Rating

▪ Good adhesion 
(exceeded 250 psi)

▪ Varying degrees of 
peeling/exposed 
substrate

▪ Mostly splash 
and tidal zones

▪ Localized
Epoxy Coating at 
Bulkhead Wall
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Example: Surface Protection Rating

▪ Recently recoated

▪ Good adhesion & 
thickness

▪ Limited distress 

Epoxy Coating at 
Bulkhead Wall
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Example: Surface Protection Rating

Coal Tar Coating 
at Fender System

▪ ~30% of area with CS4 peeling/exposed substrate 
(widespread)
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Example: Surface Protection Rating



END OF MODULE
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Module 6.3
Base Metal Component Ratings

Corrosion Manual Training Course
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Module 6.3 Learning Outcomes

▪ Summarize rating process for base metal components

▪ Describe the relationship of element condition states and 
base metal components

▪ Employ engineering judgement and determine the Corrosion 
Damage Index and assign component ratings for base metal 
components

▪ Describe use of Corrosion Inspection Summary Form to 
record component rating information
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Module Objectives



▪ Baseline and Routine Inspections

▪ Numerical Rating: 1 to 6 scale (Corrosion Damage Rating Index)    

▪ Thickness Measurements (Section Loss)

▪ Estimated Corrosion Rate
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Base Metal Component Ratings

6 – Good

5 – Satisfactory

4 – Fair

3 – Poor

2 – Serious

1 – Critical 



▪ Multiple elements, multiple 
exposure zones

▪ Summary rating for the 
component group

▪ Critical

▪ Typical

▪ Redundant

▪ Follow-up actions for specific 
circumstances
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Base Metal Component Ratings



▪ Steel section thickness for base metal element:

▪ Section loss based on thickness measurements

▪ Location(s) and/or exposure zones with associated section loss 

▪ Representative conditions across element and element group, multiple 

element groups per component

▪ Type of corrosion (uniform, pitting, crevice, MIC,…etc.)

▪ Corrosion rate estimate by Engineer

▪ Meant to be representative of element groups, exposure zones, 

corrosion type
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Base Metal Component Ratings



▪ Section Loss: Percent decrease in thickness relative to the 
thickness recorded in the design (or Baseline Inspection):

▪ SL: Section Loss (average for each element group and 
exposure zone)

▪ TB: Initial as-built or design thickness

▪ TR: Thickness measured in most recent inspection 
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Base Metal Component Ratings



▪ Corrosion Rate: from time of the previous inspection:

▪ CR: Corrosion Rate in mils per year

▪ TR: Avg. thickness in current inspection (mils)

▪ TR-1: Avg. thickness in previous inspection (mils)

▪ I: Time between previous and current inspection (years)
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Base Metal Component Ratings
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Documenting and Reporting

▪ Base metal 
component ratings 
included on:

▪ Inspection History 
Form

▪ Inspection 
Summary Form

▪ PHA Database
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Documenting and Reporting

Overall 

Component

Ratings for 

Classification 

Group

Element 

Ratings

Provides 

commentary to 

explain reasoning 

behind rating 

Include controlling 

section loss and 

corrosion rate 

estimate  used to 

establish rating



▪ Critical

▪ Tie Rods 
(Not Accessible)

▪ Typical

▪ Bulkhead Walls

▪ Fender Piles

▪ Redundant

▪ Support Framing
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Example: CD32 Base Metal Ratings
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Example: CD32 Bulkhead Walls



Exposure 

Zone
Element Location Description

Avg. 

Thickness 

(in.)

Section 

Loss (%)

Condition 

State

Flange, +6.0, 

upstream BW under 

I-610 bridge

0.428 0.437 0.427 0.434 0.432 0.432 0% CS1

Web, +6.0, upstream 

BW under I-610 

bridge

0.394 0.401 0.4 0.37 0.399 0.393 0% CS1

Flange, +8.0, diag. 

BW between wharf 

and I-610 bridge

0.4 0.406 0.399 0.4 0.4 0.401 0% CS1

Web, +8.0, diag. BW 

between wharf and I-

610 bridge

0.384 0.382 0.377 0.38 0.376 0.38 0% CS1

Flange, +8.0, 40’ 

west of wharf
0.415 0.416 0.412 0.411 0.416 0.414 0% CS1

Web, +8.0, 40’ west 

of wharf
0.395 0.394 0.399 0.393 0.401 0.396 0% CS1

Flange, +10.0 0.405 0.402 0.403 0.406 0.4 0.403 0% CS1

Web, +10.0 0.38 0.379 0.383 0.385 0.391 0.384 0% CS1

Flange, +10.0 0.436 0.415 0.415 0.406 0.416 0.418 0% CS1

Web, +10.0 0.38 0.378 0.372 0.372 0.378 0.376 0% CS1

Flange, +10.0 0.401 0.402 0.413 0.398 0.402 0.403 0% CS1

Web, +10.0 0.378 0.375 0.377 0.378 0.374 0.376 0% CS1

Flange, +10.0 0.4 0.4 0.398 0.406 0.414 0.404 0% CS1

Web, +10.0 0.384 0.386 0.385 0.39 0.381 0.385 0% CS1

Flange, +10.0 0.383 0.386 0.4 0.43 0.45 0.41 0% CS1

Web, +10.0 0.371 0.372 0.369 0.373 0.372 0.371 1% CS1

BW 1-2 Below wale beam 0.38 0.38 0.38 0.38 0.38 0.38 4% CS2

BW 1-3 Below wale beam 0.38 0.38 0.385 0.38 0.385 0.382 3% CS2

BW 4-1 Below wale beam 0.375 0.375 0.375 0.375 0.375 0.375 5% CS2

BW 8-1 Below wale beam 0.38 0.38 0.38 0.38 0.38 0.38 4% CS2

BW 12-1 Below wale beam 0.375 0.375 0.37 0.37 0.37 0.372 6% CS2

BW 15-1 Below wale beam 0.4 0.4 0.4 0.4 0.4 0.4 0% CS1

BW 18-1 Below wale beam 0.38 0.38 0.38 0.38 0.38 0.38 4% CS2

BW 22-1 Below wale beam 0.395 0.395 0.395 0.395 0.395 0.395 0% CS1

BW 25-1 Below wale beam 0.38 0.38 0.38 0.38 0.38 0.38 4% CS2

BW 31-1 Below wale beam 0.405 0.405 0.405 0.405 0.405 0.405 0% CS1

BW 16-1

BW 22-1

BW 25-1

Splash

Thickness (in.)

Atmospheric

BW 1-1

BW 5-1

BW 10-1

Example: CD32 Bulkhead Walls

Web, +8.0, 40’ west 

of wharf
0.395 0.394 0.399 0.393 0.401 0.396 0% CS1

Flange, +10.0 0.405 0.402 0.403 0.406 0.4 0.403 0% CS1

Web, +10.0 0.38 0.379 0.383 0.385 0.391 0.384 0% CS1

Flange, +10.0 0.436 0.415 0.415 0.406 0.416 0.418 0% CS1

Web, +10.0 0.38 0.378 0.372 0.372 0.378 0.376 0% CS1

Flange, +10.0 0.401 0.402 0.413 0.398 0.402 0.403 0% CS1

Web, +10.0 0.378 0.375 0.377 0.378 0.374 0.376 0% CS1

Flange, +10.0 0.4 0.4 0.398 0.406 0.414 0.404 0% CS1

Web, +10.0 0.384 0.386 0.385 0.39 0.381 0.385 0% CS1

Flange, +10.0 0.383 0.386 0.4 0.43 0.45 0.41 0% CS1

Web, +10.0 0.371 0.372 0.369 0.373 0.372 0.371 1% CS1

BW 1-2 Below wale beam 0.38 0.38 0.38 0.38 0.38 0.38 4% CS2

BW 1-3 Below wale beam 0.38 0.38 0.385 0.38 0.385 0.382 3% CS2

BW 4-1 Below wale beam 0.375 0.375 0.375 0.375 0.375 0.375 5% CS2

BW 8-1 Below wale beam 0.38 0.38 0.38 0.38 0.38 0.38 4% CS2

BW 12-1 Below wale beam 0.375 0.375 0.37 0.37 0.37 0.372 6% CS2

BW 15-1 Below wale beam 0.4 0.4 0.4 0.4 0.4 0.4 0% CS1

BW 18-1 Below wale beam 0.38 0.38 0.38 0.38 0.38 0.38 4% CS2

BW 22-1 Below wale beam 0.395 0.395 0.395 0.395 0.395 0.395 0% CS1

BW 25-1 Below wale beam 0.38 0.38 0.38 0.38 0.38 0.38 4% CS2

BW 31-1 Below wale beam 0.405 0.405 0.405 0.405 0.405 0.405 0% CS1

BW 34-1 Below wale beam 0.375 0.375 0.375 0.375 0.38 0.376 5% CS2

BW 37-1 Below wale beam 0.37 0.37 0.37 0.37 0.37 0.37 6% CS2

BW 39-1 Below wale beam 0.35 0.35 0.35 0.35 0.355 0.351 11% CS3

BW 1-1 Waterline 0.425 0.425 0.425 0.42 0.42 0.423 0% CS1

BW 1-2 Waterline 0.38 0.38 0.38 0.38 0.38 0.38 4% CS2

BW 1-3 Waterline 0.38 0.38 0.38 0.38 0.38 0.38 4% CS2

BW 4-1 Waterline 0.375 0.375 0.375 0.375 0.375 0.375 5% CS2

BW 8-1 Waterline 0.375 0.375 0.375 0.375 0.375 0.375 5% CS2

BW 12-1 Waterline 0.375 0.375 0.375 0.37 0.37 0.373 6% CS2

BW 15-1 Waterline 0.4 0.4 0.4 0.4 0.4 0.4 0% CS1

BW 18-1 Waterline 0.375 0.375 0.375 0.37 0.37 0.373 6% CS2

BW 22-1 Waterline 0.395 0.395 0.395 0.395 0.395 0.395 0% CS1

BW 25-1 Waterline 0.38 0.38 0.38 0.38 0.38 0.38 4% CS2

BW 31-1 Waterline 0.405 0.405 0.405 0.405 0.41 0.406 0% CS1

BW 34-1 Waterline 0.37 0.37 0.37 0.37 0.37 0.37 6% CS2

BW 37-1 Waterline 0.375 0.375 0.375 0.375 0.375 0.375 5% CS2

BW 39-1 Waterline 0.385 0.385 0.385 0.385 0.385 0.385 3% CS2

BW 1-1 Mudline 0.43 0.43 0.43 0.425 0.425 0.428 0% CS1

BW 1-2 Mudline 0.38 0.385 0.38 0.38 0.385 0.382 3% CS2

BW 1-3 Mudline 0.385 0.38 0.385 0.385 0.38 0.383 3% CS2

BW 7-1 Mudline 0.365 0.365 0.365 0.365 0.365 0.365 8% CS2

BW 14-1 Mudline 0.375 0.375 0.38 0.38 0.38 0.378 4% CS2

BW 20-1 Mudline 0.375 0.375 0.375 0.38 0.38 0.377 5% CS2

BW 26-1 Mudline 0.405 0.405 0.405 0.405 0.405 0.405 0% CS1

BW 32-1 Mudline 0.375 0.375 0.375 0.375 0.38 0.376 5% CS2

BW 39-1 Mudline 0.38 0.38 0.38 0.38 0.38 0.38 4% CS2

BW 16-1

BW 22-1

BW 25-1

Splash

Tidal

Submerged

BW 5-1

BW 10-1



▪ Avg. 4% section loss in Splash Zone (controlling zone)

▪ Installed in 1982 – Baseline Inspection 2020

▪ 15.8 mils of metal loss in 38 years → ~0.5 mpy

▪ ICCP (Functional – 4 Fair, Visual – 3 Poor)

▪ Coating: 4 – Fair

5 - Satisfactory
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Example: CD32 Bulkhead Walls
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Example: CD32 Fender Piles



Exposure 

Zone
Element Location Description

Avg. 

Thickness 

(in.)

Section 

Loss (%)

Condition 

State

FP 5-1 6 ft 0.6 0.601 0.593 0.598 0.595 0.597 3% CS2

FP 16-1 6 ft 0.649 0.645 0.652 0.654 0.648 0.65 0% CS1

FP 25-1 6 ft 0.597 0.597 0.596 0.597 0.587 0.595 3% CS2

FP 33-1 6 ft 0.609 0.609 0.606 0.612 0.606 0.608 1% CS1

FP 5-1 1.5 ft 0.521 0.392 0.375 0.473 0.42 0.436 29% CS3

FP 16-1 1.5 ft 0.471 0.325 0.366 0.381 0.491 0.407 34% CS4

FP 25-1 1.5 ft 0.265 0.41 0.248 0.385 - 0.327 47% CS4

FP 33-1 1.5 ft 0.343 0.228 0.366 0.308 0.294 0.308 50% CS4

FP 5-1 W/L 0.615 0.61 0.61 0.615 0.615 0.613 0% CS1

FP 16-1 W/L 0.64 0.64 0.64 0.635 0.635 0.638 0% CS1

FP 25-1 W/L 0.48 0.48 0.48 0.48 0.485 0.481 22% CS3

FP 33-1 W/L 0.6 0.6 0.6 0.6 0.6 0.6 2% CS2

FP 1-1 5’ below water 0.565 0.565 0.565 0.57 0.57 0.567 8% CS2

FP 7-1 5’ below water 0.6 0.6 0.6 0.595 0.6 0.599 3% CS2

FP 14-1 5’ below water 0.605 0.605 0.605 0.605 0.61 0.606 1% CS1

FP 20-1 5’ below water 0.615 0.615 0.615 0.615 0.62 0.616 0% CS1

FP 26-1 5’ below water 0.565 0.565 0.565 0.565 0.565 0.565 8% CS2

FP 32-1 5’ below water 0.57 0.57 0.57 0.57 0.565 0.569 7% CS2

FP 39-1 5’ below water 0.58 0.58 0.58 0.585 0.585 0.582 5% CS2

Thickness (in.)

Atmospheric

Splash

Tidal

Submerged
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Example: CD32 Fender Piles

40% section loss 

average in 

splash zone



▪ Localized to flange

▪ Not uniform corrosion at full element
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Example: CD32 Fender Piles

Local area of pile
Uniform Section Loss



▪ Avg. ~10% total element section loss in Splash Zone (controls)

▪ Installed in 1982 – Baseline Inspection 2020

▪ 246 mils of metal loss in 38 years → ~6.5 mpy (equivalent)

▪ ICCP (Functional – 4 Fair, Visual – 3 Poor)

▪ Coating: 3 – Poor

4 - Fair
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Example: CD32 Fender Piles
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Example: CD32 Base Metal Ratings

▪ Ratings and 
descriptions on 
Inspection Form

▪ Measurement data 
on Inspection Data 
Form



▪ Numerical Rating: 1 to 6 scale (Corrosion Damage Rating Index)    

▪ Thickness Measurements (Section Loss)

▪ Estimated Corrosion Rate

▪ Still have to employ Engineering judgement
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Summary

6 – Good

5 – Satisfactory

4 – Fair

3 – Poor

2 – Serious

1 – Critical 



END OF MODULE
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Module 6.4
Asset Corrosion Condition Rating

Corrosion Manual Training Course
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Module 6.4 Learning Outcomes

▪ Understand the overall rating system of the CM program

▪ Discuss the relationships between component ratings, 
component combined rating, and asset corrosion condition 
rating

▪ Use component ratings to calculate asset corrosion 
condition ratings
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Module Objectives



Page 65

Overview of Process

CM Outcome

Element Condition 
States

Component Ratings

Overall Corrosion 
Condition Rating

Condition
Assessment
(Module 6.1)

Numerical
Formula

Module 4

Modules 6.2 

and 6.3

Module 6.4
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Overview of Process

CM Outcome

Element Condition 
States

Component Ratings

Overall Corrosion 
Condition Rating

Condition
Assessment

Numerical
Formula

▪ Five possible corrosion 

protection component ratings

▪ ICF – ICCP Functionality

▪ ICV – ICCP Visual

▪ SAF – SACP Functionality

▪ SAV – SACP Visual

▪ SPR – Surface Protection Rating

▪ All five corrosion component 

ratings may not be applicable 

to each asset
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Overview of Process

CM Outcome

Element Condition 
States

Component Ratings

Overall Corrosion 
Condition Rating

Condition
Assessment

Numerical
Formula

▪ Three possible base metal 

component ratings

▪ CR – Critical

▪ TYP – Typical

▪ RED - Redundant

▪ All three base metal 

components may not be 

applicable to each asset



▪ A numeric value between 0 and 100 that reflects the overall 
condition of the asset with respect to corrosion control 

▪ CCR = CP + BM (0 ≤ CCR ≤ 100)

▪ CP: Corrosion Protection Component Combined Rating 

(0 ≤ CP ≤ 60)

▪ BM: Base Metal Component Combined Rating (0 ≤ BM ≤ 40)

▪ Calculated based on deductions

▪ “Weighted” 60% corrosion protection, 40% base metals
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Corrosion Condition Rating (CCR)



▪ 0 ≤ CP ≤ 60

▪ Determine deductions 
based on Table 6.5

▪ Calculate CP 
based on numerical 
equations
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Corrosion Protection Combined Rating

Critical 

Serious

Poor

Fair

Satisfactory

Good



▪ 0 ≤ BM ≤ 40

▪ Determine deductions 
based on Table 6.7

▪ Calculate BM based on 
numerical equation
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Base Metal Combined Rating

Critical 

Serious

Poor

Fair

Satisfactory

Good



Given: Assessment Complete & Component Ratings

▪ Corrosion Protection

▪ ICCP

▪ SACP

▪ Surface Protection

▪ Base Metal

▪ Critical

▪ Typical

▪ Redundant
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Corrosion Condition Rating Summary

6 – Good

5 – Satisfactory

4 – Fair

3 – Poor

2 – Serious

1 – Critical 



▪ Step 1: Determine deductions for applicable components
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Corrosion Condition Rating Summary



▪ Step 2: Calculate CP & BM
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Corrosion Condition Rating Summary

No deductions if 

no CR, TYP, RED component



▪ Step 3: Calculate CCR

▪ CCR = CP + BM (0 ≤ CCR ≤ 100)

▪ CP: Corrosion Protection Component Combined Rating 

(0 ≤ CP ≤ 60)

▪ BM: Base Metal Component Combined Rating (0 ≤ BM ≤ 40)
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Corrosion Condition Rating Summary
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Example CCR Calculation

Corrosion 
Component

Rating Deduction

ICF 4

ICV 5

SAF N/A

SAV N/A

SPR 3

Base Metal 
Component

Rating Deduction

CR 5

TYP 4

RED 4

▪ Step 1: Determine deductions for applicable components 

on the asset
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Example CCR Calculation

Corrosion 
Component

Rating Deduction

ICF 4 4

ICV 5

SAF N/A

SAV N/A

SPR 3

Base Metal 
Component

Rating Deduction

CR 5

TYP 4

RED 4

▪ Step 1: Determine deductions for applicable components 

on the asset
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Example CCR Calculation

Corrosion 
Component

Rating Deduction

ICF 4 4

ICV 5 1

SAF N/A

SAV N/A

SPR 3

Base Metal 
Component

Rating Deduction

CR 5

TYP 4

RED 4

▪ Step 1: Determine deductions for applicable components 

on the asset
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Example CCR Calculation

Corrosion 
Component

Rating Deduction

ICF 4 4

ICV 5 1

SAF N/A N/A

SAV N/A N/A

SPR 3

Base Metal 
Component

Rating Deduction

CR 5

TYP 4

RED 4

▪ Step 1: Determine deductions for applicable components 

on the asset
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Example CCR Calculation

Corrosion 
Component

Rating Deduction

ICF 4 4

ICV 5 1

SAF N/A N/A

SAV N/A N/A

SPR 3 8

Base Metal 
Component

Rating Deduction

CR 5

TYP 4

RED 4

▪ Step 1: Determine deductions for applicable components 

on the asset
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Example CCR Calculation

Corrosion 
Component

Rating Deduction

ICF 4 4

ICV 5 1

SAF N/A N/A

SAV N/A N/A

SPR 3 8

Base Metal 
Component

Rating Deduction

CR 5 3

TYP 4

RED 4

▪ Step 1: Determine deductions for applicable components 

on the asset
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Example CCR Calculation

Corrosion 
Component

Rating Deduction

ICF 4 4

ICV 5 1

SAF N/A N/A

SAV N/A N/A

SPR 3 8

Base Metal 
Component

Rating Deduction

CR 5 3

TYP 4 3

RED 4

▪ Step 1: Determine deductions for applicable components 

on the asset
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Example CCR Calculation

Corrosion 
Component

Rating Deduction

ICF 4 4

ICV 5 1

SAF N/A N/A

SAV N/A N/A

SPR 3 8

Base Metal 
Component

Rating Deduction

CR 5 3

TYP 4 3

RED 4 2

▪ Step 1: Determine deductions for applicable components 

on the asset



Page 83

Example CCR Calculation

Corrosion 
Component

Rating Deduction

ICF 4 4

ICV 5 1

SAF N/A N/A

SAV N/A N/A

SPR 3 8

▪ Step 2: Calculate CP

CP = 60 – 1.6 x (ICF + ICV + SPR)  ≥  0 
= 60 – 1.6 x (4 + 1 + 8)
= 39
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Example CCR Calculation

Base Metal 
Component

Rating Deduction

CR 5 3

TYP 4 3

RED 4 2

▪ Step 3: Calculate BM

BM = 40 – (CR + TYP + RED)  ≥  0 
= 40 – (3 + 3 + 2) 
= 32
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Example CCR Calculation

▪ Step 4: Calculate CCR

BM = 40 – (CR + TYP + RED)  ≥  0 
= 40 – (3 + 3 + 2) 
= 32

CP = 60 – 1.6 x (ICF + ICV + SPR)  ≥  0 
= 60 – 1.6 x (4 + 1 + 8)
= 39

CCR = CP + BM ≥  0 
= 39 + 32
= 71



▪ What if we had a slight change in component rating(s)?
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Example CCR Calculation

Corrosion 
Component

Rating Deduction

ICF 4 4

ICV 5 4 1 2

SAF N/A N/A

SAV N/A N/A

SPR 3 8

Base Metal 
Component

Rating Deduction

CR 5 3

TYP 4 3 3 6

RED 4 2

CCR = CP + BM ≥  0 
= 39 38 + 32 29
= 71 67



▪ Documented on the following forms:

▪ Inspection History

▪ Inspection Summary

▪ PHA Database
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Documentation and Reporting

Inspection History
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Documentation and Reporting

Inspection Summary



▪ In addition to the CCR, Inspection Summary forms are to 
include:

▪ Brief discussion of the ratings for all corrosion and base metal 

components of the asset

▪ Discussion of the implications of the reported component ratings 

on the overall corrosion condition rating and recommended 

actions

▪ Discussion of recommended follow-up actions.
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Documentation and Reporting



▪ Summarize Corrosion Manual approach to condition 
assessment of components and assets

▪ Assign component ratings for ICCP, SACP, Surface 
Protection and Base Metal components

▪ Use component ratings to determine the overall asset 
corrosion condition rating (CCR)

▪ Use of Corrosion Manual Inspection Summary Form and 
Inspection History Form to record condition assessment 
information

Module Wrap-Up 
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END OF MODULE
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Module 7.1
Recommended Follow-up Actions

Corrosion Manual Training Course

Page 1



Module 7.1 Learning Outcomes

▪ Describe the categories of recommended follow-up actions

▪ Formulate follow-up action recommendations

▪ Distinguish between immediate, priority, and routine follow-
up actions

▪ Document follow-up actions using appropriate forms

Page 2

Module Objectives



▪ Chapter 7:  Recommended Follow-Up Action Guidelines

▪ Appendix F: Documentation and Reporting Forms

▪ Follow-Up Action Form
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Module References



▪ Follow-Up Actions helps guide what should happen next for 
each asset

▪ Assists PHA with planning and management decisions

▪ Possible options

▪ No Action Required

▪ Routine Follow-Up Action

▪ Priority Follow-Up Action

▪ In-Depth Inspection

Page 4

Recommended Follow-Up Actions

▪ Refined Analysis

▪ Immediate Actions 
(emergency)

▪ Inspection Plan Modifications



▪ Conditions requiring maintenance 

▪ Conditions requiring minor repairs

▪ Conditions requiring replacement of one or more non-
structural element

▪ Elements where a condition state of CS4 (Severe) was 
assigned during the inspection

▪ CP systems for which functionality has been affected
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Follow-Up Actions



▪ Priority – The action to address the observed condition 
should take precedence over other actions (e.g. routine 
actions), but the condition needing repair does not appear to 
immediately compromise the structural integrity

▪ May affect functionality

▪ May be necessary to prevent further damage, 
deterioration, or defects from reaching the point at which 
future repairs become significantly more costly
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Priority vs. Routine Actions



▪ Routine – The action can be addressed as part of a routine 
maintenance program

▪ Scheduled in the future without compromising the 
structural integrity or functionality of the asset

▪ Waiting does not significantly increase the future costs of 
the maintenance or repair
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Priority vs. Routine Actions



▪ Immediate – Required when an inspection identifies severe 
conditions that have occurred, or appear likely to occur, that 
have the potential for property or environmental damage, 
or that may affect structural integrity or facility operations

▪ Notify Port Houston immediately by phone and in writing 
with documentation within 24 hours

▪ Provide justification for the immediate action
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Immediate Actions



▪ In-Depth Inspection – May be recommended as a follow-
up action to a in order to obtain the information required:

▪ For the preparation of repair design and construction 
documents 

▪ Where atypical conditions have been identified that 
require more information to access

▪ When functionality of corrosion protection systems have 
been compromised for reasons unable to be identified 
during the Routine Inspection

Page 9

In-Depth Inspection



▪ Every Baseline and Routine Inspection requires completion 
of the “Follow-Up Actions Form”

▪ If no conditions require action, recommendation is “No 
action required”

▪ If needed, engineer should recommend timing for next 
Inspection:

– Based on standard interval (Table 2.1)

– Increased or reduced interval* (*Final selection by Port 
Houston)
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Recommended Follow-Up Actions



Examples
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▪ Component: Surface Protection 

▪ Elements: Coatings (CT-CE)

▪ Follow-up Action: Recoating 

warranted

▪ Priority? Routine
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Follow-Up Action Examples

Coating 

degradation of 

fender coating 



▪ Corrosion Component: ICCP

▪ Element: TRU DC Power Supply 

(PW-TRU)

▪ Follow-up Action: Perform 

follow-up investigation to 

determine cause(s) and repair or 

replace system

▪ Priority? Priority
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Follow-Up Action Examples

Rectifier is non-functional



▪ Corrosion Component: ICCP

▪ Element: TRU DC Power Supply 

(PW-TRU)

▪ Follow-up Action: Restore 

and/or replace support to 

electrical breaker panel support 

leg to a secure position

▪ Priority? Priority
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Follow-Up Action Examples



▪ Corrosion Component: ICCP

▪ Element: Wiring (WI-CU)

▪ Follow-up Action: Restore 

and/or replace bond wire 

connections between each fender 

pile and support framing.

▪ Priority? Routine
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Follow-Up Action Examples



▪ Component: Surface Protection 

▪ Elements: Coatings (CT-EP)

▪ Follow-up Action: Recoating of 

the bulkhead wall should be 

considered 

▪ Priority? Routine
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Follow-Up Action Examples



▪ Corrosion Component: ICCP

▪ Element: Wiring (WI-CU) & 

Supports (SI-GS)

▪ Follow-up Action: Replace 

anode supports in Bays 56 and 

59 and anodes in Bay 56. Ensure 

anodes are submerged at design 

elevations.

▪ Priority? Routine
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Follow-Up Action Examples



▪ Summary of 
Recommended 
Follow-Up Actions

▪ Asset Identification

▪ Inspection 
Information

▪ Follow-Up Action(s) 
& Log
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Follow-Up Action Form



▪ Important Points:

▪ More than one recommended action may arise from the 
condition assessment of a given asset

▪ All actions should be prioritized in a consistent manner 

▪ A brief justification (written explanation) should be 
provided for any recommended actions

▪ Documented on Follow-Up Actions Form
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Recommended Follow-Up Actions
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Required Documentation

Appendix F

▪ Follow-Up Actions 
Form

▪ List all follow-up 

actions for given 

asset

▪ Complete follow-up 

actions log for PHA

use
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Example:

No Action 

Required

Using Follow-Up Action 
Form
(See Section 8.9)
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Required Documentation

▪ Required information 
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Required Documentation

▪ Required information 

▪ Priority
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Required Documentation

▪ Required information 

▪ Priority

▪ Component

▪ Element Type and ID(s)
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Required Documentation

▪ Required information 

▪ Priority

▪ Component

▪ Element Type and ID(s) 

▪ Condition Identified

▪ Reason for Action

▪ Recommended Action(s)
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Required Documentation

▪ Required information 

▪ Priority

▪ Component

▪ Element Type and ID(s) 

▪ Condition Identified

▪ Reason for Action

▪ Recommended Action(s)

▪ Photograph(s)
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Example Follow-Up Actions

Figure 5. Protective coating failure leading to 50% section loss of wall



END OF MODULE

Page 28



Module 8.1
Overall Documentation and Reporting 
Requirements

Corrosion Manual Training Course



▪ Describe overall documentation and reporting requirements 
for each type of inspection

▪ Describe the purpose of each type of documentation 
required by the Corrosion Manual

Page 2

Module Objectives



▪ Chapter 8: Documentation and Reporting

▪ Appendix F: Documentation and Reporting Forms

▪ Module 3.2 of Training Course
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Module Resources
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Documentation Overview

Basic asset 

documentation:

Inspection forms:
Inspection 

Summary

Inspection 

History

Element 

Form

Follow-Up 

Action Form

Submission to PHA: PHA Database

Corrosion 

Inventory Record

Corrosion Inspection 

Drawings

Corrosion 

Inspection Plan

Inspection 

Data

Module 8.2

Module 8.1
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Corrosion Inventory Record 

Record of as-built condition of asset.

Includes: Asset Identification

Asset Type

Original Date of Construction

Date(s) of Rehabilitation or   

Modification

Geometric Data

Corrosion Protection History

Asset History

Reference Drawing List

Components and Elements

Figures

Revision History
Generated as part of Baseline Inspection. 

Revised as part of Routine Inspection only

if changes are identified.



▪ List of components and elements

▪ Corrosion Protection

– ICCP

– SACP

– Surface Protection

▪ Base Metals

– Critical, Typical, Redundant

– Includes design thickness
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Corrosion Inventory Record



▪ Original construction drawings may be too complicated or 
cluttered to use as inspection drawings
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Corrosion Inspection Drawings
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Corrosion Inspection Drawings

Record of as-built condition of asset.

Includes: Layout of the structure

Naming of bays

Types and locations of elements                        

within the scope of the corrosion 

manual

Generated as part of Baseline Inspection. 

Revised as part of Routine Inspection only

if changes are identified.
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Corrosion Inspection Drawings

▪ Corrosion 

Protection Plan

▪ Schematic layout  

of corrosion 

elements

▪ Element IDs 

labelled

▪ UpstreamAN 27-2

Corrosion Manual BCT5 G-112

Appendix G
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Corrosion Inspection Drawings

▪ Typical Sections

▪ Cross-sectional 

layout of 

corrosion and 

base metal 

elements

Corrosion Manual BCT5 G-201

Appendix G



▪ Define inspection 

procedures

▪ Applicable 

standards

▪ Specific test 

locations

▪ Based on 

element and 

exposure zone

Corrosion Inspection Plan

Page 11Appendix F



▪ Asset Condition

▪ Corrosion Condition 

Rating (CCR)

▪ Corrosion Protection 

Rating

▪ Base Metal Rating

▪ Component Ratings 

by element group w/ 

comments

▪ Photographs

Page 12

Corrosion Inspection Summary

Required for all inspection types.



▪ Measurements 

collected in field 

during inspection

▪ Locations 

(exposure 

zone, 

elevation)

▪ Elements

▪ Units for 

measure
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Corrosion Inspection Data
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Inspection History

Record of all inspections performed for 

the asset.

Includes: Asset Identification

Date of Inspections

Inspection Types

Inspection Firms

Component Ratings

CP, BM, and Overall CCR

Generate during baseline inspection. 

Update after each subsequent inspection.
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Element Inspection Form

Record of element-level observations for an 

asset.

Can be generated from Port Houston 

Database Access File

Includes: Component & Asset Identification

Element Condition States

Photographs

Required for routine and 

baseline inspections.
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Follow-Up Action Form

Summary of recommended follow-up actions.

Includes: Asset Identification

Inspection Information

Conditions Identified & 

Recommended Actions

Photographs

Required for routine and 

baseline inspections.
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Inspection Deliverables

Provide a complete asset file regarding 

corrosion protection and base metals for 

inspection and database purposes
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Baseline Inspection Deliverables

Basic asset 

documentation:

Inspection forms:
Inspection 

Summary

Inspection 

History

Element 

Form

Follow-Up 

Action Form

Submission to PHA: PHA Database

Corrosion 

Inventory Record

Corrosion Inspection 

Drawings

Corrosion 

Inspection Plan

Inspection 

Data



Page 19

Routine Inspection Deliverables

Basic asset 

documentation:

Inspection forms:
Inspection 

Summary

Inspection 

History

Element 

Form

Follow-Up 

Action Form

Submission to PHA: PHA Database

Corrosion 

Inventory Record

Corrosion Inspection 

Drawings

Corrosion 

Inspection Plan

Inspection 

Data

Revise only if change(s) identified



▪ Describe overall documentation and reporting requirements 
for each type of inspection

▪ Describe the purpose of each type of documentation 
required by the Corrosion Manual
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Module 8.1 Wrap-Up



END OF MODULE



Module 8.2
Database Entry and GIS

Corrosion Manual Training Course



▪ Describe overall database upload and reporting 
requirements for each type of inspection

▪ Understand key GIS requirements for Corrosion Manual and 
Port Requirements
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Module Objectives



▪ Chapter 8: Documentation and Reporting

▪ 8.12 Inspection Database Requirements

▪ FICAP Corrosion Manual Inspectors Digital Data Entry 
System Guide

▪ MS Access Database Template 
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Module Resources
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Documentation Overview

Basic asset 

documentation:

Inspection forms:
Inspection 

Summary

Inspection 

History

Element 

Form

Follow-Up 

Action Form

Submission to PHA: PHA Database

Corrosion 

Inventory Record

Corrosion Inspection 

Drawings

Corrosion 

Inspection Plan

Inspection 

Data

Module 8.2

Module 8.1



Page 26

Digital Inspection Database Hierarchy

Maintained by PHA 
(master SQL database)

database template in Microsoft 
Access with basic forms to allow 
for data entry

Field collection of data is up to 
the inspection firm



Page 27

Database Entry System Guide



Example Database Entry



GIS System Requirements and 
AutoCAD to GIS Conversion



▪ Convert AutoCAD CAD .dwg corrosion inspection drawings 
to properly geolocated ArcGIS File Geodatabase Feature 
Classes. 

▪ After baseline inspection to verify in-situ locations, 
elements

▪ Assign proper Asset ID Attribute values to ArcGIS File 
Geodatabase Feature Classes according to FICAP 
Corrosion Manual 

▪ Deliver Esri ArcGIS File Geodatabase & ArcGIS Pro Map 
Package
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Port GIS Geodatabase



▪ The following datasets are required for the AutoCAD to 
Geodatabase conversion:

1. CAD .dwg of the Corrosion Assets (Elements)

2. Finalized In-Situ PDF of the AutoCAD drawings

3. PHA Esri File Geodatabase template for corrosion assets

NOTE: The process can be performed using either ESRI’s ArcMap or 

ArcGIS Pro (preference).
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AutoCAD to GIS Conversion
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AutoCAD to GIS Workflow

Georeference 
the CAD •CAD Georeference Tool

Convert CAD to 
Geodatabase

•CAD to Geodatabase Conversion tool

Definition 
Query

•Query to the specific element and 
annotations to a feature in the template 

Join Annotation Feature to 
Element Feature 

•Spatial join to add Text field from annotation to the correct 
element feature in the appropriate Geodatabase Feature 
Class attribute 

Append joined feature to 
Template feature

•Use append too, and map the Text field 
from the joined feature to the Asset ID 
field

Symbolize
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GIS Feature Classes and Geometry

Corrosion Component Abbreviation Corrosion Element Prefix GIS Geometry (Shape) GIS Feature Class Name

Impressed Current CP ICCP Protection PR Line (Each) icProtection
Impressed Current CP ICCP Supports SP Line (Each) icSupports
Impressed Current CP ICCP Wiring WI Line (Each) icWiring
Sacrificial Anode CP SACP Supports SS Line (Each) saSupports
Sacrificial Anode CP SACP Wiring WR Line (Each) saWiring
Sacrificial Anode CP SACP Protection PT Line (Linear Feet) saProtection
Impressed Current CP ICCP Anode AN Point icAnode
Impressed Current CP ICCP Supplementary Anode Materials SM Point icSupplementaryAnode
Sacrificial Anode CP SACP Anode AS Point saAnode
Sacrificial Anode CP SACP Supplementary Anode Materials SE Point saSupplementaryAnode
Sacrificial Anode CP SACP Cathodic Protection Jackets JA Point (Circle Drawn Around) saJackets
Impressed Current CP ICCP DC Power Supply PW Point (Each) icDCPower
Impressed Current CP ICCP Monitoring Equipment ME Point (Each) icMonitoringEquipment
Sacrificial Anode CP SACP Monitoring Equipment MS Point (Each) saMonitoringEquipment
Surface Protection SPR Metalizing ML Polygon cmMetalizing
Surface Protection SPR Wraps WP Polygon cmWraps
Surface Protection SPR Coatings CT Polygon (Square Feet) cmCoatings
Surface Protection SPR Hot-Dip Galvanizing HG Polygon (Square Feet) cmHotGalvanizing
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AutoCAD to GIS Workflow

Example of the dataset created 

by the CAD to Geodatabase tool

Annotation feature table with the field “Text” 

containing the Asset ID for the elements
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Example of GIS Deliverable

Corrosion 
Element GIS 

Feature 
Classes (i.e. 
GIS Layers)

Esri ArcGIS File 
Geodatabase Template 
containing "Element" 
GIS Feature Classes 

(i.e. GIS Layers).

Esri ArcGIS "Element" Feature Class Attribute Table of the Final feature as 
provided by PHA wand updated with the "Element" Asset ID attribute value 

originally contained in the CAD annotation for each feature/object.
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Documentation Overview

Basic asset 

documentation:

Inspection forms:
Inspection 

Summary

Inspection 

History

Element 

Form

Follow-Up 

Action Form

Submission to PHA: PHA Database

Corrosion 

Inventory Record

Corrosion Inspection 

Drawings

Corrosion 

Inspection Plan

Inspection 

Data

GIS



END OF MODULE
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